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COLOR TV TUBE TRAJECTORY PLOTTER—Automatic tracer, developed
by Philco and used in designing its new single-gun color tube code-named
Apple. Combines analog computer with servo-controlled carriage to make
pen trace on paper the path taken by an electron of varying velocity through
focusing electrodes simulated by copper half-cylinders in electrolyte (see
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» NEXT MONTH . .. Two editors
teamed up, surveyed a field and
turned out a job that needed doing
for our next issue. Haig Manoogian
worked with Alex McKenzie, and
their joint effort will appear in
the April issue as a special report
on telemetering.

Still a little numb from the job
of sorting mounds of material
(every known company in the field
was contacted) and talking with
countless engineers, the authors
haven’t vouchsafed many opinions.
However, we get the distinct im-
pression that telemetering is a red-
hot field, growing to beat the band,
and that all the people in it are
jammed full of ideas and en-
thusiasm.

» TUBE SIMULATOR ... When-
ever an editor has an opportunity
to direct the taking of pictures of
electronics equipment he always
tries to show the electron tubes as
prominently as possible. This often
requires opening the cabinet to
show the chassis or exposing the
tubes to view in some background
equipment.

A recent demonstration of the
Lavoie Robotester was made in the
wine cellar of a New York restau-
rant. Thousands of “glass enve-
lopes” lined the walls and sparkled
like tubes. Unfortunately, the
photograph that was taken in this
environment and used in the Pro-
duction Techniques department of
this issue had to be cropped to
one-column width because of
makeup requirements.

electronics
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We hope the accompanying pho-
tograph gives a better view of the
simulated tube background.

»WE DEFLATED IT . .. Occa-
sionally an author supplies us with
changes for his article just before
we go to press. Then ensues a
scramble to have the changes made
at our printing plant, 150 miles
away. The correction is relayed
by eleven people between editor
and type changer.

Just recently we received the
following breathless note from a
contributor:

“We feel like an embezzler.
Somehow or other we made off
with half a million dollars between
the head and the text of a story
we sent you (on construction of
a new building by Superior Tube
Company) . . .

“The head said it was a half-
million dollar building—which it
is. But the text, heedlessly infla-
tion minded, termed it a million-
dollar plant. The correct figure is
a half-million dollars.

“The best we can say in our de-
fense is that we were half right.
But half right, of course, is wholly
wrong. Our apologies for the error
and would you please make the
correction . . . thereby saving us
$500,000 of embarrassment.”

» DATA HANDLING . .. The diffi-
culties of locating someone in the
Pentagon without knowing the
telephone extension have become
legend.

In calling Major John L. Lom-
bardo (Radar Warning Net Uses

CURRENT engincering designs of electronic
an electron tube egquipment simulator—glass

Centralized Control, p 168) to
check facts on SAGE, we gave the
New York City operator all the
information we had on rank, de-
partment and section.

The Pentagon operator did an
excellent job—especially since the
only information the New York op-
erator gave her was “I have a
call for Mr. Lombard of the
Pentagon.”

> STUDENT AID ... Many ELEC-

simulators stimulated our thinking toward
envelopes but filled with wine

TRONICS subscribers file the
whole magazine for future refer-
ence when they are through read-
ing. Others clip items that interest
them and file these. Far be it
from us to discourage such flatter-
ing procedures.

To those who do neither when
they have digested its contents a
suggestion: Give the magazine to
someone who has a son in college
and headed for an engineering
degree.
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Ideas by the brainful are yours at the LFE Booth at the [.R.E. Show! Sce for yourself how digital instrumentation
is pointing out new horizoms i research, control mnd automation. Sce the digital way to measure potentiul or resist-
ance. See the latest methods of moritoring digitul instrumentation, of reecording it automatically, or remoting the
indications. See the finest in oscilloscope instrumentation. Sée the best in microwave research instruments. See if
the LFE Exhibit doesn’t give you ideas on how LFE instruments can help solve your problems. You'll sec them all
at Booth Numbers 229-231, 326-328. If you can’t visit us at the show, write for our literature.

LABORATORY FOR ELECTRONICS, INC.
75 Putts Street.- Boston 14, Massachusetts
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1949 1950 1951 1952 1953 1954 1955
Latest Previous Year Latest Previous Year
Month Month Ago Month Month Ago
RECEIVER PRODUCTICN BROADCAST STATIONS
(Source: RETMA) Dec. '55 Nov. ‘55 Dec. ‘54 (Source: FCC) Jan. ‘56 Dec. '55 Jan. ‘55
Television sets, total ... 604,626 631,654 833,423 TV stations on air. 484 482 443
With UHF .......... 89,606 114,645 129,181 TV stations CPs—not on air 105 108 130
Color sets .. ........ nr nr nr TV stations —new requests 26 29 19
Radio sets, total ...... 1,786,330 1,580,797 1,261,575 A-M stations on air. . .. 2,834 2,824 2,686
With F-M ... ... . 40,305 44,357 22,055 A-M stations CPs—not on air 120 111 101
Home sets ........... 396,535 389,316 300,023 A-M stations— new requests 242 229 174
Clock radios . ......... 343,330 276,049 312,967 F-M stations on air. . .. 538 540 545
Portable sets ......... 182,204 181,573 109,001 F-M stations CPs—not on air 16 17 10
Auto sets ............ 864,261 733,859 539,584 F-M stations —new requests 3 3 5
RECEIVER SALES o , , COMMUNICATION AUTHORIZATIONS
‘5°T”rlceﬁ REME) . 9‘; 4257 Nt zz Becq"53 (Source: FCC) Dec. '55 Nov. '55 Dec. '54
elevision sets, units ... 591,3 1,093,702 .
- ’ . ! [ Aeronautical . ... ...... 44,836 43,939 41,156
Radio sets (except auto) 1,388,801 865,602 1,158,588 Marine .. . . 53.950 53622 48.472
Police, fire, etc. ... ... 19,885 19,637 16,931
o Industrial .. ... ....... 27,269 27,427 22,874
RECEIVING TUBE SALES Land transportation . . .. 8,481 8,381 7,206
(Source: RETMA) Dec. '55 Nov. ‘55 Dec. '54 Amateur ............. 142,819 142,408 127,257
Receiv. tubes, total units 38,049,000 45965000 37,908,894 Citizens radio ......... 14,426 14,147 9336
Receiv. tubes, value.... $30,673,000 $34,788,000 $27,391,916 Disaster ............. 321 319 306
Picture tubes, total units 881,465 1,086,999 1,009,398 Experimental ... .. 674 666 643
Picture tubes, value $17,533,105 $20,894,647  $20,521,562 Common carrier ..... .. 2,093 2,056 1,782
SEMICONDUCTOR SALES ESTIMATES EMPLOYMENT AND PAYROLLS
Nov. ‘55 QOct. '55 Nov. '54 (Source: Bur. Labor Statistics) Nov. ‘55 Oct. ‘55 Nov. ‘54
Ggr_‘mamu_m dnodes_, units % 2,850,000 2,700,000-r 1,900,000 Prod. workers, comm. equip. 408,200-p 405,900-¢ 373,500
Silicon diodes, units Av. wkly. earnings, comm. . . $75.12-p $75.12 $71.23
Av. wkly. earnings, radio. . . $71.98-p $71.40 $69.26
. Av. wkly. hours, comm.. . .. 415 -p 41.5 40.7
: Quarterly Figures N Av. wkly. hours, radio. . ... 409 -p 40.8 40.5
INDUSTRIAL Latest Previous Year
TUBE SALES Quarter Quarter Ago AGES
RICE AVER
(Source: NEMA) 3rd ‘55 2nd '55 3rd '54 STOCK PRIC , i
B ) (Source: Standard and Poor’s)  Jan. ‘56 Dec. “55 Jan. '55
Vacuum (non-receiving) $G,027,845 $8,933,453 $8,803,740 . ) 4
Gas or vapor ........ $3.438,835  $3,365,008  $3,570,586 Radio-tv & electronics ... 535'2 e 463.7
Magnetrons and velocity Radio broadcasters ... "3 00.. 519.1 413.4
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

FIGURES OF THE YEAR

Television set production
Radio set production
Television set sales

Radio set sales (except auto)
Receiving tube sales
Cathode-ray tuke sales

TOTALS FOR THE YEAR

1955 1954 Percent Change
7,756,521 7,346,715 + 56
14,894,695 10,400,530 +43.2
7,421,084 7,317,034 + 1.4
6,921,384 6,430,743 + 7.6
479,802,000 385,089,458 +24.6
10,874,234 9,913,504 + 9.7

March, 1956 — ELECTRONICS
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Completely aligned and tested 26-tube color sets come off
one-per-minute line in RCA’s Bloomington plant

.......

i

Mechanization of aluminizing speeds production of color tubes
in RCA's Lancaster plant

Color Television Receiver Boom Expected

RCA orders color-mask tubes
from other tube-makers to
counter possible bottleneck

WITH the single exception of color
tubes, all components needed for
RCA color television receivers ure
in sufficiently good supply to meet
the requirements of two lines al-
ready running and four others that
have been converted for color on a
standby basis in this company’s
Bloomington, Indiana plant.

Expected 1956 holiday season de-
mand for color sets, stimulated by
broadening of the color line to in-
clude models selling below the pres-
ent $695 low-end sets, means that
year-end shipments could be held up
for lack of color tubes.

»Countermeasure — Although
220,000 sq ft for development and
manufacture of color tubes have

ELFCTRONICS — March, 1956

been added in RCA’s Lancaster
plart and the entire production
facilities for the type 21AXP22
three-gun color tubes are now being
duplicated to double the output by
midsummer, this can only boost pro-
duction per shift to about 30,000
tubes per month.

Looking  ahead, tube-making
know-how has been passed on to
other tube manufacturers to get
additional sources of supply. Ap-
preciable quantities of color tubes
have been ordered from some of
these firms.

Increasing mechanization of color
tube production is another attack on
the possible bottleneck. Examples
here include placement of three
lavers of phosphors on the glass
face and photographic application
of the resist pattern to obtain more
accurate positioning of the three
sets of dots on the phosphor layers,

waanaLamericanradiohistorvy. com —

as required for a high degree of
white purity.

Aperture mask production by
etching has likewise been improved
through further mechanization. A
battery of 125-ton presses shapes
the masks to the required accurate
contours. Cost of this mechaniza-
tion program at Lancaster is nearly
$10 million.

» Receiver Figures — With one
production line now running on a
60-second time cycle and another
rapidly approaching this at Indian-
apolis, production of RCA color sets
now approximates 960 per dayv. The
other four lines in the Bloomington
plant have been retooled for color
at a cost of over $5,000,000 and key
emplovees have been trained for
these lines. Changeover from black-
and-white output can be made al-
niost overnight when consumer de-



INDUSTRY REPORT— Continued

mand warrants. This would give a
potential capacity of about 65,000
color sets per month on a one-shift
basis.

» Sales and Service — The com-
pany’s color sets are selling at the
rate of about 2,000 per week, with
an estimated 35,000 seis in use.
About 20 percent of current sales
are the 3$695 table model, going
chiefly into bars and other public
places where a small set for shelf
mounting about eyelevel is the big
seller.

A recent reduction by RCA Serv-
ice Company brings the price of a
color tv service contract down to
$99.95 for installation and unlimited
one-year service, including parts.
This compares to $50-360 for black
and white.

» Under $400—The possibility of a
color set to list uround $400 still
exists. Chromatic Laboratories has
been demonstrating 26 and 22-tube
receivers for several weeks.

The circuits are modified from
the early circuits used with the
Lawrence tube (ELECTRONICS, p 89,
Dec. 1951). In quantity production
the receiver chassis is estimated to
cost about $60 without the picture
tube. Twenty such receivers have
been built for Chromatic by Tele-
chrome Inc. and more are on order.

» 22-inch Set — Westinghouse is
planning to produce color television
receivers starting sometime in mid-
year.

The firm has designed a small
compact receiver employing a 22-
inch rectangular all-glass color tube
for production of table model color
sets not much larger than 21-inch
black-and-white receivers. Console
color receivers will also be manu-
factured.

The color receiver will employ
a high degree of mechanization
using large printed circuit boards,
according to the company.

The 22-inch sets will have essen-
tially the same customer controls as
the present receivers, will tune as
easily as current black-and-white
receivers and will be competitive in
price with other color sets which
have smaller tubes, according to the
company.

8

Electronics Wage

Payments Rise

2.0 —

ELECTRONICS PRODUCTION PAYROLL RISES

BILLIONS OF DOLLARS
(=)

.

; ]
| I ] | |
] B I |
1949 1950 1951 1952 1953 1954 1955
ANNUAL PAYROLL
Despi‘te some declines in phonograph, telephone, telegraph

number of workers, pay totals
keep climbing

ToTAL annual wages paid out by the
clectronics industry to production
workers have increased substan-
tially throughout the past five years
despite fluctuations in the number
of workers employved. In 1955 the
industry paid out an estimated $3.7
billion, an increase of about $200
million over the 1954 total.

» Wages—Rising weekly wages of
production workers have more than
offset declines since ’54 in employ-
ment as far as total industry wage
payments are concerned. Present
weekly wages for communications
equipment production workers aver-
age $75, according to the Bureau of
Lahor Statistics. This includes pro-
duction workers in radio, tv, tubes,

and related equipment plants. In

1949 weekly wages averaged $53.

» I'uture—Effect of automatic pro-
duction on employment and wages
in one company is indicated in a
case study by the Department of
Labor of a major manufacturer of
radio and tv sets that adopted
printed circuitry and automatic in-
serting machines in producing its
1955 tv sets.

The new methods reduced but did
not eliminate hand asembly opera-
tions. Some new machine tending
jobs were created requiring no
greater skill or training. However
certain new machine operations,
utilizing higher paid labor and addi-
tional skilled occupations, were
created. Some unskilled jobs were
eliminated but no worker was laid
off as a result of changes.

IRE Show Plans Top Attendance

Over 45,000 people are
expected at the industry’s
largest technical meeting

PrOGRAM of 55 technical sessions
and 714 engineering exhibits awaits
the electronics engineer and execu-
tive who attends the 1956 IRE Na-
tional Convention to be held March
19-22 in New York City.

» Engineering—Technical sessions
are scheduled for all four days at

the Waldorf-Astoria hotel, Kings-
bridge Armory and the Belmont
Plaza Hotel. Highlights of the pro-
gram will be two symposia on Tues-
day evening, March 20, on the U. S.
earth satellite program and color
television tape recording.

Other topics such as the impact
of computers on science and society,
nuclear effects on communication
systems, the future of medical elec-
tronics and air traffic control will

(Continued on page 10)
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For circuits and systerms where you
need higher voltage ratings

—offers all the important advantages which made its
30-volt counterpart so popular
+ high current gain -+ low thermal resistance
+ 4 walts average dissipation with heat sink
+ hermetic seal - low relative cost

Here is an exclusive Sylvania Transistor development
designed to broaden power transistor applications m
circuits operating from power supplies up to 60 volts.

Sylvania’s new 60-volt power transistor can also intre-
duce improvements in the design of inductance coupled
circuits operating from power supplies up to 30 volts.

Like its 30-volt counterpart, the new 60-volt power

transistor provides high current gain over a wide range
of operating conditions and high current switching for
computer applications.

Writ2 for complete details on these new 60-volt power
transistors as well as the popular 30-volt series

60-volt 30-volt
power transistors power transistors
*Type 2N141 (PNP) *Type 2N68 (PNP)
Tvpe 2N143 (PNP) *Type 2N95 (NPN)
Type 2N101 (PNP)

“with cooling fins Type 2N102 (NPN)

“‘another reason why it rays to specify Sylvania”

¥ SYLVAN

LIGHTING « RADIO -

ELECTRONICS «- TELEVISION

SyLvaNia ELEcTrIC PrRODUCTS INC.
1740 Broadway, New York 19, N_ Y.
In Canada: Sylvania Electric (Canada) Lid.,
University Tower Bldg., Montreal

+ ATOMIC ENERGY

SEE SYLVANIA IN BOOTH NOS. 168-772 AT THE 1956 I.R.E. SHOW
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also be featured. The complete
schedule of all technical sessions
and individual papers, including
time and place for each, begins on
page 468 of this issue.

» Exhibits—The Radio Engineer-
ing Show exhibits will fill the 4-
acre floor of the Kingsbridge Ar-
mory in the Bronx and overflow
into nearby Kingsbridge Palace.
Equipment ranging from color

tubes to giant computers will be on
display and available for inspec-
tion. Exhibits of similar equipment

Miniature paging receiver . . .

will again be grouped and identi-
fied, as far as possible, along aisles
carrying product names so that spe-
cific fields can be covered more
easily.

» Other—The annual meeting of
the IRE at the Waldorf on the open-
ing Monday morning of the conven-
tion will feature a talk by John T.
Henderson, director of the IRE Ca-
nadian Region and principal re-
search officer of the National Re-
search Council, Ottawa, Canada.
On Monday evening the get-

Lightweight two-way radioand . . .

together cocktail party will be held
at the Waldorf. On Wednesday
evening the annual banquet will
take place at the Waldorf and the
IRE awards for 1956 will be pre-
sented.

» Registration—Visitors may reg-
ister for the convention at either
the Waldorf-Astoria or Kingsbridge
Armory.

Special show buses will provide
registrants with free transporta-
tion between the two locations at
frequent intervals.

Musical telephone appear as . . .

Communications Gear Adopts Transistors

Radio, telephone, carrier-
current and industrial
control markets beckon

ADDITIONAL markets for the tran-
sistor are opening in communica-
tions and industrial control.

> Two-Way Radio—Use of tran-
sistors in four two-way radio models
has been announced by Motorola.
Nine to 11 Motorola type 2NJ2 low-
power or 2NJ6 medium-power tran-
sistors and 4 to 8 hizh-power 2NJ4’s
are used.

The sets operate in the 25 to 54
or 144 to 174-mc bands. Output
ranges from 1 to 8 w; weight from
71b 9 oz to 153 Ib.

> Pocket Pager — A 10-oz paging
receiver uses seven 2NJ2’s and sells
for $165. An f-m unit features
selective calling. Base station sells
for $800 with $200 for installation,
including inductive loop.

10

A frequency-shift-keyed power-
line carrier system uses 16 2NJ2
transistors. It operates in the 40 to
200-ke band with 500-cps channel
spacing.

Motorola has been in production
of transistors for about 18 months.
Output is for the company’s own
end equipment. A $1.5-million tran-
sistor plant near Phoenix will soon
be in operation.

» Telephone—A musical tone gen-
erated by transistors is replacing
the bell in 100 Crystal Lake, Ill. tele-
phones during field trials by the
Bell System. Unit operates off 1 v
instead of the usual 85 v. Tone
seems better for oldsters who can’t
hear the high-frequency components
of telephone bells. The tones cannot
be confused with doorbells, alarm
clocks and kitchen timers.

An auxiliary amplifier for tele-
phones that will make life easier for
the hard-of-hearing is being mar-

www.americanradiohistorv. com

keted by Fisher Research of Palo
Alto, Calif. Price is $32.50.

» Industrial — Another Fisher
product is a three-transistor audio
amplifier with 85-db gain. Unit
picks up sound of termites, fluid
leaks and worn-out Dbearings.
Weight is 15 oz.

Transistorized alarm unit by GE
protects generators in electric
power stations. It sounds off if
negative-phase-sequencing current
exceeds full-load positive-phase-
sequencing current by 7 to 15
percent.

A nine-transistor automatic
thickness control regulates speed
and pressure of a 3, 800-fpm five-
stand steel rolling mill in U. 8.
Steel’s Irvin Works in Pittsburgh.
Controller is by GE. Also by GE is
a double-based diode that does the
work of two electron tubes when
hooked up as a multivibrator.

(Continued on page 12)
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s ¥ 3BTRS g e,

Cat. No. 30D6 30D16
wvDC 6 6
uF 3 60
Leakage

Current 20 | 3.0
(A Max.)

Can D" 43 %
Size | n A Y
*Trademark

Sprague on request will provide you
with complete application engineering service
for optimum results
i3 in the use of electrolytic capacitors.
4,

v

Sprague
LITTL-LYTICS'

% transistor circuitry
¥

HERE ARE THE SMALLEST aluminum electrolytic capacitors ever made
to Sprague’s rigid quality standards. Add to that their low leakage
current, high reliability, and moderate price, and you have a new
series of miniature electrolytic capacitors ideal for use in tran-
sistorized pocket radio receivers, wireless microphones, personal-
style wire recorders, and similar equipment.

Their ultra-low leakage current is particularly important for it
means minimum drain and long battery life when used in filtering
applications across a battery, and excellent circuit performance
when used in coupling applications.

Sprague Littl-Lytics are available in a full range of capacitance.
ratings from 1 to 110 mf, and in standard working d-c voltages
of 1, 3, 6, 10, 12, and 15. Sizes range from "D x }2"L to 3%"D
x %"L. Maximum operating temperature of the new Type 30D
capacitors is 65°C.

Performance characteristics, sizes and ratings of metal encased,
hermetically sealed Littl-Lytics are all in Engineering Bulletin
320, available on letterhead request to the Technical Literature
Section, Sprague Electric Company, 35 Marshall Street, North
Adams, Massachusetts.

world’s largest capacitor manufacturer

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

ELECTRONICS — March, 1956

W ant more information? Use post card on last page.

See Us At the I.R.E. Show—247-249 Instruments Avenue



INDUSTRY REPORT— Continved

COLOR and monochrome tv sets built by ACF Electronics and a Motorola portable demonstrate new module applications as . . .

Manufacturers Push Modular Electronics

Module makers plan expanded
production as set producers
ready complete receivers

ECLIPSE in modular electronics ac-
tivity after the announcement of
the government sponsored Tinker-
tov project was only temporary,
according to recent indications
from several manufacturers in the
field.

» TV—Emerson Radio has an-
nounced plans to introduce a
modularized tv set. The company,
in conjunction with ACF Indus-
tries, 1is currently designing
receivers incorporating the com-
ponents.

Du Mont is working on a modu-
larized tv set for possible trial
production on a limited basis.
Another set maker, in conjunction
with Aerovox, has converted a
production model tv receiver to
modular design.

Aerovox has worked with five
tv  manufacturers on production
model conversion. ACF has worked
with eight set makers on modular
designs. Both companies foresee at
least eight modularized tv sets on
the market by July, 1957.

» On the Market—One firm is re-
ported to have incorporated mod-
ules in a portable industrial 2-way
radio. Motorola uses them in a
portable radio. Within the next
three months another manufacturer
plans to introduce a modularized
transistorized counter for indus-
trial use.

12

The Navy, which has officially
endorsed use of modular elec-
tronics equipment for the fleet, is
reported to have ordered addi-
tional modularized sonobuoys
(Electronics, p 160, Dec., 1953).
1t is also evaluating a modularized
frequency meter built under Navy
contract by an electronic equipment
manufacturer located on the west
coast.

» Makers—Aerovox, which took
over the National Bureau of Stand-
ards module plant in Virginia last
yvear, and ACF are pushing expan-
sion plans for modular electronics.
Aerovox has already budgeted for
a substantial expansion of its
module manufacturing facilities
and plans to allocate a quarter of
a million sq ft of space in its New
England plant facilities for in-
creased output. It expects to be
in full production at the plant by
the early part of 1957 with an
output of 50,000 modules a day.

The firm started out last yvear
with 7 different types of modules
for use in industrial and military
prototvpe applications. It expects
to have 25 standard circuit
modules available by June, includ-
ing a voltage regulator, four audio
stages, a delay circuit, three high
speed flip-flops, three gate gen-
erators, a gate amplifier and a
blocking oscillator.

ACF emplovs about 150 people
in its plant in Alexandria, Va. The
plant has a capacity of a quarter
of a million modules a month
based on the average 7 or 8-wafer

module. Making smaller modules,
capacity could reach a million a
month. Since the firm entered the
module field two vears ago it has
invested some $2.5 million.

Among the modular products
ACF has produced are an wide-
band i-f amplifier, a video am-
plifier, a 300-volt d-c regulator and
a decimal counter. In the tv re-
ceivers shown, approximately 80
percent of the components in the
monochrome set and 65 percent
in the color receiver are contained
in 17 and 38 modules respectively.

» Future—The average black-and-
white tv receiver would probably
use between & and 17 modules and
a color set, 25 or more, depending on
the number of wafers and the ex-
tent of modularization. With this
potential in tv alone, module
makers are optimistic about future
business, and look for module pro-
duction this year above 4 million
units.

New Heat Proposed
To Spur UHF-TV

FCC scheme would allow
rebroadcast on top channels
at low cost

FORCED incubation of the egg laid by
uhf-tv has been attempted several
times. Latest proposal by the Com-

mission is the establishment of a
new kind of supplemental station.

(Continued on page 14)
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% Made to your specifications

% Any size, shape or coating
required

% Send us your drawings for
quotation

Y Write for Bulletin GC-106 A
on ali Arnold Products

ADDRESS DEPT. E-63

Visit us af the
IRE SHOW

Booths 146 to 150
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ANY requirements you have

The group of magnets illustrated above are indicative of the great scope
of Arnold production in this field. We can supply these permanent
magnets in any size or shape you may need; in weights ranging from a
few ounces to 75 pounds or more; and with die-cast or sand-cast alumi-
num jackets, Celastic covers, etc., as required. Complete assemblies may
be supplied with Permendur, steel or aluminum bases, inserts and keepers
as specified—magnetized and stabilized as desired. ® Let us handle your
magnetron, traveling wave tube and wave guide permanent magnet
requirements, or any other magnetic material spectfication you snay have.

WSW 5996

" THE ARNOLD FNGINEERING (JOMPANY

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATIOM
General Office & Plant: Marengo, illinois
CISTRICT SALES OFFICES . . . Naw York: 350 Fifth Ave. ,
Los Angzles: 3450 Wilshire Blvd, Boston: 200 Berkeley St. i

Want more information? Use post card on last page. 13
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Called a translator, the station
would pick up and rebroadcast in
isolated areas the programs of other
tv stations. Only the upper 14 uhf
channels (70-83) would be allocated
to this service. Top power of 10
watts is proposed.

The translator station, costing
around $1,000, is not to be confused
with proposed booster stations that
would operate on the same channel
as the parent station to fill in un-
served areas within normal cover-
age of the uhf parent.

SETS, moving down Bendix line for new Fords, show that . . .

Auto Radio Designs Are Changing

Big three auto makers push
transistors. Conventional tube
set output keeps pace

THE automobile radio accounts for
nearly 50 percent of total radio pro-
duction. It is also becoming one of
the most important users of tran-
sistors with Chrysler, General Mo-
tors and Ford now using transistor-
ized auto sets. Current tube re-
ceiver output is about 80 percent of
present estimated auto production.

Total auto receiver output set a
record last year. It reached 7.2
million units compared to the pre-
vious high of 5.1 million in 1953.

» Where-—Last year an estimated
67 percent of all autos produced had
radios installed at the factory. An-
other 10 percent had radios in-
stalled by auto dealers and the re-
mainder had sets obtained through
mail order houses, chain stores and
other types of dealers.

One manufacturer estimates that
this ‘“after market” business ac-
counted for about 6 percent of the
total car radio business last year.
Since 1946, except for 1948, the per-
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centage of autos with factory in-
stalled radios has increased, from
62 percent in 1946 to the present
67 percent. This is doubly signifi-
cant when it is realized that pas-
senger car production has climbed
from 2.1 million in 1946 to an all
time high of nearly 8 million in
1955.

» Transistors—The auto industry’s
big three, General Motors, Chrysler
and Ford are all using transistor-
ized car radios. GM has a Delco-
made hybrid set available in the
Chevrolet Corvette for this year
(ELECTRONICS, Feb. p. 10). Chrys-
ler announced that transistor radio-
equipped Imperials are being
shipped to dealers and that produc-
tion line installation of the set be-
gan January 3, 1956. The sets are
made by Philco.

Ford presently has 1,000 tran-
sistor radios installed through pro-
duction and sold to the public.
More are being installed in a test
program to determine the firm’s
future car radio plans. The radios,
made by Bendix and Motorola, are
sealed hybrid units that contain one
germanium junction-type audio

power transistor. If breakdown oc-
curs in a unit, Ford dealers will
remove it for return to the maker
and replace it with a tube-type
radio under a one-year guarantee.
Studebaker, Packard and American
Motors have not yet announced
transistor car radio plans but it is
expected that by the end of this
year, all U.S. auto manufacturers
will have transistor sets available.

Computer Firms
See New Markets

Small computers, printers
and storage systems featured
as companies map sales drive

TREND of electronics firms aligning
themselves with established office-
equipment concerns to market elec-
tronic computers for the business
and industry is again evident in
recent developments. Several tech-
nical advances are contributing to
expansion of the market.

» Printing— Addressograph-Multi-
graph is augmenting its line of
electronic gear for printing maga-
zine mailing labels by handling
the Eastman-Kodak multiple-stylus
printer. The device prints 3,000
lines a minute. It rents for $4,000
a month,

In normal label printing, the unit
prints four 24-character lines on
each label. It differs from East-
man-Kodak’s original machine
(ELECTRONICS, p 98, Feb. 1953) in
that data is first transcribed elec-
tronically from punched cards to
magnetic tape. The card-to-tape
converter also rents for $4,000 a
month. The machines are in pro-
duction and installations are ex-
pected this year.

Addressograph - Multigraph al-
ready has a line of eight models of
facsimile label printers. Magnavox
has taken out a nonexclusive license
to manufacture and market the
Fastman Kodak Minicard data stor-
age system.

» Alignment -—— Royal-McBee and
General Precision Equipment have
formed a company known as Royal
Precision to explore the field of

(Continued on pcge 16)
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electronic computing for science
and engineering. GPE is parent
company of Librascope which re-
cently announced the LGP-30 gen-
eral purpose computer. Royal-
McBee maintains a research and
development lab in Hartford, Conn.

General Electric, maker of Ord-
vac, has formed a computer section
to broaden its computer activities.
A full line of computers, both ana-
log and digital, simulators and com-
ponents is planned.

IBM has announced a $50-mil-
lion expansion of sales, manufac-
turing, service and research facili-
ties on the west coast. Twenty-five
IBM electronic data processing ma-
chines are installed in the area.

»Small Computers—Burroughs is
in volume production of the EI101
computer at its Detroit plant. The
unit sells for $32,500. Several are
on order for the aircraft, optical,
banking, general business, oil,
chemical and pharmaceutical, gen-
eral research and engineering fields.

At United Aireraft’s Computa-
tion lab in East Hartford, Conn.
an EI101 is used to debug problems
for a $1-million computer. Another
E101 will be installed at Al Amer-
ican Engineering, a Wilmington
manufacturer of aircraft devices.

Underwood is tooling up at
Bridgeport to make 25 Elecom 50’s
a month. The machines rent for
$650 a month or sell for $17,000 to
$28,000 depending on auxiliaries.

» Magnetics—Sperry-Rand is tak-
ing orders on their $12,500 mag-
netic-amplifier computer. The Uni-
vac file computer, which costs about
$200,000, will be available about
the middle of the year. The com-
pany announced four sales of the
$1-million Univac during January.

Potter Instrument of Great Neck,
New York is in production on ran-
dom-access memories that provide
100,000 locations of 200 characters
each in 0.3 seconds. Data is stored
on magnetic tape in a three-dimen-
sional bin arranged like pages in
a book.

The company is working on a $1
million computer using Magnistors,
ferrite toroids with three coils.
These units combine the functions
of a flip flop and a gate.
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TV Amplifies Light 40,000 Times

The unit will
sell for about $20,000. The company
plans to produce about 25 units this
year.

Low-noise amplifier circuits
are key to ultrasensitive
closed-circuit television

INDUSTRIAL and medical radiology,
astronomy and possibly television
broadcasting are potential markets
for a recently introduced closed-
circuit television system that ampli-
fies light 40,000 to 50,000 times.
Developed by Bendix, the Lumi-
con can produce a bright, detailed
image on its monitor even when the
subject is barely visible by the
naked eye owing to low light level.

» How It Works—The system uses
an image orthicon camera tube
fitted with the fastest possible lens.
Scanning rate is 1,029 lines, 30
frames a second. Bandwidth is 15
mec.

The camera picks up visible light.
Key to the high light amplification
is a low-noise amplifier with a gain
of 500,000. Although circuit details
have not been released, it appears
that several stages of distributed
amplification are used,

The amplifier in the camera unit
apparently uses seven 6CB6’s. Other
amplifiers, pulse and sweep circuits
are located with the picture tube
unit. In all, about 35 tubes are
used.

» Production—The Lumicon puts
Bendix squarely in the industrial

www americanradiohistorv com

television business.

» X-rays—Since low light levels
can produce an adequate image, ex-
tended observation at safe levels of
x-radiation is possible. This opens
up possibilities of x-ray movies of
internal organs and more extensive
use of the fluoroscope.

The system could permit a radi-
ologist to watch the progress of
X-rays in cancer treatment. Several
monitors can be used for education
of medical students.

» Industrial——Safety afforded the
operator makes the system attrac-
tive for industrial inspection of
castings and forgings. Used with a
fluoroscope, the system may be use-
ful for inspecting suspicious pack-
ages. Other applications include
surveillance under conditions of low
light level.

» Astronomy—Equipped with the
Lumicon, a 200-inch telescope would
have the light-gathering power of a
1,200-inch unit. Possibilities in-
clude study of nearby planets, ex-
tended observation of the sun for
better understanding of ionosphere
storms and study of meteor
showers,

(Continued on page 2
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electronic computing for science
and engineering. GPE is parent
company of Librascope which re-
cently announced the LGP-30 gen-
eral purpose computer. Royal-
McBee maintains a research and
development lab in Hartford, Conn.

General Electric, maker of Ord-
vac, has formed a computer section
to broaden its computer activities.
A full line of computers, both ana-
log and digital, simulators and com-
ponents is planned.

IBM has announced a $50-mil-
lion expansion of sales, manufac-
turing, service and research facili-
ties on the west coast. Twenty-five
IBM electronic data processing ma-
chines are installed in the area.

> Small Computers—Burroughs is
in volume production of the E101
computer at its Detroit plant. The
unit sells for $32,500. Several are
on order for the aireraft, optical,
banking, general business, oil,
chemical and pharmaceutical, gen-
eral research and engineering fields.

At United Aircraft’s Computa-
tion lab in East Hartford, Conn.
an E101 is used to debug problems
for a $1-million computer. Another
E101 will be installed at All Amer-
ican Engineering, a Wilmington
manufacturer of aircraft devices.

Underwood is tooling up at
Bridgeport to make 25 Elecom 50’s
a month. The machines rent for
$650 a month or sell for $17,000 to
$28,000 depending on auxiliaries.

» Magnetics—Sperry-Rand is tak-
ing orders on their $12,500 mag-
netic-amplifier computer. The Uni-
vac file computer, which costs about
$200,000, will be available about
the middle of the year. The com-
pany announced four sales of the
$1-million Univac during January.

Potter Instrument of Great Neck,
New York is in production on ran-
dom-access memories that provide
100,000 locations of 200 characters
each in 0.3 seconds. Data is stored
on magnetic tape in a three-dimen-
sional bin arranged like pages in
a book.

The company is working on a $1
million computer using Magnistors,
ferrite toroids with three coils.
These units combine the functions
of a flip flop and a gate.
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LOW-INTENSITY x-rays permit extended fluoroscope diagnosis when . . .

TV Amplifies Light 40,000 Times

Low-noise amplifier circuits
are key to ultrasensitive
closed-circuit television

INDUSTRIAL and medical radiology,
astronomy and possibly television
broadeasting are potential markets
for a recently introduced closed-
circuit television system that ampli-
fies light 40,000 to 50,000 times.
Developed by Bendix, the Lumi-
con can produce a bright, detailed
image on its monitor even when the
subject is barely visible by the
naked eye owing to low light level.

» How It Works—The svstem uses
an image orthicon camera tube
fitted with the fastest possible lens.
Scanning rate is 1,029 lines, 30
frames a second. Bandwidth is 15
me.

The camera picks up visible light.
Key to the high light amplification
is a low-noise amplifier with a gain
of 500,000. Although circuit details
have not been released, it appears
that several stages of distributed
amplification are used.

The amplifier in the camera unit
apparently uses seven 6CB6’s. Other
amplifiers, pulse and sweep circuits
are located with the picture tube
unit. In all, about 35 tubes are
used.

» Production—The Lumicon puts
Bendix squarely in the industrial

WWW americanradiohistorv.com

television business. The unit will
sell for about $20,000. The company
plans to produce about 25 units this
year.,

» X-rays—Since low light levels
can produce an adequate image, ex-
tended observation at safe levels of
x-radiation is possible. This opens
up possibilities of x-ray movies of
internal organs and more extensive
use of the fluoroscope.

The system could permit a radi-
ologist to watch the progress of
x-rays in cancer treatment. Several
monitors can be used for education
of medical students.

» Industrial—Safety afforded the
operator makes the system attrac-
tive for industrial inspection of
castings and forgings. Used with a
fluoroscope, the system may be use-
ful for inspecting suspicious pack-
ages. Other applications include
surveillance under conditions of low
light level.

» Astronomy—Equipped with the
Lumieon, a 200-inch telescope would
have the light-gathering power of a
1,200-inch unit. Possibilities in-
clude study of nearby planets, ex-
tended observation of the sun for
better understanding of ionosphere
storms and study of meteor
showers.

(Continued on page 2’/
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The Type 1220-A Klystron Oscillator is a low cost, small and
compact microwave signal source designed for use where the com-
plexity of a signal gencrator is not required. This new Oscillator is
both convenient and flexible in operation . . . a UHF-SHF signal
source that is capable of producing a stable high-frequency signal
of adequate power for laboratory measurements, production-test
work, or for use in college experimental class.

Standard reflex klystron tubes with self-contained cavities are
used in the Oscillator. Eight difterent tubes arc provided to cover
the 2.7 to 7.5 kMc range. An important feature of this versatile
self-contained unit is the provision for internal square-wave modu-
lation, and the casc with which it can be pulse or frequency modu-
lated from external sources.

%
|
1220- A Unit Kiystron Oscillator
supplies SAN specified 3000-Mc
for measurement of coaxial-

« . cable attenuation characteristics.

i %

- k
Resonant frequenc es of cryslal
rect fiers shecked by production- 4
test setup in which Klystron Os-
ci lator stpplies 4200-Mc signa!.

GENERAL RADIO Company

275 Massachusetts Avenve, Cambridge 39, Massachusetts, U.S.A.
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1150 York Road, Abington, Pa. PHILADELPHIA
920 S. Michigan Ave. CHICAGO 5 1000 N. Seward St. LOS ANGELES 38

NTERNAL
Ve S0 waAvE

1Py

©)

SPECIFICATIONS

Type 1220-A0 Klystron Oscillator, $205, without tube

Frequency Range: Depends on klystron tube used (see table); all units are other-
wise identical — frequency range of any unit can be changed to that of
any other by inserting the appropriate klystron tube.

Price Nominal
Type No. & Price® KI{stron for Power Out (mw)
Kiystron Osciliator ube Tube Average Over
Range including tube Type only  Frequency Range
2700-2960 Mc 1220-A1, $254.65 726G $ 4965 100
2950-3275 Mc 1220-A2, $272.90 6043 $ 67.90 90
3400-3960 Mc 1220-A3, $265.75 2K29 $ 60.75 90
3840-4460 Mc 1220-A4, $312.15 2K56 $107.15 75
4240-4910 Mc 1220-A5, $261.45 2K22 $ 56.45 100
5100-5900 Mc 1220-A6, $301.45 6115 $ 96.45 80
5925-6450 Mc 1220-A7, $272.90 QK404 $ 67.90 100
6200-7425 Mc 1220-A8, $272.90 5976 $ 67.90 90

The klystron tubes used in these oscillators are designed for
relatively infrequent tuning. The flexible copper diaphragm used
to vary the frequency is subject to failure due to fatigue.

*Note: Power Supply Reguired.

tnternal Modulation: 1-kc square wave, adjustable =15 cycles

External Modulation:

e, 50 ¢ to 200 kc; sine or square-wave modulating signal of at
least 15v, rms required — G-R Type 1210-B R-C Oscillator recommended
modulator.

Pulse, 1 to 10,000 us duration, 0.25 us rise and fall time, 50 ¢ to 200 kc
repetition rate; at least 20v peak pulse voltage required — Type 1217-A
Unit Pulser recommended modulator.

Frersluengy Modulation at least =10 Mc excursion obtained with less than
db change in output — at 60 ¢ an rms input of the order of 10v is suitahle.
Qutput Connector: 502 Type 874 Coaxial Connector.

Power Supply: i
Type 1201-A Unit Regulated Power Supply, $80.00, recormmended for high
stability and minimum incidental fm.

Type 1203-A Unit Power Supply, $40, for less critical applications where
cost is an important factor.

Type 1202-A Unit Vibrator Power Supply, $125.00, for use in the field from
6v or 12v, d-c power.

Accessories Recommended: Type 874-G10 10-db Pad and Type 874-G20 20-db
Pad — Type 874-Q series of Adaptors for connection o circuits fitted with
military-type connectors.

® We Sell Direct. Prices shown are net, f.0.b. Cambridge or West Concord, Mass.

ADMITTANCE METERS MODULATION METERS SIGNAL GENERATORS

A MPLIFIERS MOTOR CONTROLS SOUND & VIBRATION METERS

COAXIAL ELEMENTS NULL DETECTORS STROBSCOPES

DISTORTION METERS OSCILLATORS TV & SROADCAST MONITORS

PARTS & ACCESSORIES U-H-F MEASURING EQUIPMENT

FREQUENCY MEASURING

APPARATUS POLARISCQPES UNIT INSTRUMENTS

FREQUENCY STANDARDS PRECISION CAPACITORS VARIACS
IMPEDANCE BRIDGES
UGHT METERS

MEGOHMMETERS

PULSE GENERATORS V-T VOLTMETERS

R.L.C DECADES WAVE ANALYZERS

R-L-C STANDARDS WAVE FILTERS
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Actual size

Do You Need A
HIGH PERFORMANCE SWITCH?

Try these

TRANSISTORS

They have the best combination of switching
speed, high voltage, power gain and
power handling capabilities.

i INPUT
2.5mA ) —
|
\
| |
Ib 0.8 t £
Ib : sl | | STORAS | |81 ;
. 068 k‘(f | 2NII3 SWITCHING CHARACTERISTICS
0 Ib, I : B & | | As a Function of Driving Current L
|
~1mA l o 0.4 gﬁ ‘ ‘ ‘ Ib:= 2.5mA
| | l I - = ‘ Ie =20mA
b 10psec. - |l 0.2} = k- !
4 : r = L [ || | TURN.ON. |
| | ¥ 1 | [ n ]
+ + I t 0 1.0 2.0 3.0 4.0 50 6.0
10% —1 90%.
DRIVING CURRENT (Ib;} — MILLIAMPERES 3
—stito ta Fig. 1
07 ¢ SE—
V(V I [ i [ -
R —t ] SRAGE
L | [ | RA
I 0.6 |- | ST1O 1 |
90% 0% 0.5 L]
~20mA + : i !
- 2N113 SWITCHING CHARACTERISTICS
J
OUTPUT 0.4 3,; | = As a Function of Tumn-Off Current
|
:‘ B Tb = -1.0mA i
2N113 COMMON-EMITTER SWITCHING CIRCUIT 033 Ic =20mA
=1 +
1l 1 ! [
22, Al R=300n 021 , ‘ ! =
i) TURN ‘
-OFF
- 1000 : o1l 1
' [ + A | |
- Vbe = Vec=6v ] =
T Q ] + e e e b e S S W NN S -——-I — —— e
+ 0 1.0 2.0 3.0 4.0 50 6.0
TEST CIRCUIT FOR FIGURES 1 ond 2 TURN-OFF CURRENT (Ib;) — MILLIAMPERES Fig. 2
Look at these typical switching characteristics
yp g Raytheon 2N113 and 2N114 Tran-
Raytheon Raytheon sistors give you an electronic switch
Characteristic Condition - T,za':lilfw, with these outstanding advantages:
Switch saturation Ic = —20mA 7 ohms 7 ohms :
“on” impedance ® low impedance when ‘‘on”
§gf|{t,c:h '[;vpeg;:nce Vee = —6v, Vbe = 41.5v 15 megohms 15 megohms ® high impedance when “off"
Control peak power gain Veele/Vbelby 30db 32db ® small control power inpu'
Power ) 1 .
Load switchable power (peak) 1 watt 1 watt with h|gh Powerigain
Switching | to — rise time, Gnd, Emitter Ic = —20mA by = ImA 0.1 usec. 0.05 usec ® rapid switching time
speeds t1 — storage time, Gnd. Emitter Ic = —20mA Iby = ImA 0.6 usec. 0.7 usec.
t2 — decay time, Gnd. Emitter Ic = —20mA 1by = ImA 0.15 psec 0.1 usec

RAYTHEON TRANSISTORS

LET'S TALK TRANSISTORS AT THE LR.E. SHOW, BOOTHS 145-7-9
March, 1956 — ELECTRONICS

Want more information? Use post card on last page.

18

WWW-americanradiohistorv com



i

a one-page catalog of semiconductor

DIODES

and POWER RECTIFIERS

All produced and performance-tested by RAYTHEON

All possessing the characteristics, the uniformity and the dependability that
make them worthy of your specification with complete confidence.

Forward Reverse .
RAYTHEON Peak Inv. Current Current Reverse Current Rectified Rectified
Type Voltage at +1.0V (min.)| at —10 V (max.) | at specified voltage (max.) | Cutrent (max.) Currento(max‘)
25°C 25°C 25°C 25°C 100°C 150°C
00 15V 8 mA .001 pA 001 pAat 10V 23 mA 12 mA
00A 15 30 .001 .001 10 50 25
7 4 40 10 .005 .005 10 30 15
N432A 40 20 .005 -005 10 48 22
D 70 5 01 05 50 px] 1
%A 70 i8 01 05 50 40 20
\< - 50 5 0 . 75 23 17
90 15 | .01 ! 75 40 18
3 125 .0 1 100 23 10
1N303A 125 1 0 1 100 3 16
N4 145 0 1 125 23 10
RAYTHEON TN433A 145 10 01 1 125 i 30 16
IN4 180 2 .01 L 150 20 10
BONDED SILICON IN434A 180 7 0 1 150 25 13
1N302 225 1 0 2 200 15 8
DIODES IN30ZA 225 5 0 2 200 23 I
Zener Impedance (max.) Zener Temp. Coeff.
RAYTHEON ’
BONDED SILICON Type Zener Voltage at 0.5 mA at 5.0 mA %/°C
1N436 Jto5V 100 ohms 10 ohms 0.03 max.
D IN437 5107 Q0 0 0.05
REFERENCE DIODES INE3E el 5 5 03
IN439 9to 1l 00 [1] 0.08
| Peak é\ver?ge RPeak . p . Ambieltﬂ
nverse ectified ectified Maximum Inverse Currents orwar emperature
RAYTHEON 7 Yolts mA mA in uA 7 mA . Rasge
e . . . — t — 50 at —10 at0.8 at 1.ov °
GOLD BONDED P (max.) (max.) (max.) at —I0v at —50v t —100v v
1N305 60 125 300 2.0 20 100 —55t0 +100 |
GERMANIUM DIODES 1N306 15 150 300 2.0 100 —5510 1100 |
e X

] ; IN307 125 50 300 I 5.0 20 100 —55t0 100

25°C Max. Rati
RAYTHEON
RMS —Ir
: Vi @ 52 volts at Amb. Therm. Power Case -
POWER \ 2 . Iq PIV at PIv PIV Temp Res. Dis. Temp. I avg. 1 pk
ﬂCTIFlERS f Diode volts volts volts ma °C °C/watt watts °C amps amps
' f: 5 25 17.5 25 2308 6.0 63 33
3 .5 60 42.5 25 5.5 % * 14.5 05 .9
“ .5 125 88.5 75 23 .0 5
5 200 5.5 5 il

Average Peak
Type Peak Rectified Rectified Maximum Inverse Cutrents Forward
Inverse mA mA in mA
RAYTHEON N General Purpose | Volts (max.) (max.} at —5v at —10v at —50v at —100v at +lv
IN66 60 50 50 50 800 5.
POINT CONTACT IN67 80 35 i 00 5 50 4.
IN68 100 35 00 625 b
GERMANIUM 1N294 _60 50 50 10 00
IN297 80 35 00 10 00 5
DIODES IN298 70 50 50 250uA (max.) at —40v. (50°C) 30mA (min.) at 2v.
VHF and UHF
IN295 40 35 125 200 [ Video detector

manufacturing co.

Home Office: 150 California Street
Newton, Mass. « DEcatur 2-7177

For application information write or call the

Home Office or:

New York: 589 Fifth Ave., PLaza 9-3900

Chicago: 3501 Grand Ave., Franklin Park, TUxedo 9-5400
‘Los Angeles: 622 S. La Brea Ave., WEbste} 8-2851

LET'S DISCUSS DIODES AT THE I.R.E. SHOW, BOOTHS 145-7-9

SEMICONDUCTOR DIVISION

Silicon and Germanium Dlodes'cnd- nsistors ¢ Silicon Power Rectifiers

ELECTRONICS — March, 1956 Want more information? Use post card on last page. 19
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INDUSTRY REPORT— Continued

WEIGHT REDUCTION IN AIRCRAFT EQUIPMENT

120
[T - CURRENT EQUIP

ool W =NEW DESIGNS

80~ ADF SYSTEMS

AIRBORNE
VHF COMM

POUNDS

60

LT
1 Illﬂ

140 e

AIRBORNE
RADAR

VHF
NAVIGATION

|

AUDIO
ACCESSORIES

I

Aircraft Electronics In Squeeze

Manufacturers reducing size
and weight of equipment
as airborne use increases

ProGrRESS made by aireraft elec-
tronic manufacturers in reducing
size and weight of equipment is in-
dicated by weight reduections accom-
plished by Bendix Radio in recent
months.

The total weight of a typical
installation comprised of a dual adf
system, a single airborne weather
radar system, dual vhf communi-
cations, dual vhf navigation with
single marker and an audio system
with interphone system, cockpit
speakers, p-a amplifier and selective
calling, has been about 583 pounds.
With new designs, its weight is cut
to 420 pounds for a saving of 163
pounds.

» Items — Bendix made largest
weight savings in the radar syn-
chronizer-power supply. It was re-
duced 27 pounds, from 48 pounds
to 21 pounds, by combining power
supplies and using silicon rectifiers
instead of selenium. The weight
of the interphone amplifier was
reduced from 20 pounds to 2 pounds.

It was done by using transistors
instead of vacuum tubes. The vhf
transmitter was reduced by 155
pounds through changes in layvout
and by using new components and
lighter materials.

» Space — According to Bendixy,
along with the saving of 163 pounds

20

in the typical aireraft installation,
a total rack space saving of 43 ATR
results from new designs. A saving
of 13 ATR is made in the dual adf
svstem, 2 ATR in the radar system,
1 ATR in the dual vhf communica-
tions, ¥ ATR in the dual vhf navi-
gation and 32 ATR in the audio
system.

Space savings made in specific
equipment include ¥ ATR in the
adf systems receiver, # ATR in
the synchronizer power supply of
the airborne radar and # ATR in
the airborne vhf communication
transmitter.

Bendix transistorized audio control panel
for installation in aircraft

www americanradiohistorv com

Manufacturers Add
Over Ten Million Sq Ft

Military electronics plants
and research laboratories
lead in expansions

MaJjor manufacturers in the elec-
tronics industry announced plant
and facility expansion plans exceed-
ing 10 million sq ft during 1955.
The building projects involved over
115 companies in the field and will
cost over $140 million.

» Area—Plant plans for military
electronics exceeded that of all other
types. Over 17 million sq ft of
space were added by major compa-
nies in the field. Western Electric’s
planned expansion of over 700,000
sq ft topped the list. Westinghouse
followed with a 350,000 sq ft build-
ing plan.

Research, development and engi-
neering laboratory expansions were
second. Over 1.2 milion sq ft of lab
space was built or planned. Ray-
theon, with over 375,000 sq ft of
space, led the roster.

» Parts — Component manufactur-
ers’ expansion plans totaled over 1
million sq ft of space, much of it
for capacitors and much of it lo-
cated in the South. Biggest indi-
vidual plant expansion was that of
General Instrument for its 106,000
sq ft plant in Georgia.

Computer manufacturers were
active in factory build-up with over
600,000 sq ft planned. Remington
Rand led the list with an announced
expansion plan of 200,000 sq ft.

» Tubes—While picture tube man-
ufacturers were among the top
plant expanders in 1954, expansion
was only about 500,000 sq ft in
1955, much of it additional ware-
house space. Microwave tube mak-
ers added over 150,000 sq ft of
space. Three transistor plant ex-
pansions during the year added an
estimated 200,000 sq ft.

Among the other major plant ex-
pansions during 1955 were elec-
troniecs controls, instruments and
aircraft electronics.

{Continuved on page 22)
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Advertisement

HOW to CHOOSE
VIBRATION MOUNTS

For Jet and Missile
Applications

Use our free engincering data
sheets on ALrL-ANGL Barrymount®
Isolators. They describe and illus-
trate the operating principle of the
ALL-ANGL  Barry Mount, telling
how it works to control shock and
high-frequency vibration. They give
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you load-deflection curves. trans-
missibility curves, and load-versus-
natural-frequency curves that
show how these isolators perform
under various loads and vibration
inputs and for diflerent dircctions
of applied acceleration. They ex-
pliin how these curves can be used
to cvaluate isolator performance.
And they contain detailed drawings
that show all necessary dimensions
and clearances.

Because of their proved efficacy
in  protecting delicate electronic
apparatus through every flight atti-
tude, ALL-ANGL Barry Mounts
give the designer valuable aid in
cramming the most instrumenta-
tion into the leuast space. They
make it practicable to mount
equipment on any available sur-
face — upright on a deck or shelf
hung from above, attached to a
bulkhead, or at any angle necessary
to fit a unit into limited space.
Regardless of mounting position,
AlL-ANGL Barry Mounts give pro-
tection against high-frequency vi-
bration through ecvery operational
mancuver of the most modern
aircraft.

Barry engincering data  sheets
are free on request. Write for your
copies today.

ELECTRONICS — March, 1956

WILL
MIL-SPEC MOUNTS
WORK

ALL-ANGL ISOLATORS

give vital in-flight reliability protection

Sure, you can meet the specification with a mount that only has
to work at a 10-degree tilt. But what happens when the aircraft climbs
at steep angles or goes into a 90-degree turn or dive?

That’s where you need ALL-ANGL Barrymount® Isolators. You
can mount ’em and fly ‘em at any cock-eyed angle you choose. And they
give the same sure protection to vital instruments and controls from
take-off through every twist, turn, and dive of the aircraft’s most violent
maneuvers. These curves show why.

TRANSMIZSIBIUTY
o umoo

T2 24 36 48.60 | 12 24 36 48 60
FREQUENCY — CP5, FREQUENCY— CPS

0 12 24 36 45 60 12 24 36 48 60
FREQUENCY — CP§ FREQUENCY — CPS

Write now for data sheets AA-0-1 containing detailed performance
data. And remember — when your problem is protection thru every
flight attitude, your answer is ALL-ANGL Barry Mounts, For recom-
mendations, call your nearest Barry Sales Representative.

BARRY I - )
—

CONTROLS SALES REPRESENTATIVES

INCORPORATED IN ALL PRINCIPAL CITIES

707 PLEASANT STREET, WATERTOWN 72, MASSACHUSETTS

Want more information? Use post card on last page. 21



INDUSTRY REPORT— Continped

» Cost Analysis—Plant expansion
costs average about $14 per sq ft
with a range of from $4 per sq ft
to $25. At that rate, major elec-
tronics expansion plans in 1955 ex-
ceeded $140 million.

» Where— Nearly half of the an-
nounced plant expansion plans were
made in California followed in or-
der by New York, New Jersey,
Massachusetts, Illinois and Canada.
Ten expansions were in the South.

TRAYSFULL of tantalum capacitors come down the line at P. R. Mallory as . . .

Tantalum Capacitor Sales Increase

Volume goes up as applications
increase. Imports of tantalum
reach record high

SINCE 1949 when commercial mass
production of tantalum capacitors
began, the units have been produced
in increasingly larger quantities.
Today, they are used in almost all
types of airborne electronic equip-
ment and in communications gear.
Because of small size, they are
widely used in transistorized equip-
ment.

There are relatively few manu-
facturers of tantalum capacitors in
the U. S. and only one major proc-
essor of tantalum ore for the items.
Still, the electronics industry is a
major consumer of the metal, ac-
counting for about 50 percent of
total consumption. Besides its use
in capacitors, the metal is used as
anode and grid material in trans-
mitting tubes.

» Growth—Indicative of increased
use of tantalum capacitors the
sales volume of Fansteel Metal-
lurgical Corp. is now over 37 times
greater than it was five years ago.

22

The company also supplies pri-
mary tantalum to other capacitor
manufacturers and has experienced
a three-fold increase in the ship-
ments since 1949. It considers its
program for the gradual fourfold
increase in capacitor production fa-
cilities conservative in the light
of the potential market.

» Product—A new type of tan-
talum capacitor has recently been
announced, the solid tantalum ca-
pacitor. There is no liquid or paste
electrolyte used so that problems
of mechanical leakage or corrosion
are eliminated. A porous sintered
tantalum anode with an electro-
chemically formed tantalum oxide
dielectric is used.

» Ore—Prior to 1954 there were
periodic shortages of tantalum ore
in the U.S. and almost complete
dependence upon imports. How-
ever, according to a recent report
by the Bureau of Mines, the sup-
ply picture has changed from acute
scarcity to one of abundant supply.

U.S. mine shipments have in-
creased and indications are that
Canadian deposits, if exploited, will

www-americanradiohistorv com

further lessen U.S. dependence on
overseas imports. At present, how-
ever, the U.S. imports 95 percent
of its tantalum concentrates.

Principal tantalum producing
countries, in order of output, have
been Brazil, Australia, Portugal,
Union of South Africa, West Ger-
many and Nigeria. In 1954, nearly
one million pounds of tantalum con-
centrates were shipped into the
U.S., a new high in import volume.
Previous high was 753,000 pounds
imported in 1953.

Engineers Tour Russian
Electronic Plants

U. S. engineers study mechan-
ized production on two-week
tour of plants and laboratories

IN RETURN for allowing three Soviet
engineers to visit a machine-tool
show and a number of manufactur-
ing plants in this country, three
U. S. engineers were given the same
opportunity in the Soviet Union.
The group included W. H. Brandt,
engineering manager of the Direc-
tor Systems Dept. at Westinghouse,
whose informal report is abstracted
here.

» Computer—At the Institute of
Precision Mechanics and Calculat-
ing Technology, a three-address
computer for the solution of scien-
tific problems was seen. This used a
cathode-ray memory for actual com-
putation, a diode memory for stor-
ing problem constants, two forms of
magnetic memory, five drums and
four tapes. The unit operates 24
hours a day. Test time takes 20
percent and error lesses run & per-
cent.

» Balancer—In a machine-tool re-
search institute, the group was
shown an automatic balancing ma-
chine for electric motor rotors. At
the first machine position the rotor
is spun, the unbalance is measured
and the location and amount of un-
balance is stored in a memory de-
vice.

The rotor is then moved auto-
matically to the next position, where

(Continued on page 24)
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NOW...FROM GENERAL ELECTRIC...
9 GOST-SAVING TUBES FOR COLOR TV!

CONSISTENTLY, General Electric tube designers have worked
with TV manufacturers to reduce costs of monochrome sets.
Now similar G-E cooperation is extended on color . . . to help
bring down receiver prices, so that more users can enjoy this
new form of entertainment, with the increase this will bring

in color-TV popularity and sales.

Five G-E receiving tubes for color . . . ready and available
now . . . contribute to simpler, more economical chassis
design. The sum of their cost saving, when translated into retail

TV price reduction, is substantial.

All 5 tubes, in addition, are specially engineered for stamina
and dependability . . . meaning low-reject TV factory produc-

tion, and set-ownership with minimum service complaints.

Ask for characteristics, ratings, and prices! Twbe Depart-
ment, General Electric Company, Schenectady 5, New York.

Frogress Is Ovr Most Important Product

GENERAL ELECTRIC

te2-1a2

|

—6CD6-GA

Savesfilament power-supply circuitry!

3C2. High-voltage rectifier for color TV.
Center-tapped filament can be used for
either series or parallel operation, so per-
mits design and use of most economical
high-voltage power-supply circuit. Special
mandrel-wound construction minimizes
filament pull-out. High inverse voltage rat-
ing—33,000 v (d-c and peak). High d-c
output current rating—1.1 ma.

Saves ky eliminating one tube!

O6BJ7. 4 miniature triple-diode d-c
restorer for the three signal channels of TV
color receivers. The triple-diode design
enables this tube to do the d-c restoration
work of two duo-diodes . . . saves the cost
of a second tube. Individual cathodes for
cach diode permit cost-saving circuitry.

Saves ovar-all circuitry costs!
6BVS8. A medium-mu  duplex-diode

triode for use as synchronous detector and
chroma amplifier. Separate cathode and
plate for each diode give choice of most
economical circuit combinations to cut
over-all chassis costs. 6BVS also is a good
high-perveance duplex-diode triode for
many monochrome applications . . . saves
stocking another tube.

Saves a special transformer winding!

6AVA-GTA. A damping diode for

horizontal-deflection circuits. Heater is spe-
cially insulated to withstand a high peak
voltage of 4,500 v. This saves cost of sep-
arate transformer winding. High d-c output
current rating—190 ma; low tube drop—
25 v at 350 ma. Use for both color and
monachrome—keep down tube inventory!

Saves high tube cost; also cuts
tube inventory expense!

6CD6-GA. A beam pentode for use

as horizontal-deflection amplifier. High
positive-pulse plate voltage—7,000 v. Eco-
nomical in price, also useful for both color
and manochrome, with 20 w plate dissipa-
tion . . . you stock one tube, not two!
Features include high perveance, high pulse
current at low plate and screen voltages,
and high ratio of plate to screen current.



INDUSTRY REPORT— Continued

drills remove the required amount
of metal from these locations.

> Magamp — At the Institute of
Automechanics and Telemechanics,
an experimental magnetic amplifier
setup used toroidal cores as on-off
devices, with relays connected to
make audible the results of opera-
tions.

» Frustration—At the Kagonoich
state ball bearing plant in Moscow,
the chief engineer was asked if any
difficulty was encountered with soft
gpots or nonuniformity of steel in
the races. He answered that their
steel was made to the most careful
specifications on chemistry and
heat-treating processes. Further
questioning brought the same
answer. He seemed flustered be-
cause a magnetic tape recording of
his words was being made.

» Radio Plant—At the Krasny
Zarya radio factory in Leningrad,
production included 12-volt vibra-
tors carrying up to 6 amperes and
guaranteed for 750 hours opera-
tion, as well as telephone-type re-
lays good for 10,000,000 operations.
Salaries for engineers here range
between 1,100 and 2,500 rubles per
month, with average wages of
workers running about 800 rubles
per month. (Official exchange rate
is 25¢ per ruble, but on comparable
purchasing power hasis a ruble is
5 to 8¢.)

An automatic checker was used
for final inspection of some switch-
boards. The test set checks connec-
tions automatically, stopping and
turning on an indicator light if a
defect is found.

» Education—At Moscow Univer-
sity, about 96 percent of the stud-
ents are paid stipends, in amounts
determined by  their  grades.
Straight A students graduate with
a gold medal, and Bs get a silver
medal. Stipends range from 290 to
450 rubles per month, with 780
rubles per month for all postgrad-
uate students. A professor makes
5,500 rubles per month and an in-
structor 1,750 rubles.

» Market — The Russians stated
that they would be interested in
purchasing industrial control equip-
ment if restrictions were lifted.
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LATEST approach to problem of impaired hearing is shown as . . .

Hearing Aids Move Up To Head

QUBMINIATURIZATION has inspired
the hearing-aid industry to design
smaller and lighter units. These
hearing aids may overcome me-
chanical and esthetic deterrents to
the use of aids by people with im-
paired hearing.

> Market—It is estimated that 5
million people in the U.S. could
benefit by wearing hearing aids. Of
these about 1,500,000 wear them.

Prices of hearing aids range
from $49.50 to $485 depending on
whether the aid is an electron-tube
type, transistorized and/or Di-
naural.

» Latest—A self-contained hear-
ing aid which is placed in and be-
hind the wearer’s ear has been mar-
keted by Sonotone of Elmsford,
N. Y. The aid uses four pnp tran-
sistors and subminiature parts. It
is assembled on a laminated fiber
chassis.

Frequency response is 400-3,500
cps with a maximum acoustic gain
of 47 db.

Power is supplied by a 1.3-v mer-
cury cell whose life expectancy is
in excess of 100 hours. The cost of
operating the hearing aid is ap-
proximately $1.20 a month.

www americanradiohistorv com

> Ilveglasses—Hearing aids built
into speclacle frames are available.
One model by Otarion of Dobbs
Ferry, N. Y., provides one micro-
phone at each temple feeding a
single amplifier. This unit sells for
$234 to $296. The manufacturer
expects to produce 20,000 to 25,000
units in 1956.

Jeltone Hearing Aid Co., Chi-
cago, Ill. is making binaural hear-
ing glasses. Each temple is a com-
plete hearing aid. The glasses sell
for $285 as a monaural aid and
$485 as a binaural aid.

R-F Lamp Brightens
Filming Future

Light source has high
output for motion picture,
color tv and computer uses

DrsIGNED for high-speed contact
printing of motion-picture films, a
new lamp is powered by induction
from an r-f source. Developed by
Sylvania Electric Products, Ine.,
the light source has applications in
radar display, computer read-out

(Continved on page 26)
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Miniaturized Variable
Capacitors...

AAMMARLUND

TYPE MACBF

Butterfly design provides extremely low capacity for
VHF range. Silicone-treated steatite base. Rotor and
stator soldered brass, nickel-plated. Screwdriver or
knob adjustment. Air gap 0.017'' nominal. Tested at
st [ 750 V RMS, 60 cps. Straight line capacity.

WIDEX  MOUNTING o

\ oeen,  JURFACEN

J f‘;m-‘xx%ﬁ, ); e MACBF-3 3.1 g %4 764

MOUNTING NUT

L-32 THREAD FLATTED- Y08 MACBF-5 50 16 9 % LA

B 2 32

BOTH SIDESTOR: APPROX MACBF-8 79 20 15 1 B4
MACBF-11

108 2.4 21 Y% 1%

*Nominal value per section.

TYPE MAC

Smallest dimensions practical to meet requirements of
trimmer in VHF range. Silicone-treated steatite base.
Rotor and stator soldered brass, nickel-plated. Screw-
driver or knob adjustment. Air gap 0.017’' nominal.
Tested at 750 V RMS, 60 cps. Straight line capacity:

r
{

y MAC-5 A ) > - ”
'-Ii-sz ™o FLATTED MAC-10 96 15 9 W, %,
BOTH SIDES TO :_‘ MAC-15 158 1.9 15 1 o

R e MAC-20 215 22 ] 21 W 1%

*Nominal value.

TYPE MAPC

Low minimum capacities and low inductance. ldeal for
VHF use. Rotor and stator soldered brass, nickel-plated.
Nickel-plated beryllium copper wiper. Silicone-treated
steatite base. Screwdriver or hex wrench adjustment.
Tapped brass mounting studs permit mounting without
grounding rotor. Air gap 0.0135" nominal. Tested at
600 V RMS, 60 cps. Straight line capacity.
|

L MAPC-15 150 2 %

ST MAPC-25 250 26 10 %

S MAPC-35 350 29 14 Y

W £ % MAPC-50 500 3.2 19 Y
STATOR PLATE MAPC-75 750 3.9 29 %a
MAPC-100 1000 4.5 38 1%,

*Nominal value.

For more information on the Hammarlund line of standard
and special variable capacitors, write for Bulletin E 356.

UND MANUFACTURING COMPANY, INC.

et, New York 1, N. Y.
3 East 40th Street, New York 16, N. Y.

ELECTRONICS — March, 1956 Want more information? Use post card on last page. 25
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INDUSTRY REPORT—Continued

R-F lamp with cooling coil removed to
show construction. Light source is 5/16
in. disk at center

systems and
essing.

A coil carrying 800 watts of 3-me
r-f power is used to heut a tan-
talum-carbide disk to temperatures
at which wire filaments would
vaporize. Use of a disk light source
provides a uniform area of light.

in color-tube proc-

» Applications — In addition to
printing motion-picture films, the
r-f lamp has been applied in print-
ing dot patterns on color tv picture
tubes where high output in the blue
region of the spectrum is required.
Exposure factor was improved by
2 over that of mercury vapor lamps.

In computer readouts where nu-
merical data is filmed from the face
of a special-type cathode-ray tube,
the brightness of the display is de-
pendent on the amount of light fall-
ing on the photocathode of the tube.
Use of the r-f lamp as a light source
has increased readout speed by 3.5.

New Activity Seen

in Citizens Radio

ANOTHER entry in the Citizens Ra-
dio Service is a transceiver that
sells for $59.75. Demand for the
units has led the manufacturer,
Vocaline Co., to hope to double pres-
ent production of 1,000 units a
month within two or three months.

» Technical Details — The trans-
ceivers measure 9 by 6 by 5 in. and
weigh 4 lb, They operate at 465 mc
and put out % watt of amplitude-
modulated r-f. (See p. 310)

Three tubes serve both trans-
mitting and receiving functions.
The oscillator circuit uses a bi-
metal element for temperature com-
pensation to keep the operating fre-
quency within eclass B regulations.

26

FUTURE MEETINGS

MarcH 2-3: Third Cleveland
Eleetronics Conference, West-
ern Reserve University, Cleve-
land, Ohio.

MARCH 6-7: Conference on Ra-
dio Interference Reduction,
Armour Research Foundation,
Chicago, Il

MagrcH 15-16: AIEE Fifth An-
nual Spring Conf., Cleveland,
Ohio.

MarcH 19-22: IRE National
Convention, Waldorf-Astoria
Hotel, Kingsbridge Armory,
New York, N. Y.

MARCH 23-24: 1956 Career and
Job Show, 71st Regiment Ar-
mory, New York, N. Y.

APRIL 2-4: Harvard University,
Air Force Cambridge Re-
search Center, IRE Sympo-
sium on Microwave Properties
and Applications of Ferrites,
Harvard University, Cam-
bridge, Mass.

APrIL 5-6: IRE, AIEE, ISA,
Magnetic Amplifier Confer-

ence, Hotel Syracuse, Syra-
cuse, N. Y.
APRIL 9-22: International Ex-

hibition on Instrumentation-
Automation, Oslo, Norway.
APRIL 10-12: Twelfth Annual
Meeting and Metal Powder
Show, Hotel Cleveland, Cleve-

land, Ohio.
APRIL 11-13: 1956 IRE 7th Re-
gion Technical Conference,

Hotel Utah, Salt Lake City.

APRIL 13-14: Tenth Annual
Spring Television Conference,
IRE, Engineering Society
Building, Cincinnati, Ohio.

APRIiL 16-18-19: NARTB Tenth
Annual Broadcast Engineer-
ing Conference, Conrad Hilton
Hotel, Chicago, Ill.

APrIL 19-20: Second Annual

Industry Shorts

» British electronics exports
reached nearly $92.4 million for
1955, about 12.8 percent or $7.7
million higher than volume in 1954,

» Laboratory version of a system
for recording and reproducing tv
pictures on magnetic tape, has been
constructed by Ampex Corp.

» Sales of picture tubes to Mexico
totaled about 60,000 in 1955. Vol-
ume is seen rising to 80,000 in 1956
and 100,000 in 1957, according to
Sylvania.

» Work on integrated Alaskan
communications study at Middleton
Island in the Gulf of Alaska, called
White Alice, which provides cir-

Meeting, Environmental
Equipment Institute, Shera-
ton Hotel, Chicago, Ill.

ApPrIiL, 23-24: New England
Radio Engineering Meeting,
IRE, Sheraton Plaza, Boston,
Mass.

APRIL 23-25: International Con-
ference on Electron Physics,
NBS, College Park, Md.

APRIL 25-27: Symposium On
Nonlinear Circuit Analysis,
II, Polytechnic Institute of
Brooklyn, New York, N. Y.

APRIL 26-27: Conference On Re-
cording and Controlling In-
struments, AIEE, ASME,
ISA, Bradford Hotel, Boston,
Mass.

APRIL 29-MAY 3: Fourth Annual
Semiconductor Symposium,
Electrochemical Society, Mark
Hopkins Hotel, San Francisco,
Calif.

APRIL 29-MAY 8: Hannover Ger-
many Industries Fair, Han-
nover, Ger.

APRIL 30-MAy 3: URSI Spring
Meeting, NBS, Wash., D. C.
MAYy 1-3: The 1956 Electronic
Components Symposium, U. S.
Department of Interior Audi-
torium, Washington, D. C.
MAy 14-16: National Aeronau-
tical & Navigational Confer-
ence, PGANE, Biltmore Ho-

tel, Dayton, Ohio.

May 14-17: The Design Engi-
neering Show and Conference.
Philadelphia, Pa.

May 21-24: Electronics Parts
Distributors Show, Conrad
Hilton Hotel, Chicago, Il

MAy 22-23: RETMA Symposium
on Reliable Applications of
Electron Tubes, Irvine Audi-
torium, University of Penna.,
Philadelphia, Pa.

cuits in support of the Alaska Air
Defense System, is scheduled for
completion in July. TACAN will
also be installed on the island for
the Air Force.

» Hotpoint Co. will introduce a
full line of monochrome tv sets
in July, 1956, made initially by
GE. Color sets will be produced
when the product becomes more
stabilized.

» Helicopter equipped with Pye in-
dustrial tv demonstrated how sys-
tem could aid police to study traffic
or carry out searches.

» Anti-trust settlement with IBM
opens business data processing to
small companies. Market will grow
for auxiliary equipment for big
IBM units,
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New

WA

Instruments

Precision Electronic Test Equipment
for Laboratory or Production Line

Marka-Sweep

Model Yideo 50 All-Electronic
Sweeping Oscillator with Marks
A 50 me wide video sweep which includes the
low end of the video spectrum and provides a
continuously variable IF frequency sweep.

SPECIFICATIONS

Range: 50 kc to 50 mc, continuously variable.
RF Output: 1.0 v peak to peak into 75 ohms,
flat within =*=0.5 db over widest sweep. Sweep
width: Linear sweep continuously variable 4
me to 50 me. Sweep rate: Variable around 60
cps. locks to line frequency. Attenuators: Indi-
vidually switched 20, 20, 10, 6 and 3 db plus
continuously variable 6 db. Markers: Both in-
ternal and external crystal controlled pulse type
markers, individually selected at 10, 26, 30, 40
and 50 me. Substitutions ahbove 10 mc on order.
Price: $£695. I.0.13. Plant.

Vari-Sweep

All-Electronic Broad Band Sweeping
Oscillator

Designed for continuous coverage trom 2 to 220
me with sweep width tc 30 me plus, and with
high output automatically held constant over
both frequency sweep and tuning range.

SPECIFICATIONS

Range: Fundamental frequency 2 to 220 me,
continuously variable in ten switched overlap-
ping bands. Direct reading frequency dial cali-
brated to =2%. RF Output: 1.0 v rms into 75
ohms, metered. Flat within *0.5 db over
widest sweep and over trequency band. Sweep
width: Continuously variahle *29% to =309,
of center frequency to maximum of at least 5
me. Sweep rate: Continuously variable 10 to 60
eps. locks at line frequency. Attenuator:
Swirched 20. 20, 10, 6 and 3 db plus _continu-
ously variable 6 dh. Price: $695. }.0.13. Plant.

Sigmalator

High Level Constant Output Signal
Generator

Designed for continuous CW operation from 1
to 230 me with high output—2.¢ v—automatic-
ally held constant over the tuning range.

SPECIFICATIONS

Range: Fundaniental frequency 1 to 230 mc in
ten switched overlapping hands. Direct reading
frequency dial calibrated to *=[9%. RF Output:
2.0 v rms into 75 ohms, metered. Qutput over
band constant within 0.5 db. Modulation:
100 cps. Attenuator: Switched 20, 20, 10. ¢
and 3 db plus. Continuously variable ¢ dbh.
Price: $595. 1.0.B. Plant.

Crans-Pix

Model 2 and Model 25 Low Power RF
Color TV Picture Transmitter for
Use With Antenna or Cable

Covers low frequency TV channels; tulfills color
requirements of differential phase shitt and en-
velope delay, May be used for I3 & W and
Color TV.

SPECIFICATIONS

Picture Carrier: 25 watt peak power into 50
ohms. Video Response: 4.5 mc¢ =1 db. Video
Modulation: Linear to 87.5% of zero carrier.
Differential Phase Shift: Approximately =3
degrees at the color carrier. Phase Deiay: Com-
pensated to within .01 microsecond. Audio:
=25 ke. for 100% modulation. 4§ ke. maxi-
mum. Audio Frequency Response: 50 cycles to
15 ke. Carrier Separation: 4.5 me. %1000 cycles.
Filter: Single side Dhand. Output: 2 outputs,
each at % power into 50 ohm antennas. A sin-
gle 50 ohm dummy load for 1% power single
antenna operation is provided. Price: $6G950.
17.0.8. Plant. Trans-Pix Model 2: RF specifi-
cations as above. Power Output: 2 watts,
Price: $2500. F.0.B. 1'lant.

I.R.E. Show
207, 242, 244, 246

Instruments Avenue
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Dept. E-3
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rep JMarka-Sweep

All-Electronic Sweeping Oscillator
With Marks

New design provides high level—1.0 y—output
automatically held constant over both tre-
quency sweep and frequency range,

SPECIFICATIONS

Frequency Range: All 12 VIIF TV channels
plus IF channel centered at 43.5 me. RF Qut-
put: 1.0 v rms into 75 ohms. Flat within *0.3
db over sweep width; constant within 0.5 db
between bands. Sweep Width: At least 15 mc
wide on all bands. Sweep Rate: Variable around
60 cps, locks to line frequency. Attenuators:
Switehed 20, 20, 10, 6 and 3 db plus contini-
ously variable 6 db. Markers: Crystal controlled
picture and sound carrier, markers on each
channel. Both internal and external pulse type
markers provided. Price: $695. IF.0.B. Plant.

Mega-Node, Sr.

Random Noise Source Providing Qutput
From 10 to 3,000 MC

New design includes; regulated DC filament to
conlpletely eliminate modulation; regulated
power supply to extend noise diode tube life:
and extension of low frequency to 10 me.

SPECIFICATIONS

Range: 10 mc to 3,000 mc. OQutput impedance:
50 ohms unbalanced into tvpe N connector.
Noise Figure Range: 0 to 20 db. Filament Volt-
age: Regulated DC supply. Meter Calibration:
Linear in db noise figure; logarithiiie in direct
current. Power Supply: Completely regulated
Price: $790. F.0.B. Plant.

Write for new Kay Catalog

KAY ELECTRIC CO.

14 Maple Avenue. Pine Brook, N. J.

Phone CAldwell 6-4000

Want more information? Use post card on last page.



NEW |
WESTON |

INDUCTION
MODULATOR

* has no contacts :
{Actual size) o provides conversion gain

* output wave form sinusoidal |

In contrast to conventional transducers,
the compact light-weight Induction
Modulator is of hermetically sealed-in
construction, making it impervious t
moisture, dust and other exposures

is never subject to contact troubles
presents a constant resistance to the d-c
signal input, and is unaffected by
pick-up trom stray fields. Further it is
extremelv rugged, sufficient to assure
trouble-free service in airborne devices
and other electronic equipment.

For complete information write,
Weston Electrical Instrument Corp
614 Frelinghuysen Ave., Newark 3, N. J.
A subsidiary of Daystrom, Inc.

a-¢ excitation

orientation TYPICAL CIRCUITS

FIELD
EXCITATION S

MODEL
1408
pivoted i DC.INPUT Al
movable coil i, J e
e W
a-c¢ output voltage A PEANCE )

x> proportional tod-c

Sl S eyl FIELD
signal input EXCITATION

MODEL
1408
d-¢ signal input P OUTPUT A ;
VOLTAGE y I3
QC.INPUT 1
SIGNAL 1 I

( HIGH
IMPEDANCE ) —T——

VARIABLE AC.
INPUT
) Eg

)‘ MODEL
N DL )
W E S T O N 3 VA;';E\N\ }m;)rpm

a D.C INPUT c xE
a °
—0

o o
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OUTPUT VOLTAGE

Recorded simul-
taneously with
curve at left

RAYTHEON VOLTAGE STABILIZERS

CHECK THESE
IMPORTANT FEATURES

These curves demonstrate one
simple fact—that if the satisfac-
tory operation of your equipment
depends on a well regulated power
supply, Raytheon voltage sta-
bilizers are your assurance of top
performance under virtually all
conditions.

How these curves were made
These curves were traced simul-
taneously by identical recording
voltmeters. The left hand chart
indicates input voltage, and the
other, output of a standard Model

VR-6110 Raytheon voltage stab-
ilizer. Region AB results from
actual line variations caused by
motor-driven machines. The wider
fluctuations, BC, are produced by
a variable transformer in the sta-
bilizer input.

26 Models
Raytheon voltage stabilizers are
available in a wide variety of
input and output voltages from 15
to 2000 watts and, where needed,
harmonic filtered models for 250,
500 and 1000 watts.

For full information see your electronic supply house
or write Dept. 6120 - please request bulletin 4-260.

® Guaranteed stabilization to

%%

Stabilized voltage increases
tube life as much as 509,

Close regulation with temper-
ature and frequency changes

Response time within 3 cycles

Compact, rugged, depend-
able, low-cost

RAYTHEON MANUFACTURING COMPANY

Equipment Marketing Department, Waltham 54, Mass.

—

Excellence in Electronics

See Raytheon at the |.R.E. Show — Booths 145, 147, 149

ELECTRONICS — March, 1956

Want more information? Use post card on last page.
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How G-E Tantalytic™ Capacitors help
solve your critical design problems

Three separate lines of G-E tantalum electrolytic capacitors

to meet your size and temperature needs

No matter what capacitor problems you face in
your most critical electronic applications, you’'re
almost sure to find an answer in the three proven
lines of Tantalytic capacitors now offered by
General Electric.

Is size your problem? G-E Tantalytic capacitors
carry extremely high uf ratings per cubic centi-
meter, especially in the 0-150 VDC range. In
some ratings, Tantalytic capacitors are actually
less than 19, the size of comparably rated paper

capacitors.

Is high reliability your problem? Where small
size and high reliability are “musts,” as they are
in communications equipment for example, G-E
Tantalytic capacitors meet the challenge. Their
high quality assures long, more reliable operation
—at a real saving in circuit space.

Is high temperature your problem? For ex-
tremely high ambient temperatures, as found in

high-speed aircraft and guided missile applica-
tions, you can count on G-E high-temperature
Tantalytic capacitors. They operate at full rated
voltage from —55C to +125C. Rectangular and
tubular designs are available to meet the vary-
ing requirements of modern electronic design.

General Electric engineers have accumulated a
wealth of life test and other data through a long
period of testing tantalum capacitors under
every conceivable condition of operation. As a
result, G-E Tantalytic capacitors may be relied
upon for mechanical and electrical stability and
maximum efficiency in operation.

Let your G-E Apparatus Sales Representative
show you how these capacitors can answer your
particular problems. Or, if you would like
further information (ratings and specifications)
on G-E Tantalytic capacitors write directly to
the General Electric Company, Section 442-30,
Schenectady 5, N. Y.

*Reg. trade-mark of Genera! Electric Co.

Progress (s Ovr Most Important Prodvct

GENERAL @3 ELECTRIC

\

"|';|||":
lh\uh I

85 C TANTALYTIC CAPACITORS 125 C TANTALYTIC CAPACITORS for high- MICRO-MINIATURE TANTALYTIC
for circuits requiring low leakage speed aircraft and guided missile electronic capacitors for low-voltage d-c,
current, long shelf life. Available in  systems where quality, long life, small size transistorized electronic equip-
polar or non-polar types for a-c and are main requirements. Available in plain or ment such as hearing aids, pocket
d-c. Ratings 0.25-580 uf, 3.75- etched foil, in rectangular or tubular designs. radios. Ratings 1-8 uf at 4
150 v. Tol. =20% (plain foil), Ratings 0.25-180 uf, 10-100 v. Tol. =20% VDC, 1 uf at 8 VDC, 0.5 uf at
—15 to +75% (etched). Temp. (plain foil), —15 to +75% (etched). Temp. 16 VDC. Tolerance -0 to
range —55 to +85 C. Write for range —55 to -+125 C. Write for Bulletins  +200%. Temperature range
Bulletins GEC-808 and GET-2333. GEA-6258, GET-2502, and GET-2513. —20 to 450 C. Bulletins GEA-
6065 and GET-2405.

waany amaoricanradiohistanscom .
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BLUE - RED * GREEN
BROWN * YELLOW * NATURAL

When you want the indentification possibilities of
color, and need the extra protection of a silicone

COLORED SILICO NE insulation, your first choice should be BH “1151"
THAT LASTS = Silicone-Fiberglas Sleeving.

For all their beneficial properties, silicone insulations
w vy .
BH 11S1” SLEEVING do have an encmy . . . it’s COLOR! Unless the color-

ing pigments used arc compatible with the basic sili-
cone sleeving, insulation effcctiveness can be lost. But
... youcan use BH "1151 with complete confidence
of product protection. A superior Class "H' insula-
tion, it loscs none of its strength, or resistive proper-
ties, through the incorporation ol color.

Take your choice of red, yellow, blue, green, brown,
or natural (off white). With these five colors, and
with the addition of tracer stripes in any of these
colors, the identification range becomes a wide one
when you use BH "1151" Silicone-Fiberglas Sleeving.
Or, you may have special colors made up, provided
compatible pigments are available.

And here’s another advantage! The minimum order
for special colors, or those not in stock, is only 500
fect. Write today for samples and data sheets and
make your own tests.

BENTLEY, HARRIS MANUFACTURING CO.
1303 BARCLAY ST., CONSHOHOCKEN, PA.
Tclephone: TAvlor 8-0634

BENTLEY,

*BH Non-Fraying Fiberglas Sleevings are made by an exclusive
£y Bencley, Harris process (U.S. Pac. Nos. 2393530; 2647296 and
2647288). "Fiberglas™ is Reg. TM of Owens-Corning Fiberglas Corp.

32 Want more information? Use post card on last page. March, 1956 — ELECTRONICS
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A smaller rheostat may often be used for a given load by
having the rheostat windings tapered or wound in two or more
sections of diminishing wire sizes. This can be done because only
the first turn of the winding carries the maximum current . . .
succeeding turns carry reduced amounts. This makes possible
great savings in control-panel space, making Ohmite taper-wound
rheostats particularly useful in portable equipment. ®hmite taper-
wound rheostats are also very durable because they use the largest
wire sizes practical for the current to be carried.

MORE UNIFORM CONTROL—For a given application, the

tapered windiag aso provides more uniform control. Because a

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

®
E

EQUIVALENT TAPER-WOUND

linear-wound rheostat adds a constant number of ohms per degree
of rotation to a constantly increasing number of ohins, the current
changes more slowly as the resistance is increased. A tapered
winding, by increasing the number of ohms per degree of rotation
as the total ohms in circuit increases, makes the current curve
more nearly linear.

Ohmite has an extensive line of standard tapered rheostats, or
will design special tapered windings to suit individual needs.

Write on company letterhead for o
Catalog and Engineering Manual No. 40. B ey

AT Sz with
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has exactly
the resistor you need

Ohmite offers the most complete line of wire-wound re-
sistors on the market . . . fixed, adjustable, tapped, non-in-
ductive, and precision resistors in many sizes, types of
terminals . . . in a wide range of wattages and resistances.

Industry’s most complete line of wire-wound resistors!

The extensive range of Ohmite types and diameter by %" long—to meet your exact re-
sizes makes possible an almost endless variety quirements. MANY SIZES ARE CARRIED IN
of Ohmite resistors to meet each individual need. STOCK. These rugged resistors have proved
Ohmite offers resistors in more than 60 sizes— their quality under the toughest operating con-
ranging from 214" diameter by 20 long to 14,” ditions. Ohmite application engineers will be
Write on company letterhead for pleased to help you in selecting the right re-

Catalog and Engineering Manual No. 40. sistors for your job.

CHMITE MANUFACTURING COMPANY, 3610 Howard Street, Skokie, Hinois (Suburb of Chicago)

RHEOSTATS « RESISTORS « RELAYS « TAP SWITCHES
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VOLTS

@ ]5 AMPS

DC POWER SUPPLY

o NEW D50

MODEL MR532-15A
with *'2% REGULATION

IMMEDIATE
DELIVERY!

" ez,

4% " Voltmeter {2%)

41, Ammeter {2%)

| s cosral:

Voltage Vernier

e

Voltage Control

5-Way DC Output Terminals
(DC Termingal strip also on

il

rear of chassis)

DC Range Switch

DC Output Switch
DC Fuse

Pilot Light
AC Input Switch

Now...for Your Laboratory...the most versatile TUBELESS,

Regulated and Filtered Power Supply

For PROMPT REPLY, wire the factory collect
or phone our nearest sales office.

New York City:

Philadelphia:
Chicago:
Los Angeles:
St. Louis:

Kansas City, Mo.:

Dallas:
Denver:

San Francisco:
Syracuse:
Pittsburgh:
Minneapolis:
Seattle:
Albuquerque:
Boston:
Atlanta:

Winston Salem, N.C.
Ontario, Canada

ELECTRONICS — March, 1956

HUnter 2-7784

NOrristown 5-2600
Diversey 8-6885
SYcamore 8-5790

DEImar 7701
Jefferson 7221
FOrrest 8-8306

MAin 3-0343

Ulmar 1-7129
2-1167

WAlnut 1-2959
Mlidway 2-7884
MOhawk 4895
5-9632

Mlssion 8-0756
Elgin 3020
4.0750

AXminister 3-5771

e REMOTE SENSING ¢ VERNIER VOLTAGE CONTROL
* NO TUBES, MOVING PARTS OR VIBRATING CONTACTS

Specifications . . . .

REGULATION: 5-32V Range: * 4% for combined line changes of 105-125VAC and load

of 0-15A. DC.

2-5V Range: 2% for combined line changes of 105-125VAC and load changes of
0-15A, DC.

32-36V Range: & 2% for combined line changes of 110-125VYAC and load changes
of 0-15A.DC.

RIPPLE: 1% rms max. @ 36 volts and full load. Increases to 2% @ 2 volts and full load
AC INPUT: 105 to 125 volts, 1 phase, 60 cps. (8 amps, Input)
RESPONSE TIME: 0.1 to 0.2 seconds maximum.

DIMENSIONS: 191" wide x 15" deep x 13" high with cabinet. (19" wide x 143, deep
x 12Y,"" high rack panel construction)

FINISH: Gray Hammertone WEIGHT: Approx. 135 Ibs.

See it at the IRE Show
BOOTH 324

PERKIN ENGINEERING CORP.

345 KANSAS ST. « EL SEGUNDO, CALIF. « ORegon 8-7215 or EAstgate 2-1375

Write for Bulletin MR 532-15A

Went more information? Use post card on last page. 33



A major step forward has been achieved
by uniting Fairchild precision
potentiometers with dynamically
balanced and sensitive pressure-sensing
elements. The result is a line of superior
§ pressure transcducers with potentiometer

TRy outputs and featuring all the
characteristics of precision, reliability
and quality that are identified with
Fairchild potentiometers. A specially
trained staff of engineers is at your
service to consider problems of
transducer design and manufacture to
meet your specific requirements.

g o BOOTH 648
p IRE SHOW
NEW YORK

PRESSURE TRANSDUCERS

Featuring Fairchild
accuracy and reliability

The TPD-300 Transducer illustrated introduces a new line of Fairchild
controls. Now, pressure transducers will be available to you in

a wider range of resistances in either linear or functional, single or dual
potentiometer output elements. The unit shown features two
pressure-sensitive diaphragm elements which actuate two precision
potentiometers through a dynamically-balanced, stable mechanical linkage.
Variations of size, conformation and pressure ranges for measurement

of differential, absolute or gauge pressures are also available.

For complete information, write Fairchild Controls Corp.,

Components Division, Dept. 140-69A.

EAST COAST WEST COAST
225 Park Avenvue 6111 E. Washington_ Blvd.
Hicksville, L. 1, N. Y. Los Angeles, Calif. /‘

PRECISION POTENTIOMETERS

PRESSURE TRANSDUCERS
See Us At Booth 648 — Circuits Ave. — IRE Show
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a presentation of

new magnetron,

klystron and
special microwave

tube types

MICROWAVE AND POWER TUBE OPERATIONS. WALTHAM 54. MASS.



Right —Testing the resistonce chonge of Allen-
Bradley fixed resistors ofter 113 hour, 95%
humidity test. The results are then platted on
the groph shown belaw.

Below—Allen-Bradley fixed moalded resistors
are availoble in 4 sizes—1/10-watt, 1/2-
watt, l-watt, and 2-watt. In all standard
RETMA resistonce values.

e ——
T =T
e

Ty
! .‘»’ \L “
W

A

\ |
U pits \

" PR S o

“ “‘ -:\: gﬁf)&
‘\\“‘é‘:‘ e

R
ettt
Y W
\\':‘ \'_'

AL ity
e Tk \\\\\\\

= i

W
\\\ \"

ke & RAA- \
e
e

\0 o

UNIFORMITY OF

ALLEN-BRADLEY RESISTORS
IS THE KEYNOTE OF THEIR QUALITY

Allen-Bradley resistors have the greatest
uniformity in mechanical size, shape, and
electrical characteristics of any electronic
component manufactured.

As a function of Quality Control, Allen-
Bradley continuously somples its resistor
production, running tests on each character-
istic to verify uniformity and consistency of
the production.

Allen-Bradley Co., 110 W. Greenfield Ave.

Milwauvkee 4, Wis.

Graph shows production sampling of over
100 million resistors showing the small de-
viation in the resistance change character-
istic in @ humidity test conducted at 95%,
55°C for 113 hours. Such a phenominally
low deviation over such a large quantity of
production is the reason that Allen-Bradley
fixed resistors are the standard of the elec-
tronic industry—where quality counts!

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

ALLEN-BRADLEY

RADIO, ELECTRONIC AND

36 Want more information? Use post card on last page.
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NOoOW in
production...

7/
/

Reversible voltage-to-digital converter makes a complete,

independent voltage-to-digital conversion every 22 microseconds
or a complete digitakto-voltage conversion every 2 microseconds!

Now EPSCO, Incorporated, the leader in precision high-speed
data reduction has available, as a shelf item, the Model B 611

Datrac Converter featuring ultra-high-speed and accuracy
without manual calibration or adjustment of any type!
Conservative design and total absence of mechanical
switching assures reliable field operation.

ALSO AVAILABLE: THE BINARY CODED DECIMAL
MODEL B 613 DATRAC CONVERTER having voltage-
to-digital conversion time of 26 microseconds; all
other specifications remain the same.

Send for your copy of the
detailed specifications and
applications notes on the

NEPSCO EPSCO high-speed DATRAC
INCORPORATED Series B Converters.
rd

588 Commonwealth Ave., Boston 15, Mass.

SEE US AT THE WALDORF DURING THE NEW YORE

)

e

1 o

e
T R e e e -

o
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FEATURES:

. Voltage-to-digital

conversion time: ..._.. 22 microseconds

. Digital-to-voltage

conversion time: ... .....2 microseconds

. Maximum full scale

input voltage: ........ + 1,000 volts

. Minimum full scale

input voltage: ... .. .. + 10mv

. Datacode: . ..........EBinary

+ .059 full scale
=+ 14 least significant

digit

Automatic to an internal
standard cell reference

a. Serial pulse train

b. Parallel semi-static
binary valued volt-
age lines

¢. Positive parallel-line
trigger pulses

--19 inches wide by
264" high relay rack
mounting (also avail-
able with cabinet as
shown)

SHOW MARCH 19-22
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low VSWR

compact —____\
high speed...

¥\
A
1
]
o
m o,
’d
c
rotary waveguide
INSTRUMENT CORPORATION
specifications
VSWR: Less than 1.10 for entire range of f, + 0.06f,,.
PEAK POWER: (unpressurized, % wusec pulse) 80 kw for K, band; 175
kw for X band; 1500 kw for S band.
PEAK POWER: (pressurized, ¥4 umsec pulse) approximately proportional
to square of the absolute pressure.
HIGH ROTATIONAL SPEEDS: Center conductor supported in oilite
bearing; main housing supported on ball bearing.
LOW LEAKAGE: RF chokes incorporated to prevent leakage.
MEETS MIL SPECS: Including weatherproofing for outdoor use.
NO wow: Coaxial design eliminates amplitude changes with rotation.
REAC Analog Precision C . . ° o q g .
Compiiers Floated Gyros ompact rotary joints for either 90° or 180° orientation of input waveguide
) sections provide 360° continuous rotation at high speeds with broadband operation
and high power handling capability. May be operated fully pressurized if desired.
Standard models for K, X and S bands—other bands available on special order.
Write for complete details and operational data and curves.
!
. INSTRUMENT tﬂll’ﬂﬂlﬂﬂ
REEVES INSTRUMENT CORPORATION
Precision G- A Subsidiary of Dynamics Corporationof America
"5;;3':95’;“‘;::: ;’:;;?a"im' 201 East 91st Street, New York 28, New York
4RV58
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BUILT-IN
PROTECTION

WATER AND VAPOR

POTPOT

Potentiometers

Another Clarostat “first,” meeting the latest requirements for
ultra-dependable components.

“pOTPOT” means potted or encapsulated potentiometers. Either
in wire-wound or carbon types, including Clarostat Series 48M,
49M, 43, 37,51, 58, and 10 controls. New encapsutating material
means water- and vapor-tight molded enclosures imbedding
entire unit with exception of external shaft assembly and ter-
minal tips. Special water-tight assembly for shaft bushing.

Designed specifically to meet MIL-STD-202 Test Specification.
Incorporating necessary sait-spray, humidity and temperature
cycling requirements of MIL-E-5272 climatic standards. Excellent
shelf life. Electrical specifications are those of given Clarostat
control type.

WRITE FOR COMPLETE DETAILS ...

f
CLAROSTAT

In Coanoda: CANADIAN MARCONI| CO., LTD., Toronto 17, Ont.
® Maufoctured under license in Great Britain by A. B. Metal Products Ltd., 17 Stratton.

St.. London W. 1, Concessionaires for British Commonweolth except Canada.

ELECTRONICS — March, 1956 Want more information? Use post card on last page. 39
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EAST COAST OFFICE
130 N. Broadway
Camden 2, New Jersey
Phone: Woodlawn 6-1668
TWX No. Camden NJ 380

Phila. Phone: Market 7-3129

WEST COAST OFFICE
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
6815 Oriole Drive

P.O. Box 7224

Dallas 9, Texas

Phone: Dixon 9918

CANADIAN DIVISION
C. C. Meredith & Co., Litd.
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 6-8229

Ftie Enclosove y/woiaﬁ% t2e SPrectscor NMeass Prodecclion (/ YVaicable Rescslors

NOW!
 designed specifically

| for PRINTED CIRCUITS

 SNAPS INSTANTLY INTO PLACE—REMAINS FIRMLY LOCKED

Iustrations are actual size—note compact multiple units

CONSERVES PANEL SPACE —-REDUCES HANDLING COSTS

A NEW TOTALLY FUNCTIONAL DESIGN CONCEPT

1. Snaps instantly into place with full length sturdy spring supports that lock control
rigidly to printed panel.
Wide shoulders provide rugged support.
No mounting hardware, no separate support needed.

. Compact multiple units conserve panel space, reduce handling costs and number
of automatic assembly stations.

. The only variable resistor with external contour designed specifically for mech-
anized handling and feeding into a printed panel.

. Exclusive clip-off mounting supports and terminals for easy removal by service
man without a solder pot.

5. Mounts upright with shafts parallel to printed panel, eliminating need for shaft

protection during panel solder immersion.

6. Available in 2-control units (Series X52) or 3-control units (Series X53) as
illustrated.

[\
17T}

w

=

Many other types of controls available for your printed circuit and automation needs.

A CTS control can be tailored to your specific requirement. Let CTS SPECIALISTS help solve
your current control problems. Write or phone today.

CHICAGO TELEPHONE SUPPLY
rér’afzﬁmaﬂlm

Come to
Booth 450 IRE Show.

BURTON BROWNE ADVERTISING

ELKHART » INDIANA

-
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tems for noise or vibration measurement
SN . [y

BRUSH .. .complete

]} s b

Shevm above: -ydical neise spectrum amalysis chart.

Complete
frequency-amplitude noise record helps
Lockheed design quieter aircraft

This test at Lockheed Aircraft measures the loss in acoustic
transmission through fuselage wall panels. To design for
noise reduction, engineers needed complete data, selected
the Brush Spectrum Recorder for these advantages:

@ Recorder automatically scans and records sounds from 35
cycles to 18,000 cycles per second automatically eliminat-
ing laborious recording.

® Measurements made in one-third octave steps, to positively
identify frequencies.

® Complete recording through the cudible frequency range
takes only 18 seconds, to save valuable engineering time.

For noise or vibration analysis, Brush offers the outstanding
line of instrumentation available. It’s a complete line, thus
units are matched, and we can offer application assistance
on the complete project. For bulletin on this instrumentation
write Brush Electronics Company, Dept. K-33, 3405
Perkins Avenue, Cleveland 14, Ohio.

Third-octave Spectrum Recorder, key instru.
ment in a complete ling for noise and vibration

COMPANY measurements.

BRUSH ELECTRONICS

INDUSTRIAL AND RESEARCH INSTRUMENTS
PIEZOELECTRIC MATERIALS » ACOUSTIC DEVICES
MAGNETIC RECORDING EQUIPMENY AND COMPONENTS

Division of
Clevite Corporation

ELECTRONICS — March, 1956 Want more information? Use post card on last page. 41
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HOW TO SPEED YOUR TESTING

Complete line of

BRUSH REGORDING SYSTEMS

offers exact
Instrumentation

you need to record data
faster... more easily

Oscillographs and amplifiers fit standard 19-inch racks.
For 1, 2, 4 or 6-channel systems.

7TVI()BILE INSTRUMENT CART

Single or dual-channel oscillograph with
accompanying amplifiers may be mounted in
this mobile instrument cart. “Instrumentation
on wheels” saves engineers’ time,

s
g
. ‘s !“a

b

”,

()

- ,ﬁ,g*’,:
R s 4%

NS

See the Brush Exhibit:
Booths 869, 871, 873, 875, Theatre 4

42 Wont more information? Use post card on last page. March, 1956 — ELECTRONICS



AND DEVELOPMENT

These direct-writing oscillographic systems record
variables from d.c. to 100 cycles per second immedi-
ately, eliminate the manual labor in data recording.

Only Brush offers all these features:

WIDE SPEED SELECTION . . . choice of 8 or
16 chart speeds allows you to select the speed best
suited for the variable being measured, assuring opti-
mum readability, accuracy and economy in chart paper.

EASILY OPERATED . . . set-up time is at a mini-
mum. Instantaneous switching and remote control
streamline operation.

COMPLETE LINE. .. Brush Systems are complete.
You have a choice of D.C. Amplifiers, amplifiers for
use with either resistive or inductive transducers, or
high gain amplifiers. Choice of ink or combination ink
and electric writing oscillographs.

GET THE FACTS. .. Ask your Brush Representative
for complete specifications, or write Brush Electronics
Company, Department K-3, 3405 Perkins Avenue,
Cleveland 14, Ohio.

PORTABLE SYSTEMS

Portable oscillographs and amplifiers are light in
weight, easy to set up on the job. Four channel oscillo-
graph weighs 38 pounds, 6-channel unit 51 pounds.

IDEAL FOR FIELD USE

Portable units are rugged, designed to stand
up under tough field testing conditions, vet
perform with laboratory accuracy. Brush
equipment is ideal for instrumentation set-up
in station wagon, trailer, ete.

BRUSH ELECTRONICS

INDUSTRIAL AND RESEARCH INSTRUMENTS
PIEZOELECTRIC MATERIALS . ACOUSTIC DEVICES
MAGNETIC RECORDING EQUIPMENT AND COMPONENTS

W\ COMPANY

—
Coh— Division of
F__] Clevite Corporation

ELECTRONICS — March, 1956 Want more information? Use post card or last page. 43



Brush Magnetic Heads

BK-1300 series—up to 25
interlaced channels per inch.

BK-1500 series —ultimate in Shad
precision-made multichannel hadowgraph enlargement

shows precision construction of
magnetic head with 13 channels per inch.

MORE TRACKS PER INCH

with perfect channel spacing

BK-1605 series—simple mount-

ing and adjustment, ideal for . . = .

drum computers. HIS magnification check is one of many that verifies accurate
channel spacing and alignment of Brush multichannel heads.

In some cases, tolerances of less than .0002 in. must be observed.

This precision pays off in performance—permitting interlacing
of heads for greater density of information. Thus you can design
computing or data handling equipment with increased storage
capacity. In addition, dimensional accuracy permits inter-

BK-1501 ies—co ct, *1: C .
wafer-thin, permit individual changeability and standardization.

adjustment.

For complete information on standard magnetic heads, or
special designs to your requirements, write Brush Electronics
Company, Dept. K-33, 3405 Perkins Avenue, Cleveland 14, Ohio.

BRUSH ELECTRONICS W COMPANY

INDUSTRIAL AND RESEARCH INSTRUMENTS 5
B8K-900, EK-1000, BK-1200 PIEZOELECTRIC MATERIALS + ACOUSTIC OEVICES Duvision of

series — variety of types for MAGNETIC RECOROING EQUIPMENT AND COMPONENTS Clevite Corporation
single channel applications.

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



MULTI-CHANNEL e L SISTEN + £p5ep -
DATA REDUCTION | , 3 o
SYSTEM

Punch Card Un ¢:

IBM 4523 Gang Summary Punch
' is shewn at lett

18-Channel Simultaneous Sampling System reduces voltage data
into magnetic tape and IBM punched-cards

The EPSCO DATRAC 'C' System simutan=ously samples and Suitable for a wide variety of applications, this system
converts |€ bipolar input voltages inta their numericel repre- hee the follbwing outstanding features:
o Faieelual b derots o b ol 112 ! tnpatvll sesitsidepei el Mol es LR RS
on a single 101" reel of magnetic tape. The incoming data = O'I"e'l“a?.‘f""e”“ ) ;02-7
may be visaally monitored during the data run. Following the _4;;0,',:;‘::::",:2’;' '(_:0‘.;2?/0r
data run, tne DATRAC 'C' System trensfers the information el S
from the magnetic tape or to IBM puached cards Ir opera- d bj{?g:’g‘:";?{:{::g,;'m?/. 0.25 mieroseccnds
tion, the swstem is entirely automatic; although pro~ision is # ol L IT

= made for both manual controal and synchronization to an ex- ? N‘f"'b‘*’""*‘f data points per iU to 180
ternal timing source. Further, the DATRAC 'C' System auto- ey ! J ¢ ‘rlem
matically checks the accuracy of the data as it is being - Tape Caling Sign and 4‘ ie‘}m“l GgLSEIR
transferred from the magnetic tape fc t1e punched cards 4421 binty, decimal oy

9 P P i . Informazion content for aarity check and sprocizt pulse.
each magnetic tape block
. MAJOR DESIGN FEATURES: or IBM gunchgd':-ard..f .. .9ne compiete set of 18 rendings

olus frame numler
@ Extensive use of magnetic circuit elemznts E

@ Chopper stabilized input amplifiers
@ Standard cell automatic internal reference

7. Magneti- tape cutput Either single black
i, or continuouz

Write far literatu-e an

@ Conservative computer type circuit design Mocel “C DATRAC Systan

588 Commonwealth Ave., Boston |5, Mass.
SEE-US AT THE WALDORF DJRING THE NEW YCRE I.R.E. SHCW MARCH 19-22
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SYNCHROS

TO YOUR EXACT SPECIFICATIONS

Control Transformers

Transmitters
AVAILABLE AS /g oem
Differentials
Resolvers

Size 10

v i - Size 11
®
. Size 18
“ Size 23 §
Size 15 ;
. R 3¢
. | [ &5 |Besifec s | 5582|858 | E5L | E3S 353 2ds5|385s| 3% | 285
. Conlrol Transformer 10 | 3G-4055 | 400 | 26 |0.030[ 030 [ 118 [ 118 [0.060 | 020 | 213 [ 160 | 45 | 0050 | 30'
| Control Transformer 10 | 3G-4079 | 400 | 26 [0.008 | 0.10 | 118 | 11.8 [ 0018 [ 0.10 | 203 | 510 | 200 | 0050 | 30
| Transmitter 10 | 364075 [ 400 | 26 [0180[ 14 | 118 | — | — | — | — [ 25 [ 1|00 | 30
Receiver 10 | 36-4059 | 400 | 26 |0180[ 14 [ 118 [ — | — | A [ 110070 | 147
Differential lo | 364071 | 400 | — | — | — | — [118 000 030 [118| 90 | 45 0050 | 30
Resolver | 10 | 364063 | 400 | 26 | 0033 040 | 118 | 118 | 0050 | 0.0 | 180 | 235 | 42 |0050 | 30
Resolver | 10 | 3G-4067 | 400 | 26 | 0011 | 0.0 | 118 | 11.8 [ 0.018 | 0.10 | 20.3 450 | 165 0050 | 30'°
Control Transformer ||| 11 | 2C-4105 | 400 | 26 |0.040 | 0.030| 118 | 11.8 | 0.085 | 019 | 225 | 915 | 142 | 005 | 20'
Transmitter | 11 [ 2c4125 | 400 [ 26 [0150 |08 | 118 | — | — | — | — | 20 | 43 0050 ] 20
Transmitter 11 [ 264123 | 400 [ 26 [0230 [ 10 | 18 | — | — | — | — | 103 | 40 [00%0 | 20
~ Control Transformer 15 | 264005 | 400 | 26 |0065 | 040 [ 118 [ 118 | 0150 | 040 | 214 w0 | 102 o050 | 15
Transmitter 15 | 264025 | 400 | 26 0225 [125 | 118 | — | — | — | — [ 95| 38 |0070 | 20
Receiver 15 | 264009 | 400 | 26 [010 045 [ 18 | — [ — [ — [ — 716 | 67 0070 | 45
Differential 15 | 264021 |40 | — | — | — | — 1118 [035/09 |118] — | — 0040 | 20
Differential 15 | 264041 | 400 | — | — | — | — [nu8 [0120] 13 [118] 14 | 102 0050 | 15
Resolver 15 | 26-4017 | 400 | 2 [0014| — | 180 [ 180 [0015| — |21 |239 |180 |0.050 | 40’
" Transmitter 12 Power ||| 18 | 3H-3309 | 400 | 26 | 077 | 23 | 18| — | — | — | — 1032 |065 looso |
Differential 18 | 343300 | 60 | — | — | — | — J9o [0070[20 [90 |[730 [385 |0125 | 24 |
*Transmitter 23 | 3422 | 60 |15 Jod2o | 32 [ 170 [ — | — [ — | — 10 | 83 [00s0 | 30

MANY OTHER VARIATIONS AVAILABLE. YOUR DETAILED SPEC GOVERNS:

Angular accuracy Input and output Fungus treatment
Impedance Phase shift Mil specs to be met
Transformation ratio Humidity treatment Operating temperature range

Consult Oster specialists on your synchro problems today.
Come to Booth 747 at the IRE Show

Other products include Actuators, Servos, AC MANUFACTURING CO.
Drive Motors, Servo Mechanism Assemblies, DC Your Rotating Equipment Specialist
Motors, Motor-Gear-Trains, Fast Response Re-

solvers,ServoTorque Units, Reference Generators,
Tach?meter Gengrators, ‘Motor Drufen Blower Avionic Division
and Fan Assemblics and Synchro Indicators. H

Racine, Wisconsin

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



Courtesy of
Bristol Clock
Museum, Inc.
Bristol, Conn.

To early Americans, the words “time”
and “Terry” were synonymous .

for Eli Terry’s hand-crafted clocks
represented a distinct improvement in
the art of American clock making. To-
day they are still known everywhere
as time-pieces of enduring accuracy.

1 1
FXR TYPE NO. Z815B*
|| SPECIFICATIONS

BEAM (two runges):
200 to 2000 volts @ O to 125 ma

1800 to 2500 volts @ 0 to 100 ma
2500 to 3600 volts (@ 0 to 250 watts

REFLECTOR:
Negative: 0 to 1000 volts
| coNTROL GRID:
Positive: 0 to 150 volts @ 0 to 5 ma
Negative: 0 to 300 volts @ no load
| MODULATIONS: (0 to 200 volts)
Sine Wave: Line frequency
Sawtooth: 40 to 120 ¢ps
Square Wave: 250 to 2500 cps

. Pulse: 1 to 10 wsec (width); 250 to
2500 cps
FILAMENT:
6.3 volts (a.c.) to 3 amperes, un-
regulated.
REGULATION}
0.03% for input variations from 105 to
- 125 volts (50-60 cps)
—:--—..1 RIPPLE;
: 11 3 mv (RMS) max. from any point to
< ground
STABILITY:
A 5651 Reference Tube insures optimum
stability
" r{ gk 1 3 . .‘ i
BEENG TN

ELECTRONICS — March, 1956
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The true craftsman seeks constant improvement. This credo of crafts-
manship is clearly demonstrated by FXR’s new Universal Klystron Power
Supply. In improving this fine precision instrument, which has already won
acclaim as a basic microwave tool, FXR has added internal Pulse Modulation,
and has also increased its range to @ maximum delivered power of 250 watts
at 3600 volts. This new power rating extends even further the impressive
list of Klystrons that can be operated with this instrument. (A handy, informa-
tive reference list of Klystrons is ovailable on request.)

Here is a truly versatile instrument, designed for years of dependable
use, Produced with master-crafted attention, in production quantities, the
new Universal Klystron Power Supply is typical of the complete line of
reliable FXR Precision Microwave Test Equipment.

*See it at the 1.R.E. SHOW
March 19 = 22

BOOTH NO. 375
MICROWAVE AVENUE

WRITE TODAY FOR COMPLETE CATALOG OF
FXR PRECISION MICROWAVE TEST EQUIPMENT

F-R MACHINE WORKS, Inc.

26-12 BOROUGH PLACE, WOODSIDE 77, N. Y. = ASTORIA 8-2800

Want more information? Use post card on last page.



‘*Reliability where it counts,’’

WL-5736 P

“We have been using the' WL-5736 for seven years,” says
Mr. Harris. "* We have found it 10 be highly reliable and 10 give
long life. Tropical Radio Telegraph Company requirements are
strenuous, especially in hot, humid, tropical climates. Our radio
network is vital to Middle-American tele-conynunications serv-
ice, and the WL-5736 has given us reliability where it counts.

Reports {rom dozens of other users echo the experience of
Tropical Radio Telegraph. For the WL-5736 has long set the

6ET-4106

yOou CAN BE SURE...IF ITS

says C. C. Harr’s, o -
Vice President and Chief Engineer, '
Tropical Radio Telegraph Company,
about the Westinghouse . . .

WER TUBE

standard of excellence in communications and RF heating
equipment of all types.

Wherever you need 2.5 kilowatts RF in a small, dependable
package, you too will find its performance unbeatable.*
Write today for full design data. Commercial Engineering
Dept., Westinghouse Electric Corporation, Elmira, N. Y.
ENGINEERS! For challenge, security, growth potential, in-
vestigate career opportunities now being offered by Westing-
house Electronic Tube Division. Write Technical Placement
Director today.

*Wihere cooling by low-pressure blower is desirable, specify the new WL-6623
with extra-large rudiator and “flying leads.’””

RELIATRON" TUBES

Westinghouse

WESTINGHOUSE ELECTRIC CORPORATION, ELECTRONIC TUBE DIVISION, ELMIRA, N. Y.

48 Want more information? Use post card on lost page.
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FOR

RININISCONNEGH

IN RADIO « SOUND « TV AND RELATED FIELDS USE

AN is the prefix for Military
Specification _electric connelc-
tor assemblies. Reasonably
priced because of extensive
tooling and wgrld-wule (;e-v
mand. Light weight shells. In-
terchangealile inserts.

A\
&

S

A & \ k
-,r_;') P
~

AN Series

different insert layouts. 15
ﬁ?gmetcrs. 6 shell styles. 22 to
245 amp. contacts. Thermo-
couple znd coaxial contacts
available. Cable claqlps, co;s-
duit fittiags, telescoping bus -+
ings. junction shells, dust caps,
dumimy receptacles, potting
kits. Majority of assemblies
available from shelf stock.

HiGH TEMPERATURE ... FOR AIRCRAFT
AND 13DUSTRIAL USE. Firewall con-
neclors in standard ste'el .shell
varisties and insert combmqtnons.
Mainfain circuitry for 5 minutes
at 2000°F.

VIBRAT|0NPBOUF-M0!STUREPR.DOF AP-
PLICATIONS. With resilient inserts,

MINIATURES

Wy

U Series

D Series

=10
|
|+

Cannon miniatures and sub-
miniatures are designed for
amplifiers, miniature indicat-
ors, computer circuits, tele-
metering equipment, small
pre-amps, and general instru-
mentation where space is lim-
ited and current requirements
are generally not over 5. am-
peres. Variety of shell styles,
junction shell, and insert ar.
rangements. 3 to 50 contacts,
plus coaxials.

UNIT PLUG-IN’S

a DPB Series -

A T S
)/ m > | 27 \
¢ | &

LT, | B4

DPD Series S Jo |
_,.—-—”:\ =
T R1c Series

for RACK /PANEL /CHASSIS

Permit quick disconnect, in-
terchange, replacement, test-
ing and inspection of assem-
blies and sub-assemblies. For
transmitters, TV cameras, con-
trol equipment, radar, ete.

.Ji,
B o

L

~ D\

TOP QUALITY
CANNON PLUGS

P Series

UA Series XK Series
Cannon audi

O connectors gf
] v
you the higheg; quality i:
the greatest variety to me
Yot Y to meet

" eVery need. Standard op
eading micre

Phones. Srajo}
.ang]e 900, OVaI o "9

i Wall-mol,m_
Ing, panel, locknyy m

! gle and
5 lateh-

g ~amp. c
Coaxialg, p Ontacts,

INFORMATION AVAILABLE
Ask for Literatyre
by 4 pplication,

Cannon qsq make

s plugs for
ng, test point
I connectors,

SWifChing
interfacial sealing.

and patch;

Rack-and-panel, integral I powe

clamp, shell-less types, hail-
and-gear disconnects, center-
screw extraction, 10to 156 con-
tacts including high voltage.

facks, externq

missile launching €onnectors, byf.

HERMETICALLY SEALED APPL|QAT|UN:S..
Steel shells, glass-fused mserbs,
Standard, miniature, and sub-
miniature sizes. For comrc?|, n_ahy,
power, instrument applications.

et connecfo,-s,

C'ob'e fer * g
¢ solenoids, minals,

Printed circuit connectors in 5 sizes, 10
to 44 gold-plated contacts, Zytel shells.

PRESSURIZED APPUCATlO'NS. AN-C
prassurized for 30 psi. Cannon
K’s, pressurized. Wide variety for
diffzrent conditions.

Alsc, heavy-duty watertight
units; external power plugs uncf
receptlacies; high-vohcfge types;
specia’ breakaway designs.

PLEASE REFER TO DEPT. 120

CANNONIPI'UG S

E’ i St., Los Angeles 31 Caiif.

Cannon Electric Co., 3208 Humboldt St., 2 ]

ITYTEYW Factories in Los Angeles; East Haven; Toronto, Can.; London, Eng.;
ELECTRIC,

Melbourne, Australia. Licensees in Paris, France; Tokyo, Japan.

Cannon Connector i
S are availahle fr
g:_otre_ than 1000 audw-mdustrial-ele:t’pic !
stributors from Coast to coast ?

49
Want more information? Use post card on last page.

ELECTRONICS — March, 1956



dependable BUSS FUSES can help
safeguard the good name of your
Product or Service

Fuses may be considered a small item by many service
dealers and manufacturers—however, BUSS quality fuses can
prevent endless trouble by giving dependable electrical pro-
tection under all service conditions.

Poor quality fuses can blow needlessly and shut down your

customers’ equipment — even though no trouble exists on
the circuit.

Or, poorly made fuses might »ot shut down the circuit quick
enough when there is an electrical fault — and your customers
have the expense of replacing needlessly burned out parts.

Why chance having these troubles mistakenly blamed on
the quality of your product or service?

Safeguard against loss of customer good will by standardiz-
ing on “trouble-free” BUSS fuses. Each BUSS fuse, normally
used by the Electronic Industries, is electronically tested. A
sensitive device automatically rejects any fuse not correctly

calibrated, properly constructed and right in all physical
dimensions.

That's why BUSS fuses blow only to protect — never need-

lessly. Thus they help safeguard your good name — as surely
as they protect users,

Makers of a complete line of fuses for home, farm, rausrworrr names v
commercial, electronic, automofive and industrial use, fLESTRICAL PROTECTION

356

BUSSMANN MFG. CO.

(Div. McGraw Electric Co.)
University at Jefferson St. Louis 7, Mo.
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indispensable for
measurement and reception

MICROWAYV

with these
special features:

ety i MEOACYCLES

ooki #a TURNG ONIT

e j HIGH SENSITIVITY—Achieved with
urnique ‘double-tuned cavity pre-
=P selector which tracks automatic-
s ally with local oscillator. Efficient
{ wideband microwave input cou-
pler and crystal mixer maintains

sensitivity.

aremon
rows MROWAYE
’ wes

&

MODEL R

e
UNI-DIAL CONTROL — Automatic-
“ally tracks klystron voltages, dou-
ble tuned pre-selector, oscillator,
~and linear direct reading fre-
- quency dial — all simultaneously.

G
o

5
o

o G

S S
B R e e

POLARAD

~

ELECTRONICS CORPORATION 43.20 34th STREET, LONG ISLAND CITY 1, N. Y.

»
L4 1
o \
Ven RSLl‘AB\\
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BROADBAND
950=11,260 MC

One of the most complete and versatile measurement instruments ever for these

designed for reception and quantitative analysis of microwave signals in .

the range 950-11,260 mc. applications:

The Polarad Model R Microwave Receiver is ideal for the reception and

monitoring of all types of radio and radar communications within its range. ® Broadband receiver for AM, FM, CW, MCW,

It permits comparative power and frequency measurements, by means of
its panel mounted meter, of virtually every type of signal encountered in
microwave work. @ Field intensity meter
It is compact and functional, featuring four integrally designed plug-in, inter-
changeable RF microwave tuning units to cover 950-11,260 mc; non-contacting
chokes in pre-selector and microwave oscillator to assure long life and
reliability; and large scale indicating meter for fine tuning control.

and Pulse Modulated signals

Frequency measurements

® |eakage, interference and radiation

measurements

Call any Polarad representative or direct to the factory for detailed
specifications. ® Bandwidth measurements
SPECIFICATIONS: ® Measurement of relative power of funda-
Basic Receiver: Model R-B Skirt Selectivity: mental and harmonic signal frequencies
Tuning Unit Frequency Ranges: 60 db — 6 db bandwidth

MOS:: g;; 1%59%— i.%‘;% mt:: ratio less than 5:1 PY . age

] -1: o — 4, m .

Mode T, Aie0— 7720 me IF Rejection: 50 db Trigger pulse amplifier

Model RX-T: 7,260 — 11,260 mc Input Alcog’gvzvser: & T3 .
Signal Capabilities: - v cps, watts . - -

AM, FM, W, MCW, pulse Input impedance: (ANT) 50 ohms ® Noise figure measurements of r-famplifiers
Sensitivity: V! s .

—80 dbm or better throughout SWR Less- 1han‘ 4:1 over band ® .

range on all models Range of Linearity: 60 db Antenna field patterns
Frequency Accuracy: Receiver Type: Superheterodyne

*1% Maximum Acceptahie Input °® o
IF Bandwidth: 3 mc signal Amplitude: 0.1 v. rms without Attenuation measurements
video Bandwidth: 1.5 mc external attenuation
image Rejection: Greater than 60 db video Response: 20 cps to 1.5 m¢ q R
Gain Stahility with AFC: =2 db Size: 177 w x 23”7 d x 197 h ® Propagatlon studies
Automatic Frequency Control Weight: 180 Ibs.

Pull-out range 10 mc off center Price: o @ . . . N
Recorder Output: 1 ma full scale Modet R.B (Basic Unit); SEs0 Microwave relay link site selection
Triggerlgugpugmse across 100 ohms M"Se: ﬁf,,'r 5:238

. Mode -T: 2 . . . g
Audio Output: Model RX-T: 2500 ® Direction finding
5 v. undistorted across 500 ohms Note: To the basic cost of $1,500 add cost

FM Discriminator of tuning units required. ® d

Deviation Sensitivity: .7 v./mc Prices subject to change without notice Filter measurements

o St
! Standing wave measurements

FIELD MAINTENANCE SERVICE AVAILABLE |
THROUGHOUY THE COUNIRY - )

CONSULT US ON YOUR MICROWAVE RECEIVER PROBLEMS.

REPRESENTATIVES - Albuquerque « Atlanta - Baltimore - 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
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CAN YOU MEASURE NOTHING ACCURATELY?

m “Doelcan

Magnetik Null Indicator

IRE Show
Booth 366

EXCLUSIVE FEATURES
W High Sensitivity

W Linear Deflection
W Magnetic Converter
W Isolated Input

B Low Noise Level

Write for Bulletin NI-7

HE Dorrcam Magnetik Null Indi-

cator, Model 2HG-1, is bot/ a null
balance detector and a linear deflection
indicator. It may be used as either a
low level laboratory instrument where
accurate null measurement is impor-
tant, or as a fast measuring production
test instrument where linear off-balance
readings and ability to withstand rough
usage are essential. All around im-
proved performance is achieved by
use of the unique DoELcaM Second-
Harmonic Magnetic Converter as the
input modulator.

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

A DIVISION OF MINNEAPOLIS-HONEYWELL

CHARACTERISTICS

HIGH SENSITIVITY: 2 Microvolts per division. 0.003 Microamperes per division

PROPORTIONAL DEFLECTION: Linearity over full scale range is within 5%
accuracy.

ISOLATED INPUT: [nput terminals are isolated fram chassis and circuit ground.

LOW NOISE LEVEL: Less than 2 microvoits equivalent input. Insensitive to 60 or
120 cycle pickup.

EXCELLENT STABILITY: Zero drift less than 1 division per hour.

INDEPENDENT OF LINE VOLTAGE: No observoble drift or change in sensitivity
for line variations from 105 1o 125 volts.

QUICK READING: Time constant of less than | second.
RUGGED: Not domaged by overrange of 1.5 volts d-c.

POLARITY SENSITIVE: Zero-center mirror-scale meter for polarity sensing measure-
ments.

LOW MAINTENANCE: Only one vacuum tube. No moving parts except meter.

SOLDIERS FIELD ROAD
BOSTON 35, MASS.

“Doelcam_ @

Instruments for Measurement and Control

Synchros « Gyros « Amplifiers « Microsyns « Servo Motors

March, 1956 — ELECTRONICS



100,000 Hour Life Expectancy

Manufactured to the
HIGHEST STANDARDS
OF RELIABILITY IN

THE INDUSTRY !

Unlimited
sizes
and types —
pressed
powder
or vacuum
processes

100% Functional Test

Quality Control Sampling

RIQAP
Quality Audit

Widest Range in the Industry Over 75% of America’s foremost users of Power Rectifiers
Selenium and Germanium specify International! You can depend on International’s broad
Power Rectifiers experience and versatile manufacturing ability to provide the
Diodes — Cartridges and t tical — ) ectif; bl A 1nlet
Photoveltaic Cells most practical answers to your rectifier problem. A complete
Applications Advisory Department is available to quickly deter-
mine the right rectifier for your product; the right manufacturing
process to assure vou superior, trouble-free performance. A wire,
letter or phone call will bring you an immediate and experienced
recommendation for your rectifier application,

International Regtifier

C O R P ORATI1I O

EXECUTYIVE OFFICES: EL SEGUNDO, CALIFORNIA - PHONE OREGON 8-.6281

NEWYORK: 132 E. 70TH ST., TRAFALGAR 9.3330 - CHICAGO: 205 W. WACKER DR., FRANKLIN 2-3889
IN CANADA: ATLAS RADIO CORP., LTD., 50 WINGOLD AVE. W., TORONTO, ONTARIG, RU 1.6174

THE WORLD'S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS

ELECTRONICS — March, 1956 55
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FORD INSTRUMENT

QUANTIZES
LIGHT

Colored lines or spots on a piece of paper can become a means
of conveying information — Rorschach charts, impressionist
paintings and survey maps are all visual message carriers. Ford
Instrument engineers found it necessary to translate such color
information into electrical or mechanical quantities, (quantiza-
tion) with less distortion than is inherent in the usual photo-
graphic techniques. Such guantities can in turn be used as signals
that actuate computers, make offset plates, and generally put to
use the information implied by the difference between the colors
or the distribution of the colors.

L= e T

LIGHT BEAM

QUANTIZATION EQUIPMENT

RED ORANGE YELLOW GREEN BLUE
N -
i
QUANTIZED OUTPUT
DISTINCT COLOR SEPARATION OR GRAY SHADES

The quantization performed by Ford is not restricted to color alone.
For example, a black and white photograph represents an aggre-
gate of light and dark areas of varying shades, and this display
must frequently be converted into continuous or discrete electrical
quantities for various purposes and uses. Ford engineers recently
developed equipment which can quantize and record the various
degrees of color, or gray areas in photographic negatives, and to
correlate this information into usable data. This equipment was
developed for a classified project — the equipment is unavailable
for general use —however the technical know-how gained by
Ford — combined with Ford’s superior production and engineer-
ing facilities —is available in the creation of light quantizing
equipment for you.

Light quantizing is but one of the many facets of Ford Instru-
ment design and development. For more intormation about Ford’s
products, services and facilities, write for an illustrated folder.
Ford engineers will be happy to discuss your problems of control
with you.

~~ 88

[ @
FORD INSTRUMENT COMPANY
U DIVISION OF SPERRY RAND CORPORATION
31-10 Thomson Avenue, long Island City 1, New York

Beverly Hills, Cal. i Dayton, Ohio

"

Want more information? Use post card on last page.

Ford’s capabhilities are among
the finest in the country

Three dimensional cams are used in
elaborate computing devices to charac-
terize shell ballistics, magnetic variation,
or to solve some basic rnathematical
function, Precision in 3-I> cams is of
vital importance. Ford Instrument de-
signed and built a unique machine that
can produce extremely accurate cams
from a skillfully made master. As many
as two thousand data points are end-
milled to set precisely the contours of
the handcut masters.

Equipment used for defense must un-
dergo rigorous tests for aecuracy and
dependability in combat. At Ford, en-
vironmental testing laboratories repro-
duce extremes of desert or arctic battle,
shock of warship broadside, salt fogs and
heavy seas. When flaws have been
detected and corrected, equipment is
okayed for volume production and use
throughout the armed services.

= Jﬁn'_‘,..x-

Typical of Ford Instrument’'s 40 years
of experience in precision control is its
work in the field of nuclear power. The
Company, for example, is building the
control rod drive mechanism for the Sea-
wolf, second atomic submarine. Reactor
designs, sensing mechanisms, control
equipment and systems, nuclear calcula-
tions, and other specialized equipment
and abilities are offered by the Company
to this expanding industry.

March, 1955 — ELECTRONICS
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 New Waldes Truarc locking-prong ring functions
~ as spring, shoulder, fastener...and STAYS PUT!

\-':,h od / = f»ﬁ%g-&g%é:;g ;&
I »gf : LR R ** —distance from outer groove wall
'OLD METHOD WALDES TRUARC to face of retained part.
METHOD

Ll - f=L
N

VN

( R = =
N SE
7 ‘
i (S o
- . . | w

Above assembly shows how 2 Waldes Truarc locking-Prong Rings
(Series 5139) replaced 6 parts. .. eliminated threading operation ...
and need for skilied labor.

WALDES TRUARC LOCKING-PRONG RING (Series 5139)

U. S, Pat. Pending

SHAFT RING CIMENSIONS average GROOVE DIMENSIONS resitient
R'::K Di | U|s(rl'l':::“ Dia Width Et';:elﬂuipy
5139+ ls.'I o, Ao ]88 ] el ] oe] | H | e tH b [Feret e | oy h e {050 ke faskic imans
12 | 125 | =.002 | 340 | =£.010|.307 | =.010 | 166 | =005 | .088 | +.004 | .050 | +-.010 | .010 | +.0013] 400 | 082 [+.0015[ .045 [ +.005 | .035 | .045] .010
*15 | 156 | +.003 ]380 |+ .010].330 |+.010 |.184 | 005|108 | +.004 | 055 [+ .010] 010 +.0013| 600 |.104 +.002| .050 | +.005 | 035 | .045] 010
16 | 188 |£.003 | 445 + 010|390 | +.010 | 213 | +.005 | 130 | =.005 | 080 | +.010 | 015 | +.0015| 900 |.124 | +.002] .065 [ +.005 | 045 | 055 | .010
25 | .250 | +.003 | 581 | =.010 | 500 | +.010 |.280 | +.005 [ .172 [ +.005 |.070 | +.010 [ .015 | +.0015| 1000 | 165 | + 002 .070 | +.005 | .050 | .065] 015
31 [ 312 |+.003 | 748 | +.010 | 620 | +.010 | 360 | =.005 | 234 [ = .005 [ 095 |+ .010 f.o18 | 007 | 1300 | 228 | +.003| .080 | +.005 [ 080 | .095] 015
*37 [ 375 | +.003 | .853 [ +.015 | .740 | +.010 | 427 | +.005 | .280 | +.005 | .130 | 010 | 020 [*.002 | 'Tw'}ml—i—-.—obi 105 | +.005 | .090 | .115| .025
%43 | 438 |=.003 | 960 | +.020 |.820 | =020 | 475 | +.910 | 327 | £.010 | 130 | .010 | 020 | =002 | 2200 | 327 ':.003"Tmsh.oo*s“ﬁs?flz_o“.o?_

Additional Sizes Under Development *Production dies nct available as of date of printing tApplies to unplated rings only “Recommended safety factor =3 to 4.

The Waldes Truarc Locking-Prang Retaining Ring is a new,
low cost, radially applied fastener which can be locked positively
in its groove and used as a shoulder against rotating parts. It is
primarily intended for use in the automotive, electronic and aero-
nautical industries.

This radially applied ring locks positively in its grooves by
means of two prongs at the open end. Because of its high thrust-
load capacity the Waldes Truarc Locking-Prong Ring may be used
as a shoulder against rotating parts. Its bowed construction pro-
vides for end-play take-up in the assembly and makes less critical
the tolerances required for the parts being fastened. Since it serves
as a spring as well as a shoulder, this ring eliminates the need for
springs, washers, and other accessory fastening devices.

Whatever you make, there’s a Waldes Truarc Retaining Ring

SEND FOR FREE SAMPLES

\
— L |~ RETAINING RINGS

designed to improve your product...to save you material, machin-
ing and labor costs. They’re quick and easy to assemble and dis-
assemble, and they do a better job of holding parts together. Truarc
rings are precision engineered and precision made, quality con-
trolled from raw material to finished ring.

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

GNP O oo o e e g e b2
Business Address......

Waldes Kohinoor, Inc., 47-16 Austel Place, L.I.C. 1, N.Y. -%
[J Please send me sample Locking-Prong Rings. ]
(please specify shaft size )

[ Please send me supplement No. 1 which brings l
Truarc Catalog RR 9:52 up to date. |
(Please print) |

NI S o b = S R o i
Title |

(O]} N S s~ Zone........State........

{

"E 038

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; 2,428,341; 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.
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Thhe Hlandard -REQUENCY
of Aecracy for \[EASUREMENT
and CONTROL

FREQUENCY
STANDARDS

ﬁ/%m a %ont/c«w/:miue Lene 0/_

MICROWAVE FILTERS
AND PRESELECTORS

* SINGLE SHAFT TUNING AVAILABLE
* TSCHEBYCHEFF RESPONSE

e
S« COMPACT DESIGN

* USABLE OVER WIDE
TEMPERATURE
RANGES

* HERMETIC SEALING
AVAILABLE

In order to utilize the crowded microwave spectrum to the

3 greatest possible advantage, Frequency Standards now offers

See us af the Show! ) > a comprehensive line of filters and preselectors. These units are

BOOTH 332 engineered and constructed with the same exacting care and

COMROTER IAVENUE precision which has made Frequency Standards’ wavemeters
a standard in the industry.

Frequency Standards is proud of its reputation to undertake
development and production work in the fields of preselection,
frequency measurement and control which approaches the
“state of the art.” Our engineering services are available at
all times to assist you with your problems.

RESONANT FREQUENCIES AVAILABLE
L 1 (& X
“Bandwidth (Maximum available) 5% 3%
“Number of Sections* 2,3,4 2,3,4 2,34 2
Insertion Loss (For 1% bandwidth) =15db =1.db  =1.db =1.db_
“Rejection (F, +2xBW) (db) 24 36 48 24 36 48 24 36 48 24 36 48
_Input VSWR (Matched Load) =15 : =15

NEW CATALOG ON REQUEST—Call or write
for new Brochure with complete data on
precision-built Microwave Filters, Preselectors,
Frequency Meters and Field Test Instruments.

Please address
inquiries to BOX 504A

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




Dependable
one-stop service
...complete

sheet metal
fabrication

slus final painting
all under

one roof'!
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Just unpack your Karp made cabinets and place them on your own final
assembly line. No inspection is needed. Every dimension is dependably accurate
...and the finish is ready for your most exacting customer. No need to

shuttle cabinets from fabricator to you to finisher and back to you. You save
valuable production time—you eliminate double handling, and that brings

down your final cost considerably.

More than that, you get the top-quality job that keeps so many blue chip

customers happy with Karp service. For Karp brings you a perfectionist’s idea about
custom craftsmanship. Backed by one of the most modern sheet metal fabricating

and finishing plants in the world. Plus creative experience in tooling complex jobs...and
developing cost-cutting ideas for our customers, whether orders are small or large.

Why not find out how Karp craftsmanship can finish off your own
cabinet problems to perfection. Let us quote on your next requirement.
No expense or obligation to you, of course.

KARP METAL PRODUCTS CO.
Division of H & B American Machine Co., Inc.

214 63rd Street, Brooklyn 20, N. Y.

Custom fabricators of enclosures, chassis, panels

in any metal ¢ All welding facilities U. S. Air Force
Certified ¢ Air-conditioned spray room ¢ Complete
baking facilities *« Over 3,000 dies available
Complete sub-assembly facilities

ENGINEERED SHEET METAL FABRICATION

ELECTRONICS — March. 1956

See us at the IRE Show at 349 Computer Ave.
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THREE
NEW FAMILIES OF
CBS SILICON

POWER
RECTIFIERS

OPERATE UP TO THESE MAXIMUM LIMITS

SERIES TEMP. AMPS. VOLTS
1IN503* 150°C s 50 to 600
b IN511% 150°C 1 50 to 600
1IN519¢ 150°C 1% 50 to 600

*In free air TWith suitable heat sink

cBS-HYTRON offers you, in three basic
designs, a wide selection of high-power
silicon junction rectifiers with uniformly
controlled characteristics. All three
series feature compactness and high rec-
tification efficiency (up to 99%) at high
currents. Low forward and high back
resistances give high power handling
capabilities. And low thermal resistance
permits operation up to 150°C.

Possible applications are innumerable

. wherever you need highly eflicient,
high-current miniaturized rectifiers. As
illustrated, the 1N503 serics is supplied
with convenient flexible leads. And the
IN511 and INS19 series are designed
with screw studs for easy atlachment to

- semiconductors heat sinks. For complete data ask for

Bulletin E-263. Or request a quotation on

CBS-HVTRON; [Banvens; Mass: CBS silicon power rectifiers suited to
A Division of Columbia Broadcasting System, inc. your applicalions.
Reliable products

through Advanced-Lngineering.

60 Want more information? Use post card on last page. March, 1956 — ELECTRONICS
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why yvou should use

BALTIC custom built

enclosures ...

Your product in a BALTIC custom built housing
has a luxury look “ . Individually designed to meet your speci-
fications ... and you can be assured of perfect fit and skilled
craftsmanship. Our large stock of standard and Whistler die combina-

tions eliminates unnecessary tool charges and send your unit cost

way down. '

All our products are interchangeable to assure speedy
assembly on your production line. Each unit we turn out is accurately
engineered to close tolerances and finished to perfection, reflecting our

long years as specialists in solving sheet metal fabrication problems.

Whether you need simple chassis or enclosures for the most
complicated equipment, Lag@%‘;gﬁ BALTIC will custom build it...in
any metal, any size, any gauge, any finish, in large or small quantities.

Complete facilities for finishing and shipping all under one roof.

120 SUTTON ST.

METAL PRODUCTS CO.{ »s8o8% &

ELECTRONICS — March, 1956 Want more information? Use post card on last page. 61
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STANDARD TEST JACKS:-

metal shell insures firm,
dependable mounting.

o3
e

Ll ]
=&
L&

aiifiid~  Biisac

;m-j, ALL-NYLON THREADED
INSULATOR

low capacity to panel and
high voltage breakdown,

Test Jacks by Ucinite

62

The introduction of WUcinite’s back-mounting
jacks makes available for the first time a complete
line of kigh quality test jacks suitable for use in
equipment where long life and dependability are
essential.

Ucinite Test Jacks, designed for standard .080
phone tips, are available in a variety of colors
ideally suited to coded application. Silver-plated,
heat treated beryllium copper contact is made in
one piece with large terminal ends for easy solder-

The
UCINITE CO.

Newtonville 60, Mass.
Division of United-Cerr Fastener Corp.

Want more information? Use post card on last page.

ing. The feed through type is provided with a
one-piece brass terminal stud, tin-plated.

The specialized abilities and experience of
Ucinite’s own staff of design engineers are avail-
able for work on new and unusual problems.
Volume production facilities ensure fulfillment of
the largest requirements.

For full information, call your nearest Ucinite
or United-Carr representative or write directly
to us.

Radio and Automeotive
LY

SEE US AT

www.americanradiohistorv. com

Specialists in Electrical Assemblies,

BOOTH 395.1. R. E. SHOW

March, 1956 — ELECTRONICS



-LOCK TEENUTS.

PATENT APPLIED FOR

® self-locking

® vibration-proof

® one-piece construction

G S

® proven effectiveness
® highly adaptable

® re-usable

The upper portion of this precision - made Teenut incorporates
a V-type notch with the circumference of the barrel compressed
inwardly toward the axis to form a permanent set. This makes it a
re-usable, prevailing-torque-type, self-locking nut.

It is a one-piece, self-contained unit in which the self-locking device
is an integral part of the design. No non-metallic materials or stamped
parts are used so that the V-lock Teenut is not affected by heat or oils
and has high tensile strength.

As the V-lock Teenut does not rely on base load to obtain its friction
grip, it may also be used as a stop nut. (Indentations in base flange
are welding bosses).

UNLIMITED VARIETY

V-lock Teenuts can be engineered in var-
: ious shapes and sizes to suit customer's
3 T{ GRIPPING AREA specifications. Can be manufactured in rol-

zme. . . in brass, bronze, stainless steel, alu-
minum, etc.... with unified screw threads,
class 2B, in both coarse and fine thread
series. Finishes: zinc, cadmium, chrome,

‘(——’—EVERY THREAD IS LOAD CARRYING
& NORMAL CLEARANCE parkerized, etc. to customer’s specifications.

________ < Bolt spins freely into nut until it reaches grip-
ping area. Then, spring action creates strong,
metal-to-metal wedging force, locking threads of bolt and
nut together to make assembly virtually vibration-proof.
Bolt may be removed and replaced many times without
loss of effectiveness in nut.

The V-lock Teenut is but one of thousands of special purpose fasteners designed
and manufactured by United-Carr to help speed assembly, cut costs and improve
product performance. For further information on the V-lock Teenut or for help
with any other fastening problem, consult your nearest United-Carr field repre-
sentative or write us for his name and address.

<
i

UNITED-CARR FASTENER CORPORATION SE
31 Ames Street @ Cambridge 42, Mass. O\ = \

SEE US AT BOOTH 395, I. R. E. SHOW
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For the most dependable printed circuits, you need
the high bond strength, workability, heat-resistance

ot C-D-F DILECTO" M
R '

EEE . i 2 5
Printed circuits based on C-D-F materials are being used
with great success in military electronic equipment, commer-
cial television and radio sets, telephone switchboards—cven

sub-miniature radiosonde equipment and hearing aids.
Photos courtesy of Photocircuits, Inc., Glen Cove, N. Y.

ETAL-CLAD LAMINATES

HIGH BOND STRENGTH —C-D-F’s special adhesive for metal-
clad Dilecto bonds the copper foil to the plastic without affecting
the laminate’s superior electrical properties. Heat-resistance, dissi-
pation factor, dielectric constant, dielectric strength, and insulation
resistance of the Dilecto base remain unaffected. The closcly-
bonded foil can be elched cleanly and dipped in hot solder to
220°C. (428°F.) for tcn seconds with a guarantce of no blistering
or separating. Metal-Clad Dilecto can be punched or machined
cither before or after ctching.

EXCELLENT WORKABILITY —On all five Dilecto metal-clad
grades, you can solder, punch, saw, and assemble components
cither by hand or automatically. Thanks to the inherently superior
workability of the plastics laminate over that of ceramic-type
materials, Dilecto can be dropped, jammed into tight chassis, and
otherwisc trcated roughly on the assembly line and in service.

HIGH HEAT-RESISTANCE —Mctal-Clad Dilecto Laminates are
made of phenolic, epoxy, or Teflon* resin for various conditions
of service and assembly, and have either cellulosic paper or woven
glass-fabric base. All are ideally suited to printed-circuit applica-
tions in which heat-dissipation is a major problem. Continuous
exposure to high ambient operating temperatures in enclosed elec-
tronic cquipment has no significant effects on Dilecto’s electrical
and physical propertices.

UNLOAD YOUR HEADACHE HERE! C-D-F, a big, reliable
source of supply, can help you get the most for your printed-circuit
money by reducing rejects, lowering fabrication costs, assuring
dependable quality every time. Send us your print or problem, and
we'll gladly supply appropriate test samples free. See our catalog
in the Product Design File (Sweet's) or send for the new 20-page
Dilecto catalog. Let your nearby C-D-F sales engineer (listed in
Sweet’s) help you right from the design stage!

Copper-Clad
PHENOLIC

BOND STRENGTH-0.0014" foil

TYPICAL PROPERTY VALUES

Copper-Clad
PHENOLIC
(Grade XXXP-26) | (Grade XXXP-24) | (Grade GB-116F) |

Copper-Clad
TEFLON*
(Grade GB-116T)

" Copper-Clad
EPOXY
(Grade GB-181E)

~ Copper-Clad
EPOXY

(Lbs. reqd. to separate 1” 5t08 5t08 8to12 8to12 S5to8
width of foil from laminate) g
MAXIMUM CONTINUQUS
_ OPERATING TEMP. (Deg. C.) e 2 . = 150 h 150 o
DIELECTRIC STRENGTH
(Maximum voltage permil) | 800‘ - ______800 e 700 - 650 700
INSULATION RESISTANCE (Megohms)
6 hrs.at35°C.&90% RH | 50,000 ) 50,000_ i 30.000_ 1 20,000_ Over 106 megohm_s B
| DIELECTRIC CONSTANT 10¢ Cycles | 420 420 | 490 N 4.95 ) 2.85 !
| DISSIPATION FACTOR 10¢ Cycles 1 002 0.026 0019 1 0018} 0.0006
ARC-RESISTANCE (Seconds) 10 10 60 80 180

16,000 x 13,000
21,000 x 18,000

' TENSILE STRENGTH (psi.) -
FLEXURAL STRENGTH (psi)

14,000 x 11,000
19,000 x 16,000

 23000x21,000
13,000 x 11,000

26000 x 42,000 | 48,000 x 44,000
60,000 x 55,000 | 75,000 x 65,000 _

1ZOD IMPACT STRENGTH edgewise

(1. Ibs. per inch of notch) | 0.40 i0.35 | 0.40 x 0.35 65x6.0 o 13.5x11.5 6.0x 5.0
COMPRESSIVE STRENGTH flatwise 28,000 27000 £0.000 62000 20.000
(pSI) r v N 1 L ;v o o 1_

Fine-weave, Medium-weave, Fine-weave,

BASE MATERIAL OF LAMINATE Cotton rag paper Cotton rag paper medium-weight medium-weight medium-weight

| — B . " | glasscloth |  glasscloth |  glasscloth
COLOR OF UNCLAD LAMINATE | Natural greenish Natural Brown _Natural Natural Natural

All these standard grades are available with 0.0014”, 0.0028"”, 0.0042"" or thicker electrolytic or rolled copper foil
on one or both surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order.

*duPont Trademark

NEWARK

Want more information?

64

CONTINENTAL DIAMOND FIBRE

CONTINENTAL-DIAMOND FIBRE DIVISION OF THE BUDD COMPANY, INC.

16,

DELAWARE

Use post card on last page.
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The Widest Coverage
of Semiconductor
Circuit Requirements
Available ... Anywhere

General Electric’s Expanded Line of
Transistors and Rectifiers Now Offers
Greater Power Performance at Extended
Frequency and Temperature Limits.

Within the past year, General
Electric has introduced a number of
new transistor and rectifier compo-
nents with greatly expanded limits

of operation, performance and re-

liability.

These recent developments have

created- broader areas of semicon-

ductor application in both the elec-

tronics industry and the military.

HIGH SPEED COMPUTERS

HIGH FREQUENCY AMPLIFIERS
AND OSCILLATORS

RADIO AND TELEVISION
RECEIVERS

AIRBORNE COMMUNICATION ® THe fellvanErivepages

NAVIGATION contain descriptions, illustrations,
FIRE CONTROL and condensed specification
RADAR data covering General Electric’s

full line of transistors
GUIDED MISSILES and rectifiers.

waany americanradiohistory. com




RECENT G.E. TRANSISTOR DEVELOPMENTS
MAKE POSSIBLE COMPLETE TRANSISTORIZATION

For the IF amplifiers and mixers of radio receivers, G.E. offers both PNP and
NPN transistors. The G-E 2N135, 2N136 and 2N137 transistors are alloy
junction PNP types which provide uniformly high power gain in both mixers
and IF amplifiers. The 2N78 NPN transistor, manufactured by General
Electric’s exclysive rate-grown process, may be easily neutralized with
unselected components through controlled C. and r,. The high f., inherent

.. . FROM MINIATURE RADIO RECEIVERS TO

HIGH SPEED COMPUTER SWITCHING APPLICATIONS

‘TRANSISTORS FOR RADIO RECEIVERS

in the rate-grown process provides power gains up to 39 db.

As the result of recent General Electric reséarch, audio transistors have been
developed which are capable of delivering 750 mw power output at less
than 10% distortion, with audio stage gains up to 70 db. These transistors,

G-E development types ZJ17, are now in production.

TYPE

2N78
2N135

Mixer

TYPICAL POWER GAIN(db) FOR A TRANSISTORIZED
RADIO RECEIVER

2nd Class A

Driver Gt

Ose. IF

30 36 40
30 36 40 30
Power gain does not include transformer losses. Circuit informa-

tion and transformer impedances can be obtained from your
Semiconductor Products district representative (see back page).

General Electric pioneered the production
of germanium transistors of high relia-
bility at extended ranges of temperature.
Exclusive G-E processing techniques pro-
vide stable gain over wide temperature
areas and reliability in the most critical
applications.

General Electric's 4JD1A17 is the com-
mercial version of the Air Force transistor,
type USAF-2N43A per revised spec,
MIL-T-25380/1. The G-E type 2N123, a
S-megacycle 20-voit germanium alloy

ACTUAL
SIZE

Class 8
Output

Power
Output

26 750 MW
100 MW

~ TRANSISTORS FOR MILITARY, INDUSTRIAL
~ AND DATA PROCESSING APPLICATIONS

junction transistor, is specially designed
and manufacture-controlled for switch-
ing applications in data processing equip-
ment and industrial control circuits.

Like the 2N123, the G-E 2N 167 transistor
is designed, processed and specified for
switching applications. The high collector
voltage raiing of 30 volts at a minimum
frequency cutoff of 5 mc allows greatly
expanded applications of transistors in
electronic circuits.

|

ABSOLUTE MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS: DESIGN CENTER (Voc=5V, lx=1ma)

TYPE
ACTUAL
SIZE

4)D1AY7
2N123
2N167

v

=290
-125

P(.

150
100

hy,
28

28
40

his r c y lco

4X107*
8x107*
1.5X107*

PNP TYPES NPN TYPES
= —
GENERAL ELECTRIC | 2ZN43 2N4a4 2N135 2N78
TRANSISTORS 2N43A  2N4S5 2N136 2N167
4JD1A17 2N76 2N137 2N169
| 2N107 2N123 2N170




NEW PRODUCTS

LATEST GENERAL ELECTRIC SEMICONDUCTOR DEVELOPMENTS
WHICH GREATLY EXTEND THE POWER, FREQUENCY AND
TEMPERATURE RANGES OF RELIABLE OPERATION

New G-E Silicon Devices Offer Greater Power
at Higher Temperature in Smaller Package.

SILICO

TRANSISTORS

increased Power with Operating
Temperatures Up to 200°C.

SILICON
POWER TRANSISTOR

8-watt dissipation
at 85°C.

SILICON HIGH
FREQUENCY TRANSISTOR

10-megacycle operation

Constructed with tiny metal shield on /

cap for automatic assembly indexing
and/or grounding.

Leads are specially arranged for direct
plug into printed circuit board.

SILICON DOUBLE BASE
DIODE

Operation up to 200°C.
Replaces 2 junction transistors
in computer circuits.

*All products shown approximately full-scale size

NPN TETRODE
TRANSISTOR

RECTIFIERS

High Temperature Opera-
tion plus G-E Reliability and
Advanced Miniaturization.

SILICON HIGH
CURRENT RECTIFIER
50 amps per cell at 300 PIV.

200°C. storage temperature
150°C. rated stud temperature

SILICON LOW
CURRENT RECTIFIER

V4 amp per cell.
175°C. storage temperature
150°C. rated free ambient
(Full ratings without heat sink)
Solders directly into circuit for
machine assembly.

NPN HIGH FREQUENCY
TRIODE TRANSISTOR

15-meg_acyc|e operation at

50-megacycle operation at

temperatures up to 85°C. temperatures up to 85°C.

The above semiconductor devices were developed, refined and
submitted under government contracts AF33(600).-28956 ond
AF33(600,.17793, Wright-Potterson Air Force Base, Ohio.




For The Full Story On
General Electric Semiconductors

Contact Your Nearest G-E
Semiconductor Products Representative

District #4 A. C. Oeinck
District #5 H. F. Hodsdor
District #6 V. J. Huntoon

District #7

H. W. Gebhardt, Jr.

11840 West Olympic Blvd.

Los Angeles, California

Phone: Granite 9-7765
Bradshaw 2-8566

The specification and rating data presented
on the five preceding pages have been con-
densed to cover but a few basic design require-
ments. Detailed information concerning General
Electric's full line of transistors and rectifiers may
be obtained by contacting your nearest G-E
Semiconductor Products district representative or
by writing to:

GENERAL ELECTRIC COMPANY

Semiconductor Products Section

Electronics Park, Syracuse, New York

When writing for information, please specify
by publication numbers the material desired.

Semiconductor Products
General Electric Company
4927 Oakton Street
Skokie, llinois
Phone: ORchard 5-7505
Chicago—IRving 8-8668

District #1

F. ). Van Poppelen, Jr.

Building 7-Room 103

Electronics Park

Syracuse, New York

Phone: Syracuse 76-4411
Extension 2692 or 2374

District #2 C. J. Goodman
A:.B. Dall
District #3 H.'S. Berck

1
Semiconductor Products
General Electric Company
200 Main Avenue
Clifton, New Jersey
Phone: Gregory 3-6387

Wisconsin 7-4065

.......

CURRENT G-E TECHNICAL PUBLICATIONS

TRANSISTORS
PUBLICATION NUMBERS

TYPE

2N43 (PNP)

2N43A (PNP) . .

4JD1A17 (PNP)

2N44 (PNP)

2N45 (PNP)

2N76 (PNP)

2N81 (PNP)

2N123 (PNP High Frequency)
2N135

2N136} (PNP High Frequency)
2N137

2N78 (NPN High Frequency)

2N167 (NPN High Frequency)
2N169 (NPN High Frequency)
2N170 (NPN High Frequency)

RECTIFIERS

1N315 High Temperature and

1N368 Magnetic Amplifier Rectifiers
- 4JA3011 Power Rectifier and Stacks

GENERAL @B ELECTRIC

www-americanradiohistorvy com

ECG-131
ECG-124

PRINTED iN U.S.A.



testing components with Burroughs pulse control systems

modern methods for testing cores

The future of magnetic cores in information handling
systems is already well assured. Their high reliabil-
ity, fast action, small size, and low power consump-
tion stimulate the imagination of more and more
engineers working in data processing, weapons
systems, and control. And every day finds these new
components included in more new designs.

One problem still facing those who want to exploit
these exciting properties is the lack of precise
uniformity in cores made on a production basis.
For as Burroughs has found through 5 years of
working with the pioneers in core applications,
uncertainties still exist. And before cores become
standardized, many changes will probably be made.
Those who want to take advantage of the great
potential in this new component now must use
reliable test procedures which precisely check the
tolerances of each core, and are versatile enough
to check for the new core specifications of tomorrow.

Burroughs Pulse Control Systems answer this
need for leading manufacturers and users of cores
by simulating the actual conditions under which each
core produced will eventually operate. When con-
ditions require a change in core operating character-
istics, the testing system is changed at will, in a
matter of minutes, to meet the new requirements,

TESTING TAPE-WOUND CORES

pulse
generator

[ fip flop

— delay to
gate set pw.

A L—-b

A| To Current

delay Driver
= de‘lay 2 Which Sets
set p.w. Polarity and

Pulse Patternat A J L L 55 | Amplitude
Pulse Patternat8 . 1

Current Driver Output to Core _J'LJLU_HILU_

gate

1 0
1 0
| S i Iy
fiip flop

pulse 1 ¢ 0
generator 1 0

il

delay to current
sel p.w. driver

n
b

& > delay to
2 set p.w.
0y 31 L
+%
gate
delay to current
e > selp.w. driver
+1

Current Driver % +%
Output To Core —J_L—U'—r '——rL-u—’-‘-

1

TESTING FERRITE CORES

Shown here are typical examples of how these
core manufacturers, including Burroughs own core
production department, use Burroughs Pulse Con-
trol Systems to check tape wound and ferrite cores.
An interesting booklet describing core testing in
greater detail is yours for the asking. But if you

B want to test another component by digital techniques,
just send us your problem. We'll be glad to work it
. out, at no cost, and show you how Burroughs Pulse

Control Systems can save you hours of engineering
Electronic Instruments Division 1209 Vine Street - Philadelphia 7, Pa.  time and production headaches.

ELECTRONICS — March, 1956 Want more information? Use post card on last page. 65



CLEANER, BRIGHTER CHASE SHEETS

B

= Y O R - B

TG

- speed production,

cut costs!

]

findfrae

“Ready for production” is the way
you receive Chase brass and copper
sheet and strip. That means surfaces

i

L0 T

are smooth and bright — free from
grease, dirt and oxide coating.

You'll get trouble-free production,
whether you stamp, spin, punch or
draw Chase sheet and strip. In fact,
you can often combine forming
processes, without intermediate
annealing.

For your next order, call your
Chase wholesaler or the nearest
Chase warehouse for a shipment
from stock—or to get a mill-size
order started.

il
|

" £
{1 )

(N

i

The Nation’s Headquarters for Brass & Copper
Atlants  »  Baltimore »  Boston o Charlotte o+ Chicago  Cincinnati o  Cleveland « Dallas « Deaver o Detioit o GrandRapids o Houston  Indianapolis «  Kamsas Gity, Me.
Los Angeles o Milwaukee » Minneapolis » Newark o  Now Drieans » New Yok » Philadelphia o  Pittsburgh « Providence e Ruchester = St [ouis  San Fiancisco » Semtlle » Waterbury
66 Want more information? Use posi card en last page. March, 1956 — ELECTRONICS
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PERFORMANCE IS BUILT

INTO THIS CHOPPER

Painted case resists corrosion and is hermetically sealed to the base
so that this chopper operates reliably in any atmosphere from sea level

to 50,000 feet.

Permanent magnet polarizes switching to provide phase sensitive

mechanical modulation of low-level signals.

Drive coil is conservatively rated for 6.3 volts RMS + 10% at 400
CPS + 5%.

Vibrating reed is resonant well above operating frequency to assure
that switching phase of 65 degrees remains within 4 15 degrees for

all operating conditions.
Buffer plate counteracts any tendency to chatter at make and break.

Ceramic insulators provide at least 100 megohms between contacts

and case for use in high-impedance circuits.

Wiping action on fixed contacts, as in all Airpax choppers, help assure

rated life of 2,000 hours.

Miniature 7-pin tube-type base rigidly supports internal assembly of
this Airpax Type 300 chopper so that it withstands shock and vibration.

For complete specifications write to

ELECTRONICS — March, 1956

COMPANY

= =

MIDDLE RIVER BALTIMORE 20, MD.

Want more information? Use post card on last page.
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» Control Components Digest *

News and notes on resistors, rheostats, relays, motor controls, dimmers and other control components

BIG MOON RADAR undergoing tests. Ward Leonard resistors—like those in foreground —

help this gear stay on the air—or, rather, on space.

New moon radar to explore outer space

The U.S. Army Signal Corps hasn’t
got a transmitter in outer space —yet.

So, for their continuing studies of
radio wave propagation in space and
the upper atmosphere, they bounce
radio waves from their new high-pow-
ered radar, Diana, off the moon and
planets and study the return pulse.

Designed and built by Radio Engi-
neering Laboratories of Long Island
City, N. Y., the new radar transmitter
puts out 50 kilowatts, continuous
wave, and may be pulse modulated at
various pulse widths and repetition

rates. Receiver gain is 170-db at bet-
ter than 3-db noise figure.

Throughout the equipment, high-
stability Ward Leonard resistors, like
the big Vitrohm resistors shown above,
do duty as high-voltage bleeders,
surge and current limiting resistors,
and protective meter shunts in high-
voltage circuits.

You'll find Ward Leonard Vitrohm
resistors completely described in our
64-page Catalog No. 15, together with
nomographs and charts to help select
them. Write for your copy today.

af) o, )

Relays mastermind traffic lights

Sun, rain, sleet, snow, and continuous

. 24-hour-a-day duty is the lot of this
- master traffic light controller. Four de-
. pendable Ward Leonard relays select au-

tomatic timing cycles. Two more relays
allow remote control of off-duty flashing
amber signals and signal shut-down.

. Learn more about these rugged relays in

Ward Leonard Bulletin No. 110.
Photo courtesy Crouse-Hinds Co.

Want more information? Use post card on last page.

SHE'S CHECKING CHART RECORD from X-ray
spectrometer in Ward Leonard’s test lab.

Plant X-ray speeds quality control
and helps catch crooks

X-ray diffractometer and spectrom-
eter tests insure high quality and uni-
formity of both raw materials and fabri-
cated components at Ward Leonard.
These instruments check crystal struc-
ture in ceramics, magnetic amplifier
cores, contact metal, and resistance wire.
In off hours, they help the Mount Vernon
Police and Fire Department put the fin-
ger on crooks and arsonists.

AUTOMATION FOR MACHINE TOOLS is simpli-
fied by this precision control potentiometer.

Control for machine tools

Accurate electronic control compo-
nent for cutting tools, winders and proc-
essing machine drives is provided by this
compact, precision potentiometer.

A half-inch plunger movement drives
the metal alloy contact across the special
resistance element. Enclosure is compact;
calibration is permanent. Standard re-
sistance —10,000 ohms; up to 25,000
ohms on special order. Write for Bulle-
tin 68. 63

WARD LEONARD
ELECTRIC COMPANY
31 SOUTH ST., MOUNT VERNON, N. Y.

R wil- B rgivesd Coinoly Simee 1892
RESISTORS - RHEOSTATS - RELAYS - CONTROLS - DIMMERS
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~ if you buy or use
__electronic components,

43

ONTA
SRACKETS €

PRINTED CIRCUIT WIRING

cusTom MOLDINGS AND
lAMlNATlNG

MH’Al

STAMPINGj

The new MANDEX
Catalog contains 60
- pages of electronic com-
ponents now available
to you. It's a real de-
signer’s or purchasing
| agent’s ‘‘tool,” chock

_ full of real data, ilhus-
trations, drawings, and
- other useful informa-
- tion. Better send for
- your copy today .. .no
A obligation!

MANDEX MANUFACTURING COMPANY, INC.

2612 West 16th Street, Chicago 8, llinois Affiliate, P. R. Mallory & Co., Inc. indianapolis

ELECTRONICS — March, 1956 Want more information? Use post card on last page. 69



This fastener
works
through thick and thin!

Spring-Lock—the easy-to-use removable fastener for mod-
ern designs— works whether panel thicknesses run over
or under specifications! Spring wire deflects automatically
to handle greater or lesser thicknesses. Spring-Lock’s de-
sign flexibility makes it more than a fastener: it can be
adapted as a shelf support, door strike, knob or any
similar panel-mounted device. Many standard shapes and

sizes of Simmons Spring-Locks are available from stock.

SIMMONS FASTENER CORPORATION
1750 North Broadway, Albany 1, New York

QUICK-LOCK
SPRING-LOCK

Simmons &

LINK-LOCK

DUAL-LOCK

JUST ouT!
NEW 36-PAGE CATALOG WITH APPLICATIONS
SEND FOR IT}

1. Insert fastener. 2. Half-turn locks it in place.

With production costs on the uptrend, you can
figure on Spring-Lock as an assembly time
and money-saver, because:

@ Installation is BLIND

® Installation is EASY: no special tools are
needed

@ Installation is QUICK : a half-turn locks it
in place

@ Installation is SECURE: the spring steel

locks the fastener, resists vibration

Send for details and samples, or write us about
your fastening problem.

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



Trangitron

SILIGON]
RECTIFIERS

actual .
size -
35 amperes ®)
Maximum Peak ;
Average Maximum Inverse
Current RMS Voltage Voltage 4 4
Type (amps) (voits) (volts) 1\ I 4
1N411A 35 35 50 B
actual L™
1N412A 35 70 100 size / : >
IN413A 3 140 200 LF
RATINGS AT 125°C CASE TEMPERATURE
2 o amperes
N Maximum Peak
Average Maximum  Inverse
Current RMS Voltage Voltage
Typa (amps) (volts) (volts)
1N248A 20 35 50
[ ‘“ 1N249A 20 70 100
L : 1N250A 20 140 200

RATINGS AT 125°C CASE TEMPERATURE

Transitron silicon power rectifiers are designed

for high temperature applications requiring maximum
efficiency and small size. Their high forward

conductance improves output regulation, and allows
reductions in transformer size. Hermetic sealing assures
long term stability and permanent environmental protection.

Types 1N411A and 1IN412A are particularly useful as
transformer rectifiers in 28-volt power supplies of 100
amperes, 200 amperes or higher. Types IN413A and IN250A
are designed for line voltage bridge rectification

and other high voltage applications.

Write for Bulletin TE-1337 . . .

immediately available

I|RE Show Booth 580

Trangitron .. 5 —wm — = i B

electronic “corporation
melrose 76, massachusetls Glass Diodes Transistors Power Transistors Silicon Diodes Silicon Rectifiers




NOW

AVAILABLE!

Ty
3
A

-«
sﬁg sl
¥ ol

MILITARY..

silicon

rectifiers

Continuous Maximum
Inverse Maximum  Average
Wworking RMS Forward
Voltage Voltage Current
Type (volts) (volts) (ma)
1N253 100 70 1000
*1N254 190 135 400
*1N255 380 270 400
*1N256 570 400 200
RATINGS AT 135°C CASE TEMPERATURE
*JAN Types

Peak

Forward
Current
(amps)

4
1.2
1.2

.6

Transitron’s military type Silicon Power rectifi-
ers meet the long felt need for reliable opera-
tion at temperatures up to 150°C. Available
in production quantities with inverse voltage
ratings up to 600 V, these rectifiers offer greatly
improved performance because of their superior
electrical and mechanical characteristics.

Hermetic Sealing is combined with miniature
size to provide complete environmental protec-
tion along with size and weight reduction. These
rectifiers are designed to meet the requirements
of MIL-E-1B.

Write for Bulletin TE1336

Maximum ENVIRONMENTAL TESTS
Current

Life test per Para 4.11.4 MIL-E-1B 1000hr

4 Vibration fatigue, 45 to 100 cycles, 10g 64hr.

15 Vibration, 100 tn 1000 cycles, 10g..... 16min min
15 Centrifuge, two directions 5000g min
5 Shock tests per MIL-STD-202, 1 millisecond 500g min

Trang

electronic
melrose 76, m

itron

orporation
assachusetts



FORWARD CHARACTERISTICS 135°C

o

TYPICAL
USES

Forward Current (amperes)

Power Supplies for:

- N W arn & o N b 9

Aircraft

Missiles

Radar

Mobile Communications

Computers

Autopilots

Telephone Systems

Inverse Current {microamps)

Magnetic Amplifiers

E 0 160 200 300 400 500 600 700 800 High Temperature AC Relays
Inverse Voltage (volts)

DC Isolation
2800

| —1 2400 Arc Suppressers
J 1¢ or 3¢ Inductive

or Resistive loads

. —
! N\ T 2000 Voltage Regulators
I—— J_. Y ! } 1600

—— — { —6
e
| % Motor Speed Controls
| iN254 IN255 s
= - 1200 §
| ~— - ;:; Battery Chargers
INZ56 Tt \
_#i —T_ - B— \‘\ G Magnetic Clutches

J J | l |
50 60 70 80 90 100 110 120 13C 140 150
Maximum allowable case temperature (°C)

Circuit Breakers

FEATURES: Dynamic Brakes

e RELIABILITY AT HIGH TEMPERATURES Alternator Field Controls
Rated for continuous service at 135°C

® HIGH VOLTAGE RATINGS Battery Equalizers

Up to 600 volts

HIGH POWER HANDLING ABILITY
Up to | ampere at 135°C
MINIATURE SIZE Brushless Al'rerna‘l'ors

Switchboards

[ ]
Less than .2 cubic inches volume
IRE Show Booth 580
T 09| = e ) “ﬁfﬁ I

Glass Diodes Transistors Power Transistors Silicon Diodes Silicon Rectifiers




O
SMALL
SIZE

LIGHT
WEIGHT

1Y
Y

HIGH

TORQUE

f HIGH
QUALITY

4

4

...all linked together in

GLOBE MINIATURE MOTORS

and motorized devices

o

88 sub-miniature permanent magnet
d.c. motor. Speeds to 22000 rpm. 4 to
70 volts. Nominal rating 1/300 h.p.
Dia. 7" x 134" llong. Bulletin 120

S8 motor and planetary gear reducer.
Ratios 3.82:1 to 36873:1. Torque to
900 oz.in. Dia. %” x 2-17/64" to
3-11/64" long. Bulletin X-7

MM and LL permanent magnet d.c.
motors. Speeds to 22000 rpm. 4 to 70
volts. Nominal rating to 1/50 h.p.
Dia. 1-3/16” x 134" or 2-3/32” long.
Bulletins 100, 110

gy S

MM or LL motor and planetary gear
reducer. Ratios 4-1/3:1 to 21808:1.
Torque to 3500 oz.in. Dia. 134" x
2-7/16” to 4-9/64” long. Bulletin 1000

A

SC sub-miniature hysteresis-synchro-
.nous or induction motors. 400 cycle,
8000 to 24000 rpm. 60 cycle, 1200 or
3600 rpm. Torque to 0.6 oz.in. Dia.
1-1/16” x 1.32” long. Bulletin 1160

|/
SC motor and planetary gear reducer.
Ratios 3.82:1 to 36873:1. Torque to
900 oz.in. Dia. 1-1/16” x 2.5/16” to
3.7/32” long. Bulletin X-10

SS
actual
size

MC hysteresis-synchronous or induc-
tion motors. 400 cycle, 12000 or
24000 rpm. 60 cycle, 1800 or 3600 rpn.
Torque to 0.8 oz.in. Dia. 1%4” x 2V4”
ng:g. Bulletins 1110, 1150

MC motor and planetary gear reducer.
Ratios 4-1/3:1 to 21808:1. Torque to
3500 oz.in. Dia. 1%” x2%” to
3-25/32” long. Bulletin 1220

Axial and centrifu-
gal blowers. Sub-
miniature and
miniature sizes. a.c.
or dec. Up to 50
cfm. Excellent re-
liability and life. Bulle-
tins 500, 520, 1500, 1550

Globe’s precision, quality-built Moto-Mite* mini-
ature motors are furnished in d.c. permanent mag-
net types, and a.c. hysteresis-synchronous or
induction types, 400 or 60 cycle. They are custom-
built in hundreds of size and design variations for
specific applications where high performance, small
size and lightweight are important considerations.
They may be furnished with planetary or con-
centric spur gear reducers for a broad selection
of speeds and torque characteristics. Governors,

*trademark

GLOBE

Want more information? Use post card on last page.

INDUSTRIES,

clutchesfb'rakeSfﬁlters and other controls may be
incorporated in most units. Globe’s pioneering
experience in precision, miniature motor manu-
facturing, provides a broad resource of specialized
know-how to solve your power problems. Globe’s
miniaturized components include servos, gyros,
gear trains, blowers, fans, governors, generators,
vibrators, actuators, switches, clutches, brakes, and
motorized devices. Call a Globe sales engineer
located in all principal manufacturing centers.

write on your letterhead for catalog, or bulletin
describing the unit in which you are interested.

INC.

1784 stanley avenue, dayton 4, ohio
precision miniature motors and motorized devices
dedicated to the best in product and in service
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See us at
Booth 21, Palace

FREQUENCY METER

DESIGNED FOR GREATER ACCURACY AND
VERSATILITY IN LABORATORY USE

The VARO* 6501 FREQUENCY METER is a compact precision laboratory
400 cps frequency standard and frequency meter with center scale accu-
racy of .02%.

The calibrator circuit incorporates the VARO* precision tuning fork. An
output terminal is provided for external use of the 400 cps signal, as
well as one for the operation of a recorder for permanent record.

Signal input impedance is 100,000 ohms so that there is no appreciable
loading of circuit under measurement. The input signal wave form
does not affect the measurement accuracy provided half periods are
symmetrical.

The VARO* 6501 Frequency Meter has two easy-to-read scales, 395
to. 405 cycles and 350 to 450
cycles to cover small as well as

wide frequency ranges. Your
inquiry for further information
will receive prompt attention.

SPECIFICATIONS

Canrtzr Frequency .

Ful 3cale Accuracy (395 405‘
Ful Scale Accuracy (350-450) .

Re“esence Frequency Accuracy
inpu: Signal Range .
Poae- Requirement

Dimensions . . . . 8% in. high, 5% in. wide, 6/ in. deep

*Reg. Trade Mark

. 400 cps
0.1%

. 1.0%

.02%

2.0 to 250 volts

105-125 volts 60 cycle AC

\/}-\RO dl/(/g CO., gfla. 2201 WALNUT STREET, GARLAND, TEXAS

FACTORY REPRESENTATIVES EXPORT
4. B, Steed Ray Gilmer R. H. Bouchard Phil McDaniel Steven P. Nagel
P. O. Box 459 638 South Van Ness 941 North Highland P. O. Box 553 1625 “Eye’” St., N. W.
Utica, New York Los Angeles, California Arlington, Virginia Far Hills Branch Washington, D. C.
Dayton, Ohio
ELECTRONICS — March, 1956 Want more information? Use post card on last page. 75
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New, low cost,

MEASURES FREQUENCY, SPEED,
RPM, RPS, RANDOM EVENTS

MEASURES WEIGHT, PRESSURE,
TEMPERATURE, ACCELERATION*

WIDE RANGE, 1 CPS TO 120 KC
DIRECT NUMERICAL READINGS

HIGH ACCURACY, SIMPLE TO USE
COMPACT, RUGGED, DEPENDABLE

-hp- 521A ELECTRONIC COUNTER — $475.00

SPECIFICATIONS

Range: 1 cps to 120 KC.

Accuracy: * 1 count * accuracy of timing frequency. (Approximate-
ly £0.19% when power line used, £0.019% with crystal standard
installed.)

Registration: 4 places. Total count capacity 9,999.

Input Requirements: 0.2 v rms. minimum above 10 cps; 0.3 v 1 cps
to 10 cps.

Input Attenuator: Adjusts sensitivity from 0.2 v to 100 v rms.

Input Impedance: Approximately 1 megohm, 50 uuf shunt (15
megohm on ""Phototube” jack).

Gate Time: 1/10 and 1 second. Panel neon lamp indicates that gate
is open.

Manual Gate: Controlled by "Open-Closed” switch or external con-
tacts.

Display Time: Variable from 1/10 to 15 seconds; or display can be
held indefinitely.

Reads In: Cps or directly in tps or rpm with -4p- 506A or 508A[B
Tachometer Accessories.

Self-Check: Counts line frequency for any selected gate time.

External Standard: Can be operated from any multiple 6f 10 cps, 10
cps to 100 cps.

Phototube Input: Supply voltage for 1P41 (or equal) phototube pro-
vided at phone jack on rear.

‘Power Supply: 115v =£10%, 50/60 cps, 170 watts.

Size: Cabinet Mount: 934" wide, 1373"” high, 1333"” deep. Weight:
25 lbs. net; shipping weight 40 1bs.

Accessories Available: -4p- 521A-95B Crystal Controlled Time Base.
for field installation, $100.00.

Price: $475.00.

*With transducers

The new -hp- 521 A measures frequency, speed, rpm, rps,
and counts random events within a selected time interval.
With transducers, it measures weight, pressure, tempera-
ture, acceleration and many other phenomena which can be
converted to frequency. Operation is so simple the instrument
can easily be used by non-technical personnel. Readings are
direct in cps, rpm and rps. Period of count is 0.1 or 1 second ;
display time can be varied. A convenient internal check cir-
cuit is provided. There are accessory power supplies of —150
volts dc, + 300 volts dc and 6.3 volts ac. Connections are
also supplied for photocells and an external standard.

Model 521 uses the 50/60 cycle power circuit as a time
base. For most applications, the accuracy of this power fre-
quency is adequate. Where higher precision is required, a
plug-in crystal controlled electronic time base is available at
extra cost.

In measurements of speed, rps and rpm, the 521A is par-
ticularly useful with -4p- Optical Tachometer Pickups and
Tachometer Generators shown on the opposite page.

Your -hp- field representative will gladly demonstrate the
compact, portable 521A in your plant or laboratory. Or,
write direct for complete details.

@@ ELECTRONIC MEASURING INSTRUMENTS

76 Want more information? Use post card on last page.
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versatile

COUNTER

-hp- 524B Electronic Counter

with plug-in units to fit your exact measuring need

-hp- 5258
Frequency Converter

-hp- 526A
Video Amplifier

-hp- 526B
Time Interval Unit

Instrument Primary Uses Frequency Range Characteristics Price

Wide range
highly accurate
frequency, period
measurements

Without plug-in units
measures frequency 10 cps
to 10 MC, and period O ¢ps to
10 KC, 1 volt rms minimum inpu

-hp- 524B Counter with
-hp- 525A Frequency Converter

-hp. 5248
Electronic

10 cps to 10 MC
Counter

$2150.004

-hp- 525A
Frequency
Converter

-hp- 5258
Frequency
Converter

10 mv rms minimum
input 10 MC to 100 MC
.1 volt from 10 ¢cps to 10 MC

Extends -hp- 524B

1 to 1
ronge to 100 MC B @3 DS

Frequency 10 cps to 220 MC, interval 1 psec
to 100 days, and period 0 cps to 10 KC—all
are measured instantly, automatically and di-
rectly by the revolutionary -5p- 524B and its
plug-in units. You buy just the instrumenta-
tion you need now; later add inexpensive
plug-ins to double, triple the usefulness of
this versatile, complete coverage counter. -hp-
524B without plug-ins, $2,150.00.

Extends -hp- 524B
range 100 to
220 MC

100 MC to 220 MC .1 volt rms minimum input

-hp- 526A
Video
Amplifier

Increases
sensitivity
of -hp- 5248

Used with
-hp- 524B to
measure time

interval

App. 10 millivolt rms

10 cps to 10 MC . 3
minimum input

-hp- 526B
Time Interval
Unit

Start and stop channels

separately adjustable for

triggering from —192 v
to +192 v

Range: 1usec to
107 seconds

-hp- TRANSDUCERS
<hp- 522B ELECTRONIC COUNTER

-hp- 506A OPTICAL TACHOMETER PICKUP

Versatile, flexible light source and pickup
for measuring rotational spceds 300 to

Compact, moderately-priced, versatile in-
| strument for frequency, period or time

measurements. Range 10 ¢ps to 100 KC.
Reads direct in cps, KC, seconds or milli-
seconds. Count automatically reset, action
repetitive. Stability of time base 5/1,000,-
000. Display length variable. Easily used
by non-technical personnel. $915.00%.

300,000 rpm. Ideal for use on moving
parts which have small energy or can not
be connected mechanically to measuring
devices. Output voltage at least 1 v rms,
300 to 100,000 rpm, into 1 megohm or
greater impedance. 21 candlepower, 6 v

bulb; type 1P41 phototube. $100.00.

-hp- 508A[B TACHOMETER GENERATORS

Transducers for use with electronic count-
ers or frequency meters in making direct
reading rpm measurements, 15 to 40,000
rpm. Relationship of shaft speed to out-
put voltage is linear to 5,000 rpm. -hp-
508A produces 60 cycles output frequency
per shaft revolution. (-hp- 508B is iden-
tical, except produces 100 cycles output
frequency per revolution.) -hp- S08A or
508B, $100.00.

QUALITY, VALUE, COMPLETE COVERAGE

Data subject to change without notice. Prices f.0.b. faciory.
A Rack mounted instrument available at slightly lower price.

HEWLETT-PACKARD COMPANY

3333A PAGE MILL ROAD . PALO ALTO, CALIFORNIA, U.S.A.
Cable “"HEWPACK"

Field representatives in all principal areas

ELECTRONICS — March, 1956
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RCA “Special Reds” provide that extra “life-line” youneed 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 things going!

RCA *‘Special Reds” feature remarkable stability, excellent resistance to shock
and vibration, exceptional uniformiry of characteristics from tube to tube—and

are backed by RCA for 10,000 hours minimum life!

Reds.”

CONTACT YOUR LOCAL RCA TUBE DISTRIBUTOR TODAY. Ask for
your free copy of the booklet “RCA Receiving Type Tubes for lndusiry and

i Commu.mcatxons" (form RIT-104). o

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 operating under conditions within the ratings of the "Special

=

RCA-5690—Full-Wave Vac-
vum Rectifier with separate
heaters and cathodes.
RCA-5691-—-High-Mu Twin
Triode. Similar to the RCA-
6SL7-CGT, but has twice the
heater current.

RCA-5692 -Medium-Mu
Twin Triode. Similar to the
RCA-6SN7-GTB.
RCA-5693—_—Sharp-Cufoff
Pentode. Similar to the
RCA6S8J7. § -

ELECTIiON :%TUBES ‘

RADIO CORPORATION OF AMERICA

78 Want mare information? Use post tard on last page.
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\/OW...SEALED DEPENDABILITY _ |

IN AN EXCLUSIVE
DOUBLE-POLE SWITCH

2

New
FLEC

1RO sﬂﬁp

MODEL J2-4
ACTUAL SIZE

i HERMETICALLY-SEALED

"DOUBLE-POLE SWITCH

Seals Out Moisture, Dirt, Oil, Corrosion,
Condensation from Temperature Cycling

With switch mechanism hermetical-
ly-sealed in a dry, inert gas, switch
is dependable at any altitude, mois-
ture or temperature condition. Use
it on aircraft, machines where oil
is a problem, in areas subject to
freezing or extreme heat or corro-
sive aotmospheres.

Controls FOUR Circuits with ONE Snap

Eight separate conlacts and termi-

—~ - nals permit many unusuval circuit

=5 combinations. May be wired ex-

SOLENOID ternally for D.P.D.T., 2 circuit; D.P.-
——) S.T., normally open; D.P.S.T., nor-

W@ mally closed. Movable poles may

also be wired externally in series

to increase current capacity of

switch or number of contact breaks
for high voltage switching.

Eliminates Expensive and Bulky Relays,
Extra Switches

J2-4 can control circuit combina-
tions that were tormerly possible
only with cpmplicated relays or a
number of separate switches. Saves
money, weight and space.

SPECIFICATIONS

Electrical Rating—10 amps @ 125/250v
AC/ 30v DC Ind.

Operating Force—2Y) Ibs.
Weight—2Y; oz. {4 oz. with actuvator)

TOGGLE ACTUATOR

or tary ) can be
furnished on switch. Fits AN-type tog-
gle switch mountings.

Starts, Stops or Reverses Three-Phase Motors

SUTER Simultaneous action of two movable
€ SealeD poles permits switch to break or
1,

CAsE
ot reverse current flow through two

d
Al

THREE ] o windings of a three-phase motor.
’I’:;&‘ SIS o Mc?vuble p.oles ore'in'erlocked by
P unique design of switching mechan-
MECHANISM ism, eliminating need of adjust-
ment.
MOTOR

p==ewsWRITE FOR CATALOG DETAILSmmmmas
1 ]
8 ELECTRO-SNAP SWITCH & MFG. COMPAN.Y R :
: Attention HIN-3 ® 4226 Lake Street, Chicago 24 “ 2
: Please send full information on new J}2-4 Hermeticolly-Sealed :
8 Simultaneous Double-Pole Switch. :

1
: Name........... AR, S . LS YT A swdic's acdd e T :
1 u
] 1
A Company’. . ..y, e Fws Soue al s g BG4 b e irrng ik wpes § iy e g
] ]
| I T T ]
[ ] L]
1 [ ]
b [CitysermmrrereEeeEE e 3 9e Zone....State. .. ............ 2
1 ]
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SCHEMATIC DIAGRAM OF SOLA CIRCUIT modified to supply regulated
plate and filament vollages. Regulation on one stepped-up output and two

YOU GET VOLTAGE REGULATION AND MORE FROM A SOLA:

stepped-down outputs is within 3% for input variations of ==13%. Other
units available regulate as close as =1% for input variations of *=15%,.

Closely Regulated Voltage Plus
Transformer Step-Up or Step-Down with
Sola Constant Voltage Transformers

Today’s complex electrical and electronic equipment,
with its narrow limits for adequate performance, makes
a fixed level of input voltage virtually essential. There
are many fine voltage regulators available for this duty
alone. However, the Sola Constant Voltage Transformer
delivers one-to-one, stepped-up, or stepped-down volt-
ages closely regulated. One Sola unit may replace both
voltage-regulating circuit or component, and conven-
tional power transformer.

The Sola Constant Voltage Transformer is a static-

SO LA Gty

P mrr—————

magnetic voltage regulator. It offers many important
advantages over other stabilizers which depend solely
upon saturation of core materials for their regulating
action; or electronic types employing tubes.

To meet the exatt requirements of many load devices
or service conditions, Sola voltage regulators are avail-
able in stock models, or custom designs in production
quantities. Your Sola representative will be happy to
provide you with information on their feasibility for your
particular application.

Write for Bulletin 7C-CV-170
SOLA ELECTRIC CO.
4633 W. 16th Street
Chicago 50, (llinois

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, lllinois, Blshop 2-1414 ¢ NEW YORK 35: 103 E.
125th St., TRofalgar 6-6464 ® PHILADELPHIA: Commercial Trust Bidg., Rlttenhouse 6-4988 ® BOSTON: 272 Centre Street, Newton 58, Mass.,
Blgelow 4-3354 ® CLEVELAND 15: 1836 Fuclid Ave., PRospect 1-6400 ® KANSAS CITY 2, MO.: 406 W. 34th St., Jefferson 4382 ® LOS ‘AN.GELES.2'3:
3138 E. Olympic Blvd., ANgelus 9-9431 ® TORONTO 17, ONTARIO: 102 Laird Drive, Mayfair 4554 ® Representatives in Other Principal Cities i

80 Want more information? Use post card on last page.
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DESCRIPTION
Collins 66J consists of

an outer case coated
with a conducting
black finish, a cor-
rugated liner of plated
beryllium copper and
a base liner of the
same material.

It is available for both
backfitting and new
equipment applications
in 7-pin and 9-pin
short, medium and
long miniature

tube sizes.

L

“\’

BULB TEMPERATURE ©°C

Shiny JAN Shield

Collins 66) Shield
7.4 watts dissipated free
T—envelope side near top * M—envelcpe middle * B—envelope side nearbase

Commercial Shield A

COLLINS RADIO COMPANY

Collins New 66) heat
reduction tube shields +

€ = e e - - ot ot 2o - oae e ot e s st o e -
\

Inerease
equipment
reliability

by reducing bulb

temperature to
55% of former values

More than half of equipment failures are
attributed to tube failure, a primary cause
of which is heat.

Now you can buy reliability insurance at a

practical cost with Collins new 66] Heat Reduction
Tube Shield, which reduces bulb hot spot
temperature rise above ambient to 55 per cent of
the valuc obtained with JAN shields. The 66J
not only protects at the top and middle of the
bulb, but also in the critical base area where
electrolysis occurs.

The shield is interchangeable with the standard
JAN shield, and therefore can be used in current
designs and on a retrofit basis without modification.
Due to the resiliency of its beryllium copper

liner, it provides improved protection against

855 35th St. N.E, CEDAR RAPIDS, IOWA

See the 66J Tube Shield and other new Collins
products at the New York IRE Show, March 19-22,

ELECTRONICS — March, 1256

WA americanradiohistory com

1930 Hi-Line Drive, DALLAS 2, TEXAS

2700 West Olive Avenue, BURBANK, CALIFORNIA
261 Madison Avenue, NEW YORK 16, NEW YORK
1200 18th Street NW, WASHINGTON, D.C,

shock and vibration — another guard against failure.
Write to the Collins office nearest you for
price and technical data.
\__4
COLLINS RADIO COMPANY OF CANADA, LTD.,
{1 Bermondsey Rd., TORONTO 1§, ONTARIO
COLLINS RADIO CO. OF ENGLAND, LTD.

*Patent Pending
Sunflex Works, Colham Mill Road, WEST DR'AYTON, MIDDLESEX, ENGLAND

Want more information? Use post card on last page. 81



TAYLOR

Laminated Plastics
Vulcanized Fibre

Tips for designers

Flippers for loose-leaf binders are made of
economical Taylor Vulcanized Fibre . . . affording
added rigidity and good protection for the paper
pages.

Large exhaust fans use Taylor Paper Base
Phenolic washers to help absorb thrust . ., an inex-
pensive arrangement, with long life.

j
Radio antennas for the colorful, new cars may

be made from equally colorful Taylor Polyester
Glass Rod, with a copper wire center.

. g ;b\
Self-balancing servo motor has stator case

insulator which is cold-punched from %" thick
Taylor Paper Base Phenolic Laminate sheet,

VISIT WITH TAYLOR
AT THE I.R.E. SHOW

Qualified technical personnel
will be on hand in the Taylor
booth (#675) at the . R.E. Show
in New York’s Kingsbridge
Armory, March 19 through 22.
Visit with Taylor while you’re
at the show and discuss your
application requirements as well
as the latest advancements in
high-performance laminates.

82

Shap Talk

TAYLOR

FIBRE CO.

Plants in Norristown, Pa. and La Verne, Calif.
PHENOL—MELAMINE—SILICONE—EPOXY LAMINATES COMBINATION LAMINATES ¢« VULCANIZED FIBRE o POLYESTER GLASS ROD

This impeller shaft, used in the famous Hotpoint Dishwasher, is easily

and economically fabricated from Taylor Paper Base Phenolic Tubing.

Fabrication ease

- when you use

Economy-minded designers and
production managers are discov-
ering plus qualities in the ex-
cellent fabricating properties of
Taylor phenol, melamine, silicone
and epoxy laminates. In addition,
the large sheet size and choice of
forms in which these materials are
supplied make for further econ-
omy in utilization . through
maximum yield of purchased
stock.

This outstanding ease of fabrica-
tion is not happenstance . . . for
all Taylor laminates are the result
of resin formulations and produc-
tion techniques designed to facili-
tate economical conversion to
completed parts. Punching, stak-
ing, milling, sawing, drilling . . .
you’ll find it’s easier when you use
a Taylor basic material.

Want more information? Use post card on last page.

www_americanradiohistorv com

holds down costs

Taylor laminates

Included in the broad selection of
Taylor laminates are a great va-
riety of different bases and dif-
ferent grades . . . each with its own
combination of electrical and
physical properties, qualifying it
for a specific application at a rea-
sonable price.

And, here’s another plus! Your
production problems can be sim-
plified . . . schedules safeguarded
... inventory headaches cured . . .
and overall costs reduced . . . by
having your finished parts pre-
pared to your specifications in the
Taylor Fabricating Division. Val-
uable experience coupled with
complete facilities are ready to
serve you. Call on Taylor for a
discussion of your particular re-

quirements.,
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WATTAGE
H-H Rheostats

3
1,\ ow the full Hardwick, Hindle line
includes H-50, H-75, H-100, H-150,
H-225, H-300, H-500, H-750 and
H-1000.

Our H-50 -75 -100 and -150 watt models  added new features including our recently
have established in the field a great reputation ~ patented contact arm.
for unusual ruggedness under abnormal con-

All are designed to comply with current stand-
ditions. They have proved themselves to be & By

. : ards of: —
thoroughly dependable in service. « Military Specifications MIL-R-22
Their many improvements are all incorpo- ¢ R.E.T.M.A. o N.E.M.A.
rated in these 5 new models, together with ¢ Underwriters’ Laboratories, Inc.

Write today for Rheostat Bulletin 355

HARDWICK, HINDLE, INC.

Rheostats and Resistors ° NEWARK 5, N.J., U.S.A,

The mark of quality for more than a quarter of a century

ELECTRONICS — March, 1956 Want more information? Use post card on last page. 83
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-hp- 608D vhf
Signal Generator

10 to 420 MC, lugh-
est stability. Very low
incidental FM or fre-
quency drift. Cali-
brated output 0.1 uv
to 0.5 v full range.
Crystal calibrator fre-
quency check accurate within 0.01% each
5 MC. Master oscillator, intermediate and
output amplifier circuit. Premium quality
performance, direct frequency and output
calibration. $1,050.00

-hp- 608C vhf
Signal Generator

10 to 480 MC. High
power output (1 v
max.). Master oscil-
lator-power amplitier
output circuit. Direct

i B calibration of fre-
quency and output power. Constant inter-
nal impedance, broad modulation capabili-
ties. Ideal for measuring gain, selectivity,
sensitivity or image rejection of receivers.
amplifiers, other vhf equipment. Also drives
bridges, slotted lines, antennas, etc. $950.00

-hp- 612A uhf
Signal Generator

450 to 1,220 MC.
Master oscillator—
power amplifier gen-
erator for uhf and TV
measurements in-
cluding gain, selec-
tivity, sensitivity, im-
age rcjection. Directly set and read; no
charts or interpolation. Low incidental FM
high quality broad band sine wave or TV
modulation to 5 MC. Pulse modulation,
good rf pulses 0.2 usec or longer. $1,200.00

Direct reading, wide range,

SIGNAL

World’s most complete

NEW! 10 to 21 KMC

-hp- 626A/628A shf Signal Generators

10 mw output. SWR 1.2

High accuracy, high stability
Direct output, frequency control
No calibration charts required

Wide modulation, pulsing facilities

and mode selection.

Frequency Range: -/p- 62GA, 10 to 15 KMC, -hp- 628A, 15
to 21 KMC. One band. Automatic repeller voltage tracking

Frequency Calibration: Direct. Accuracy better than += 19,
Output Range: 10 mw to 1 suw. (4 10 dbm to —90 dbm,
0 dbm = 1 mw) SWR bhetter than 1.2 at 0 dbm and lower.
Output Accuracy: Dctter than =
Modulation: Internal or external pulse, FM, square wave.

Internal Pulse Modulation: Repctition rate variable 40 to
4,000 pps; pulse width variable 0.5 to 10 uscc.

BRIEF SPECIFICATIONS -hp- 626A/628A

Sync Out: Signals: 20 to 50 v into 1,000 ohms; rise time bet-
ter than 1 usec.

a. Simultaneous with rf pulse.

1 db.

Modulation:
Internal Square Wave: Variable 40 to 4,000 cps.

b. Advance of f pulse 3 to 300 usec.
External Sync: a. Sine wave 40 to 4,000 cps, amplitude 5 to

S0 v rms.

. Pulse: 0 to 4,000 pps, amplitude 5 to 50 v

rms. Pulse width 0.5 to 5 @sec, rise time
0.1 to 1 psec.

COMPLETE

COVERAGE

I HEWLETT-PACKARD

84
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-hp- 614A/616A
vhf Signal
Generators

800 to 2,100 MC
(614A); 1,800 to
4,600 MC (616A).
Frequency accuracy
+ 1%, calibrated output © to —127 dbm,
output accuracy *+ 1db, —10to-—127 dbm.
Provides internal or externul pulse modula-
tion, also FM, CW and squeare wave output.
Simple opcration, dircct tuning, no cali-
bration charts. $1,950.00.

-hp- 618B shf
4| Signal Generator

3,800 to 7,600 MC.
Frequency accuracy
*1%, 0 to —127
dbm. Output accura-

+2 db, —7 to
—127 dbmi. SWR 2. Offers internal and ex-
ternal pulse and square wave modulation,
internal saw-tooth FM sweep, external FM,
and CW. Rep rate variable 40 to 4,000 pps,
variable pulse widths, pulse sync circuits.
$2,250.00

-hp- 620A sht
Signal
Generator

7,000 to 11,000
MC, output 0.1 pv
) to 0.071 v into 50
ohm load. Virtually identical to -hp- 618B
in operation, circuitry, convenience features.
Carrier frequency directly set and read; no
voltage adjustment during operation. Rf
output also directly set and read; no cali-
bration charts or frequency correction. Com-
pact; quality construction. $2,250.00.

high power, outstanding value!

GENERATORS

high quality line

New -hp- 626A/628A are the first commercial signal
generators to bring to the 10-to-21 KMC range the wide
range, high power, direct-reading convenience and accu-
racy heretofore available only at lower frequencies.

Operation of the new instruments is identical with that
of other -hp- generators. Frequencies are directly set and
read on a single tuning dial. No calibration charts are re-
quired. Output voltage is directly set and read, and the
unique 10 db output is 10 to 20 db better than that pro-
vided by the best spot-frequency generators now available.
SWR is extremely low—better than 1.2 at 0 dbm and
lower. Internal pulse, {fm, or square wave modulation is
provided, as well as facilities for external pulse and FM
modulation. Both instruments employ a rotary vane atten-
uator which is unaffected by temperature or humidiry.

vhf versatility for shf

The wide range, high stability and accuracy of -hp- 626A/
628A make them ideal for almost all types of microwave
measurements requiring precisely known and controlled
shf signals. The instruments are particularly designed for
speed and convenience in microwave receiver sensitivity
measurements, in determining selectivity or rejection, sig-
nal-to-noise ratio, SWR and antenna gain.

Data subject to change without notice. Prices f.0.b. factory.

See your -bp- field engineer or write direct for details

HEWLETT-PACKARD COMPANY

3329A PAGE MILL ROAD =+ PALO ALTO, CALIFORNIA, U.S. A.
Cable "*HEWPACK"
Field engineers in all principal areas

Internal FM: At power line frequency, deviation to =5 MC.
External Pulse: Requires amplitude 15 to 70 v peak, pos. or neg.;
width 0.5 to 2,500 psec.
External Frequency: Capacitive coupling to klystron repeller.
Max. deviation approx. =5 MC.
Output Cannector: Waveguide, flat cover flange. -hp- 626A, 0.850"
x 0.475" (WR-75), -hp- 628A, 0.590” x 0.335"” (WR-51).
Power: 115 v =10%, 50/G0 cps, approx. 200 watts.
Size: 19” wide, 14" high, 13" deep. Net wt. 65 lbs.
Price: -hp- 626A, $3,250.00; -hp- 628A, $3,000.00.

HEWLETT-PACKARD COMPANY
3329A PAGE MILL ROAD - PALO ALTO, CALIF.

Please send information on:

INSTRUMENTS

COMPLETE
COVERAGE

f
|
I J é6o08cC ] 608D ] 612A 1 614A
|
i 0 616A ] 6188 [ 620aA [ 626A/628A
|
Name §
| — I B i W
} Company_ S — = e
| Street_ S —— . _
|
| City Zone  State.
|
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THE "150"” DESIGN CONCEPT

1. A sysitem staris with

on 8-, 6-, 4-, 2- or V-chonnel
‘basic assembly which Includes
a complete recorder
assembly, and o Driver
Amplifier and

Power Supply (A) for
2ach channel.
2. To | this basic

interchangeable
plug-in type
preamplifiers (B) according
to the measurement
requirements,

AC or DC Signals,

e balanced or single.

ended, with sensi-

j”i".

@‘ tivity of 1 mv to "J
*..Q 2v/em (AC), 1 mv . ‘ L& "
< to 2 v/mm (DC). . &

AC.DC Preamp LOG-AUDIO Preamp

Logarithmic Level Signals

Avudio signals (20
cycles to 20 KC) or
DC voltages record-
ed
fashion on 50
decibel chart.

in logarithmic

HERE’S E&i‘_‘
oscillog ra‘t)%lc Hemomcss
RECORDING VERS.

A Sanborn 150 Series’” System
can be set up to record any of these
inputs in any of the channels

STRA‘ED

n 451

WOW .
Y

Y

]

L 5%

Higher Level Signals,

where maximum

< sensitivity of

. 1 v/em, and input
‘! i ﬂ&‘ impedance of about
L o & 200,000 ohms are

adequate.
INPUT COUPLING NETWORK

Magnitude and Direction
of Physical Variables,

) with variable re- |
#

sistance, différen-

& ? eg tial transformer or i !
v e variable reluctance e
e -

transducers.

CARRIER Preamp

AC Voltage Components
Ve

A o .
LOW LEVEL Preamp
— SRR S -
i

in phase or 180° out

Extremely Low Voltages
‘and Currents,

at sensitivifies of
100 uv and 1 pa per
(with external
100
cycles), by means

of DC chopper

cm.

shunt of

circuit,

~ RMS Values of
AC Voltages, Currents,

. »
o from 25-250 volts,
f &l
Q:‘: 0 ‘d 50 ma =~ 1 amp.
L e a- 8

i

YOLT /AMMETER Preamp

Low Level Signals,

with extreme sta-
bility,
and greater band-
width than with
150-1500 Low

Level

high gain,

Preamplifier.

b
|
|

> - w—‘ of phase with a ‘l-. " .
.@3. - p i _@ reference  voltage ' il e \
\ f '.'—-"‘ Y (e.g., servo error a3 "‘4

\X' 3 ¥ signal) I 3 0‘

» gnal). ®
SERVO MONITOR Preomp STABILIZED DC Preamp
DC Signals
(push-pull, single-

ended or difference

; “ between two). | ’ ‘
- B . v . i
’ﬁ asic sensitivity
" 50 mv/cm to 50 | %
e v/cm |
AC

L.}
S
OC COUPLING Preamp

o °6‘
a;;

3‘33

[ WATTMETER Preamp

ND, in addition to this great versatility, equally valuable
to the user are the basic design features of Sanborn
oscillographic recording systems, many of them available
only in Sanborn equipment. They include inkless recording
in true rectangular co-ordinates; improved overall linearity;
numerous chart speeds: a choice of vertical mobile-cabinet

or portable-case packaging; availability of 2-, 4-, 6- and 8-

channel systems especially designed for recording analog
computer outputs.

SANBORN COMPANY,

86

CAMBRIDGE 39,
MASSACHUSETTS

| Average Value of AC Watts
in a Circuit,

in ranges from 25
volts x 40 ma to
250 volts x 2 amps.
(with internal multi-

pliers and shunts

which can handle
up to 4 amps).

Sanborn engineers
will be glad to help
you select the equip-
ment best suited to
your needs. Contact
them with confi-
dence, and ask for a
copy of the new and
complete*‘150Series’’
catalog.

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

FREQUENCY DEVIATION Preamp

Symmetric or Asymmetric
Wave Form Inputs,

- * L in 350-450 cycles

. a . (2 cycles/mm) and
I a‘rﬂ 375-425 cycles (1
_\i . @ cycle/mm) ranges.

e T

ED
NTRO°“° )
§ at IR E. “0:\*.?:

COMPLETE, SELF-CONTAINED EIGHT-
CHANNEL SYSTEM ADDED TO 150 SERIES

Model 158-5490 is intended
primarily for use with analog
computers but capable of
other types of recarding.
Features include

0.1v fcm sensitivity,
push-pull or
single-ended input,

5 meg. input

impedance each

input lead to ground.
Frequency response is
flat to 20 cps, down

2 db at 60 cps for all
amplitudes to

4 ¢m peak to peak.

4
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Dimensions: 10%” long
x 3%"” deep x 63" high
over converter.

Other Brown components
for servo circuits

Brown Convertors

Long-lived, low-noise,
thoroughly shielded
“choppers” for d-c to
a-¢ conversion. SPDT
switching action.
Applicable to voltages
as small as 1 x 10-8.
For 25, 40, 60, 400
cycles. Prices from
$35.75.

Brown Servo Motors

2-phase reversible
motors. High torque.
Fully enclosed. Self-
lubricating. No-load
speeds of 27, H4, 167,
333, and 1650 rpm
available. Operate
from 115-volts,
60-cycles. Numerous
variations in pinion,
shaft, leadwires, and
materials available for
special requirements.
Prices from $40.50.

Provep in thousands of ElectroniK instruments, Brown Amplifiers
are now available as separate units for use in servo circuits.

As a basic link in the servo loop, the Brown Amplifier takes a d-¢ micro-
volt input signal, converts it to a-c, and amplifies it sufficiently to drive
a two-phase balancing motor. The unit is readily adaptable to any
number of measuring, balancing, and positioning applications.
Extremely low stray pick-up, excellent stability, optimum sensitivity,
and fast response are outstanding design features. Three stages of voltage
amplification are followed by the power output-phase discriminator
stage, which supplies the required power for a two-phase reversible
balancing motor.

Typical applications include: computers, integrators, photometer shutter
movement, grid bias adjustment, null positioning, coordinate trans-
formation.

SELECT FROM THESE BASIC MODELS

Sensitivity Nominal Input Impedance
Gain (Microvolts) (Ohms)
104 4.0 400, 2200, 120,000*
4 x 10% 1.0 400, 7000
12 x 10° 0.4 400, 2200, 7000
40 x 10¢ 0.1 2200

*Special for high impedance sources.

Power supply—115 v, 60 cycles (fused power
line).

Output—2 to 18 ma. into 12,000 ohm load.

Sensttivity—Continuously variable screwdriver
adjustment. Recessed slot protects setting.

Mounting—Operation unaffected by mounting
position.

Optional Features—(a) thermocouple burnout
protection, (b) without desensitizing ad just-
ment, (c) parallel T feedback, (d) velocity
damping, (e) special connecting cables and
plugs, (f) without tubes, shields, and con-
verter, (g) for 25 cycles, (h) 220-110 volt
transformers.

Order now! Write or phone for immediate quotation. Fast, dependable delivery.
Priced as low as $98.50. (Even more attractive prices on quantity purchases.)

MiNNEaPOLIS-HONEYWELL REGULATOR Co., Industrial Division, 4428
Wayne Avenue, Philadelphia 44, Pa.

Honeywell

Fustr e Couttinls-

Want more information? Use post card on last page. 87

Prices and specifications sub-
ject to change without notice.
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A B L O C°

VERSATILE BATTERY

~ OUTLAST
' CONVENTION
AL BATTERIES

SMALL
DIMENSIONS
BUT BIG

PEAK RATINGS

DISCHARGE
RATES UP TO
20 TIMES

CAPACITY VERY FLAT

DISCHARGE
CURVE

UNHARMED
BY VIBRATION,
SHOCK,
SHORT-

CIRCUITS WITHSTANDS
TEMPERATURES
-40°C to

+160°C

MAINTEN-
ANCE

g

OUTPERFORMS ANY BATTERY AVAILABLE IN
U. S. TODAY <

For the first time VOLTABLOC'S® hermetically sealed

cells make proctical the application of rechargeable

hermetically sealed, metal case is the seaet. They

cannot leak or gas—can be stored indefinitely in any

88

batteries in electronic design.

VOLTABLOC'S patenfed construction of sintered,

nickel and cadmium plates compressed tightly in a

AMERICA

Want more information? Use post card on last page.

state of charge or discharge.

Their high quality and outstanding characteristics
have introduced new standards of battery perform-
ance and economy. Send today 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 *—
THE HERMETICALLY SEALED BATTERY

wwWwW.americanradiohistonscom: e g n s
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A MESSAGE TO AMERICAN

INDUSTRY o

ONE OF A SERIES

After the Great Ford Foundation Gift...

What Still Remains To Be Done
To Provide Decent Faculty Pay

The Ford Foundation’s gift of a half bil-
lion dollars to our privately supported col-
leges, medical schools and hospitals, now
being distributed, is magnificent. But it
will be much more magnificent if it in-
spires completion of the job to which it
gives a lift. So far as the colleges and uni-
versities are concerned, this job is prima-
rily to rescue their faculty members from
being second-class citizens economically.

Even in a period when we have hecome ac-
customed to astronomical financial figures, a
half billion dollars remains an eye-popping
gift. In fact, it is so imposing that a good many
people who don’t read the fine print are apt to
conclude that it must just about solve the finan-
cial problem to which it is addressed.

Goes Only a Small Way

However, we have allowed college professors
to fall so far behind the parade financially that
the share of the Ford half hillion dollar gifi
going directly to the improvement of faculty
salaries ($210 million) will go only a small
way financially toward doing what is necessary
to provide adequale salaries.

Completion of this job for our privately

supported colleges and universities calls
for:

1. An increase in faculty salaries at least
five times as great as that made possible by

ELECTRONICS — March, 1956

the Ford gift merely to restore salaries to
their 1939 purchasing power level and an
increase fifteen times as great to provide
adequate salaries today.

2. Some difficult and courageous deci-
sions by the heads of the colleges and uni-
versities in apportioning the grants re-
ceived by them.

Terms of Gifts to Colleges

The $210 million of the Ford Foundation
gift going specifically to improve faculty sala-
ries is being distributed on the following basis:
Each of 615 privately supported, regionally ac-
credited liberal arts and science colleges and
universities receives a gift about equivalent to
its last year’s teaching payroll. For ten years
only the income from these gifts is to be devoted
to raising faculty salaries. After that all the
money can he spent in any way the institutions
receiving it see fit. There is no requirement that
universities having other than liberal arts and
science schools limit use of the gifts to improv-
ing salaries in these schools alone. They can
spread it right through all their faculties if they
wish.

In addition to the gift of $210 million
specifically directed to increasing faculty
salaries, another gift of $50 million goes to a
group of 126 institutions selected for spe-
cially noteworthy leadership in improving

89



What's Happened to College Fagulty Salaries®
INDEX (1940=100)

s 180
160 “
. 140
- 120
tawyers ( + 10%) —>
- 100
FACULTY MEMBERS (—5%)

80 R
YEAR 1558
EAL 1954

* Real Income before Taxes.

Source. Council for Financial Aid to Education;, U. 8. Dep’t of
Commerce: U. S. Dep't of Labor.

the status and pay of teachers. For these
schools the individual gifts add about 507
more to the amounts coming from the $210
million fund. They can be used to improve
faculty salaries if the institutions choose to
do so, but this is not required by the terms of
these gifts.

The $210 million plus the $50 million should
yield an income of $10-$13 million a year. Even
if all this is used to raise salaries, it will be
only a small step, however worthy, toward the
$200 million per year the colleges need to meet
their salary requirements adequately.

Helps Some Who Need It Most

In focussing its gift to improve faculty sala-
ries in privately supported liberal arts and sci-
ence colleges, the Ford Foundation aims at least
part of the help at the spot where it is most des-
perately needed. Numerous surveys have indi-
cated that the most poorly paid of all college
and university faculty members are those in
small, privately endowed liberal arts colleges.

But the overshadowing fact is that the
teachers in our colleges and universities as
a whole are badly underpaid. Just how badly
is indicated by the chart above which first ap-
peared in an earlier editorial. (Figures later
than those for 1954 are not available.)

90

The Ford gift will turn the indicator of fac-
ulty salaries, which now lies far below the gen-
eral salary trend, upward a few points. And it
will do this in some places where salaries are
below the wretched average shown by the chart.

But the Crucial Test Remains

College and university administrators will
have the opportunity to extend further the proc-
ess of getting the help provided by the Ford
Foundation gifts where it is most needed. In
general, this will mean giving it to senior fac-
ulty members, in order to hold experienced
teachers and make college teaching attractive
as a career. But to make such a division in many
schools will take extraordinary fortitude.

The crucial test of the success of the enter-
prise of the Ford Foundation in raising faculty
salaries will lie in whether it prompts the rest
of us — college alumni, individuals, business
firms and legislators alike — to see that it is a
great beginning, not a signal for a recess.

Even with the Ford gifts providing $ 10-
13 million a year, our privately supported
colleges and universities must have an in-
crease of about $190 million a year to
provide decent faculty salaries.

This is a job far beyond the capacity of
the Ford Foundation, imposing though
that is. It is a job far beyond the capacities
of a few hundred large corporations and a
few thousand wealthy individuals. If it is
to be done, it is a job at which all of us
must work with a will.

This message is one of a series prepared by the
McGraw-Hill Department of Economics to help
increase public knowledge and understanding
of important nationwide developments that are
of particular concern to the business and pro-
fessional community served by our industrial
and technical publications.

Permission is freely extended to newspapers,
groups or individuals to quote or reprint all or
parts of the teat.

PRESIDENT

McGRAW-HILL PUBLISHING COMPANY, INC.
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smallest, mightiest storage battery for

Wherever weight or space is a problem . . . audio, radio, TV and electronic equipment
electric power installation, maritime and aviation . . . applications are now possible with this
revolutionary, new silver-zinc storage battery developed by Yardney's world-wide team of

scientists and engineers . . .
Table of Yardney High-Rate Models

® MINIMUM WEIGHT AND SIZE — six times lighter | Yardney | Nominal | Peak Pulse | Weight| -H.  W. D .
and five times smaller than conventional Silvercel | Capacity| Dischatge [{ounces) (oll in inches) Used in
batteries of equal capacity HROI | 0.1AH| 3amps| 0.15|1.38] .61] 0.20] Instrumentation
® LOW INTERNAL RESISTANCE — designed to HROS | 0.5AH| 30 amps| 0.70| 1.52| 110 0.55| Telemetering
meet high current discharge requirements HRY | 1.0AH| 4Samps| 0.791.98| 1.08| 0.54] , Motor-Driven Recorders
2982861 1.72 0.59‘ Tow-Target Drones

® FLAT VOLTAGE CHARACTERISTIC — no discharge HR 3 J.0AH 75 amps
dip at any current drain to end of capacity HR 5 S.OAH| 75 amps| 4.24 |2.95|2.08 | 0.80] Photo-Flash, Camera Drives,

® HIGH SAFETY FACTOR — Spillage and leakage HR10 | 10AH| 220 amps| 7.88 | 4.78| 2.32| 0.74 Portable Lights, Missile Guidance

hazards eliminated; no fumes during charge R 20 | 20 AW | 500 amps| 13.82 |4.28 | 2.05 | 1.73] Missile Power Sources and
e dischorgs ygles HR 21 | 20 AH | 500 amps| 15.02 |7.56 | 2.31 | 0.81 Servo Controls

® MECHANICAL STRENGTH — High resistance to HR 40 40 AH | 600 amps| 23.20 [7.0 | 3.25| 0.9/, Torpedo Propulsion
shock, vibration, rapid acceleration and deceleration HR 60 | 60 AH | 1000 amps| 31.85 [4.50 | 2.75 | 2.38]" Portable TV

® WIDE TEMPERATURE RANGE — Efficient ot “HR 85 | 100 AH [1900 omps | 52.30 [9.44 [2.81 [1.81) Aircroft Power Sources
160° F. and as low as —60° F. HR 90 | 100 AH | 1800 amps| 51.40 | 7.0 [ 3.25] 2.16] Tow-Target Drones

HR 100 | 100 AH | 2000 amps | 44.10 [4.78 | 3.43 [ 2.79

Write for technical literature describing physical and electrical characteristics of the complete SILVERCEL line

A FEW NAMES FROM OUR SALES LEDGER:

U. 5. Army, Navy, Air Force, and Bureau of Standards, A.E.C., Bell Aircraft, Bendix Aviation,
Boeing Airplane, Clavite-Brush, C.B.S., Fox Movietone, Generatl Electric, Johns
Hopkins, lockheed Aircraft, North American Aviation, Philco, R.C.A.,

Raytheon, Republic Aviation, Sandia Corp., Sikorsky, Solar,

Vitro Corp., Westinghouse Electric and many others.

YARDNEY ELECTRIC CORPORATION

40 Leonard Street, New York 13, New York
“PIONEERS IN COMPACT POWER"

VISIT US AT THE I.R.E. SHOW — BOOTH 765, AIRBORNE AVE.

ELECTRONICS — March, 1956 Want more information? Use past card on last page.

wwwwamericanradiohistorvy. com =

91



Sim[mm panel instruments...

VOLTMITERS,
AMMETERS, MILLIAM.-
METERS, MICROAMME-
TERS, WATTMETERS, GAL-
VANOMETERS, VOLUME
LEVEL INDICATORS,
‘SEALED & RUGGEDIZED
METERS, METER
RELAYS

800 STOCK TYPES

«+« plus HUNDREDS MORE, custom-built
from standing tools -¥-

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.

b" " ‘ ' " Mm INSTRUMENTS THAT STAY ACCURATE

92 Want more information? Use post card on last page. March, 1956 — ELECTRONICS
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A 8
(A) NEW CORE TYPE—A superb new movement that is self shielded, (B8) EXTERNAL MAGNET. TYPE —The magnet
remarkably small and lightweight. Instruments now equipped withit  structure of this time-proven movement is an

meet the various Military Specifications for Sealed and Ruggedized independent part, permitting a choice of magnet
Meters. Shallow, medium, and deep sizes. material to match specific: requirements.

c D E
(C) DYNAMOMETER TYPE— {D) MOVING VANE TYPE— (E) NEW BIFILAR SUSPENSION
This fine movement features a  The preferred movement for - TYPE* — Represents a brilliant,

high torque to weight ratio.
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.

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

new adaptation of the D’Arsonval
principle with bifilar suspensions
that eliminates all friction due to
pivots and jewels.
*Simpson-Greibach Movement

- - :‘——Qoocon-—n
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= -
N WI/PAOH/ ELECTRIC COMPANY
5200 West Kinzie St., Chicago 44, lil. Phone: EStebrook 9-1121 50."‘ ANNIVERSARY

In Canada: Bach-Simpson, Lid., London, Ontario

Want more information? Use post card on last page.

IN THE INSTRUMENT. BUSINESS
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#o :

/%cc NTROL /AMP UNIT

Sexrvo trouble shooting

with the Solartron Transfer Function Analyser

® Tests AG, DC or ' Instability, backiash, underdamped response—all these
CALLICrISCRN0S problems can be identified, measured and rectified with

® Plots high aceuracy 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 been hailed in

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

3
noise & spurious frequencies ) ]
‘ For further information apply to :—
o Answel‘s G'M'l ﬁl‘e-contl‘ol, I M. E. Gerry and Co., 230 Bayard Road, Upper Derby, Pa. Tel: Philade!phia GR 6-2540.

simulator computop‘ vibpatiom Western Instrument Co., 826 North Victoria Boulevard, Burbank, Calif.
magamp énd a" SErVo pl‘oblems d Feedback Controls Inc., 1332 North Henry Street, Alexandria, Va.

. CANADA

o ‘ \ Computing Devices of Canada Ltd., 311 Richmond Road, Ottawa. Tel : Parkway 2-6541
T?HE SOLARTRON BELECTRONIC GROUP LTD.
Cables: Solartron, Thames Ditton. IjjAMEsl DITTON, SURREY, ENGLAND. Telephone : EMBerbrook 5522,

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



Build better radio and TV circuits with
low-price, high-resistance Corning LP Resistors

When we say these low-power resistors
are for radio and television circuits, we
hasten to add that you can afford to use
them.

Even though they’re the highest-
resistance range, low-power resistors
around, they're priced within the nar-
row limits dictated by such mass pro-
duction requirements as radio and TV.

Corning Low-Power Resistors are
designed for your toughest circuits.
They are stable and noninductive.
They are impervious to moisture and
dirt. The tough conductive metallic
oxides bonded to the glass blanks are
so rugged that special handling is never
required. As a result, you can often
cut down on handling costs and speed

up production—not to mention cut
down on rejects.

The tolerance of these low-power
resistors is within plus or minus 5 or
10%. Resistance spiralling is auto-
matic and is electronicatly controlled.
You can get these superlative Corning
Low-Power Resistors in the values
illustrated.

Power rating is based on 40° C.
ambient temperature for the 3-, 4-, and
5-watt sizes, and 25° C. ambient for
the 7-watt size. Our LP resistors oper-
ate to 150° C. ambient with derating.

For detailed speeifications, prices
and samples, use the reader service
number in this publication, or write to
us direct.

Other products for Electronics by Corning Components Department:

Fixed Glass Capacitors®, Transmitting Capacitors, Canned High-Capaci-
tance Capacitors, Subminiature Tab-Lead Capacitors, Special Combination
Capacitors, Direct-Traverse and Midget-Rotary Capacitors®, Metallized
Glass Inductances, Attenuator Plates. #Distribuied by Erie Resistor Corporation

ELECTRONICS — March, 1956

Ask for information on these
other Corning Resistors:

Type § ® Stable performance to 200°
C. Meet MIL-R-11804B specs. Values
to your order.

Type R ® High-power 2% or 5% re-
sistors, 7 to 115 watts. Range from 10
to 1,000,000 ohms.

Type H ® High-frequency 2% or 5%
tolerance—Standard ranges from 10
to 1,000,000 ohms and ratings from 7
to 140 watts.

Type HP ¢ High-power resistors. 17,
30, 70, and 150 watts. Tolerances of
2% or 5%. 20 to 500,000 ohms.

Type WC-5 ® Water cooled. Range—
35 to 300 ohms. Versatile and adapt-
able.

Type N ® Accurate grade. Made to
meet all  requirements of MIL-R-
10509A. Characteristic X and R.

CORNING GLASS WORKS, 94-3 Crystal Street CORNING, N. Y.

Components Department, Electrical Products Division #

Want more information? Use post card on last page.
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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 reliability,
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 %-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
AMPEX REDWDOD 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.

96 Want more information? Use post card on last page.
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TECHNICAL
PRODUCTS

EIIL IECTRONICS
AT WYWORX

The following pages show a
representative group of electronic
tools and systems for industry,
research, commerce and military
needs now being produced by
DuMont. These products are the
result of concentrated skills,
knowledge and experience drawn
from a wide variety of fields.

Du Mont also offers electronic
engineering services in
developing systems and solving
industrial problems. Products
and services offered by DuMont
represent ELECTRONICS AT WORK,
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featuring...

TYPE 350

Sets a new standard for general-
purpose cathode-ray oscillo-
graphs with many features of
high-cost laboratory instruments;
identical X- and Y- amplifiers; Y-
amplifier sensitivity 0.02 d-c
volts per inch; response extends
from d-c to within 30% at 150
kc; both amplifiers have internal,
independent calibration, four
decade from 0.8 to 1000 volts
full scale at each amplifier in-
put; exceptional stability pro-
vided by regulation of all oper-
ating potentials including high
voltage; wide sweep ranges with
beam gate; 3 kv acceleration
assures bright trace.

INEW INSTRUMENTS

TYPE 333

Dual-beam cathode-ray oscillo-
graph unparalleled in price for
performance; offers high-preci-
sion observation, comparison and
measurement of two related a-c
or d-c signals; has two complete
very-high-gain, stable vertical
amplifiers with response from d-c
to within 30% at 300 kc; 16
amplitude-measuring ranges on
both channels extend from 4 milli-
volts to 400 volts full scale; very
low drift is fess than 1 millivolt
per hour after warmup; high-level,
accurate, linear calibrated sweeps
range from 1 second per inch to
2 usec per inch.

TYPE 329-A

The last word in precision labora-
tory oscillography; amplifier rise
time .035 usec; response from d-c
to 3 db down at 10 mc; gain-band-
width switch permits choosing
full bandwiath, or double sensi-
tivity at reduced bandwidth; pre-
cisely-calibrated, continuously-
variable sweeps range from 1
second to 0.1 usec per major
scale division; variable rate notch
sweep permits writing rate in-
crease of selected portion of
sweep of up to 100 fimes on some
ranges; amplitude-calibration
system provides ranges, 0.2 to
400 volts full scale.

TYPE 345
AND

TYPE 2628

Large-screen 21-inch indicator,
Type 345, and Type 2628 Ampli-
fier and Sweep Adaptor together
make up a complete cathode-ray
oscillograph with excellent per-
formance; identical X- and Y-am-
plifiers; 80 millivolts drives beam
to limits vertically; hard-tube
sweeps have beam blanking;
sweep rates from 0.2 cps to 6.0
ke; rack-mounted 17 Type 345
Large-screen indicator can also be
used with Type 2628.
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TYPE 351

Wide-range pulse generator provides high-quality rectangular
pulses at 50 chms impedance; convenient calibration of width,
repetitien rate and amplitude; rise time 0.018 wusez; pulse
widths, 0.05 usec to 100 usec, with repetition rates up to 100
ke restricted only by a 10% duty cycle; automatic overload
protection; amplitude variable from 50 volt level to 60 db down
from this level in precise ¥ db steps; pulse shape independent
of attenuator setting; jitter-free trigger delay or advance
permits oscillograph sweep triggering before pulse,

And...

these new instruments...

Type 336-A d-c to 18 mc CRO

Type 340 d-c to 100 kc, identical amplifiers

Type 331 d-c to 4 mc, portable 3” CRO

Type 324 d-c to 300 kc, highly sensitive CRO

Type 300 Time Calibrator

Type 330 Electronic Switch

Type 326 1.5 to 10,000 usec Time Delay Generator

Type 346 Sensitive Amplifier-Voltmeter

Type 347 18 cps to 1.1 mc Extended-Range Oscillator

Type 348 Low distortion sinewave generator, 0.9 cps to 510 ke.

Type 349 Millimicrosecond pulse generator, pulse rise time of less
than 0.5 millimicrosecond

Type 2611  Line control unit

A complete line of oscillograph-
record cameras including...

Type 321-A  For moving film recording

Type 296 For economical 35 mm records

Type 298 For high-speed recording

Type 299 For general-purpose recording

Type 302 For print-a-minute, on-the-spot recording

Type 339 For print-a-minute recording from 3~ oscillograph



ENGINEERING
SERVICES

Du Mont’s more than 25 years experi-
ence in the design, development, andl
production of electronic tools are at
your disposal. Our engineering staff
stands ready for consultation on any
problem related to electronic instru-
mentation, systems engineering,
inspection, or production control.

The combined resources of Du Mont’s
Technical Products Division offer the
most extensive experience in electronic
and optical-electronic devices. For ex~
ample, DuMont solved the extremely
complex problem of counting irregu-
larly sized particles with the develop-
ment of the DuMont ICONUMERATOR
urea scanner. This instrument can
count up to 1,000,000 particles per
second. The unit is packaged as a sin-
gle console, and may be operated by
semi-skilled personnel.

A quite different industrial problem
found its solution in the Du Mont
PANTODRILL, a device which drills pre-
cision-located holes in sheet material
for such applications as the prepara-
tion of printed wiring boards. The ca-
pabilities of the PANTODRILL may be
seen in the fact that 100 holes, located
accurately to 0.005 inch, may be
drilled in 70 seconds.

These are but two recent examples of
the manner in which the technical
skills of Du Mont have been applied to
general industrial problems.

Learn how DuMont can help you,
Write, outlining your problem, to the
Industrial Sales Department, Allen B.
Du Mont Laboratories, Inc., 760 Bloom-
field Ave., Clifton, N. J.

CATHODE-RAY and
MULTIPLIER PHOTOTUBES

Unparalleled experience in application,
as well as design and manufacture of
cathode-ray tubes is yours when you
specify DuMont. Recent electricel and
mechanical developments kave added
many new fiypes to the comprehensive
Du Mont line. In addition to cur complete
line of RETMA tubes, Du Mont clso offers
facilities for the design, develcgment and
preduction of special tubes. Our applica-
tions engineering department is ready to
work with you on your own cathode-ray
tuke problem.

Du Mont makes available a wide selec-
tion of multiplier phototubes of all stand-
ard sizes and electrical characteristics to
meet practically any application. More-
over, DuMont will design and produce
multiplier phototubes having special
spectral, mechanical and electrical char-
acteristics to your specific requirements.

When it comes to cathode-ray or multiplier
phototubes — come to DuMont. If we
don’t have it, we'll make itl

Shown below are a few examples of DuMort Tubes
typifying the kroad range available...

TYPE 5AQP —Excellent resolution, freedom
from field distortion, and superb deflection
linearity characterize this electrostatically
deflected and focused, general-purpose medium-
voltage oscillographic tube.

TYPE 5ARP — Two wholly independent electron
guns in a single 5-inch tube represent a
substantial accomplishment since tracking errors,
field distortions and other problems associated
with multigun tubes are brought within

limits thoroughly compatible with laboratory-
quality, single-gun tubes.

TYPE K1207 — Magnetically deflected and
focused 5-inch tube. High light output and superb
spot size (Down to 1 mil under specific

operating conditions) make this outstanding tube
particularly well suited for industrial

flying-spot scanner applications.

TYPE 5BCP — One of DuMont's new line of
“space savers.” Magnetically deflected

and focused, this radar tube provides

savings of better than 30% in overall length
for applications where space is at a premium, but
where performance must not be compromised.
Other “space savers'’’ are available

with 7- and 12-inch diameters.

TYPE K1355 —5-inch electrostatically focused
and deflected tube for high-voltage
oscillography. Spiral intensifier and special

gun and deflection plate design permit
operation with A,A, ratios of up to 5 to 1
with minimum field distortions.

TYPE 6292 — Two-inch end window multiplier
phototube offers excellent sensitivity
combined with outstanding stability, cathode-
uniformity;, and excellent signal-to-noise ratio.

TYPE 6365 — %-inch diameter, end-window
type multiplier phototube offers all the features
such as excellent sensitivity, stability and
signal-to-noise ratio in a miniature envelope.

Du Mont offers stendard RETMA multiplier phototube types in
sizes from %'‘ to 5'’, and special sizes up to 16" or larger.

pUMONT

Write for complete catalog . . .
TECHNICAL PRODUCTS

Allen B. Du Mont Laboratories, Inc.
760 Bloomfield Avenue, Clifton, N. J.



COMPLETE LINE of INDUSTRIAL
TELEVISION SYSTEMS

Du Mont offers the first complete line of Industrial
Television equipment ranging from the simple, com-
pact,Tel-eye camera to ultra-high definition pickup sys-
tems, and systems for service in the areas of process

TEL-EYE CAMERA

Simple, compact, low-cost television
camera that utilizes ordinary TV receivers
as monitors. No larger than a 16mm
camera, and just as simple to operate.
Sets up in minutes—operates unattended.
Designed for the rugged use expected
of industrial tools.

MODERN

IMAGE-ORTHICON CAMERA

For the most critical industrial applica-
tions — the ultimate in precise, high
definition television pickup. Operates
under extremely low light conditions.
Proved dependable by both broadcasters
and industrial users. Available as single
or dual camera systems. Used with stand-
ard monitors.

MOBILE

COMMUNICATIONS

The fastest growing name in two-way radio for industrial
and emergency applications. DuMont offers a complete
line of equipment and accessories for mobile and fixed
installations in every available frequency range. Special
LP! (Low Power Industrial) units available for intra-plant

materials handling operations.

Advanced designs, plus superior workmanship have
resulted in equipment selected by the most critical buyers
as "‘the best buy.” Tell us your type of business and your
communications needs. We will send you literature and
quotations covering the necessary equipment.

Write for complete information on:

INDUSTRIAL TELEVISION SYSTEMS

inspection and control monitoring. A wide selection of
equipment and accessories plus the ability to design
and install the complete system results in custom-fitted
industrial television for every need.

VITASCAN CAMERA

The amazingly simple, inexpensive color
camera developed by Du Mont. Used by
broadcasters and industry alike as a
reliable, high-quality source of full-color
pickup. Costs a fraction of other color
systems in both initial costs and operat-
ing expenses. Designed for use in en-
closed areas of operation.

e TELEVISION BROADCAST EQUIPMENT

MOBILE COMMUNICATIONS AND EMERGENCY SERVICES ¢ FORWARD SCATTER SYSTEMS.

TECHNICAL PRODUCTS

WWwW-amerecanradiohistorn~—com

Allen B. DuMont Laboratories, Inc. 760 Bloomfield Ave., Clifton, N. J.



At WICO... Leesona coil winders
have long been standard equipment

Years of efficient,
economical performance

result in new
installation of No. 107

machines

For many years the Wico Electric
Company has enjoyed an enviable repu-
tation for its manufacture of magnetos,
distributors, complex ignilion systems
and other allied precision products. Dur-
ing that time the company has found
Leesona Coil Winders to be thoroughly
satisfactory in every respect, meeting
every need for fast, accurate, low-cost
winding on a wide range of jobs.

So when the time came to expand their
coil winding production, Wico made cer-
tain that their new machines would be
Leesonas.

These new machines are Leesona No.
107 Automatic Coil Winders, the last
word in automatic coil winder design,
which produce 4 to 30 compact, uniform
paper-insulated coils simultaneously —
in fastest time — with minimum opera-
tor attention.

Investigate

how Leesona No. 107’s in your own pro-
duction can eliminate human error, re-
duce wire breakage to a minimum and
cut production time to its shortest. The
coupon will bring you complete details,
together with other helpful coil winding
information. Why not check and mail it
today?

FOR WINDING COILS
IN QUANTITY ...  ACCURATELY
... AUTOMATICALLY ... USE
UNIVERSAL WINDING MACHINES

ELECTRONICS — March, 1956

Ness LeescnaMe. 107 A1t xmatic Coil Wimders,
sicwn in the tlant of Wico Elextric Cc mpany,
West Spraghek, Mass., “vere se ected because
of this 5ine’s leg, satisfactory experier e with
Leesonz 1achm es. Leesara No. 1C7 Winders,
f>aturingspa>d and acearacy in atonetic wind-
ing, are cratlimg miny pents ta bocs® sroduc-
t.on and eut ¢r5ts. Inset shows a cutevay of a
% co Model X~ M:gneto. Coil a- tep of unit is
recision wourc on Leescna No. 1C7's. L

See Us At the I.R.E. Show — Booths 560 and 562 Compenents Avenue

S

UNIVERSAL WINDING COMPANY

P. O. BOX 1605, PROVIDENCE 1, RHODE ISLAND, Dept. 123

D Bullatin on the new Leesona Pay-As-You-Profit Plans for purchasing or leasing modern

.....

..................

.................................

Please send me
D Bulletin on the Leesona No. 107 Avtomatic Coil Winder.
D Condersed catalog of Leesona Winders.

coil winding machinery.
NaOMB.ve vt sonesanmessasisasens hreesanenin
Company..oocveassaa et ieisaeeeseaniaes .
City voveos vossooanne P P

Want more informatian? Use post card on last page.
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Miniaturization
takes a big step forward
- as Driver-Harris
announces...

-®

\

What this development can mean to

resistor manufacturers is here dramatically
illustrated. The large wire-wound

resistor is rated at 1 megohm. The infinitely
smaller one, wound with .0005 Enameled
Driver-Harris Karma is rated at 1. megohms.

In this particular application 50% more

resistance or 4 megohm has been put on a ceramic
spindle 1/5 the size of the original bobbin.

Even though we have succeeded in drawing
Karma down to this fine size, its outstanding
electrical and physical properties are maintained.
Most important of these are:
o Low Temp. Coeff. of Resistance
less than + 20 parts per million
s Wider temperature range—65°C to 125°C
¢ Low thermal EMF against copper
(equalled only by Manganin)
¢ High tensile strength combined with lower
thermal expansion
e High resistance to oxidation
Add to these advantages the fact
that the final cost per ohm is lower than in
heavier sizes. Available now in commercial quantities.
Complete data mailed on request.

*T.M. Reg. U. S. Pat. OFF

D7"Z.1/€7"-Hél7/'7"l.s HARRISON, NEW JERSEY

COMPANY

leveland, 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 ALLDYS IN THE WORLD
See Us At The LR.E. Show Booth No. 607

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




@ RF INTERFERENCE SUPPRESSION FILTERS
G SALTRON

PLANTS IN FLUSHING, NEW YORK, AND LOS ANGELES, CALIF.

RF INTERFERENCE FILTERS + PULSE FORMING NETWORKS + CAPACITORS - DELAY LINES
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Standarc

3 MODERN

PLANTS

Offering Precision
Fabrication of:

STEEL
BRASS
ALUMINUM
COPPER
MU METAL

Ineluding:

CERTIFIED
ALLOY WELDING

CERTIFIED
SPOT WELDING

SILVER SOLDERING
BRAZING

@

Call or write for prices
on standard closures or
send drawings for quo-
tations on special parts
or sub-assemblies.

Ask for your copy
of the new Hudson Catalog

 TIME and MONEY

PRECISION DRAWN CLOSURES

® QUALITY METAL STAMPINGS

* SHEET METAL WORK

Want more Information? Use post card on last page.
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DES GNZRS OF THE GENERAL ELECTRIC COOKING MAGNETRON INSPECT A FINISHED TUBE

New deep-heating oscillator for food ovens
accents G-E leadership in magnetron tubes!

GL-6787

G~E u-h-f magnetron fo-
dielectric heating applicat ons

Frequency............815 mc
CW power output...... 2.5C0 w
Arode voltage, typical. .3,700 v
Arode current........ 1.1 amp

Independent research studies show that 915 mc—the frequency of
General Electric’s GL-6787 cooking magnetron—is in that area
of the spectrum where (1) cooking speed, (2) depth of heat penetra-
tion, combine for optimum efficiency.

This new tube, now in successful use, cooks fast—up to 600,
faster than conventional methods . . . it converts energy that will heat
deeply, uniformly. Designed and built by General Electric, the GL-6787
h:ghlights G.E.’s continued progress in magnetrons as applied to an
ever-widening list of commercial, industrial, and military circuits.

Since 1921, when G-E research pioneered magnetron tubes, General
Electric has developed magnetrons for many applications. Here is your
primary source for these tubes whose compactness and high electrical
efficiency adapt them ideally to modern electronic needs!

Commercial and military radar . . . . . dielectric heating of plastics,
glass, plywood . . . .. defrosting and cooking foods . . . .. the useful
applications of magnetrons are multiplying as new microwave equip-
ment is developed.

For magnetrons in equipment now on your boards—for advice on
magnetron applications—come to General Electric! 35 years’ ex-
perience in the magnetron field is yours on request. Twbe Department,
General Electric Company, Schenectady 5, New York.

Progress Is Our Most Important FProduct

GENERAL ELECTRIC

162-182

WAL americanradiohistornz.cam N



Hermetic’s men
are everywhere

Service is HERMETIC’'S component!

Whether you’re in Texas, Puerto Rico, Ohio or
Oregon — north, south, east or west — you'll find
a well qualified HerMmETIC Sales Representative
available to furnish the quickest and most economical
solution to your hermetic sealing problems.

Whether you require technical assistance, prices,
literature, samples or just desire a friendly,
sympathetic ear — a letter, wire or telephone call
to the HERMETIC man serving your area will
/ start the ball rolling in your direction.

i

. Hermetic Seal

%

M Products Company

E:
-‘/ 31 South 6th Street, Newark 7, New Jersey
California Associate; Glass-Solder Engineering, Pasadena
Upper N. Y. State  JERRY BOUTON i New England  GERALD J. MANGIACOTTI
327 Wellsley Rd., Syracuse, ) 33 Brandford Rd., Natick, Mass.
N. ], Western Pa,  KENNETH G. CROCKER ® ' Minnesota  ROBERT MARSHALL
39 Monroe Ave., East Orange, N. J. 6106 Excelsior Bivd., Minn. 16, Minn.
Ind., 1il., Southeastern Wisc.  KARL ENGLE ‘ S Ohio, Tenn.  AUGEY NATALINO
4724 No. Sheridan Rd., Chicago, Ii1. A _ 363 W. First St., Dayton 2, Ohio
Puerto Rico  PAUL FREEMAN - § Portland, Oregon  A. L. POLICH & ASSOC.
Hermetic Seal Products Co. 5860 S. W. 18th Ave., Portland, Oregon

Box 956, Rio Piedras, Puerto Rico

Export  B. FREUDENBERG, INC.
240 W. 98th St New York 25, N. Y.

- N Wash., Oregon, 1daho.  SEATRONICS, INC.
911 Western Ave., Seattle 4, Wash.

Conn., L.1,N.Y.C. LEON SINGER

Florida  JOSEPH W. GEORGE N e ;
Box 429, Pinellas Park, Florida - e
Southern Calif.  GLASS-SOLDER ENGINEERING Neb., Mo., Kan., North lowa  MELVIN SMITH .
300 N. Lake Ave., Pasadena, Calif. 1206 W. 63rd St., Kansas City, Mo.
Mid-Atlantic  J. J. MAGUIRE CO. Northern Calif.  JOHN STRIKER .
742 Investment Bldg., Washington 5, D. C. P. 0. Box 548, San Carlos, Calif.
Eastern Pa., Md.  VICTOR S. MALTA Michigan  TRI-ONIC SALES, INC.
1135 Slocum St., Philadelphia, Pa. 13331 Livernuis Ave., Detroit 38, Mich.

FIRST A ND FOREMOST I N MINITATURIZATION

102 Want more information? Use post card on last page. March, 1956 — ELECTRONICS
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Airpax manufacturers transformers with labora-
tory precision in production quantities. Engineers
who need expertly designed transformers regularly
send their specifications to Airpax.

The eight transformers shown here are typical
of the hundreds of designs that Airpax regularly
produces to customer requirements. These particu-
Iar units meet MIL-T-27A. We will gladly send
you copies of the drawings for them, which give
complete mechanical and electrical ratings. Other
Airpax transformers are going into industrial con-
trols and test equipment.

Airpax superiority is the result of two ingre-
dients: thorough design with attentior to every
detail, and careful production under close super-
vision. Transformers containing these ingredients

ELECTRONICS — March, 1956

Want more information? Use post card on last page.
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cost little more and take only a trifle longer to
design and build but give greatly improved per-
formance, which after all, is what interests you
most. Companies that value their reputation for
quality equipment buy transformers from Airpax.

When your equipment depends on an espe-
cially reliable transformer designed and manufac-
tured to the highest standards, turn to

(AAX

BALTIMORE 20, MD.

= _— ___—

= =
ENGINEERS

MIDDLE RIVER
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SORENSEN & COMPANY,

104

SORENSEN

ENGINEERS STANDARD MODELS
TO MEET SPECIAL REQUIREMENTS

MODEL 10008 — Avutomatic
wide-range electronic regula-
tion with the original Sorensen
frequency insensitive circuit in-
corporating the safety diode.
Regulation £0.1%.

MODEL MA1000S — For un-
attended installations requir-
ing extremely dependable
avtomatic line regulation.
This tubeless unit offers stable
long-life performance with
minimum maintenance. Regu-
lation +0.5% over wide fre-
quency range.

to illustrate this flexibility, engineers can

now choose from five 1000VA regulators!

,MODEL 1001

MODEL D1200SAN

MODEL MVR1000

MODEL 1000S

Want 1000VA capacity in a low cost magnetic voltage
regulator with 0.5% regulation? Then choose the new
Sorensen MVR1000; compact, economical. Need
1000VA, but with 0.01% regulation? Then choose
Model 1001. For any requirement, any application,
there’s a Sorensen 1000VA unit engineered with you
in mind.

And the same thing is true for practically any specified
requirement in the field of regulated power — what-
ever you need, Sorensen makes it now or will make it
to do exactly the job you want done, within the limits
of your particular application. Sorensen offers you the
widest possible range characteristics. For research or
industry, call on Sorensen — the world’s authority on

regulated power.

SEND FOR 1956 CONDENSED CATALOG
New and more complete — gives condensed specifica-
tions on a wide range of units for a variety of appli-
cations. Be sure you have all available information
when you specify — send for your copy today!

MODEL 1001 — Developed
from unique, dependable
Sorensen regulating circuit,
refined for ultra-precise
+0.01% regulation.

MODEL D1200SAN —
=+0.25% regulation for 400
cycle industrial and aircraft
requirements up to 1200VA.

MODEL MVR1000 — New low
cost compact magnetic voltage
regulator for less exacting
applications. Fully automatic
+0.5% regulation with fast
response time,

375 FAIRFIELD AVENUE, STAMFORD, CONN.

Want more information? Use post card on last page.
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MA6501 — tyaeless
0.01% regulated DC
supply; 6 and 2 volt
outputs,

ELECTROSTAT!C GEN-
ERATOR for lab or in-
dustrial highavcltage
applications.

*
MA1000S — -Lbe ess,
dependable 1000VA
regulator, idecl for
unattended rsiclla-
tions,

-
.
@ ar

Sl o

MA100IS

SORENSEN & COMPANY,

ELECTROMICS — March, 1956

NEW PRODUCTS . . .

BROADER ENGINEERING HORIZONS FROM SORENSEN

375 FAIRFIELD AVENUE,

MR3215 5-32VDC AT 0-15 AMPS
new, tubeless, magnetic amplifier

WIDE RANGE REGULATED
DC POWER SUPPLY

for versatile, trouble-free performance
in countless design & test applications

Different outside . . . and inside! The latest design in
magnetic amplifier regulation. A silicon diode is used
as reference element and a transistor amplifier pro-
vides the control current for the magnetic amplifier.
Wide range, continuously adjustable voltage at high
current. Regulation =0.5% against line or load, ripple
1% RMS. Versatile, dependable, rugged, economical.

VISIT BOOTH 646 CIRCUITS AVENUE, L.R.E. SHOW

4 Also see these other new products plus computer power sup-
plies and Sorensen’s developments in industrial vltrasonics.

Want more information? Use post card on last page.
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PRODUCT OF
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The term "ScoTCHCAST” is a registered trademark of Minnesota Mining and Manufacturing Company, St. Paul 6, Minn. Export Sales Office: 99 Park Ave., New York 16, k)
N.Y. In Canada: P.O. Box 757.%.

106

| YL WiNDERS INC. | 4

At COIL WINDERS, INC.

Westbury, New York . ..

Before settling on “SCOTCHCAST” Resin
to encapsulate their coils, Coil Winders, Inc.,
Westbury, New York, tried many variations of
standard insulating methods. They wanted
something better than just good. They wanted
extremely high moisture resistance, superior
physical and electrical properties. So they cast
their lot (over 30,000 coils in the last year) with
“SCOTCHCAST”"!

“SCOTCHCAST” is a two-part liquid epoxy-
type resin which when combined with a suitable
hardener, quickly cures into a solid, shock-
resistant, moisture-resistant plastic. It is avail-

REG. U.S. PAT. OFF.

BRAND

ondon, Qntario.

Want more information? Use post card on last page.

REG. U.S. PAT. OFF,

BRAND

able with a wide range of properties, in rigid,
semi-rigid and flexible forms.

And remember this: Unlike other resins,
“SCOTCHCAST” sticks tight to terminals and
leads, most metals, plastics and conductors, yet
it’s unaffected by acids, alkalies, solvents, oils
and water.

For complete information, write Minnesota
Mining and Manufacturing Company, Dept.
CA-36. St. Paul 6, Minn. Learn how “SCOTCH-
CAST” can save you time and money, how it
can do things you’d never dream an insulating
material could do! Write today!

SCOTCHCAST Resin

£

>

www -americanradiohistorv-com

They cast their lot with SCOTCHCAST!

o
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DESIGN
RESEARCH

PROTOTYPE
DEVELOPMENT

MASS PRODUCTION

HALLE-SCOTT [Jromlirbasiy

ELECTRONICS

You can expect intelligent solution of your
design problems, with fast processing to
finished product, when you use the completely
integrated development and production
facilities of Hall-Scott Electronics. Advanced
electronic engineering, manufacture, and
assembly —including precision sheet metal
work —are all carried on under one roof in an
ultra-modern plant. Hall-Scott laboratories
include advanced condition, simulation,
electrical and mechanical testing equipment.
The shops are tooled for efficient production
of the most complex electronic equipment.

You can also expect the same high standards
that have made the name Hall-Scott
synonymous with dependability in research
and development for industry and
government over the past 40 years.

No matter what your electronic project may
be, write for complete information on how
Hall-Scott Electronics can assist you. ..
2950 North Ontario Street, Burbank,
California, Dept.| E-356.

Desk-top ”
Anal 1
. % Plug-in DC

Computer, 3 g
rapid and [ mplifier, a

i system
economical i

4 building-block.

system %
synthesis. w

Work now in process includes Ground Control Components for Missiles, Sensing Devices,
Electronic Analyzers, Transistorized Power Packages, Plug in DC Amplifiers, Pre-flight
Test Equipment, and Analog Computers.

Hall-Scott Motors Company, Electronics Division

Burbank, California

HALLSCOTY

Since 1909

ELECTRONICS — Ma,ch, 1956 Want more information? Use post card on last page.
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San,qamo is one of the most re-
specle(] names in the electrical in([uslry. For more than fifty
years Sangamo meters have measured e[oclricity with greal
accuracy, have roquired little maintenance, and have been easy
to test and repair. Meters and associated equipment are made

in the Sangamo Electric Company plant in Springfield. IHinois.

They salfeguard performance through good design for each
requirement. individual tests at various stages ol manulacture,
and careful selection of materials. Natvar 400 Extruded Vinyl
Tubing and Tape are used because of their uniformly good

electrical and p]\ysical properlies——particularly the abilily to

resist heat. oil. corrosive atmosphere and abrasion.

All Natvar flexible

insulations are uni-

formly dependable

no matter where or
when purchased.

They are available

. Natvar Products
either from vour

. Varnished cambric—cloth and tape
wholesalers’ stock or

Varnished canvas and duck
direct from our own.

v NATVAR corrorarion

FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION
TELEPHONE CABLE ADDRESS
RAHWAY 7-8800 NATVAR: RAHWAY, N. J,

201 RANDOLPH AVENUE e WOODBRIDGE, NEW JERSEY

Varnished silk and special rayon

Varnished—Silicone coated Fiberglas

Varnished papers—rope and kraft
® Slot cell combinations, Aboglas®
® Vinyl coated—varnished—lacquered
tubing and sleeving

Extruded vinyl tubing and tape

Styroflex(® flexible polystyrene tape

Extruded identification markers

Ask for Catalog No. 23

108 Want more information? Use post card on last page. March, 1956 — ELECTRONICS
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Mullard &2
P

Ultrasonic Equipmen

Drilling

Shaping

o
= 50 WATT ULTRASONIC DRILL 2 KW ULTRASONIC GENERATOR
E 7680 E 7696
o erlng Holes of any shape cut by Heavy duty low frequency
high speed reciprocating uftrasonic generator with
tool —Simple to operate — magnetostrictive trans-
as easy as a rotary drill. ducers for low frequency
| | Glass, ceramics, tungsten cleaning, soldering, tinning
nln carbide and many other and drilling. Output
brittle materials normally continuously variable in
difficult to machine can frequency between 10 and
now be shaped with the 30 KC/s. Power continuously
new Mullard 50 Watt Drill. variable up to 2 KW.

Mullard, pioneers in ultrasonics and in

the application of ultrasonic power

to Industry, now have available the

first complete range of ultrasonic

HF and LF generators that provide

from 50 Watts to 2 KW ultrasonic power at
frequencies in the range of 10 KC/s to 2 MC/s.
Mullard ultrasonic equipment is being successfully
used by Industry in such processes as the

tinning and soldering of aluminum without flux, rapid
cleaning of small engineered parts, drilling, shaping
and cutting brittle materials such as glass,

precious and semi-precious stones, ceramics and
tungsten carbide and many other materials.

In addition to these proved applications, high power
ultrasonics offers interesting possibilities in

research projects where cavitation phenomena or high
particle velocities are required. Research and
Development Departments desiring additional information,

RUGGED 50 WATT ULTRASONIC
POWER GENERATOR

Model E 7685 powers.
ultrasonic drill.

Model E 7595M powers
ultrasonic iron and
tinning bath.

ULTRASONIC SOLDERING IRON
MODEL E 7587M

are invited to visit us at the 1.R.E. Show ar write For fluxless soldering and
tinning of aluminum and
to the address below. other metals that form

refractory oxides. Soldering
Bath Model E 7588M,

3” Deep, %” in diameter,
also available.

ON DISPLAY ' RE SHOW Booths 831-833

Mll“al'd " SPECIALIZED ELECTRONIC EQUIPMENT

For further information write to Dept. E-3,
INTERNATIONAL ELECTRON’CS CORP-/SI Spring Street « New York 12, N. Y.

ELECTRONICS — March, 1956 Want more information? Use post card on last page. 109



INDIANA

PERMANENT MAGNET

DESIGN INFORMATION

HOW PERMANENT IS A PERMANENT MAGNET?

Permanent magnets are permanent. Proof
of permanence is substantiated by many
practical applications over long periods
of years.

The continued accuracy of some of the
most exacting scientific electrical measur-
inginstruments, or of the familiar house-
type, watt-hour meter depends upon a
permanent magnet.

The speedometer in your car, the mag-
neto in your power lawn mower, or your
wife’s magnetic knife rack in the kitchen
may be consigned to the junk pile in
time because of mechanical failure or
obsolescence . . but definitely not be-
cause of magnetic failure,

There is a common belief . . which is
incorrect . . that a permanent magnet
supports its external magnetic field by
dissipating some of its internal/ magnetic
energy. This definitely is not the case.

Adverse Factors on Remanent Mag-
netism. The magnetism of a permanent
magnet can be adversely affected by any
one, or a combination of, the following :

Elevated Temperatures can cause very
appreciable initial
losses in magnetism,
up to complete de-
magnetization, even
though metallurgical
properties are not af-
fected.

External Magnetic Fields from electro-
coils, high electrical
currents, or even
other permanent mag-
nets can partially or
completely demag-
netize the permanent
magnet, and ob-
viously, if the field is

sufficiently strong, completely reverse
the polarity.

Contact with Ferromagnetic Material by
a permanent magnet in such a way that
the normal internal field pattern is dis-

torted can adversely

affect the remanent
magnetism. This is
an important condi-
tion to avoid in the
handling of magnet-
ized magnets.

Changes in the Magnetic Circuit such as
to produce a larger air gap than that on
which it was initially magnetized, will re-
duce the strength of
e and itis not recovered
) by reassembly to the
—\’ original gap. A typical
radio loud-speaker
magnet, if removed
assembled without remagnetizing, may
lose as much as two thirds of its initial
strength.
Vibration and Shock
have little effect in !
remanent magnet-
ism has been af-
fected, losses can be recovered by remag-
netization.

This article is a condensed version of
ing the same title. Reprints of the full
length article are available on request.

For assistance in designing the most
efficient magnet for your product, con-
sult our design engineers—without ob-

the magnet instantly
from its associated steel circuit, then re-
most applications. %

In all of these \\\&7 ‘
cases where only the C;qé
arecently published feature article carry-
ligation, of course.

THE INDIANA STEEL PRODUCTS COMPANY

Valparaiso, Indiana

WORLD'S LARGEST MANUFACTURER OF PERMANENT MAGNETS

110

Want more information? Use post card on last page.

published for industrial and consumer

product engineers and designers

Magnetic Materials Exhibit at
IRE Radio Engineering Show

Members of the magnetic materials de-
sign and application engineering staff of
Indiana Steel Products Company will
man the company’s exhibit at the forth-
coming IRE Radio Engineering Show
inNew York, Monday, March 19 through
Thursday, March 22.

The exhibit, located in Booths 2 and
4 at Kingsbridge Palace, will feature a
full line of permanent magnets including
Cast Alnico . . Sintered Alnico . . In-
dox Ceramic Magnets..and Cunife.

New manual discusses selection
of permanent magnet materials

This newly pub-
lished, 12-page
manual entitled,
‘‘“Permanent
Magnet Mate-
rials and Their
Selection,”” dis-
cusses physical
and magnetic
characteristics
and the applications of Cast Alnico
Magnets (Grades I, 11, 11, 1V, V, VI,
X1I); Sintered Magnets (Alnico 11, 1V,
V, VI, Indalloy and Indox I); Ductile
Magnets (Cunico and Cunife I) and
Formed Magnets (Chromium and
Cobalt).

Also included is a selector-type chart
which lists magnetic characteristics, de-
sign factors, material characteristics, and
manufacturing methods and limitations
of the various magnetic materials. In
addition, special sections present a
“Glossary of Magnetic Terms” and a
list of magnetic “Symbols.”

Copies of this publication are avail-
able on request. Ask for Manual 5-A-3
on your company letterhead.

INDIANA
PERMANENT

MAGNETS

March, 1956 — ELECTRONICS



World's Largest Exclusive Producer of Toroidal Components

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




SILICON

(Transistor Grade)

GERMANIUM

(Transistor Grade)

- Now Sylvania is your Source for both -

-

L

“Sylvania for Semimet”

TN

LIGHTING .

IF YOU USE semimetals in your prod-
ucts, you will be glad to know that Sylvania
1s now a dependable source for both silicon
and germanium.

Sylvania’s new silicon facilities are produc-
ing the semimetal in needle and densified
forms, of spectrographic purity. Full produc-
tion is expected during the spring. At present,
transistor-grade samples are available for your
evaluation on a letterhead request basis.

Sylvania has long been a primary refiner of
high-purity germanium. Specifications include
ingot as-reduced (guaranteed 5 ohm cm re-
sistivity) and polycrystallineingot (guaranteed

minimum 30 ohm cm resistivity). Whichever
grade you prefer, you can be sure of continu-
ing high quality and uniformity when you
order from Sylvania.

Write for technical specifications and quo-
tations on Sylvania silicon and germanium.
Remember, too, that our engineering staff is
always ready to help you solve semimetal
application problems.

SyLvania ELectric Propucts INc.
1740 Broadway, New York 19, N. Y.

In Canada: Sylvania Electric (Canada) Ltd..
University Tower Bldg., Montreal, P. Q.

¥ SYLVANIA

RADIO .

Want more information? Use post card on last page.

ELECTRONICS

o TELEVISION .

ATOMIC ENERGY
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Variable Inductors

« inductance values up to 1000
henrys

e variable over a range of
+ 10%

e high @, small size

‘ \f i = * for low-frequency tuning
;*_w,“'. applications
L4

Want more information? Use post card on last page.

waww. americanradiohistory com

Molded Toroids

o inductance precision
within 1%

o high @ because molded
construction minimizes
distributed capacity

o subminiature to standard sizes
o compact and sturdy

Subminiature Adjustoroids

e precise continuous adjustment
of inductance over
a 10% range

» no external control current
needed

¢ hermetic sealing
o low cost

Encapsulated Toroids
— o hermetically sealed
— e highQ

o center mounting permits
stacking

o miniature to standard sizes

Crystal Filters
e nominal cost
o excellent delivery

o frequency range 50 kc to
5000 ke

o high stability

Tom Thumb Telemetering
Filters

o miniaturized for guided missiles
o high temperature stability

o designed to withstand shock
and vibration

» hermetically sealed

Delay Lines

o for audio and low radio
frequency applications

e constancy of time delay

o flat frequency response

o low insertion loss

13



now you see it

Hold 3 sheet of Formica
XXXP-26 to the tight. You
can pesitively identify it by
the fant though unmistak-
able watermark.

T ,pi\:"{

() CERFVIFTI Y

| paw I: OITIGH vaterma

The watermark now appearing in every
sheet of the new Formica XXXP-36 lam-
inated plastic positively and permanently
identifies it as the high IR, cold punching
sheet you purchased.

No other laminate carries such a seal of
guarantee, Only Formica XXXP-36 gives
you such a convenient visual check on

114

quality control throughout your entire cir-
cuit fabricating process.

Here’s why the new watermark is so
important to you: desigm engineers spe-
cify Formica XXXP-36 beeause it alone
offers the double value of {1} cold punch-
ing up to and including 5" thickness,
and (2) one million megohms insulation

Want more information? Use post card on last page.

resistance after 96 hours at 95° F at 90%
relative humidity. Obviously production
must be able to separate the cold punch-
ing XXXP-36 from the ordinary hot
punching grades, and this is done simply
by visual on-the-spot inspection.

The watermark is useful to electronics
manufacturers in many other ways, too.

Cold punching
high IR and
translucency
combined in new

KXXP-36

Formica’s new paper base XXXP-36 combines cold
punching with a million megohms insulation resist-
ance. Translucency is a plus value that permits a
visual check on the accuracy of circuit register.

SEE YOU AT THE IRE SHOW! Visit us in booth 835-837 for
latest developments in laminated plastics for the electronics industry.

March, 1956 — ELECTRONICS



Remove the light and the
watermark disappears.
Unobtrusive, positive,
permanent. Substitu-

tion is impossible.

It identifies XXXP-36 as the sheet with
the accuracy so indispensable to auto-
matic printed circuit assembly.
Identification with the Formica water-
mark is so quick, easy and positive, it will
save you real money by eliminating unde-
pendable stickers, labels and office records.
The XXXP-36 watermark is another

Formica quality service that delivers
quality you can see, for better printed
circuitry. For complete information on
XXXP-36 and Formica’s 12 other out-
standing copper clad grades, send for free
bulletins 599 and 457 and Data Sheets.

The Formica Company
4640 Spring Grove Ave., Cincinnati 32, O.

Super heat resistance

—necessary for guided missiles—now available
in Formica’s new FF-91 epoxy type copper
clad which also offers super IR, better bond
strength and better all around circuit per-
formance. (The 180° arc shown is molded.)

ELECTRONICS — March, 1956

Automation accuracy

The uniformity required for automatic circuit
assembly is provided by XXXP-36 and For-
mica’s other cold punching copper clad lam-
inates. Cold punching eliminates dimensional
change resulting from heating.

Want more information? Use post card on last page.

e

Circuits by the yard

Formica copper clad laminates are available
in more and larger sheet sizes. This greater
selection eliminates unnecessary cutting, re-
duces waste, assures economy in fabrication
no matter how large the circuit.

15



public relations for you
"W~ behind the Iron Curtain?

./ I
i F
E:_ ? e s .
— . e o =

&' Whos handling
\

\ Ies not an casy assignment—or the kind you’ll find many
people volunteering for.
!
{ f But there is an important “public relations” job to be done
/

behind the Iron Curtain—for you . . . for America . . . for the
whole concept of freedom, free enterprise and individual
rights. This job is an opportunity and a challenge as well as
a serious responsibility for American business. Fortunately,
with vour help, there is an agency that can do the jobh—
Crusade for I'reedom, which supports Radio Free Europe
and Free Europe Press.

v

Both these powertul, privately operated organizations
continually challenge the barrage of Communist misstate-
ments and false truths. Using saturation radio broadcasts
and mass newspaper drops from message balloons, Radio ,'
Free Europe and Free Europe Press are constantly on
the offensive against the Red campaign to annihilate i
right, reason and national pride. 1

Continued and heated Communist protests testify to
the tremendous eftectiveness of Radio Free Europe {
and I'ree Europe Press. Support freely given by free { ™
American business and private citizens will increase /
this effectiveness and the scope of their operations.
A contribution now is perhaps the best investment
you can make towards a peaceful, prosperous world.

Give generously. It's your future!

Check list for business executives
in the Crusade for Freedom

[I Order display material for your company bulletin board.

[J Plan a paycheck stuffer to fully acquaint your employees
with the importance of the Crusade for Freedom,

[1 Pian to conduct an in-company solicitation,

[ Match employee funds with your Truth Dollars. :
|
For campaign material [} and information writt CRUSADE FOR FREEDOM, ‘l 345 FEast 46th St, N, Y. C. 17.

116 Want more information? Use post card on last page, March, 1956 — ELECTRONICS



onstantin
[0’s your

roduction
problems!

with two plants-one purpose
uninterrupted production

of quality glass-to- metal seals

Constantin’s dual-plant facilities give you depen-

dable, design-to-delivery production under one,

S
$$$$$$

single responsibility.

Your confidence is well placed in Constantin’s m m I
Proven Designs, Advanced Manufacturing Skills, MANUFAcTunmsggsmm — E
and Prompt Delivery. -
Phone . . . Wire or Write us direct for high quality

glass-to-metal seals.

LS Constanton s Co.

MANUFACTURING ENGINEERS

e

TRANSISTOR MOUNTS « SINGLE TERMINALS - COMPRESSION HEADERS
« END SEALS - CRYSTAL BASES - AN CONNECTORS - MINIATURIZATION

SEZp

3
R
Q115



Unique method of anchoring IRC leads keeps them from being
twisted or pulled out in automatic bending and insertion
operations.

HOW TO
BE SURE OF
TERMINAL SECURITY

No matter how you assemble or solder
them, IRC resistors provide the extra
terminal security that prevents termina-
tion failures in the production line or in the
field. Leads of IRC Type BT Resistors,
for example, are uniquely anchored in the
resistor body so that they won’t twist or
pull out. A new IRC alloy coating which
overcomes copper migration also assures
improved and more uniform solderability.
Together, these features speed up produc-
tion, cut inspection costs, and assure reli-
able long-range performance. For more
information, send coupon today.

Why Leads Won't Come Loose

Lleads of IRC Type BT Resistors are so
securely joined to the element that even the
unmolded assembly exceeds the standard
5-lb. pull requirement. For still greater
strength, leads have a crimped collar which
provides a tooth-and-notch effect when the
assembly is molded as a unit.

Straight Leads Speed Automation

The IRC Automation Package assures you of
consistently straight leads suitable for auto-
matic feed. This permits automatic, trouble-free
feed to holding devices or into inserting heads
of printed wiring lines,

WWW- americanradiohistorv com



Because they can be bert up to resistor body, IRC leads solve New alloy surface on leads overcomes tendency of copper
special "fit" problems and simplify preduction and solder- to migrate toward coating. This assures superior solderability
ing operations. by any method, with low or varying temperatures.

*

&

2

here’s Phow much IRC’s new alloy coating improves solderability

EFFECTS OF AGING ON WIRE SO_DERABILITY SOLDERABILITY OF WIRE
AT VARIOUS SOLDER TEMPERATURES

Be sure to visit IRC
at the I.R.E. show
Booth 553-555
Components Ave.

Deposited and Boron- Wire Wound Low Wire Wound Precision IRC Subsidiary Companles also invite
Carbon Resistors Wattage Resistors and Power Resistors you to visit their I.R.E. exhibits
The metal used in terminations passes Through machire assembly, -he element, Lugs can't turn or twist and breck the HYCOR Division of International Resiste
ASTM pests for season cracking, In addi- terminal clips, end leads are assembled fine resistor wire. This also eliminates ance Co., Booth 369, Microwave Ave.
tion, terminations are automatically as- simultaneously. No other me hod assures any "'strain gauge'” effect which would T 1 ' h 555
sembled for uniform strain strength. such uniformly high resistarce to twist- change the resistance value. CIRCUI Instruments  Inc., Boot
ing or pulling. Components Ave.

Voltmeter Multipliers = Boron &
Deposited Carbon Precistors
Insulated Composition Resistors »
Power Resistors » Controls and
Potentiometers ¢ Low Wattage
Wire Wounds » Germanium Diodes

UHanover, the, Gincudt, Sa%#—’

INTERNATIONAL RESISTANCE CO.
Dept. 232,401 N. Broad St., Philadelphia 8, Pa.

Send data on resistors checked:

7] Fixed Composition Resistors [C] Deposited and Boron-
Carbon Resistors [_] Wire Wound Power Resistors [ | Wire
Wound Precision Resistors

Precision Wire Wounds e Ultra Name
HF and Hi-Voltage Resistors e
Selenium Rectifiers_o lnsula?ed Company.
Chokes e Hermetic Sealing
Terminals Add

HYCOR DIVISION of Internotional Resistance Co., ress

Los Angeles, Calif. & Puerto Rico
CIRCUIT INSTRUMENTS INC. (IRC Subsidiary) City. State.

St. Petersburg, Florida

SIS I — — — — —— T — V——— —— ———
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electronics engineers:

Westinghouse

BALTIMORLE DIVISIONS

are active
in advanced
projects like

BOMARC...
are you?

OPENINGS EXIST IN THE FIELDS OF

CIRCUITRY PACKAGING
MICROWAVES TRANSFORMERS
SERVOMECHANISMS ANALOG COMPUTER
MAGNETIC AMPLIFIERS DESIGN

DIGITAL COMPUTER VIBRATION

PROGRAMMING RADAR DESIGN
FIRE CONTROL SYSTEMS FIELD SERVICE

TO APPLY

Send resume of
education and experience to
Technical Director, Dept. 302
Westinghouse Electric Corp.,
2519 Wilkens Avenue,
Baltimore 3, Maryland

Want more information? Use post card on last page.
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ARTIST'S CONCEPTION of
the IM-99 BOMARC, long-
range pilotless interceptor.
Guidance and control of
the Bomarc is under devel-
opment by the Westing-
house Baltimore Divisions.
(Photo courtesy Boeing Air-
plane Company)

i

BOMARC is typical of the many interesting proj-
ects ”in the works”” at Westinghouse. Such projects
are more than a “one-shot” challenge to the engi-
neer . . . they are the true steps forward in his
career, and the broadening of knowledge that
enriches his value to himself and to his profes-
sion. If you are interested in this type of project,
Westinghouse is interested in you!

OTHER CAREER ADVANTAGES
AT WESTINGHOUSE

Unlimited opportunity for advancement

Unlimited opportunity for advanced education at
company expense

Unlimited opportunity for professional status and
association with leaders in the profession

IN ADDITION TO top income and benefits, you
will find the housing excellent in our ideal geo-
graphic location.

you can 86 SURE... ¢ 15

\Vestinghouse

March, 1956 — ELECTRONICS



Introducing the NEW | RADI

HIGH CONDUCTANCE

GLASS |

Newest development of Radio Receptor engineering skills are
these efficient and long lived glass diodes. They’re built for
top performance and remarkable endurance in a wide variety
of applications.

STABILITY These are true “junction” diodes formed by
alloying with exceedingly high electrical and mechanical
stability and no dependence upon whisker pressure.

TRUE HERMETIC SEAL Glass envelope has fused glass-to-
metal seals impervious to moisture and chemical contaminants.

CHARACTERISTICS Close control over metallurgical prop-
erties of the material and geometry of the junction results in
forward currents of the order of several hundred milliamperes
at one volt with low reverse saturation currents.

RADIO RECEPTOR
SELENIUM RECTIFIERS

RRco. conducts continuing faboratory research to maintain highest
standards for existing types of selenium rectifiers as well as
newer products. RRco. rectifiers include industrial and radio
types, embedded stacks, hermetically sealed units, high tempera-
ture types and the new snap-in “Qui-Klip” rectifier. If you have a
problem involving rectification, write today for-full information.

DIMENSIONS

Diameter ...
Length ... ...

Lead diameter .025”-.019"
Lead length. .1.125” min.

Name.
Company.

In Radio and Electronics Address.

Since 1922 City...

L
See Us At The I.R.E. Show, March 19-22, Booth 511-513

Want more information? Use post card on last page.

ELECTRONICS — March, 1956
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.098” max.
.265” max.

O RECEPTOR

GERMANIUM

DIODES

Here are a few of the new
Radio Receptor glass diode
types. Many others are avail-
able . . . For the complete
list, fill out the coupon be-
low and mail it to us today!

ING7A
IN68A
1N89
IN9O
IN95
IN96
1N97A
1N98A
IN99A
1N100A
IN116A
IN117A
IN118A
1N126
1N127
1N128
1N198
DR301
DR302
DR303
DR305
DR306
DR307
DR310
DR311
DR312
DR314
DR315
DR316
DR317
DR319
DR321
DR322
DR323
DR324
DR325

Semiconductor Division, Radio Receptor Co., Inc.
251 West 19th Sireet
New York 11, N. Y.

[ Please send me your new glass diode bulletin no. G-57.
[0 Please have your representative call on me.

.. Position. .

......... Zone... ... State.

1
I
]
|
|
|
|
|
|
|
]
|
|
|
I
|
I
|
|
I
|
]
I
|
q
|
d
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7

| Tower’s HORIZON STRETCHER
I
| makes the earth FLAT
|
| POOR CHRIS went to a heap of trouble
\ to prove that the Earth was not flat,
l then TOWER came along and “flattened” it out
| again. Mr. C’s “round” earth caused too many

problems with FM signals. They just couldn’t be
I “read” beyond the horizon. That is, until TOWER
l

engineered, fabricated, and erected the first suc-
l cessful High Gain Corner Reflector Antenna in-
, stallation (insert) to receive FM radio and TV
l signals far beyond yesterday’s horizons. /
l A pioneer in “Scatter Propagation,” TOWER has proven again that know- |
| ledge, gained through experience, sets the pace for TOMORROW . .. today!
l
| |
| Write for free illustrated booklet |
| tower ;|

fabricators :

| and erectors . _,‘I
| the world  ....eatudsigibt Lok .',"
| over Uy
| ;
| CONSTRUCTION COMPANY
L_ Sioux City, lowa
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ONE BEAM SWITCHING TUBE




Visit Our Exhibit at the Show!
BOOTHS 474.476-478
ELECTRONIC AVENUE {

P T “
‘zé‘

Type 2021W

Type 5594

+90°C. Filament
2.5v., 5 amps. Peak
inverse anode volt.
4500, aver. anode
current 0.5 amp.

temp. from —55° to !

Type 5696

500, average anode
current 25 ma.

h,

Type 3C23

Type 884 )

Heater 6.3 volts, } 1
06 amp. Peak for- " J7°
ward anode voltage
300, aver. plate cur- [

rent 75 ma.

B = = = e T Tt e ]

Type 6D4

rent 25 ma.

[Mﬁ 10 17//

Offering the utmost in electronic tube dependability,
these Reliable types are a product of Chatham research
and development. Today, the Chatham line of Reliable
Tubes is an industry standard for both military and
commercial tube applications. For complete information
consult the new Chatham Bulletins avaitable on request.

AN Designed with the future

CHATHAM

Where unusual requirements indicate the use of special
purpose tubes, these can be designed and produced to

your specifications. Chatham'’s Tube Division is

equipped to handle both large or small production runs

Type 3238

&

Type 395-A

trolled rectifier, re-
lay applications.
Max.D.C.anodevolt.
150, Max. anode
current 10 ma

? .......................

Type 2050W

vibration.

elfficiently and economically. Chatham engineers are

avallable for special tube problems.

HYDROGEN THYRATRONS

Type VC-1257

zero bias thyratron
with hydrogen re-
servoir for genera-
tion of peak pulse
power up to 6.25
megawatts.

-+ Type 5948/1754

Ruggedized Xenon Mercury Vapor Same as 3C23 but Hydrogen filled, | 34 Hydrogen filled,
¢ filled, shield grid . Argon fitled thyra- i has medium shell 5 zero bias thyratron = | zero bias thyratron
thyratron for relay- g tron for grid con- } pin base. Heater 2.5 with hydrogen gen- ; with hydrogen re-
pulse and grid con- | trolfled rectifier ‘ volt 7.0 amperes; erator for genera- | servoir for genera-
trolled rectifier : service, Wide am- peak inverse anode tion of pulse power ¢ i_ tion of peak pulse
service. Conforms . bient temperature ] volt. 1250 v. aver- up to 33 megawatts. & - T3 power up- to 12.5
to MIL-E-1B specifi- tolerance. Medium age anode current = . megawatts.
cations. 4pin phenolic base. 1.5 amps. .g
P

1
Xenon filled, oper- Argon filled, for ] Cold cathode, re- Type 5949/1907 Type VC-1258
ates in ambient sweep circuit oscil ‘ } quires no filament filled f 7ero bi ;
latorinCRT circuits. o supply. For grid con- Hydrogen filled, er0 bias miniature 7

hydrogen thyratron ( j
for the generation [ 1% ]!
of peak pulse power {1
up to 10 KW. |

Xenon-filled, shield P Miniature thyratron 1 Ruggedized Xenon

grid thyratron with ‘a7 usedasarelay tube - filled shield grid

low filament drain. ks Or gas tube oscilla- ¢ thyratron for grid

Heater 6.3 volts, tor. Also exten- | n't‘«"..'ja controlled rectifier

{ 150 ma. Peak in- ) ;’l\:lel)’ used a5 an | e’ service. Provides

7 verse anode voltage " noise source. ¢ longer service in
: [T Average anode cur- | presgence of shock, DECADE COUNTERS

COLD CATHODE DECADE COUNTER TUBE
4 Chatham Type 1047 is a cold cathode decade
counting tube intended for use in medium speed
applications such as scalers and computers oper-
ating from 0 to 2000 pps. Type 1047 features
i high current handling capacity per count cath-
ode. It has ten individual cathode outputs

D.C. Supply Voltage — 340; Output Voltage —45;
Transfer Pulse Amplitude (Volts)— 150; Transfer Pulse Width Micro-
seconds — 150; Cathode Current 4.5 ma.

SPECIAL PURPOSE TUBES

HIGH VOLTAGE

Type 718-A ¢ HIGH VOLTAGE VACUUM SWITCHES
Highvacuum tube 1 VACUUM FUSES | Available in two I
for clipper diode /&7 These are supplied standard types
service inhard tube H by Chatham to cus- for high voltage *
modulator_circuits. | l tomers’ specifica- |, switching at R,
Filament 7 volts, 7 tions it ordered in i} ! highaltitude
amps. Peak inverse = reasonable quan- Glass enclosed, mechani-
anode volt. 25 kv. w tity. Full particulars call )

A y actuated, these

Max. peak anode LA § and quotations sup- E switches feature extremely D ESIG N ERS
current 10 amps. plied promptly long operating life. ENGINEERS and

MANUFACTURERS



in mind...

ELECT

Type 6336

Low mu, high per- Low mu, high per: i

veance twin power veance twin power | use where utmost 6AS7G but with i Power Triode made
triode for use as a triode for use as a rehiability is re- | higher amplifica 5 g under reliabie tube
series regulator regulator tube in | quiredintriode bal- - tion factor. Mu 5.5. ‘il’ program. Plugs
tube in D.C. power D.C. Power Supply i ance, absence of transconductance g directly into any
supplies. Plate Units. Plate dissipa- excessive plate cur- [ 14,000 micromhos, socket using 6080

Dissipation 30

TWIN POWER TRIODES

Type 6AS7G

tion 13 watts per

Type 6520
Same as 6AS7G for [

rent drift, high grid

Type 5998
Similar to 6080 and

plate dissipation 13

Type 6080WA
Ruggedized Twin

or 6AS7G regulator

watts per sect. sect. It plate insulation. watts per plate. tubes.

Every Chatham Tube is Rigidly Tested to Insure Dependahle Performance

All tubes manufactured by Chatham are thor-
oughly tested for periods up to 30 hours. Many tube
types are held for a minimum of 96 hours and
retested to determine the elfect of storage. Test
equipment employed includes small table type
sets and large hydrogen thyratron units with inputs

upto 100 KW. Chatham test equipment is

continuously checked for accuracy of calibration
by technicians specializing in calibration and
maintenance of equipment. Tube types are life
tested on a year round basis to insure maximum
performance and service life.

RECTIFIERS !
Type 122 | i Type 3B25 : Type 3B28 [ Type 4B32 l& Type 583
A high voltage va- i . Half wave, Xenon AL Half-wave, Xenon Half-wave, Xenon ¥ Smallsize high vac-
cuum rectifier for ﬁ Rectifier. Wide am- rectifier. Wide am- rectifier. Wide am- i.ﬁ. uum clipper diode
constant supply cir- - bient range —75° bient range of bient range —75° | B8 and high voltage
cuits. Filament 1.25 )P;;rl to +90°C. Filament E ) T —75° to +90°C. to +90°C. Filament |“¥®"  rectifier. Clipper
volts, 275 ma., Peak | LN 2.5 volts, 5.0 amp. H Filament 2.5 volts, 5 volts, 7.5 amps. l =l ratings: Peak in-
inverse anode volt- | Peak inverse anode 5.0 amps. Peak in- Peak inverse anode ! verse voltage 15 KV,
age 15,000. Aver. | voltage 4500. Aver. verse anode voltage vottage 10,000. o4 peak anode current
anode current 1.5 anode current 0.5 10,000. Aver. anode Aver. anode current 'f“@é 8 amps; average
ma. amp. current 250 ma. 1.25 amp. N anode current 20
ma.
________________________________________________ -.-_..-_.%.-_._____.__.._-_____.__-_...‘-_.._-__.-_.__-__.--._.__...-...----------.--..-------..
Type SRAWGY Type SR4WGA ¢ Type 5SR4WGB Type BALSW Type GHEWGT
Full wave rectifier Same as S5R4WGY Areliable version of Ruggedized minia- Ruggedized twin
ruggedized to stand but designed to op- . the 5RAWGA de- ture twin diode. diode with octal
980 g shock. Max. i erate at full inverse { signed and manu- Heater 6,3 volts, base. Heater 6.3
inverse voltage ratings up to 40,000 | factured to MIL-E- | 0.3 amp. Peak in- volts 300 ma. Peak
2800 volts at 165 ft. altitude and at © 1Breliable tube verse anode voltage inverse anode volt-
milliamperes or in- reduced rating to 1 specifications. 330, D.C. output age 465 volts. D.C.
verse voltage 2400 60,000 ft. altitude. | current per plate 9 output current, 8.8
volts at 275 milli- i | ma. max. ma. per plate.
amperes.

VOLTAGE REGULATOR & REFERENCE TUBES Type 6627/0B2WA ggg/OAZWA y
; Miniature cold cath- 3
Type 0C3W | Type 0D3W Type 5651 ode glow discharge Same as Type 6627/ 5
| A ruggedized glow A ruggedized glow Miniature Cold tube for use as a volt- 0B2WA with regulat- 4
I discharge tube. discharge tube. Cathode Gas Dis- age regulator. Regu- ing voltage of approx. "]
Maintains D.C. voft- Maintains D.C. volt- charge Tube for volt- lating voltage is 150 volts at a current it
age constantat 105 | age constant at 150 age reference. Main- approx. 108 volts at range of 5 to 30 milli- i}
volts. Max. regula- volts. Max. regula- tains voltage of ap- i a current range of 5 amperes. |
tion 4 volts. Operat- tion 5.5 volts. Oper- prox. 87 v. at a cur- | to 30 milliamperes. 3
ing current 5 to 40 ating current 5 to B rent range of 1.5 to 1
ma. i 40 ma. i 3.5 ma. Reliable type . !
5651WA. -
Consult CHATHAM on alf four! § 2
ik
v
L + HIGH PERFORMANCE ELECTRONIC TUBES |

S S 4

+ AIRBORNE CONVERSION EQUIPMENT

« kotron SELENIUM RECTIFIERS
- CUSTOM-BUILT EQUIPMENT

CHATHAM
ELECTRONICS

Division of Gera Corporation — LIVINGSTON, NEW JERSEY
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NOW...UNPRECEDENTED HIGH POWER OUTPUTS

. » » with RCA super-power tubes

Visualized by the Radio Corporation of America over two decades ago . . . and since
then under a continuing development and field-testing program . . . RCA Super-Power
Tubes are now being offered to progressive industries looking ahead to f applica-
tions requiring higher and higher power at higher and higher f-equencies.

Using concepts unusual in vacuum-tube design—including unique principles of
electron optics, interelectrode shielding, and tube geometry—RCA Super-Power
Tubes begin their work where conventional power tubes leave off,

Ingenious internal liquid cooling of tube electrodes and unitized coax al design
make it practicable to generate higher power at much higher frequencizs.

Thoriated-tungsten or matrix-type cathodes provide exceptianally high emission,
economical power consumption, and long life.

Efficiency of rf transfer is assured through the use of high-conductivity seals
and low-loss ceramic bushings.

Mechanical configurations—heretofore considered impossitle—provice a new
twist to vacuum-tube design to accomplish super-power generation. Tae ability
of these tubes to handle high average power in cw operation permits unusually
high power outputs in pulse and hard-tube modulator operation. All -ubes are
designed for single or multiple operation—for exciting new applications where
higher and higher power extends the use of electronics.

RCA is ready to discuss with equipment manufacturers their present and futire needs

ki 3

i

R eNTE TR e ]

4%"‘%
L

G e e e e
- ¥ J ; 2
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for Super-Power Tubes. Information may be obtained from the nearest RCA District
Office—or write RCA, Commercial Engineering, Harrison, N. J.

]

Cw RF POWER OUTPUT - KILOWATTS
8

126 Want more information? Use post card on last page. March, 1956 — ELECTRONICS
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ELECTRON TUBES
SEMICONDUCTOR DEVICES
BATTERIES

TEST EQUIPMENT
ELECTRONIC COMPONENTS

NEW LOW-NOISE TRANSISTOR FOR AF PREAMPLIFIERS OPERATING FROM
LOW-LEVEL LOW-IMPEDANCE SOURCES —WITHOUT INPUT TRANSFORMER

NEW TUBES —
FOR BETTER TV-RECEIVER PERFORMANCE

RCA-2N175 . . . low-noise germanium-alloy junction transistor
of the p-n-p type; intended primarily for preamplifier or input
stages of transistorized audio amplifiers which operate with
extremely small input signals. Features an exceptionally low
wide-band noise factor of 6 db (max.), current amplification
ratio of 65, and a matched-impedance power gain of approxi-
mately 43 db. Stability and uniformity of characteristics are
excellent throughout life. The low-noise factor and low-input
impedance characteristic of RCA-2N175 permit the design of
audio amplifiers in which the transistor is directly operated from
o low-impedance, low-level devices such as magnetic microphones
RCA-5CG8,-6CG8 . . . /-pin miniaturs- and magnetic pickups without an input coupling transformer.
type triode-pentode converters for oscilla:
tor-mixer service in vhf TV tuners. Feature
two cathode leads with separate base-pin NEW HLAGE.
terminals to minimize input loading effects MULTIPLIER PHOTOTUBE
of pentode mixer unit, and interaction
between input and output circuits.

RCA-2BN4,-6BN4... 7-pinminiature-
type high-gm medium-mu triodes for
rf amplifier service in vhf TV tuners.
Reduced inductance and rf lead re-
sistance contribute to high gain. Basing
arrangement facilitates neutralization.

RCA-6810 . . . the most sensitive phototube in the RCA
line .. . multiplies feeble photoelectric currents approx.
66,000,000 times when operated with 2300 volts supply
potential—is a head-on type designed for scintillation
o , ) counters, spectrophotometers, and other applications
RCA -6CU5,-12CU5 . . . 7-pin minia- (U involving unusually low-level light sources. Featuring
ture-type beam power tubes for audio fast response, high current gain, refative freedom from
output stages. Because of their high after-pulses, and small spread in electron-transit time,
power sensitivity and high efficiency, ‘ RCA-6810 is particularly useful for fast coincidence
these types can provide relatively high o scintillation counting. Because of the capability of de-
power output at low plate and screen L& livering pulse currents up to 0.5 amp in magnitude with-
voltages. TR out appreciable deviation from linearity, the need
. for an associated wide-band amplifier is eliminated
in many applications.

For complete technical data, write RCA, |
Commercial Engineering, Section C-19R,
TWO NEW MINIATURE-TYPE HIGH-SENSITIVITY SPEAKERS | r:;::f,";:;f'” FlhelbEn BIEREr ke
NOW AVAILABLE FOR COMPACT PERSONAL RADIOS | ! EAST: ....HUmboldt 5-3900, 744 Broad

. . i Street, Newark 1, N. J.

RCA generic designs XS-7659 and XS-7744 . . . only 2%" in diameter [
... for use where limited space and high sensitivity are important design ; | | CENTRAL: WHitehall 4-2900, Suite 1181 [
considerations. Both are p-m types. They provide good frequency balance i Merchandise Mart Plaza i
and are designed to work into the air load provided by small, portable receiver L i | Chicago 54, I i
cases. Voice-coiIAassemines are encapsulated, making them impervious to ] ! : RAymond 3-8361,

damage from moisture and temperature changes. Voice-coil eads are brought 6355 E. Washington Blvd.

out directly to the voice-coil termials—not cemented to the cone—thus Los Angeles 22, Cal.

avoiding cone warping. Alnico ¥ magnets are incorporated. J
VISIT RCA BOOTH #151-155

AT LL.R.E. SHOW

RADIO CORPORATION of AMERICA
TUBE DIVISION SEMICONDUCTOR DIVISION
HARRISON, N. J.

ELECTRONICS — March, 1956 Want more information? Use post card on last page. 127
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The all-new CMC line of electronic counting instruments has been
designed and engineered to meet the rigid requirements of science
and industry and, at the same time, offer functional layout to
simplify operation, reduce eyve fatigue and enhance equipment ap-
pearance. Years ahead engineering utilizing proven developments
make it possible to include features usually available only as option-
al accessories. Exacting test and laboratory requirements make
the CMC line...the standard in excellence for the industrial world.

e

Model 200A

Frequency Counter

$425.00
frequency and Mode! XD-100A
- Crystal Time Base
period counters $100.00

Compact, streamlined, easily portable—
used for precise frequency and period
measurements, production line testing,
telemetering, calibration, ete. Direct
digital read-out.

Ezxclusive features of the Model 201A

are the inclusion of a crystal oven to bring

the accuracy to .0001%. .. plus .1 sec., 1 sec.,
10 sec., and 1 cycle time bases at no extra cost.

The economy Model 200A is designed to
permit the use of a plug-in Crystal Time Base
at any time in the field to increase accuracy
from .1% to .0001%. It is also available

with five decade display at $75.00 additional.

STYLING" RELlABILle

128

C ;«//"/{////zxw@wy/&
ELECTRONIC
COUNTING and
CONTROLLING

Model 201A Frequency INSTRUMENTS

and Period Counter—$700.00

by computer-measurements

Improved Readability
new, wide-angle display minimizes parallax

Improved Sensitivity
~more than 500% over the usual operating range

Greater Stability
—crystal oven as standard eqguipment at no
extra cost increases stability to .0001%

Quick Time Base Alignment
—without auxiliary equipment

Completely Regulated Power Supply

preset controllers

High speed counters used
to automatically control
any operation after a pre-
selected count has been
reached, Batching and
packaging of pills, bottles,
caps, machine parts, etc.,
are a few of the many ap-
plications. Sweeping design
changes offer many new
features ...

COINCIDENT TYPE

Model 314A ABSOLUTE ACCURACY

L DIRECT SETTING
$495.00 DIRECT READ-OUT

EXCEPTIONAL VERSATILITY

Pulse Output « Relay Contact Closure e
Variable Contact Closure Time « Automatic
or Manual Relay Hold + Totalizing Count

OPTIONAL FEATURE: Mechanical register to
indicate batches (gross, dozen, etc.) or total count.

Model 101A Preset Decade Counting Unit—$75.00

v Complete catalog data available from factory or nearest representative
Nationwide engineering representation including Canada and export markets
Computer-Measurements Corporation

cc-8

——

Want more information? Use post card on last page.

o1 5457 Cleon Avenue « North Hollywood, California « Dept. 78-C
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14 CONTACTS

| AMPHENOF

2IBB
= |

New Micro-Ribbons are the first miniature
connectors to provide reduction in size with
increase in reliability. Utilizing an improved ‘ribbon’
contact, Micro-Ribbons provide easy insertion and
extraction even in blind entrance locations. Both
mating contacts are self-wiping, self-cleaning,
active, flexing members—provide double contact
action at all times. Send card for Catalog R2!
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AN CONNECTORS

165 SERIES CONNECTORS RF CABLES
AMPHENOL AN connectors are the ‘workhorses’ of electronics, providing dependable Teflon and polyethylene RG-/U co-
service in literally thousands of applications. From the basic AN design have evolved axial cables, miniature and Aljak
AN connectors for potting (pioneered by AMPHENOL) and the 165 Series of Minia- cables—send for Catalog W1, a com-
ture AN-type connectors, also available in potting and pressurized constructions. plete and informative catalog and
ANSs, 165 Series and all AMPHENOL electrical Connectors are listed in Catalog A4. manual, listing all AMPHENOL cables.

—_——

PAMPHENOL)

B

HERMETIC SEAL PRODUCTS The AMPHENOL product line is comprised of thousands of electronic
P e Bt fon AN components—many are included in the major product groups illus-
receptacles in the Hermetic Seal trated. Not described are Cable Assemblies & Harnesses, Sockets,
group. All have superior compression Plugs and the many ‘specials’ produced by AMPHENOL. General

seal glass for best hermetic perform-

ance. Send for product literature! Catalog B4 summarizes the complete AMPHENOL product lines.

American Phenolic Corporation, Chicago 50, Illinois
Amphenol Canada Limited, Toronto 9, Ontario

Gkl

RF CONNECTORS

All standard UG- /U types and many
special application RF connectors
including the new Subminax minia-
tures bear the AMPHENOL quality
imprint. Request RF Catalog D3.

RACK & PANEL CONNECTORS -

For rack & panel applications AMPHENOL offers
famous Blue Ribbons, miniature and standard pin
& socket types and a complete line of Prineir
(printed circuit) connectors. Designed and manu-
factured to AMPHENOL standards. Catalog R2.

American Phenolic Corporation
1830 South 54th Avenue
Chicago 50, Illinois

AMFORM 2725-26300 PRINTED IN U.S.A.
S-S ctory Ccom
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EIMAC Klystrons bring new
power to another frequency range...

5400-7400mc
50w CW power output

TYPICAL OPERATING CONDITIONS
PR TUBE X563 KLYSTRONS

Eimac X563E, 5900-6400me, and amplifier circuit assembly. I D-C Beam Veltage . . 2750v Powes Output - . . . - P i
D-C Beam Cwrrent . . 110ma  Efficiency . . ... .. 20% ]

Eimac X563 C‘mpliﬁer klysfrons moke 50 watt ' D-C Focusing Voltoge . . —50v Driving Power . . . . . S5mw 1
CW power output commercially available at L !

R NS W N SN P N PN BN SN NN S R W e e e am

5400-7400mc. A bonus feature of the X563 is

its adaptability to present C-Band systems. Ex-
isting milliwatt equipment is sufficient to drive
a conservatively rated X563 to power gains
of 10,000 times and efficiencies of 20-25%.

Single adjustment tuning knobs make each of
the X563's four integral cavities as easy to

tune as a standard AM broadcast receiver.

The Eimac X563 is also available with mag-
nelic circuit components, output waveguide
fitting and collector and cathode sockets com-
prising a suitcase-size amplifier assembly
weighing only 20 pounds.

A N See the X563 and other new Eimac klystron, ceramic and negntive
- .. .- -, grid tube developments at booth 549-551 during the 1.R.E. Show
Y 4 and Convention in New York City, March 19-22.

EITEL-McCULLOUGH, INC.
SAN BRUNO « CALIFORNIA

The World’s Largest Manufacturer of Transmitting Tubes

Want more informafion? Use past card on last page. 129
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HYCOR

new home

has a

We've just moved into a beautiful

new plant...to serve you even
better. Increased production

facilities, larger space and extra

personnel all add up to maximum

production economy, faster delivery,

better service all around. Stop in

for a visit...you're cordially invited!

12970 Bradley Avenue
Sylmar, California

HYCOR

ENCAPSULATED

precision wire-wound

RESISTORS

NEW Sub-miniature Type
128A, .160 dia. x .50 long,
0.1 watts dissipation at
125° C. ambient. Max.
resistance: 50 K ohms.

JYve 83 ‘

Miniature Type 83, .25 dia.
x .75 tong,for MECHANIZED
PRODUCTION, for use in
printed wiring assemblies.

Tolerances to 0.05%.

The NEW Series “‘PH”’

The New Series “‘PH'' wire-wound resistors include over
50 types...from the sub-miniature (illustrated) to the
4 watt units, 20 megohms. Axial and radial leads and lug
types in a wide variety of physical shapes are described
in the new Bulletin PH.

Series “PH'" resistors are encapsulated in a tough
epoxy resin for protection against extreme humidity,
mechanical and thermal shock. The plastic is filled with
heat-conducting mineral which dissipates heat and
equalizes ‘‘hot spots' in winding. Sealed-in terminal
connections are welded.

SPECIFICATIONS:

MILITARY: Performance characteristics satisfy all requirements
of MIL-R-93A.

TEMPERATURE COEFFICIENT: +0.0022% per degree C.

OPERATING TEMPERATURE: —65° C. to +125° C.

RESISTANCE ACCURACY: Tolerances to 0.05%.

WATTAGE RANGE: From .25 watt to 4.0 watts.

RESISTANCE RANGE: 1.0 ohm to 20 megohms.

Hycor products are manufactured under precise quality
control in new air conditioned factory and laboratory
facilities.

and productivity of personnel in Hycor's newly-built, air-conditioned

Excellent working conditions contribute to the happiness
plant in Los Angeles.

HYCO R Division of International Resistance Company

12970 Bradley Ave., Sylmar 1, California

REPRESENTATIVES I N PRINCIPAL CITIES

130 Want more information? Use post card on last page.
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from the
102-year

world leader

in elevatoring . ..

ELECTRONIC
DIVISION

a proven source for research, development, manufacture and
maintenance of large-scale equipment and systems in the fields of:

® missile guidance and control ® computers

® gunfire control ® vultrasonics

o radar and counter measures ® servomechanisms

® simulators and training aids ® magnetic amplifiers

® communication ® testing instrumentation

® special electronic devices ® electro-mechanical components

For engineering achievements, rely on engineering-
minded management—rely on Otis.

Werite on your letterhead for 32-page history and
facilities report.

ELEVATOR COMPANY

15 RYERSON STREET, BROOKLYN S, N. ¥

ELECTRONIC DIVISION




New Stokes dual-tube in-line aluminizing system is setting bigh standards of
economy and productivity at Thomas Electronics, Inc., Pavaic, New Jersey.

Electronic equipment manufacturers are profiting

from other STOKES Vacuum Equipment...

Vacuum Metallizers. Stokes manufactures
a complete line of vacuum metallizing
equipment to plate selenium rectifiers,
printed circuits and other conductive
coatings on non-conductive materials.

Vaceum Impregnators. Manufacturers of
electronic equipment use Stokes vacuum
impregnation systems to obtain im-
proved characteristics of coils, conden-
sers, capacitors and other components.

Vacuum Furnaces. Stokes melting and
heat-treating furnaces permit electronic
manufacturers to pre-process raw and
semi-finished marerials with less contami-
nation, for increased life and performance.




5 Cart In-line TV Dolly System
Aluminizes 96 Tubes Per Hour

New system at Thomas Electronics, Inc.—largest independent manu-

facturer of cathode ray tubes — affords increased production . ..

reduces initial cost. .. requires less floor space and maintenance

ODAY’s big news in TV picture tube pro-

duction is the new Stokes aluminizing
system. This high-production equipment
evacuates and aluminizes fwo tubes per cart
with one pumping system. The new design
affords several cost-cutting and production-
boosting advantages:

Greater production. Using a mechanical
pump and 4-inch high speed "Ring-Jet”
booster, overall cycle time is 6% minutes
with 21-inch tubes—96 per hour with the
standard five cart system.

Lower first cost. Fewer carts are needed . ..
the basic unit, consisting of five carts with
ten dollies, costs less than comparable
single-tube systems.

Reference Data:

Microvac Pumps—Catalog 750

Diffusion and Booster Pumps
Specification and performance data

Story of the Ring-Jet Pump

How to Care for Your Vacuum Pump—
Booklet 755

Vacuum Impregnation—Catalog 760
Vacuum Furnaces—Catalog 790
Vacuum Metallizing—Catalog 780
Vacuum Calculator Slide Rule

Lower maintenance. There is only one
pumping system for every fwo tubes.

Less floor space. Circular track is only 17
feet in diameter.

Flexibility. Five additional carts can beadded
to the standard dollies to produce 21-inch
tubes at a rate of 192 per hour. Tubes up
to 27-inch can be accommodated.

The system is fully automatic. Operator
loads . . . and then unloads completely alumi-
nized tubes. Filament replacement is sim-
plified by removable holders. Internal cool-
ing coils provide for rapid cooling of oil in
the booster pump before vacuum is released.

A Stokes engineer will be glad to discuss
how this new system for black and white or
color tubes can be integrated into your pro-
duction line. He’ll also welcome the
opportunity to talk over your specialized
requirements . . . to apply Stokes’ exten-
sive experience in high vacuum engineering

and automatic production technology.

F. J. STOKES MACHINE COMPANY,
5503 Tabor Road, Philadelphia 20, Pa.




RACK MOUNT STYLE

NOW! ACCURATE AUTOMATIC
MEASUREMENTS FOR VARIED
INDUSTRIAL APPLICATIONS...

Now every feature you want in a precise, automatic Digital Voltmeter
is available in these new Non-Linear Systems models. Their performance
features automatic measurement from zero to + 999.9 volts d-c with
high accuracy and resolution. Fust readings are presented in a brilliant,
in-line luminous numerical display. Automatic features simplify opera-
tion, make possible use of non-technical employees. Assured long life
results from the unique NLS oil-sealed stepping switch system, plus the
use of top quality components. Thorough quality control ensures reliable
operation. And unitized construction results in simplified maintenance
which saves you time and money.

Yet NLS Model 451 Digital Voltmeters are priced far below
instruments offering only a fraction of these advantages! These low
initial costs are possible because NLS, as the originator of the Digital
Voltmeter, has the advantage of pioneering design and production tech-
niques. Furthermore, NLS is building Digital Volimeters in quantity,
resulting in additional savings.

You can save time and money, and assure automalic accuracy
in precision measuring, with an NLS Digital Voltmeter. Mail coupon
today for more information on how these quality instruments can assist
your operations.

134 Want more information? Use post card on last page.
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S%" high by 19" wide by 15%" deep

YOU GAIN THESE ADVANTAGES

@ AUTOMATIC OPERATION — Simple operation plus brilliant
numerical readout and recording allows use of
non-technical personnel.

@ EXHAUSTIVE QUALITY CONTROL — Sustained accuracy assured by
systematic testing procedure throughout all
phases of engineering and production.

® UNITIZED, STANDARDIZED CONSTRUCTION — Each instrument can be
quickly disassembled into three functioning
subassemblies.

@ (UALITY COMPONENTS — Including mercury cell reference
standard, stepping switches built to NLS
specifications, precision resistors and other high
standard components.

@ DIL-SEALED STEPPING SWITCH SUBASSEMBLY — Cuts maintenance,
boosts switch life, ensures reliability under all
operating conditions.

©® LONG-LIFE STEPPING SWITCHES — Life tests corresponding to
21,000,000 readings completed — with switches
still operating!

@ SIMPLIFIED MAINTENANCE — Resulting from unitized construc-
tion, saves you time and money.

® NO-LOST-TIME SERVICE — Interchangeable subassemblies and
complete instruments available promptly when
needed.

@ AUTOMATIC RECORDING — By electric typewriter, printer or
summary punch.

@ [0 INITIAL C0ST — Based on NLS integrated, efficient pro-
duction and on advanced engineering develop-
ments.

@ NEW! AUTOMATICALLY - STANDARDIZED REFERENCE POWER SUPPLY — Elimi-
nates manual adjustment; available instead of
internally-mounted mercury-cell battery pack.

March, 1956 — ELECTRONICS
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PORTABLE STYLE
107%’ high by 8%’ wide by 15%’ deep

APPLICATIONS

Automalic measurement, display and re-
cording of d-c voltage in digital form, for:
MANUFACTURING — development, production and
process control lesting by non-technical

personnel.

LABORATORIES — precision standardization
procedures.

INSTRUMENT SECTIONS —high accuracy for
instrument calibration and lesting.

ANALOG COMPUTER INSTALLATIONS —problem
selup and solution digitizing.

DIGITAL COMPUTER INSTALLATIONS —converl-
ing analog data into digital form.

SPECIAL TEST EQUIPMENT —analog computers,
missile components, automalion components
and control systems.

INCOMING INSPECTION —increased volume, fewer

personnel and sustained accuracy.

Can an NLS Digital Voltmeter solve your problem?
Our application engineers are available
to work with you.

ENGINEERING REPRESENTATIVES
THROUGHOUT THE UNITED STATES

ELECTRONICS — March, 1956

CHARACTERISTICS

ACCURACY, RESOLUTION AND
MAX. DEV. FROM LINEARITY

0.001 volts d-c

RANGE
(AUTOMATICALLY SELECTED)
Zero 1o * 9.999 volts d-c
+ 09.99 to * 99.99 volis d-c 00.01 volts d-c
+ 099.9 to = 999.9 volts d-c 000.1 volts d-c
READING RATE: One reading per second average.

CHOPPER SAMPLING RATE: 6O cycles per second.

INPUT IMPEDANCE: 11 megohms.

CALIBRATION VOLTAGE: Nine internal Weston Standard Cells
in series supply 9.1673 volis d-c at 20 degrees cenli-
grade.

REFERENCE VOLTAGE SOURCE: Internally-mounted mercury-
cell battery pack. Or automatically-standardized
power supply.

POLARITY INDICATION: “+” or “—” automatically preflixes
the numerical display.

READOUT DECIMAL POINT: Positioned automatically.

STYLES: Rack mount: 5%” high by 19”7 wide by 15'5” deep
Portable: 10%” high by 8% wide by 15%” deep.

WEIGHT: 10 pounds.

POWER: 115 =+ 10 volts, 60 cycles, 75 walls.

OPTIONAL ACCESSORIES: Remote readouts with cables.
Manual-command recording conlrols.

Automatic recording controls to record each reading

at completion of balance.

T

NLS DIGITAL VOLTMETER USERS INCLUDE:
CONVAIR, MASSACHUSETTS INSTITUTE OF TECHNOLOGY AND MORE THAN
30 OTHER KEY GOVERNMENT OPERATIONS, AIRCRAFT COMPANIES, RESLARCH
ORGANIZATIONS, OIL REFINERIES AND EDUCATIONAL INSTITUTIONS

NON-LINEAR SYSTEMS, INC.
Dept. B-356, Del Mar Airport, Del Mar, California

Please send me your new 1956 catalog with information on
your complete line of precision instruments and current
price list.

NAME

COMPANY_ — —a

ADDRESS

CITY — STATE

— e i e e e e e e

NON-LINEAR SYSTEMS ..

TWX: Del Mar 6-345 - PHONE SKyline 5-1134

ORIGINATORS OF THE DIGITAL VOLTMETER
DIGITAL OHMETERS » AC-DC CONVERTERS * DIGITAL READOUTS
DATA REDUCTION SYSTEMS « PEAK READER SYSTEMS
DIGITAL RECORDING SYSTEMS + BINARY DECIMAL CONVERTERS

Want more information? Use post card on last page. 135



A :éomponent for mobile
and stationary units —

i

There is a place in 'ybur eduipment for
PANELSCOPE by | /7,00,
%

AN\

~= A single control for automatic portrayal of desired signal.
<= Spetification limits within following range:
e Signal amplifier; from DC to 10 mc with
sensitivities from 20 mv
e Time base; /2 cycle to 500 KC (2 seconds to 2 us)
e Synchronization; repetitive and/or trigger

® Input selector; up to 11 sources with desired
amplitude portrayal

e Power supply; 50 to 400 cycies: built-in high voltage
.. . other voltages from your equipment or
accessory power pack.

-2 Optional delay line; 0.25 us.
¥ Direct deflection plate connections available. ..
frequency limited only by impedance of the
driving equipment.
P2 Edge lit graticule allows varying intensities.
Z3 Two rear mounted an connectors for signals and power.
=& Custom built at production prices.

Mounted,
Custom Built, &
Cathode Ray &
Tube -

"~ Oscilloscope
= . ol | With Amozing
SN Panelscope Premier Showing: Single-Knob

Booth 158-160 IRE Show, New York. . P
S U ok R S T, =.¢=—i'ﬁ‘“ A R TR
e | WATERMAN PRODUCTS CO., INC.
itll PHILADELPHIA 25, PA. ' CABLE ADDRESS: POCKETSCOPE
MANUFACTURERS OF

POCKETSCOPES * RAYONIC* CATHODE
RAKSCOPES * RAY TUBES
A —ﬂlI._SESCOPES* A":sg:;ﬁ:ed Equipment
WATERMAN PRODUCTS PANELSCOPES * .
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Seelt...
LI Show . .. Booth 158-160

- Computer POCKETSCOPE

Accessory
70 mv p.rObe wil.h
rms/inch ... @ N : signal gain
DC to 700KC . . . 17 S of 10
0.35 s e R
ris2 time . . .

Connections
to deflection
plates &
intensity
modulation

Variable
sweep from
20 us to
2 seconds

Sync limiting
and lockout
circuits for

high stability

5to 1
sweep

expansion
Metal

shield for
photographic
attachments
Fixed

accurate

sweeps of

0.1, 1, 10,

100 & 1000

Portable: Farading milliseconds
case size cantrol for

7'X 6" X 12" axpanded sweep

... 16 |lbs. (15-inches
of sweep)

WATERMAN PRODUCTS CO,, INC.

PHILADELPHIA 25, PA. ¢ CABLE ADDRESS: POCKETSCOPE

MANUFACTURERS OF St STOPES™ | pavoNic: caTHODE
— RAY TUBES
\ PULSESCOPES* And Other
PANELSCOPES* A i i
WATERMAN PRODUCTS OPES ssociated Equipment

“T.M. Reg
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Servo-motor terminal-rings must have strength,
ke dimensionally stable and have excellent in-
sulating properties to do their job effectively.
PLASKON Alkyd Molding Compound meets all
of these requirements and, thereby, contributes
to the outstanding quality of the Kearfott units.

-

Matching end-cap and cover of synchro unit are
mace with extremely close tolerances in order
to fit together exactly. PLASKON Alkyd is one
of the few materials with sufficient strength in
smr.all sections to be acceptable for this application.

Want more information? Use post card on last page.

wWWWoamericanradiohistorv.com

\
\
o

NO OTHER PLAST

q”" 1

>

-
#

e

OE

<

e i T
S

e T

March, 1956 — ELECTRONICS



SO MANY JOBS SO WELL!

Highly exacting electronic devices are an old story to Kearfott

Company, Inc, a leading manufacturer of miniature remote-control

systems for aircraft and industry. One of Kearfott’s synchro units

{the smallest of its type on the market) is only 34" in diameter.

This unit requires components made of a material with unusual talents.

These include: 1. great strength and dimensional stability 2. arc-resistance

and dielectric strength 3. resistance to humidity, fungus, shock and vibration.
After much experimentation, reinforced PLASKON Alkyd Molding

Compound was found to be the one material that had all the required

properties. It has replaced all other plastic materials
in this application.

In motor housings, end forms, brush holders.and
blocks where strength, dimension:al stability
and insulating properties are essential, PLASKON
Alkyd has proved itself to be indispensable. Why not
find out more about this unique material? Write
today for complete technical data on our glass or
mineral-filled Alkyd formulations.

Ask for Pamphlet entitled:
“PLASKON?® Alkyd Molding Compaunds*

ELECTRONICS — March, 1956 Want more information? Use post card on last page.
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For furtter infermation on PLASKON Plastics and Resins, address
BARRETT DIVISION, Allied Chemical & Dye Corp., S
40 Rector Street, New York 6, N. Y. HAnover 2-7300. 't‘»-m
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1t temperciures from —55° to
+200° C, Mallory XT Tantalum
Capacitors maintain stable capac-
ity, series resistance and im-
pedance . . . and provide long life.

Mallory Tantalum Capacitors

lead 1in long, stable life at extreme temperatures

HEN YOU design for extreme temperatures . . . in military
. . VV electronic equipment, miniaturized apparatus and the
New Mounting Designed like . . . be sure to choose capacitors that you know will meet

for heavy shock and vibration severe conditions.

Specify Mallory XT tantalum capacitors . . . proved by test
and field usage to give consistently long, stable service across
an extremely wide temperature range. Pioneered by Mallory,
these units embody design and production techniques devel-
oped during twelve years of research and manufacturing in
the high temperature capacitor field.

Mallory XT tantalum capacitors are now

availablein a design which will withstand
severe shock and vibration. A flatted
neck with 14-20 threads fits through a

Standard XT’s cover the range from —55° C to +175° C.
When specified, they can be supplied rated for continuous
operation at 200° C. A complete selection of capacitance and

keyed slot in the chassis. .. is held in voltage values is available.
place by a lock washer and hex nut.
Assembly takes only seconds . . . requires
no strap or other hardware. This design
is supplied in a variety of ratings, with
cases up to 213" in height. Write for
information.

Representative performance data, based on sampling tests
representing hundreds of thousands of capacitors, is now
available on Mallory tantalum capacitors. To see for your-
self the specifications which these units can be relied upon to
meet, write today for our latest Technical Bulletin.

Expect more...get more from

ALLORY

Serving Industry with These Products:

Electromechanical—Resistors ¢ Switches ¢ Television Tuners ¢ 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.

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

140 Wanf more information? Use post card on last page.
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NOW PHELPS DODGE SODEREZE*®
SUITABLE FOR ALL

Instrument motor stator

Magnified connection shows direct soldering
without stripping.

Universal wound

TV choke coil Solenoid coil Transformer coil

fit o, oiting (ualiy—from Mine & Mook

Visit our booth #683, Circuits Ave., I. R. E. Show, March 19-22.
®Reg. U. S. Pat. Off.

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



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

. New materials assure high “Q".

All essential properties equal or superior
to existing film wires.

2% 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.

Any time magnet wire is your problem, consult Phelps
Dodge for the quickest, easiest answer!

PHELPS DODGE COPPER PRODUCTS

CORPORATION

INCA MANUFACTURING DIVISION

FORT WAYNE, INDIANA

ELECTRONICS — March, 1956 Want more information? Use post card on last page. 143



VISIT OUR EXHIBIT
1956 IRE

National convention
and Engineering Show
707 Airborne Avenue

Kingsbridge Armory

March 19-22

WRITE FOR Faqcilities
Brochure and further infor-
mation to Sales Department,
Technical Products Division,
Packard-Bell Company,
12333 West Olympic Boule-
vard. Los Angeles 64, Calif.

Photo— Courtesy of Douglas Aircraft Co. Inc.

RESEARCH, DEVELOPMENT
AND PRODUCTION FOR THE
MILITARY AND INDUSTRY

ELECTRONITC EQUIPMENT AND SYSTEMS ...
Communication, navigation, radar, identification, sonar,

missile guidance and missile test equipment.

Delay lines, pulse transformers,

CUSTOM COMPONENTS FOR SPECIFIC REQUIREMENTS ...

pulse-forming networks, filters and low-voltage coils.

TECHNICAL REPRODUCTIONS ... Printed wiring boards,
assemblies, slip rings, commutators and printed wiring
switch plates.

THE OLDEST AND LARGEST COMPLETELY INTEGRATED ELECTRONICS FACILITY IN THE WEST

144
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G-E “Thru-Con” Printed Circuit Boards
may lead to the savings you need

New engineering study shows that 7 out of 10 electronic
and electrical products can gain important savings

Automation is the magic cost-cut-
ting word in industry today. Along
with it—printed circuits, using G-E
“Thru-Con” Boards. Thru-Con is
helping to turn in impressive cost
reductions for a wide range of in-
dustries. Manufacturers of lamps,
radios, fans, street lighting systems,
television, kitchen appliances, and
control units now use G-E “Thru-
Con” to save money.

Printed circuitry may provide yowr
products the margin you need to
beat competition. “Thru-Con” helps
cut assembly and inspection times,
may reduce size and weight from

finished products, and trims high-
priced parts inventories.

It will pay you to look into the
savings General Electric ““Thru-Con”
boards make possible. A G-E Elec-
tronic Components application en-
gineer is ready to work with you
now. He will study your product, its
circuitry, and assembly methods.
Then, he reports how you, too, may
effect production savings by using
G-E “Thru-Con” Boards.

Call in your G-E “Thru-Con’ man
today, or, write: General Electric Co.,
Electronic Components Department,
Section X436, Auburn, N. Y.

Progress Is Ovr Most Important Produet

G-E “Thry-Con™ Printed Circuit Boards offer
pesitive connection thru the holes, without stak-
ing pins, patterns on both sides if needed.
Printed circuitry cuts assembly time, elimi-
nates product bulk and weight, reduces in-
spection time and parts inventory.

F—

Recent Engineering Study shows that 7 out of
10 clectronic and electrical products may
benefit from printed circuirry. The General
Electric “Thru-Con’ man is available, with-
our obligation, to survey vour circuitry, rec-
ommend specific uses of Thru-Con Boards

GENERAL @3 ELECTRIC

ELECTRONICS — March, 1956

for your product. Call him in, today.
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outstanding

BuUDD - STANLEY presents 2

1 Exclusive New Casting Process
for Producing Waveguide Assemblies

as shown below:

SPECIFICATIONS

VEWR IN TRANSMITTED
IDiRECTICN*115 OR LESS

VEWR IN RECEIVED
HRECTION - 1.7 OR LESS

JOUPLEXING LOSS-1.5256 MAX,
NOISE FIGURE-I13.54b W

|/ Lower cost waveguide assemblies to your specifications.

|/ Complex waveguide structures can now be cast complete in aluminum,

magnesium and brass.

|/ Guaranteed uniformity of electrical and mechanical parameters assure interchangeability.

|/ Completely tested to ycur systems standards.

We shall be glad to send you complete details upon request. See us at
BOOTH 681

IRE SHOW
BuDpD - STANLEY Co. INC. gpitep sy

43-01 22nd St., Long island City 1, N. Y. 1
Phone STillwell 6-1706 March 19th to 22nd

Cable Address ‘‘BUDDSTAN"

For further information get in youch with:

Asbury Park, New Jersey Baitimore, Maryland Bogata, New Jersey Camp Hill, Pennsylvania Chicago, lllinsis Dewnsview, Ontario

|. E. ROBINSON CO. HORMAN ASSOCIATES RMC ASSOCIATES |. E. ROBINSON CO. HOWER & PRETAT BEECHEY ENTERPRISES
702 Mattison Avenue 635 St. Johns Rd. 114 East Main 5treet 2120 Market Street 4 N. Cicero Avenue 20 Nash Drive

Dunkirk 9-2404 Hopkins 7-2290 Diamond 2-5343 Regent 7-554% Columbus 1-3146 Toronto, Cherry 1-2150
146 Went more infarmation? Use post card on last poge. March, 1956 — ELECTRONICS
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ST

services in microwave transmission components!

2 RF HEADS

complete with electron tubes and all accessories

from to
ENGINEERING COMPLETE
CONSULTATION PRODUCTION
MANUFACTURING

according to your specifications and design
fully tested and ready for installation in your system

Including Mixers; Duplexers; AFC Mixers; Beacon Circuits;
Local Oscillator Mounts; Directional Couplers; Antenna Feeds;
Rotary Joints.

® Save assembly time
e Save purchasing time
* Save inspection time

You can depend on Budd + Stanley production skill, engineering

Quality
Economy
Dependability

know-how, experience and manufacturing methods to produce
waveguide and microwave transmission equipment from the
simplest to the most intricate assembly.

Liverpool, New York Los Angeles, California New York, New York San Francisco, California Upper Darby, Pa. Washington, D.C.
WADSWORTH MFG. ASSOCIATES JACK BERMAN CO. RMC ASSOCIATES E. L. BERMAN CO. I. E. ROBINSON CO. HORMAN ASSOCIATES
509 Balsam Street 1141 So. LaCienega Blvd. 170 Eost 80th Street 758 Natoma Street 7404 West Chester Pike 2017 S Street, N.W,
Liverpool 69-7043 Bradshaw 2-9138 Trofalgar 9-2023 Underhill 3-0317 Sherwoad 8-1294 Decatur 2-5705

ELECTRONICS — March, 1956 Want more information? Use post card on last page. 147
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Remington Rand Univac, the LEADER in
the field of electronic computers, is expanding.
Our Computers, File-Computers, and data hand-
ling and control systems are in such demand by
industry and government that we are operating
to full capacity and building new plants and labor-
atories. Components developed and manufactured
by Univac are being used by other leading manu-
facturers in this field. Your best opportunities for
advancement and professional growth lie with
expanding Univac.

ELECTRICAL ENGINEERS

Past experience with computers will be rewarded
from the start. If you do not have this experience,
qualified engineers will be given intensive training
in computer logic and circuitry and specialized
training on specific computers. You will work with
the men who developed much of the basic knowl-
edge of the industry. You will participate in the
further development of the new File-Computers,
magnetic core and drum memory systems, and
other data handling equipment.

MECHANICAL ENGINEERS

You will enjoy development engineering work on
computer input mechanisms consisting of cards,
tapes, and keyboard devices . . . computer mem-
ory devices . . . high-speed output printing mech-
anisms . . . will design cabinet structures, compo-
nent packaging, cooling and ventilating systems,
and miniaturized components.

R,
ALY 3 Rrsias 1,

Magnetic
Drum
Storage

&

Magnetic Core Storage

L Magnetic Tape Units

e, e

§
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PHYSICISTS—MATHEMATICIANS

Challenging, stimulating problems await you in
computer programming, mathematical routines,
and the determination of optimum timing consid-
erations. Advanced scientists will analyze com-
puter needs and provide logical design of proposed
systems.

CONTRACT ADMINISTRATORS

There are top-level positions awaiting men who
can handle contracts dealing with electronic com-
puters and associated equipment. You will work
closely with our top management and our most
important customers. Men with engineering de-
grees (or equivalent experience) plus experience
in contracts will find unlimited horizons here.

YOU SET YOUR OWN PACE AT UNIVAC

Your rewards at Remington Rand Univac do not
end with immediate compensation for past exper-
ience. Frequently scheduled merit reviews hurry
the advancement of talented and ambitious men.
Life insurance, hospitalization, and surgical care
are provided each employee without cost. Other
benefits include company-paid life insurance, hos-
pitalization, and surgical care . sick leave,
annual vacation, and paid holidays . . . and the
option of joining a generous, participating retire-
ment plan.

Learn and grow with this fabulous new indus-
try . . . at Remington Rand Univac where the
standards are set for others to follow.

Sendcomplete resume to

DIVISION OF SPERRY RAND CORPORATION
AT ANY ONE OF THESE THREE PLANT LOCATIONS

MR. R. K. PATTERSON
Dept. MS-2
1902 W. Minnechaha Ave,
St. Paul W4, Minn.

MR. D. A. BOWDOIN
Dept. MP-2
2300 W. Allegheny Ave.
Philadelphia, Pa.

&

i S & R 2 % 3 % = 2

ELECTRONICS — March, 1956

MR. FRANK KING

South Norwalk, Conn.

m 4,006 w,

ord .
Storage ° °f High-Speeq Magnetic.c
J -Core

16,381 vy,
4 ords of )
a"te”"ediate Spehg:;fnetw-Dr”m Storage

1-10 Univa
4 Magne“c T
apes (Bulk St.
Ol‘age)

’s com D

ble'leﬂgth acc’@ment nota

ti
Umulator on. True

Dept. MN-2
Wilson Avenue
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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.

For medium power equipments

British high fidelity experts choose the

. The Mullard range of high fidelity tubes is accepted
\ in Britain as the standard by which others are judged.
: This is because many years of research and develop-
ment have been spent in producing a range that will
meet the requirements of high fidelity sound repro-

i

,
iy

° duction in all respects. Take the Mullard EL84 for
example. A pair of these tubes provide a power out-
put of 10W at a distortion level of less than 19.
Furthermore, their transconductance of over 11,000
T umhos results in an exceptionally high sensitivity.
The EL$4 may be used for higher powers too. Two
tubes in push-pull will provide outputs of up to Principal Ratings
e 17W ag an ovcrgll distortion of 49. S e i 6.3V, 076A
: At maximum ratings one EL.84 has a plate dissipation N2 pEEYEEEE 300V
T of [2W and gives an output of 5-6W for an input ' o
A Max. plate dissipation - 2w
BRgl pf [y shiam oV ¥Gm.S. Max. screen voltage . .. 300V

Supplies of the EL84 for replacement in British

equipments arc available from the anies
d p t comp Max. cathode current . . 65mA
mentioned below.

by WS Base

Small button noval 9-pin

Max. screen dissipation (max. signal) 4W

Supplies available from:—
In the U.S.A. International Electronics Corporation,
Dept. E3, 81 Spring Street, N.Y.12, New York, U.S.A.

In Canada Rogers Majestic Electronics Limited,
Dept. IG, |1-19 Brentcliffe Road,
Toronto 17, Ontario, Canada

S

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.

TMeviz
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MEMO
M. THE ENGINEERING STAFF AT NJE

. ENGINEERS AND PURCHASING AGENTS
IN THE ELECTRONICS INDUSTRY

HEARTBREAK .-

o think of all
g along '

SUBJECT:
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t there, strugglin

atalogs.
1f you have an old NJE catalog,

j¢'s not too tragic, put you're

missing data aboutl nundreds

of new models.

THE NEW CATALOGS HA

cogplete ratings of over 500 stoc
nnical discussion of metho
__worth the price of the 8

ing staff

VE EVERYTHlNG-—-
k-model supplies
a thorou n tec as of rating
power suppiies tamp alone!—
by our engineer
m prices on all models

five rangés: H-5 (high vyoltage, low current);
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Write today-

Please, fellows « « »

For our complete
ine of electronic

power supplies s
electronics[g 113?:20

BUYERS’ GUIDE

P o w E .
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IMALLOR

New 1700 series Mallory split-reed
vibrator* uses special alloy leaves which
serve both as contacts and as springs . . .
eliminating usual button contacts. Life
is greatly increased, constancy of output

improved, and driving power reduced.
#*Patent Applied For

New Heavy Duty Mallory Vibrator

gives far longer life, constant output

For the peak in dependability and performance, plan to use this new-
est Mallory vibrator in your communications equipment. A com-
pletely new idea in vibrator design eliminates conventional contact
buttons. The spring leaves themselves . .. made of special contact
alloy . . . act as contacting members. This design provides greatly
increased contact area, with these important advantages:
Consistently Longer Life. Tests made on heavy duty cycles

prove up to 100% greater service can be expected . . . with a high
degree of consistency.
Steadier Output. The decreased rate of erosion means less change
in contact spacing, less variation in voltage.
Flare-Proof Starting. The new low-mass design permits wider
contact spacing to prevent start-up flare . . . without need for
greater driving power.
Exceptional Uniformity of characteristics is made possible by
the simplified design.
Minimum Size for heavy duty ratings.
The new deSIgn is available in the split-reed type shown here, for 6/12 volt
service, and in the Duplex heavy duty model without the split reed con-

struction. For full technical data, and for a consultation on your specific
power supply requirements, write or call Mallory.

Serving Industry with These Products:

Electromechanical—Resistors » Switches ¢ Television Tuners « Vibrators MALLORY & CO.Inc
Electrochemical—Capacitors « Rectifiers » Mercury Batteries
Metallurgical— Contacts » Special Metals and Ceramics « Welding Materials

ATt

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

Parts distributors in all major cities stock Mallory
standard components for your convenience.
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W. W. MacDONALD, Editor

» GUEST . .. We were recently a
guest of the National Bureau of
Standards in Washington and found
it a very stimulating experience.

The Bureau is expert on the
subject of measurement, which of
course involves the use of advanced
electronic techniques. These tech-
niques in themselves were interest-
ing but we were even more im-
pressed bv the scope of the op-
eration.

In the measurement of mass
alone the Bureau has ranged all the
way from the electron (9,099 x 10
¢ram) to the earth itself (5,975 x
10* grams). Or, if you prefer it in
English, a cube of sugar looks to
an electron about like the earth
looks to the cube.

» COMPONENTS . . . As compa-
nies in the field of electronics grow
larger, or merge, more and more
are setting up component evalua-
tion departments. There is nothing
new about the idea but it seems to
be developing into a trend.

Centralized testing of parts can
have profound effects upon the
market, not the least of which is a
slowing down of the speed with
which new components can be sold
for incorporation in new equipment
models. Also, we think it could
bring about a general tightening up
on specifications.

» SERVICE . .. As American in-
dustry shifts from mere mass
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TALK

production to more automatic pro-
duction the inadequacy of service
facilities for the ultimate consumer
becomes increasingly apparent.

This is true all the way from
household items to many products
used by industry itself. Fix-it-your-
self is not a passing fad but a neces-
sity. And the reasons are clear.
There has been more money in
sales than in service, and men
dida’t have to get their hands dirty.

A certain amount of service is
grudeingly made available in the
interest of good public relations.
But it is not enough to keep pace
with expanding production and
sales. Nor will it be until business-
men stop thinking of service as just
a necessary evil.

We may be ahead of the times
but do think service can now once

LOOKING AHEAD . . .

MARCH e 1956

again represent a very real oppor-
tunity to malke money, not on the
small catch-as-catch-can basis in
which it is conducted today but
organized as are other branches of
big business.

» REMINDER . .. On the average,
man is a 0.25-megohm, 1-watt re-
sistor.

At 1 milliampere, shock is per-
ceptible.

At 10 mils you can’t let go.

100 is generally fatal.

And engineers are already in
short supply.

» LANGUAGE ... A friend of ours
uses a word we think has merit;
autofacture. He uses it to describe
automatic manufacturing systems
now coming into prominence.

Simplification of color-tv receiver circuits is now proceeding
at an accelerated pace; engineering advances will be rapid in

the next few months

Electronic data processing equipment designed for use in busi-
ness offices works economically around the clock; this could
ultimately change the hours of office workers

Transistorized car radios working on their own batteries could
be readily removed from instrument panels or glove compart-
ments for use as portables; you'll probably see several like

this soon
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Characteristics and

UMMARY -

Electrical noise imposes the ultimate limit on the perform-

ance of any communications system. This article, the first in a series dealing

with noise, discusses such types as thermal, vacuum-tube, contact and igni-

tion noise, static, interference and quantizing noise originating in analog-to-

digital conversion systems

N MOST present-day usage the
meaning of the general term
noise is aptly summarized by Am-
brose Bierce’s definition:* “A stench
in the ear.” A more extended appli-
cation has evolved, however, for the
specific term electrical noise.

In the early days of telephone and
radio, acoustic effects were a chief
concern. It was natural then to use
the same name for both a sound
effect and the electrical wave which
caused it. Later when similar wave-
forms were encountered in electrical
systems which did not have audible
outputs, the name noise had become
so well-entrenched that substitu-
tions were not found necessary.

Noise is said to accompany the
picture signal in television even
though the ultimate offense is
against the eye rather than the ear.
In teleprinter and radar, the effect
of noise may best be described as a
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delivery of wrong information
rather than any esthetic fault. The
development of efficient testing pro-
cedures based on the use of a noise
wave as input to a system, however,
has shattered the concept that noise
is inherently evil.

The term noise may be regarded
as merely a signpost leading to a
variety of electrical phenomena
which can best be described indi-
vidually. The types include thermal
noise arising from Brownian mo-
tion of electrons in kinetic equilib-
rium with the molecules of a con-
ductor, tube noise of various kinds
characteristic of thermionic devices,
contact noise associated with
fluctuating conductivity, static from
electrical disturbances in the at-

www americanradiohistorv.com

mosphere, interference from un-
wanted transmission and quantizing
noise arising from errors in analog-
to-digital signal conversion.

Thermal Noise

Thermal noise, which is also
called resistance noise and Johnson
noise,>** is a basic form inherent in
all systems operated at a tempera-
ture exceeding absolute zero, at
which all molecular motion ceases.

Any conductor contains a cloud
of moving electrons which tend
toward thermal equilibrium with
the malecules of the conducting sub-
stance. In the classical picture,
which is a sufficient model for ex-
plaining noise effects so far ob-
served, the mean square velocity
of the electrons is proportional to
the absolute temperature. The elec-
trons ecollide frequently with the
molecules of the substance, thereby
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FIG. 2-——Narrow-band thermal noise—midband at 1,955 cps, width 120 cps

Origins of NOISE—-Part I

exchanging kinetic energy.

Each flight between collisions
constituts a short pulse of current.
The duration of each pulse is so
short and the number of pulses a
second is so large that no available
measuring instrument would be
capable of resolving the resultant
wave into individual pulses.

In the widest-band receiver so far
attainable, the responses to indi-
vidual electron flights are smeared
out over a time that includes an
enormous number of pulses. The
average or d-c component is zero,
but there is a small a-¢c component
which constitutes the observable
noise.

In all reported measurements, the
mean amount of total power has

been found to be proportional to
bandwidth over any range from d-c
to the highest microwave frequen-
cies yet explored. Tuning a re-
ceiver with fixed bandwidth does
not change the average noise power
output but only alters the rapidity
of the oscillations.

A noise source which has such a
uniform distribution of mean
power versus frequency is called
white from the analogy with white
light which contains all colors.
Thermal noise is an outstanding ex-
ample of white noise.

What happens at still higher fre-
quencies has not yet been investi-
gated experimentally but there are
theoretical arguments based on
quantum mechanics which predict

system performance,

major antagonist.

WHY ENGINEERS SHOULD KNOW ABOUT NOISE

Thirty years ago it was recognized that spontancous current fluctuations caused
by random electron motion could become a serious problem for electronic engineers.
As increasingly sensitive instruments became available, noise correspondingly advanced
as a major problem. Along with the ubiquitous thermal noise are arrayed atmospherics,
man-made interference and other disturbances.

Today engineers agree that amplification itself is an insufficient criterion of
An information-handling scheme is effective only to the extent
to which it distinguishes the desired information from noise.

In the future, increasingly sensitive instruments will be devised. Communications
systems of ever greater range and information-handling capacity will be undertaken.
More and more electronic and electrical equipment wilf be used.

These trends all will identify noise, both natural man-made, as the engineer’s
This series of articles is intended to help him understand what
noise is, how it is produced and how its injurious effects can be minimized

ELECTRONICS — March, 1956

a falling off of power at frequencies
beyond about 10* cycles at ordinary
room temperatures.

For practical purposes, all elec-
trical apparatus is subject to an
inherent thermal noise power input
directly proportional to the product
of bandwidth and absolute tempera-
ture. The amount is 4 X 10 watt
per cycle of bandwith at 17 C or 204
db below 1 watt per cycle.

The constant of proportionality is
equal to Boltzmann’s gas constant,
I = 1.38 x 107 joule per degree C.
This represents 4 minimum amount
of noise power which must ulti-
mately limit the fidelity of amplifi-
cation when the input signal is
weak.

Noise Waveforms

The photographs illustrate ther-
mal noise as a voltage or current
wave plotted against time.

A waveform for any specific
range of frequencies serves equally
well for any other range in which
all frequencies are multiplied by a
constant factor, provided that the
time scale is divided by the same
factor.

The photographs shown were
taken by C. B. Feldman in 1940 with
the rapid-record oscillograph,® an
instrument designed to show a con-
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tinuous record of aperiodic phe-
nomena in the range from zero to
about 10 k¢, The long record has
been cut in pieces arranged in order
like the sentences on a page.

Figure 1 shows a typical wide-
band noise record, in which the
ratio of highest to lowest frequency
passed is large compared with unity.
The limits are those of a telephone
channel passing from 200 to 3,000
cps. The light vertical lines are 1
millisecond apart. If the time scale
were divided by one million, the
record would serve equally well for
a range from 200 mec to 3,000 mc.

The scale of magnitudes depends
on how much amplification is used
and could fit all thermal noise wave-
forms by replacing the instanta-
neous values by their ratios with
respect to the rms value. Peaks of
various heights occur, the wave
never repeats itself exactly and the
spacing of axis ecrossings is ir-
regular at frequencies which may
be anywhere within the band.

Figure 2 shows a narrow-band
case. The selective circuit is a
carrier-telegraph filter with mid-
band at 1,955 cycles and bandwidth
120 cycles between 7-db discrimina-
tion points. The noise has charac-
teristies like an amplitude-modu-
lated wave in that the oscillations
are near the midband frequency and
the successive peaks define a low-
frequency envelope which itself
shows variations with time at fre-
quencies comparable with the band-
width. The axis crossings are not
regular but are frequency-modu-
lated at rates comparable with the
bandwidth.

Figure 3 shows a still narrower
band. Here the midfrequency is
1,500 cycles and the bandwith is 6
cvcles between 6-db discrimination
points. The modulation rate is so
slow that to show a representative
record the individual oscillations
are blurred.

Gaussian Noise

The magnitudes occurring in a
thermal noise wave have the
gaussian or normal distribution.
This distribution is approached by
any phenomenon which is the sum
of a large number of independent
components. In statistical theory,
the statemeni of this property is
known as the central limit theorem.®
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In thermal noise, the independent
components are the individual cur-
rent pulses associated with the
electron flights between collisions.
The form of distribution once
established is not upset by any
subsequent linear operations and
therefore holds for thermal noise as
received through any linear selec-
tive circuit. Linear filtering can
change the time scale and the mean
square value but does not change
the relative occurrence of the dif-
ferent magnitudes expressed re-
lative to the root-mean-equare or-
dinate.

where E is the magnitude under
consideration and o 1s the rms
value. Its meaning is that the
product p AE gives the probability
of finding the magnitude within a
small interval of width AF centered
at E. The probability density is
greatest at E — 0, meaning that
values near zero are found rela-
tively most often. The equation of
the curve in Fig. 4A is the integral
of p with respect to E and is

P = 3}{1 + erl[E/(20)")}

where P is the cumulative distribu-
tion and erf stands for the error

FIG. 3—Narrow-band thermal noise—midband at 1,500 cps, width 6 cps

The gaussian distribution holds
approximately for many other kinds
of noise beside thermal. Figure 4A
shows the cumulative distribution
curve. The ordinate presents the
fraction of time the thermal noise
voltage or current remains less
than specific instantaneous ratios
relative to rms. This curve would
be obtained by monitoring noise
output with level recorders set at
various threshold levels and evalu-
ating the percentage of time each
one is not operated.

At minus infinity, the probability
is zero since all values exceed this
amount. The magnitudes are sym-
metrically distributed about zero
and hence the 50-percent point is
the division between negative and
positive values. The curve for posi-
tive values is symmetrical with that
for negative values and reaches 100
percent at plus infinity.

The curve of Fig. 4B is the proba-
bility density function indicating
the relative portions of time the
voltage spends near specific values.
It is the derivative or slope of the
curve of Fig. 4A. Its equation is

p = expl— £%/(20)] /o (2m)"?
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function defined by

erfz = [2/(#)"’2]\/‘5652})(—,’1?)2 da

The error function is tabulated in
Pierce, “A Short Table of Inte-
erals.”

The fuct that the curve of Fig. 4A
approaches 0 percent and 100 per-
cent probabilities asymptotically
shows that it is impossible to de-
fine a unique peak factor for
thermal noise. By waiting long
enough and having apparatus of
sufficient linear range, there is no
limit to the magnitude which can
be reached.

Instead a qualified peak factor
can be defined as the ratio of the
peak exceeded only a specified per-
centage of the time to the rms
value. It is convenient to express
peak factors in db above rms versus
probability of excess, as in Table I.
The percentages include the times
both positive and negative excur-
sions have absolute magnitudes ex-
ceeding those specified.

A common value for the peak
factor of thermal noise is 4, which
is equivalent to 12 db. This ex-
cludes greater peaks reached
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about 0.01 percent of the time. In-
clusion of 0.001 percent peaks
would only increase the peak fac-
tor by about one db.

Another quantity of interest is
the form factor or ratio of rms
to average absolute value. This is
the ratio of the rms to the full-wave
rectified d-¢ output. The form faec-
tor of gaussian noise is (#/2)% =
1.253, equivalent to 1.96 db, which
is 1.05 db greater than the corres-
ponding value of »(2)¥/4 = 1.111
or 0.91 db for a sine wave. This
difference is of practical signifi-
cance if a rectifying meter cali-
brated to read rms values for a sine-
wave input is used. The rms value
indicated for thermal noise will be
1.056 db too low if the rectifier is
linear.

Rayleigh Noise

If a narrow band of gaussian
noise is applied at high level to an
envelope detector consisting of a
diode in series with a parallel R-C
cricuit, the waveform of the out-
put follows smoothly through the
positive tips of the input wave with-
out executing the intervening osecil-
lations.

The wave obtained has the Ray-
leigh distribution, shown graphi-
cally in Fig. 5A for the cumulative
distribution and in Fig. 5B for the
probability density. Since only
positive values are obtained the
curves start as zero and proceed
to the right. The equations are

p = (E/0® exp (—L£*/24?)
P =1 —exp (—E*/2¢?)

The probability density is maxi-
mum at the rms value of the wave.
The peak factors for percentage
probabilities of exceeding various
peaks relative to rms differ from

those of the gaussian case and are
given in Table II. The reference is
the rms value of original noise wave
and not the rms envelope, which is
2.

The Rayleigh distribution is im-
portant in the narrow-band case in
which an envelope detector is often
a part of the receiving apparatus.

Equivalent Circuits

Unlike the mean power, the mean
square voltage or current asso-
ciated with thermal noise depends
on the impedance level at which the
observation is made. Since the
available power from a generator
with open-circuit rms voltage F
and internal impedance Z = R 4 j.\
is "/ (4R), the equivalent circuit
of a thermal noise source usso-
ciated with an impedance 7 is
formed by inserting in series with
Z a voltage source of rms voltage
E such that

E?/(4R) = kTh or E* = 4RET)
where & is Boltzmann’s constant,
T is the temperature on the Kelvin
scale and b is the bandwidth in cps.
To find the rms thermal noise volt-
age FE, which would be supplied
from Z to any other impedance to
which it is connected as in Fig. 6A,
calculate the absolute value of the
gain ratio E./E, = g, and write

E? = @?E? = 442k TRb

If ¢ and R vary with frequency,
an integration must be performed
with respect to frequency f, giving

[+ o]
Ef = 4kT / ¢R df
¢

In the most general case this cal-
culation would have to be performed
for every resistive component as-
sociated with the network and the
separate power contributions added

)
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FIG. 4—Distribution of instantaneous gaussian noise voltages or currents {A) and dénsity

of gaussian noise distribution (B)
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to form the total noise power. In
the more usual high-gain amplifier

case, the gain factor ¢ 1is high
cnough to matter only between

earliest amplifier input stages and
the output. All other contributions
to thermal noise may then be neg-
lected.

Instead of a voltage generator in
series with an impedance, a cur-
rent generator / in shunt with an
admittance ¥ = G + jB as shown
in Fig. 6B can be used. The corre-
sponding equations are
12 = 4£TGH
I.2 = 4¢*%TGb (for g and G constant)

oo}

= 4rT ¢*G i (for g and ¢ vari-

Iy able with fre-
queney)

Noise Bandwidth

The equations for gain variable
with frequency enable the definition
of a noise bandwidth b,, for a trans-
nmission system which does not have
a flat transmission band. For this
purpose R is constant with f.

The idea is to find an equivalent
transmission characteristic of rec-
tangular form such as shown in
I'ig. 7 which would give the same
total amount of noise. The maxi-
mum value of ¢ is set equal to ..
The area of the rectangle of height
g, and width b, is set equal to the
area under the curve of ¢° versus
f. In Fig. 6A

E?= 4 kTR / G df = 4 kTR buget

The noise bandwidth is defined by

1 = .
9o / g*d/

Amplifier Noise

b, =

Thermal noise contributes an ir-
reducible minimum amount of

Table I—Peak Factors for
Gaussian Noise

Percent
of Time Peik  Peak Factor in
Peak is db = 20 logy,
Exceeded rms (peak/rims)
10.0 1.645 4.32
1.0 2.576 8.22
0.1 3.291 10.35
0.01 3.890 11.80
0.001 4.417 12.90
0. 0001 4.892 13.79
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FIG. 5—Distribution of instantaneous Rayleigh noise voltages or currents (A) and density
of Rayleigh noise distribution (B). This distribution occurs when a narrow band of
gaussian noise is applied at high level to a detector

noise power to the output of an am-
plifier. The amplifying elements
themselves introduce additional
noise peculiar to their operation.

In vacuum-tube amplifiers, the
contributions in addition to thermal
noise are mostly included under
tube noise. Except at very low and
very high frequencies, tube noise is
like thermal in that it is white and
gaussian.

In transistors, a form of contact
noise sometimes called excess noise,
flicker noise and 1/f noise is an im-
portant offender. Instead of being
white its power density on the fre-
quency scale varies inversely with
frequency over an extensive range.
It may also be quite nongaussian
in its distribution of magnitudes.

A similar kind of nonwhite non-
gaussian noise found at very low
frequencies in vacuum tubes is
called flicker effect and is thought
to be caused by slow fluctuation in
cathode emission,

Tube Noise

The basic model for explanation
of tube noise starts with the shot
effect based on the random emis-
sion of electrons from the cathode.
In temperature saturation in which
all emitted electrons are immedi-
ately drawn to the anode a calcu-
able amount of noise power arises
since the anode current is made up
of a spatter of discrete charge ar-
rivals instead of a steady flow. The
result due originally to Schottky’
may be expressed by a white gaus-
sian noise current generator with
mean square given by

I =2elh
where ¢ is the electronic charge
1.60 x 107 coulomb, I, is the d-c
value of anode current and b is the
bandwidth.

Comparison with the correspond-
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ing thermal noise formula shows
that 2el, corresponds to 4kTG.
Hence shot-noise effects can be cal-
culated in the same way as thermal
noise with this substitution.

In amplifiers the tubes are
usually operated at currents below
temperature saturation. Under such
circumstances the accumulated
space charge exerts a smoothing
effect and substantially reduces the
shot noise below the amount given
by Schottky’s formula. The latter
formula is applicable to so-called
noise diodes, which are deliberately
operated at temperature saturation
to give a controlled noise source
having an amount of power suit-
able for measuring purposes.

In addition to space-charge-
limited shot noise, vacuum-tube
amplifiers are subject to partition

-
Z=R+jX E, E
NETWORK T 9
E' i !
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FIG. 6—Equivalent voltage {A) and cur-
rent {(B) generators for thermal noise
source in a linear network
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FIG. 7—Relation between noise band-
width of network and its gain-frequency
curve

Table II—Peak Factors for
Rayleigh Noise

Percent
of Time Peak Peak Factor in
Peak is ——— db* = 20 logy
Exceeded rms (peak /rms)
10.0 2.146 6.63
1.0 3.035 9.64
0.1 3.618 11.40
0.01 4.292 12.65
0.001 4.798 13.62
0.0001 5.198 14..32
* Rms of gaussian noise wave

noise in multigrid tubes caused by
random distribution of electrons be-
tween the anode and other elec-
trodes, noise from secondary emis-
sion from electrodes and noise from
ionization of small traces of gas.

At very low frequencies, the
flicker effect occurs and at high fre-
quencies, the problem is compli-
cated by electron transit-time ef-
fects which bring about a depar-
ture from a white-noise source.’

Quantitative Noise Criteria

The equivalent saturated diode
current is obtained by measuring or
calculating the equivalent noise cur-
rent source I in bandwidth b and
equating its square to 2elb. The
resulting value of I, given by

Iy = I%/2¢b
is the saturation current of a
diode which would generate the
same shot noise power as the entire
amount of noise power generated
by a tube from all sources.

The equivalent noise resistance
R. is the resistance which, acting
as a thermal noise voltage source
in the grid circuit of a vacuum-
tube amplifier stage, would produce
the measured output noise power.
If the output noise of the tube is
represented by a current source [
in bandwidth b and the transcon-
ductance of the tube is g,

4 kTR.bgn? = I?
R, = I2/4 kTR.bgn?

The noise ratio » of any two-
terminal linear device is defined as
the ratio of the available noise out-
put power P, in bandwidth b to the
available thermal noise power. That
is

n = P./kTb
If the device contains no noise
sources except its own thermal
noise, n is unity.
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The noise figure F of a four-ter-
minal network is defined® as the
ratio of the available signal-to-
noise power ratio at the input to
the available signal-to-noise ratio
at the output when the only noise
source in the input is thermal noise.
It is unity if the four-terminal net-
work is noise-free.

It is commonly measured by in-
troducing a calibrated noise source
at the input and adjusting until the
noise output power is just doubled.
The noise power N, delivered by the
auxiliary source is then just equal
lo the equivalent input noise power
of the network. The noise figure F
is given by

F = N./kTh

It the network introduced no noise
of its own, the added noise N,
would be just equal to the thermal
noise power kTb from the input
and F' = 1 as before stated. In
general the value is greater than
one and the magnitude indicates
the relative noisiness contributed
by the circuit.

Contact Noise

Contact noise includes an exten-
sive variety of sources having a
fluctuating conductivity. In relay
or switch contacts, the fluctuations
occur at an imperfect junction be-
tween two conductors.

A similar condition exists in the
discontinuous  conducting  path
formed by the discrete particles
in a carbon microphone. Transis-
tors and semiconductor devices
tend to be plagued by phenomena
which act like bade contacts.

The amount of noise thereby con-
tributed has been substantially re-
duced as more knowledge and ex-

on the problem. The low-frequency
flicker effect in vacuum tubes is a
species of contact noise.

Two important properties of con-
tact noise are that the amount of
noise power is proportional to the
d-c current flowing through the de-
vice and that the density of power
on the frequency scale varies as
the reciprocal of the frequency,
giving the so-called 1/f spectrum.

The proportionality with d-c is
understandable since a varying
conductivity in itself would have
no outward observable effect until
a current is made to flow. In this
respect contact noise is like shot
noise. The 1/f spectrum remains
mysterious despite much theo-
retical analysis.

It is apparently a fundamental
property but explanations to date
have been too complicated to de-
scribe in a few sentences.® Its
practical significance is that the
noise figure of semiconductor de-
vices varies inversely with fre-
quency in the range of low fre-
quencies over which contact noise
predominates over thermal noise.

Contact noise observed over a
considerable bandwidth may also be
nongaussian in its distribution of
magnitudes. A relatively narrow
band tends to become gaussian be-
cause the instantaneous response
becomes influenced by a large part
of the past history and the central
limit theorem then takes hold.

Static and lgnition Noise

The noise from atmospheric
static differs from the noise sources
previously discussed in that it has
a much more highly variable nature.
It may consist of isolated bursts or

perience have been brought to bear continuous rumbling and the
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FIG. 8—Distribution of instantaneous quantizing noise voltages (A) and density of quantiz-

ing noise distribution (B)
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amount received can change en-
ormously with atmospheric condi-
tions. It tends to taper off with
frequency and is much stronger in
the a-m broadcast band of radio
frequencies than in the vhf band
used for tv and f-m.

The pulse-like character often ob-
served in static is also associated
with ignition noise, which may
arise by induction from any man-
made electrical discharge of short
duration. The important difference
between noise pulses and steady
noise is that the time scale of the
primary cause in the former case is
so slow that receiving circuits re-
solve independent events.

A further narrowing of the band-
width would eventually cause the
distinet pulses to merge into a
steady noise wave. Before this
merger takes place, however, the
heights of the noise peaks tend to
vary directly with bandwidth while
the rms noise follows the square
root. This is because the isolated
peaks represent addition of nearly
equal in-phase components uni-
formly distributed in frequency.
Band reduction lops off a propor-
tional number of equal contribu-
tors. The rms value is propor-
tional to the square root of the
average power which is directly
proportional to bandwidth.

It is thus possible to change the
peak factor of ignition noise by
filtering. Considerable reduction in
the effects of ignition noise on a
narrow-band circuit can be achieved
by using a wide-band peak-chopping
circuit ahead of the band-limiting
part of the system. It is better to
chop while the peak factor is high
than to wait until the pulses have
been spread over more time. This

| Table III—Signal-to-Noise Ratios

Obtained with Various Quantizing
Levels

Binary Digits
Quantiz-  In Coded Signal-to-
ing Representa- Noise

Levels tion Ratio in db

8 3 21

16 4 27

32 5 33

64 6 39

128 7 45

256 8 51

512 9 57

1,024 10 63
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is the principle of the Lamb noise
suppressor.’

Interference

The term interference includes

ainly man-made disturbances. It
is difficult to enforce mutually ex-
clusive occupation of communica-
tion channels. When the inter-
ference consists of direct pickup
from another like channel the term
crosstalk is often applied, by ex-
tension of the use of a word origi-
nally coined for speech systems.

Since crosstalk has properties
similar to those of the wanted sig-
nal its effects cannot be diminished
by filtering operations. The best
remeay is to reduce the crosstalk
coupling by shielding and balancing.
Increasing the signal power is of no
help because the reciprocal nature
of the coupling would then call for
a corresponding increment in the
crosstalk source to override the in-
creased interference in the other
channel.

When a large number of cross-
talk contributions are superim-
posed, a gaussian tvpe of noise is
approached in accordance with the
central limit theorem. Such a su-
perposition occurs in a cable con-
taining any pairs of telephone
wires., The expressive name babble
has been given to the noise picked
up in a typical pair when the other
pairs are carryving telephone con-
versations.

If the coupling is nonlinear, as in
a multichannel amplifier, the inter-
ference becomes a distorted ver-
sion of one or more signal waves.
Such interference has been called
nonintelligible crosstalk in tele-
phone systems, but it is more prop-
erly called cross modulation. The
requirements on its suppression are
not as severe as on the intelligible
variety of crosstalk, but may be
more so than on the smoother
gaussian noises.

The term c-w interference is ap-
plied to cases in which the inter-
fering source is principally a sine
wave, as for example from the un-
modulated carrier wave of a radio
channel. The effect is a beat fre-
quency wave which in the audio
case is observed as a whistie ac-
companying the wanted signal. A
sharp suppression filter can some-
times be used to remove it without

160

appreciable harm to the signal
band. If the beat frequency is va-
riable or occurs at a vital location
in the band, reduction of the cou-
pling is the only cure.

Power hum consisting of har-
monics of 60 cycles or some other
a-c power frequency is a familiar
constituent of amplifier outputs.
It can be suppressed to any pre-
scribed extent by filtering and
shielding, but the procedure re-
quired may be onerous and expen-
sive. To get down to thermal noise
only in a high-gain amplifier the use
of battery-powered tubes for at
least the earlier stages is often
necessary.

Quantizing or Rectangular Noise

A deliberately manufactured kind
of noise of increasing importance
is that originating when analog
signals are converted to digital
form. In pulse-code modulation
samples of the signal are repre-
sented by discrete numbers so that
telegraphic transmission by binary
code groups can be used.

Such representation can be right
only when the sampled value coin-
cides with one of the discrete num-
bers. For all other values there is
an error which may be anywhere
from a negative half unit to a posi-
tive half unit. These errors occur
practically at random, for if enough
steps are used to make the quality
adequate, there can be little tend-
ency for the values to favor any lo-
cation within a step.

The result is a noise which has a
uniform or rectangular distribution
in magnitude throughout the range
—FE,/2 to E,/2 as shown in Fig. 8.
Voltage F, is represented by a unit
step.

Noise of this type is called quan-
tizing or rectangular noise. It is
analogous to the rounding-off error
in digital computation caused by
carrying a fixed number of digits in
the arithmetic.

Digital transmission syvstems
must accept the quantizing noise
penalty when the original signals
occupy a continuous range of mag-
nitudes. In return for this slight
degradation, which can be made
as small as desired by making the
step size sufficiently small, an enor-
mous advantage is obtained—
namely, a guarantee that no more

noise need ever be added no matter
how long the transmission path
may be. The latter is accomplished
by the use of regenerative repeat-
ers which replace distorted or
noisy code pulses by clean ones be-
fore their recognition becomes
doubtful.

The quantizing noise contributes
a mean square value of one-twelfth
the square of the step size. The re-
sulting noise wave occupies a fre-
quency band equal to half the
sampling rate. The peak factor is
3¢ equivalent to 4.8 db.

If a narrower band is selected
the gaussian form 1is approached
with mean power proportional to
bandwidth. Table III indicates the
signal-to-noise ratios obtainable
with various numbers of quantizing
levels on the assumption that three-
fourths of the ideally realizable
channel band of half the sampling
rate is attained. The signal-to-
noise ratio in db is 10 times the
common logarithm of the ratio of
mean full-load sine-wave power to
mean quantizing noise power. Each
added binary digit improves the
signal-to-noise ratio 6 db.

In speech systems, the effects of
quantizing noise are subject to re-
duction by preliminary compres-
sion and subsequent expansion of
the amplitude range just as for
other forms of noise encountered
in transmission.”
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FIG. 2—Propagation patiern for helical array. Distance scale is
corrected to a value of 4/3 earth radius to account for atmos-
pheric refraction

Ground-to-Air Antenna
Uses Helical Array

UMMARY

Multielement phased helical array provides either linear

or circular polarization for ground-to-air communications. Design uses

e¢J ported support members to cbtain rigidity with minimal wind loading in

overwater operations

XCELLENCE of the helix antenna
E as a directional device for
the uhf band coupled with its com-
pactness and simplicity of con-
struction makes extensive applica-
tion possible.

During the preliminary search
for an antenna configuration which
would best meet the design re-
quirements given in Table 1,
special consideration was given to
the problem of reducing the physi-
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cal size of the radiator to meet the
requirements of environmental con-
ditions.

These conditions placed particu-
lar premium on ease of handling
and mounting the antenna, simpli-
fication of its fabrication and ve-
duction of wind loading. A study
of basic types of antennas indi-
cated that a vertical array, utilizing
some form of reflecting ground
plane, would be the most feasible

design for this application.
Further investigation revealed
that an antenna consisting of a
vertical array of helical elements
fed through the reflecting ground
plane would be ideal, for in ad-
dition to possessing the required
electrical characteristics, such an
array possessed the additional ad-
vantage of allowing the size of the
physical aperture to be reduced, a
condition attributed to the gain
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inherent in the individual helical
elements of the array.

Design

Since the specifications required
vertical polarization, a means of
producing a linearly polarized
wave from the array of helices was
required. Linear polarization can
be produced from two belices by
locating the elements adjacent to
each other and winding them in
opposite directions." The right and
left circular polarization combine
on the axis between the elements to
produce a resultant linearly polar-
ized beam, and the plane of polariza-
tion can be changed by rotating

either one of the helix elements
180 deg on its axis.

Although it was known that the
two helical elements would not pro-
vide a beam sufficiently narrow to
meet specifications, a 1/6-scale two-
element helical array was con-
structed to determine whether or
not the polarization theory would
provide the desired characteristics.
Once this was determined, the next
problem was to reduce the beam
width to meet the vertical pattern
requirements.

This was accomplished by adding
two more elemenis to obtain a
configuration consisting of a
stacked four-element array. The

Four-element antenna array uses ported support members to minimze wind resistance
while providing rigid support for helices
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resulting radiation pattern was
vertically polarized with a 50 deg
beam width in the horizontal plane
and a 20 deg beam width in the
vertical plane, as shown in Fig.
1A.

The absence of side lobes on the
radiation pattern was notable. To
obtain the desired pattern shape, it
was necessary to increase the high-
angle energy content. The helical
array proved to be particularly
adaptable to beam shaping, for it
was possible to produce a satisfac-
torily asymmetrical pattern by
adding a reflecting ground plane
and by adjusting the relative phase
angle to which the linearly polar-
ized pairs of elements were added.
This changed the pattern from that
shown in Fig. 1A to that shown in
Fig. 1B. Adapting the beam shape
not only provided the desired in-
crease in high-angle energy content
but reduced ground reflections as
well.

Electrical Characteristics

Investigation with the 1/6-scale
model indicated that it was both
practical and feasible to construct
the full-scale antenna, shown in the
photograph. Radiation patterns for
the full-scale model agree, in gen-
eral, with the measurements made
on the 1/6-scale version with the
exception that the side lobe off the
main beam of the vertical eleva-
tion pattern was somewhat greater
than recorded in the model measure-
ments. The vertical-plane pattern
half-power beam width is 23 deg
and the horizontal plane is 52 deg
as shown in Fig. 1C and 1D.

Since the spring-out  of the
aluminum elements after winding
was less than anticipated, the di-
ameter of the coils was slightly
under size resulting in increased
pattern beam widths. The slight
loss in gain resulting from this
condition, however, was not sig-
nificant.

A value of 14.1 db above an
equivalent isotrope was estimated
as the gain for the full-scale an-
tenna, based on full-scale prinecipal-
plane patterns and conic measure-
ments obtained with the 1/6-scale
antenna.

Propagation patterns, obtained
according to the two path propaga-
tion theory’, furnished the basis
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for determining the optimum
mounting height and tilt angle of
the antenna. Since the antenna was
to operate over water, the effect of
reflections from such a body on the
radiation coverage was calculated
to determine the magnitude and
shape of the propagation pattern,
shown in Fig. 2. To predict the
range and performance of the an-
tenna, it was estimated that the
power losses in actual operation
would total approximately 18.0 db,
with connectors and cables con-
tributing 2.0 db, environment and
equipment deterioration 6.0 db and
atmospheric anomalies 10.0 db.

Radiation Pattern

The magnitude of the radiation
lobes is dependent upon the free-
space range r,, of the transmitting

system. The expression for this
particular range is

Tre = ? v 306G, P, 1)

Where E = designated field

strength of the desired propaga-
tion pattern contour in microvolts
per meter, (G, = power gain of
transmitting antenna (including
system losses), and P, = power
radiated from transmitting antenna
in watts.

The altered field strength K, of
points along the propagation pat-
tern lobes is the vector sum of the
free-space field strength F,, and
the ground-reflected field strength
E, as given by

E. = E; + B, (2)
The values of E,, are represented
by the measured free space radia-
tion pattern shown in Fig. 1C. The
actual range », of points along the
radiation lobes is directly related
to the free space range r,, of the
transmitting system as shown by

Fa = Ts 5; 3)
where 7, is the range in nautical
miles.

The calculations were simplified
by determining only the maximum
and minimum points of the pro-
pagation lobes. The intermediate
points along the contours of the
lobes were then determined by in-
terpolation. The optimum (mini-
mum reflections) propagation pat-
tern, shown in Fig. 2, resulted from
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FIG. 3—Plot of vswr of helical array at
operating frequency

an assumed antenna mounting
height of 40 feet and a tilt angle
of 7 degrees above horizontal,
operating at a power rating of 1
kw.

The sharp energy lobes located
above 30,000 feet at a distance 20
to 30 miles from the antenna site
are caused by the side lobe 24
degrees below the ground line in
the free-space pattern. These sharp
energy lobes represent a desirable
condition in that the high-angle
energy content of the pattern is
increased.

Impedance

Little effort was made to achieve
an impedance match through
adjustment of the individual helical
elements since the impedance pre-
sented at the point of measure-
ment, the junction box, was largely
affected by the length of the phas-
ing lines.

While the power distribution to
the individual antenna elements was
affected by their mismatch, the
desired radiation pattern was

Table I—Specifications of UHF
Ground-to-Air Antenna

Width of vertical ele- 20°
vation pattern (at
half power points)

Width of horizontal 45°
plane pattern (al
half power points)

Poluarization

Vertical
Continuous power 1 kw
rating
[nput transmission 50-ohm coaxial
line
Maximum vswr 2.0:1

achieved without matching by
means of phase adjustments and
the addition of the reflecting
ground plane shown in the photo-
graph.

The design problem was con-
siderably simplified by the fact
that the impedance matching to a
vswr of less than 2 was required
through an extremely narrow
band. To meet this vswr specifica-
tion, an external compensation in
the form of a shorted shunt stub
was utilized. This shunt com-
pensator, designed to operate at
the transmitted power of 1 kw, was
fabricated according to computa-
tions based on the impedance plots
of the uncompensated antenna.
Utilizing this compensator achieved
a vswr of 1.18 to 1 at the operating
frequency of the antenna. The vswr
characteristics at and near the
operating frequencies are shown in
Fig. 3.

Physical Characteristics

Since the antenna was to be in-
stalled at a site where high winds
are common, the problem of reduc-
ing wind loading required atten-
tion. Again the helical array proved
particularly adaptable. The photo-
graph shows the minimum amount
of wind resistance inherent in the
physical configuration of the an-
tenna.

The use of 24ST aluminum rather
than copper for the helical wind-
ings themselves not only provided
greater strength and rigidity of
shape but reduced the weight of
the antenna elements. Thus the
helical elements required support
only at the ends, eliminating the
need for a dielectric supporting
structure, again significantly reduc-
ing the weight. Tests have proved
that vibration of the individual ele-
ments by the wind has no measur-
able effect on the electrical char-
acteristics and performance of the
antenna.

The author wishes to acknowl-
edge the suggestions of R. E. Perry
during the development of the an-
tenna and comments of J. W.
Souther during the preparation of
this article.
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Complete CinemaScope printing system in operation for printing four magnetic sound tracks on each print

Automatic Inspection of

UMMARY —— System compares magnetic-sound-track print levels with

master-track level and gives direct visual indication of error; buzzer gives

aural warning when deviation exceeds desired level. System may also be used

to duplicate audio and video tape recordings

EFORE THE ADVENT of magnetic
B sound tracks, inspection of
one optical track on each reel was a
relatively simple matter. Since mag-
netic modulation is not visible and
there are four separate tracks on
each reel of CinemaScope film, a
change in control and inspection
procedure became a necessity.

The obvious method of actually
running all prints in a projection
room was considered to be too slow
and costly. Development of an auto-
matic electronic method seemed to
be most practical.

By adding monitor heads to both
the master reproducer and the copy-
ing recorder (printer), in the same
relative positions, audio signals can
be compared and differences indi-
cated. Since the photographic pic-
ture is already on the film in the
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sound printing procedure, a strobo-
scopic viewer installed in the cor-
rect position on the printer permits
checking of synchronism of sound
and picture. In this manner, prints
are automatically inspected during
the printing operation at little cost
and with no loss of time.

System Operation

Figure 1 is a block diagram of
the complete printing system. Since
the signal path is the same for all
four tracks, only one track is traced
all the way through the system and,
although the master magnetic re-
producer generates signals for sev-

WWW.americanradiohistorv.com

eral printers, only one is shown.
Except for the comparator section
with its error indicator and the
stroboscopic generator, standard
components are used.

The master reproducer has two
sets of reproducing heads. One set
feeds into the normal transfer chan-
nels comprised of reproduce ampli-
fiers, Y-pads, recording attenuators,
recording amplifiers and recording
heads at the printers.

About 2 inches below the normal
reproducing heads is placed a set of
monitor heads. These heads serve
the dual purpose of supplying audio
signals as standards for the com-
paring circuits and for direct audio
monitoring. A set of monitor heads
on the printer, in the same relative
position as above, feeds signals
from the print to the comparing

March, 1956 — ELECTRONICS



PRINTER

MASTER REPRODUCER
TRACK
NC
I [rePrODUCE (Y)'TffE%FOR RECORDING
REPRO- 5 |AVPLIFIER e e ATTENUATOR
ouce [
Heaps |3
G—a 10
OTHER
—a PRINTERS
MONITOR f—3
HEADS [q —
2 MASTER- 4-DB 4-0B
[} MONITOR | Y-PAD LOSS LOSS hep—
! AMPLIFIER PAD
O COMPARATOR
MASTER- CIRCUIT
BN <«{mMonTor [,
I NETWORK [§_ 3
4 ERROR
INDICATOR
4
COMPOS:E\L_pmNn < 2
MAN PHONE MONITOR —
NETWORK
|

2—p
3—yf
4—)
4—)
33—

RECORDING !
AMPLIFIER

RECORD
HEADS

PRINT - 2—0
MONITOR
AMPLIFIER | |

MONITOR
HEADS

I—-{ STROBE.

STROBOSCOPIC
PULSE
GENERATOR

@)

FIG. 1—Each rack of system has its own channel, recording head, monitoring head and
comparitor unit; all tracks use the same composite monitor circuit. Sets of heads are in

line perpendicular to film-travel path

Image obtained with stroboscopic print
viewer. Picture is viewed 28 frames below

monitor head to assure synchronism

Magnetic-Sound Prinis

circuit as well as the print-monitor
network. The 4-db loss pads isolate
the comparing and monitoring sec-
tions.

The stroboscopic generator pulses
the Strobotron at 24 cps so the
picture can be viewed while print-
ing. The Strobotron is placed
exactly 28 frames below the printer
monitor-head assembly so the audio
monitor will be in exact synchron-
ism with the picture observed. This
displacement corresponds to the
standard CinemaScope offset be-
tween sound and picture.

Comparator

Details of the comparator are
given in the block diagram, Fig. 2,
and the circuit diagram, Fig. 3.

This circuit accepts the master
monitor and print monitor signals
through identical channels, each
consisting of a constant-sensitivity
control ahead of the input trans-
former, a diode rectifier and an
R-C integrating network. The alge-
braic difference of these integrated
voltages is impressed on one grid
of the differential amplifier while
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the other grid is held constant by
the voltage drop in its correspond-
ing cathode resistor.

A sensitive relay, together with
a zero-center voltmeter in series
with a resistance, is connected be-
tween the two plates of this ampli-
fier. The meter indicates the sense
and amount of error voltage con-
tinuously, while the relay operates
a buzzer and signal light when the
error exceeds a predetermined value.

The constant-sensitivity controls
serve the dual purpose of compress-
ing signals above the 3-percent
harmonic-distortion point of the
magnetic film as well as making the
amplitude response approximately
a logarithmic function of the out-
put voltage.

The selenium rectifiers, 1.5-v bat-
teries and R, and R, perform a
biased-clipping action that gives the
desired logarithmic approximation.
This relationship is shown in Fig. 4
where the abscissae give input in
dbm plotted against the integrated
output voltage across R.. In obtain-
ing the desired curve, advantage is
taken of the nonlinear character-
istic of the selenium rectifiers. The
different values of R, show how the
high-level portion of the curve can
be varied, 20 ohms proving to be a
satisfactory operating value.

Since the 3-percent harmonic-dis-
tortion point of the magnetic film
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FIG. 4—Logarithmic relationship between
comparator input level and rectified, in-
tegrated output voliage across R; with R;
as parameter
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FIG. 5—Stroboscopic-viewer details
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falls at about +12 dbm, there is a
level range of about 15 db below the
film overload point with linear db
response. As the level continues to
decrease, the response decreases to
vanishing at roughly 30 db below
100-percent modulation.

Coupling transformers T, and T.
give a voltage step-up of about 5%
to 1. The outputs of rectifiers V,
are integrated by C, R, and C. R,
and their algebraic difference is
impressed on one grid of V,, the dif-
ferential amplifier. The other grid
of V, is held at a constant value
determined by the i-r drop in P,
its cathode resistance.

A sensitive 8,700-ohm relay, ad-
justed to operate at roughly a 2.5-
volt differential, as well as a zero-
center voltmeter in series with a
50,000-ohm resistor, is connected
between the two plates of V.. The
meter shows the integrated error
continuously, while the relay oper-
ates the warning buzzer and signal
lamp when the error exceeds 2.5
volts, which corresponds to about
2 db for signals in the upper 15-db-
level range. Once the error relay
operates, the holding relay con-
tinues to hold the warning until re-
leased by the push switch.

The differential amplifier oper-
ates near unity gain serving as an
impedance changer and driver for
the indicating svstem.

Viewer

Details of the stroboscopic viewer
are given in Fig. 5.

The 24-cycle triggering pulse,
necessary for proper stroboscopic
viewing, is obtained by driving a
standard automobile distributor
breaker and ignition coil with a
small synehronous motor geared to
1,440 rpm. The mechanical arrange-
ment of cam and breaker points is
such that their relative angular po-
sition can be varied to frame the
picture in the field of view.

The optics of the viewing system
have been kept very simple.

Light-flashes from the SA309 are
focused on the film by a plano-con-
vex condenser lens. A slight amount
of diffusion between the lamp and
the condenser lens improves the uni-
formity of light distribution over
the frame. A virtual image of the
print is formed by a cylindrical lens
close to the film followed by a plano-

spherical magnifying lens. The cy-
lindrical lens restores the anamor-
phic image on the film to normal
proportions., This normal virtual
image is then magnified two times.

To reverse and invert this mag-
nified image two plane mirrors are
used. The operator thus views, in
synchronism with the audio mon-
itor, an erect virtual image of nor-
mal proportions about 1.5 inches
high by 3.75 inches wide, as shown
in the photograph.

Auxiliary Sync Checker

A final track-checking unit, Fig.
6, independent of the printer proper,
checks exact synchronism of sound
and picture and measures relative
signal amplitude at fixed positions
of magnetic tracks. A 60-cycle sole-
noid causes a magnetic-reproduce
head to oscillate parallel to the di-
rection of film travel (Fig. 7). This
oscillatory motion of the reproduce
head scans the magnetic modulation
for approximately 3 inch along the
sound track. Therefore a signal is
generated in the head, wherever
there is modulation, whether the
film is in motion or stationary. Out-
put from this head is amplified by
a conventional four-stage magnetic-
playback amplifier.

The rectified output of V; ob-
tained from V., controls V, which in
turn operates the relay and 6-watt
lamp. Level and overall gain ave
such that track signals greater than
approximately 15 db below overload
will operate the relay and light the
indicator lamp.

At the end of each reel of master-
negative track, three frames (21
inches) of a 1,000-cycle high-level
tone are spliced into the roll in a

position exactly opposite three
designated picture frames. After
printing, assuming all footages

and threading loops were correct
throughout the reel, this short tone
section will be exactly opposite the
three corresponding picture frames.
If this check section of print is
moved slowly over the oscillating
head, the lamp will light when the
designated frames are in the view-
ing window. As the film is moved
on past the window the light will go
off just as the third frame leaves
the field of view. If the viewing
light fails to go on and go off at
the correct position, lack of perfect
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FIG. 6—Auxi'iary sync checker measures relative signal amplitude at fixed positions of maanetic tracks

synchronism is indicated and the
amount can be measured.

The relative amplitudes of two
magnetic track signals can be de-
termined by placing first one and
then the other on the oscillating
head and measuring output level at
the test jack. This substitution
method of measuring track level
has been very useful in standardiz-
ing sound tracks.

Simplifications in Design

In the design of this inspecting
system, simplicity of both equip-
ment and its operation has been a
first consideration.

Each print has four separate
sound tracks and the system has
four printers, making a total of
sixteen tracks to be inspected. In
the comparator design, therefore,
two simplifying assumptions were
made: if in a sound-transfer opera-
tion voltage amplitude from the
original signal integrated over ap-
proximately 0.04 second equals the
same integrated voltage amplitude
of the copy, the two signals will be
practically the same; if in a trans-
fer operation audio signals of origi-
nal and copy match throughout the
top 30-db range, the probability is
they will mateh satisfactorily over
the entire useful range.

If exact phase relation of original
and copy signals throughout the
usable frequency range could be
maintained, instantaneous ampli-
tudes could be compared so that
the first assumption would be un-
necessary, However, a small amount
of phase shifting due to mechanical
filtering, slight changes in film
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FIG. 7—Auxiliary sync checker with os-
cillating reproduce head mounted along-
side amplifier chassis

pitch, lack of perfect adjustment of
recording and reproducing heads,
and variations in the elastic proper-
ties of the film is always present.
Also present are slight amplitude
variations due to changes in track
sensitivity, head sensitivity, film
weave in passing over the heads and
position of magnetic stripes on the
film.

As long as the summation of all
these discrepancies is below a cer-
tain value, the prints will be com-
pletely satisfactory. Standardiza-
tion has been reached on holding
the average overall level of each
track within 1 db and total mo-
mentary (approximately 0.04 sec)
discrepancy to about =2 decibels.
Prints held within these tolerances
are essentially perfect.

The amplitude range of compari-
son depends on gain and how elab-
orate a system is desired. It was
assumed that, if audio signals
matched accurately in level through-
out the top 15-decibel range and if
below this level the sensitivity of
comparison decreases to vanishing
at approximately —30 db, the re-

sulting prints would be completely
satisfactory.

The above simplifying assump-
tions were justified by use of the
comparator in the automatic inspec-
tion of release prints. As of Sep-
tember 15, 1955 some 48-million
feet of film had been processed and
sent out to the exchanges with the
gratifving result that there has
been no report of defective sound
whatsoever. Moreover inspection
time and costs have been negligible.

Since the error indication on the
meter is continuous during print-
ing, the operator can correct
throughout the reel for small dis-
crepancies caused by slight changes
in film sensitivity or amplifier drift.
This type of correction insures more
uniform sound tracks than could
otherwise be obtained. If the
amount necessary to center the
meter exceeds plus or minus ap-
proximately 2 decibels, the prob-
ability of unsatisfactory magnetic
striping is indicated and the print
is set aside to ascertain cause.

Video-Recording Use

Possible future applications of
the comparator include inspection
of video recordings for television
when theyv become prevalent. The
system could be made as elaborate
as necessary. The frequency spec-
trum being compared could be di-
vided into smaller bands with indi-
vidual comparison of each band. If
necessary, phase could be compared
in some sort of discriminator cir-
cuit. Finally, error voltages, within
limits, could be used to automat-
ically correct discrepancies.
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st ST N 2o i
Radar display signals from long-range search radars (left) and airborne early-warning units (right) are transmitted to central com-
puter control station for interpretation and evaluation

Radar Warning Net

UMMARY - Increase in speed of aircraft and guided missiles made

necessary development of SAGE coordinated control system for continental

defense. Radar tracks of planes are correlated with flight plans by com-

puter to identify unknown objects

OORDINATION of data from a
C number of early-warning ra-
dar stations formerly required re-
laying of information from each
station to the control center by
voice. Development of the SAGE
(Semi-Automatic Ground Environ-
ment) system by Lincoln Labora-
tory of DMassachusetts Institute
of Technology under sponsorship
of the USAF has eliminated the
dependence on voice communica-

tion and interpretation of tracks
by individual operators. A cen-
tralized computer installation co-
ordinates the data from a number
of radar stations and, under con-
trol of the weapons officer, guides
intercepting aircraft or missiles to
unidentified tracks.

Depicted in Fig. 1A is a block
diagram of the old warning system.
When an aircraft flies within the
radar range, it must be detected by

RADAR | voice
STATION VIDEO
RADAR v
STATION ~ JcompuTer| VioEO
PLOTTING y
RADAR | yoice | CenTER
STATION ] NTeRPRET ‘
8 RADAR
DECISION VIDEO INTERPRE T
STATION 8
y DECISION
RADAR | VOICE WEAPONS
STATION CONTROL
RADAR | VIDEO WEAPONS
STATION CONTROL
(A) ®)

FIG. 1—Previous euarly-warning system (A) depended on voice relay of data interpreted
by radar operator. New SAGE eystem transmits video from radar to computer (B)

for interpretation and action

168

wwWwW.americanradiohistorv. com

the operator. He then must deter-
mine the location of the target in
space, its direction, altitude and
speed. When this information is
determined, it is passed to a direc-
tion center by voice where the track
is plotted manually on a board. It
then must be determined whether
the target is a friend or enemy.
This requires manual computation
and correlation of known friendly
tracks. If it is determined that the
target is hostile, it becomes im-
mediately necessary to alert inter-
ceptor planes and then control the
interceptor to its target. All of this
is done by voice communication.

Computer Processing

The initial work on the SAGE
system was concentrated on elec-
tronic computer developments—in
particulay, Whirlwind I, the Navy-
financed all-purpose digital com-
puter in operation at MIT. This
computer quickly demonstrated its
capability to process large amounts
of assorted types of air-defense
data in milliseconds and some tasks
In microseconds, with the complete
information available in seconds.
The digital computer cleared the
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Identification officer and weapons director (left) make dec

puter maintenance boards (right) check operation of computer circuits

Uses Centralized Control

isions on unidentified tracks and guide weapons for interception. Com-

o

By JOHN L. LOMBARDO

X Major, USAF
Assistant for Special Projects
Olfice, Deputy Chief of Stajff, Development
Washington, D. C.

way for more centralized handling
of air-defense data.

Figure 1B, shows how the SAGE
system, with centralized control,
enlarges the control area of re-
sponsibility. Several radars are
tied into one centralized computer
for assignment and control of a
number of air defense weapons.

Information Flow

The flow of information in and
out of the SAGE computer is
shown in Fig. 2. Radayr information
is available from a variety of
sources—search and height-finding
radar, Texas towers, picket ships
and airborn early-warning planes.
This information is fed to the in-
put buffer drum, being monitored
to insure that the data is clean.

Manual information is also put
into the input buffer drum by
punch cards. The information from
the drum is fed to the digital com-
puter for processing and is then
made available to the operators for
necessary decisions. The first de-
cision, from information presented
to him by the computer, is made by
the identification officer. Next is
the responsibility of the weapons
assigner. From the information
presented to him by the computer,
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he must determine whether to use
interceptor aircraft or missiles.
After the assigner makes his de-
cision, responsibility is passed to
the weapons director. The weapons
director alerts the necessary inter-
ceptors and from then on his job
is largely one of monitoring the
action of the hostile track and the

under automatic control of com-
puter-generated directions trans-
mitted by ground-to-air data link.

The processing steps in the com-
puter, are indicated in Fig. 3.
When an aireraft signal is in radar
range the position is located and
sent to the computer, automatically,
over telephone lines. Owing to the

interceptor, since the midcourse bandwidth limitation it is neces-
guidance of the interceptors is saryv that radar information be
WEATHER VOICE il
INFQ I DE FENSE
| CARD CARD
| GROUND -
el PUNCH READER ToAR
O OTHER
MBNURE CENTERS
INPUT
GROUND
OBSERVERS —_ a4 AIR
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1 EE——
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FIG. 2—Information flow in computer control center. Decisions made by identification
and weapons officers are relayed to interception units through computer
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FIG. 3—Tracks not maiching stored flight-plan tracks or previously identified tracks
are presented to observer for interpretation and decision. Noise signals will not match
tracks and are discarded after several scans

modulated to be passed over tele- then sorts identification informa-
phone lines. Upon reaching the tion to be made available to the
computer, this information is de-
modulated and passed through a
gate before going to the input
buffer storage drum.

This information is then stored
in the input buffer storage drum
until time to process the radar data.
This data is converted to rectan-
gular coordinates, then sorted to
find if the data fits an existing
track. From this point, there are
two routes that this data can take
depending on whether or not a
track is found. If a previous track
is found, the computer smooths the
track and extrapolates its position
to the next scan period. This in-
formation is available for display
in track form and is also available
for correlation for continuance of
the track when the next signal is
received.

Track Identification

If no track is found, the data is
again split into two routes; either
manual or automatic initiation
area. While taking the automatic
route, the computer will search un-
correlated previous data to see if a
new track should be started.

If previous data matches, the
computer starts a new track in stor-

age, assigns a track number and Three.dimensional ferrite-core array is used for radar track information storage
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Identification Offiicer. If the pre-
vious data does not match, the com-
puter will store this information for
several scans to see if future data
matches. If the future data does
not match, the signal is discarded
as noise after several scans.

If the manual initiation route is
taken, the information on radar
coordinates is placed in display co-
ordinates and either discarded as
noise or, if interpreted as a signal
by the computer, a new track s
placed in storage and a new track
numhber assigned. This complete
cycle of processing and evaluating
radar data is completed in a mat-
ter of seconds.

Using the manual initiation
route, the operator can indicate the
location of the track to be stored
by placing a gun-like light source
over the track on the ert displayv.
A grid behind the screen translates
the light point into coordinates for
the computer. This method is used
when weather conditions or noise
present a large number of signals
in the area of the track.

s =k
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Thickness gage for copper strip has accuracy of 2 percent of full scale

Noncontacting Gages for
Nonferrous Metals

UMMARY -

Two thickness-measuring circuits gage copper and alumi-

num from 0.003 to 0.5 in. thick by electromagnetic absorption. Copper strip

passing pickup head is gaged and recorded at rate of 300 feet per minute

ELECTRONICS — March, 1956

By ROBERT B. COLTEN

Senior Project Engineer
Process Development Section
General Motors Corp.
Detroit, Mich.

N A SEARCH for a noncontacting

method of measuring the thick-
ness of dead-soft copper strip a use-
ful gaging technique for nonfer-
rous materials has been developed.
Measurement is based on the elec-
tromagnetic energy absorption phe-
nomenon known as skin effect.

When a conducting material is
placed in an alternating magnetic

Transmitting and pickup heads for non-
contacting thickness gage are made
from 5,000-ohm relay coils

WWAALamericanradiohistonscom

field eddy currents are induced in
it. These induced currents are
greatest at the surface, decreasing
exponentially with depth. The depth
at which the magnitude of the cur-
rent has decreased to 1/e or 37 per-
cent of its value at the surface is
known as the skin depth. Figure
1 shows the calculated values of
current ratio versus depth for cop-
per at three frequencies, and the
skin depth for each. These curves
fit measured values very closely.
The current at depth Z is related
to the current at the surface of the
material by
L fie )
where 1. is cu;"rent at depth Z in
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centimeters, /, is current at surface
and ¢ is skin depth in centimeters.
The skin depth e can be computed
from

1 p (109 [P

£ = o ‘/ (”f =5’033\/#f )
where p is resistivity in ohms per
cu cm, f is frequency in cps and
& is the permeability of the ma-
terial.

Equation 1 is usually recognized
as valid only when the eflective
thickness of the conductor is more
than three or four times the skin
depth. However, in the case of the
copper strip, this equation seems to
hold true for the case where the
thickness of the material is only
about one-eighth of the skin depth
value.

The photograph shows copper
strip being gaged between two
5,000-ohm iron-core relay coils. The

copper is between 0.003 and 0.006
inch thick and passes the sensing
head at about 300 feet per minute.
One coil is excited with a 6,000-cps
signal and the other receives the en-
ergy not absorbed by the copper.
The thicker the copper, the less cur-
rent induced in the receiving ceil.
FPower output required for this
thickness of copper is about one
watt.

The circuit of the copper gaging
unit is shown in Fig. 2. It consists
essentially of an oscillator and a
vacuum-tube voltmeter. Tube V, is
a twin triode in a simple version
of the Wien-bridge oscillator which
provides adequate frequency and
amplitude stability. The frequency
is determined by the values of R,
= R, and C, = C, where f = 1/
(2zR,C.). These components should
be of sufficient quality to retair
their values with temperature

Gage for aluminum has 5-watt output for measuring castings from % to ¥z inch thick,
Transmitting coil is shown inserted in screw hole
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FIG. 1—Calculated skin-depth values for
copper at three frequencies

change and aging effects.

This oscillator is amplitude-sta-
bilized by negative feedback, by the
regulating effect of the lamp in the
first cathode circuit and by degen-
eration in the second cathode cir-
cuit.

A Dbuffer power amplifier stage,
V. excites the transmitting coil.
The cathode of this stage is unby-
passed to increase stability and
compensate for tube aging. To get
fine control of output, necessary for
accurate calibration of the gage,
only part of the grid resistor is ad-
justable.

Measuring Circuit

The receiving coil is connected di-
rectly to the grid of a high-gain
pentode amplifier V,. Capacitors in
this stage were selected to get poor
low-frequency response, eliminat-
ing the problem of ac-pickup. Volt-
age-doubler rectifier V, converts the
6,000-cps signal into a d-c voltage
which is a function of the thickness
of the copper. This voltage is of the
order of 100 volts, and it is desired
to observe changes of a few volts
for the full range of measurement.
This was accomplished by compar-
ing the output of V, with a refer-
ence voltage.

Tube V. has a conventional bal-
anced-plate voltmeter circuit except
that the cathodes are connected to
a reference voltage instead of
ground. A strip-chart recorder is
used with a 0-1 milliampere move-
ment. Accuracy of gaging is ap-
proximately =2 percent of full
scale.

Aluminum Gaging

A second application of the same
principle has been made to measure-
ments of wall thickness of cored
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holes in large aluminum castings.
The range of thickness covered is
roughly from 3 to # inch.

A frequency of 18 cps is used
with an output power of 4 to 5
watts to get enough energy through
the thicker material being meas-
ured.

Figure 3 shows the circuit of the
aluminum thickness gage. Tubes
V, and V, are two pentodes in a
Wien-Bridge oscillator circuit es-
sentially similar to V, of Fig. 2.
Power amplifiers V, and V, are con-
nected in push-pull to excite the
transmitter coil.

The transmitter coil consists of
2,000 turns of No. 30 enameled wire
on a U-shaped core made up of
transformer lamination stock. The
core thickness is approximately % in.
by % in. The legs are 2 inches apart
and about 2 inches long. The re-
ceiving coil is wound with No. 38
wire on a soft steel bobbin # in. in
diameter and £ in. long. The bobbin
is scramble-wound and potted. The
transmitting coil is connected to the
cathodes of V, and V,, providing
impedance matching without the
use of an output transformer.

Phase inverter V, feeds the grid
of V, with a signal identical to that
on the grid of V, but 180 degrees
out of phase. Potentiometers R,
and R, are adjusted to equalize the
signals on the grids of V, and V,.
These tubes are biased by a tap off
their respective cathode resistors.

Decoupling

Precautions were taken to de-
couple the B + sources of various
stages to prevent motor boating.
Examples of this technique are the
combinations of R, with C, and R,
with C,. Likewise, K; and the power
supply filter capacitor decouple V,
and V, from the rest of the gaging
circuit.

The pickup coil is connected to a
simple a-c vacuum-tube voltmeter.
This circuit consists of a two-tube
amplifier with a milliammeter in a
plate-to-cathode feedback circuit.
This simple and stable vacuum-tube
voltmeter circuit performed well
here.

This measuring technique is also
applicable to ferrous materials but
is less satisfactory due to the varia-
tion in magnetic effects resulting
from differences in chemical com-

ELECTRONICS — March, 1956

OSCILLATOR

POWER AMP

8+

2443 0.01
TRANSMITTING
3w T3H
HSv
COPPER
STRIP
B+ N PIGKUP
col

VOLTAGE >
DOUBLER

IMEG < 250K

Ak
LAl

+I05V
REF

FIG. 2—Copper-strip thickness gage can measure

position and metallurgy.

The author wishes to thank
General Motors and G. R. Fitz-
gerald, director of process develop-
ment, for permission to publish this
material. A considerable portion of
the work on the two circuits dis-
cussed was done by P. J. Willson
and R. B. Allured.
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FIG. 1—Block diagram of reversible binary counter using surface-barrier transistors

High-Speed Counter Uses

UMMARY

Characteristics of surface-barrier transistors permit design

of a 6-mc reversible binary counter used in pulse-code modulation to deter-

mine the variation in pulse count between successive groups of pulses. This

fluctuation carries the

ODULATION in the pulse repe-
tition rate of a received en-
semble of signal pulses can be
determined by measuring the time
interval between successive pulses.
For the quantization of such time
intervals, a series of pulses is
started at the end of each received
pulse and ended at the beginning of
next received pulse. A high-speed
reversible binary counter is then
employed to count the number of
these time-quantizing pulses. If the
resulting counts vary more than a
predetermined amount, then modu-
lation is said to exist.

If several groups of pulses are
fed into this counter, it is able to
count the number of pulses in the
first group and then subtract from
the sum the number of pulses in
the second group. The result is the
difference in number of pulses be-
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intellizence being transmitted

tween the two groups regardless of
which group has the larger number
of pulses. For the third and fourth
groups the same process will be
repeated, and so on. The percent
fluctuation between successive pulse
intervals is analyzed in this way.

The surface-barrier transistor
was chosen for this counter because
it has the highest alpha cut-off fre-
quency, f.., among all the alpha-
less-than-unity transistors pres-
ently available. With such a
transistor attention can be directed
entirelv to the passive circuit
elements to achieve high-speed
counting.

Operation

The highest speed at which this
counter has been operated is 6
megapulses per second. This was
the fastest repetition rate obtain-

able from the breadboard pulse gen-
erator.

A block diagram of the counter is
shown in Fig. 1. Seven flip-flop cir-
cuits are employed in this counter.
They are the four counting stages,
the zero-sensing and the pulse-
sorting devices and the forward-
reverse control switch (or simply
the switch). Basically these seven
circuits are identical. Only minor
differences in the arrangement of
power supplies and input circuits
exist among them. In addition,
there are eight and circuits and
four or circuits. Two and circuits
and one or circuit form an and-or
group between some of the flip-
flops.

Among the six and circuits be-
tween the four counting stages,
three are for forward counting
while the other three are for re-
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Research Associate, Radiation Laboratory
Institute for Cooperative Research
The Johns Hopkins University
Baltimore, Maryland
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FIG. 2—Flip-flop transistor circuit which
is essentially Eccles-Jordan multivibrator
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driving pulses and the output waveform

Surface-Barrier Transistor

verse counting. The remaining
and-or circuit cooperates with the
zero-sensing device to change re-
verse counting to forward counting
as soon as the reverse count reaches
zero. This is necessary whenever
the number of pulses during a re-
verse count is greater than that of
an immediately preceding forward
count. In this way, the number re-
maining in the counter at the end
of a reverse count is always the
difference number between the pre-
ceding two groups of pulses. It is
not necessary to indicate whether
the difference is positive or nega-
tive, although this can be done
readily.

When the zero-sensing device de-
cides that it is necessary to change
from reverse to forward, it sends
a pulse to trigger the switch which
immediately changes the conditions
at all the and circuits. The zero-
sensing device cannot make the
switch change from forward to
reverse. On the other hand, at the
command of the pulse-sorting de-
vice, the switch does change from
forward to reverse and vice versa.

The pulse-sorting device sepa-
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rates the signal pulses into two
groups, the odd-numbered and the
even-numbered ones. At the re-
ception of an odd-numbered pulse,
this device resets all the counting
stages simultaneously to the odd
state. At the same instant, it drives
the switch to the forward state.
For an even-numbered pulse, it
merely passes the pulse on to the

switch to reverse the condition.

Flip-Flop Circuit

The fundamental arrangement of
a flip-flop circuit is shown in Fig.
2. Tt is essentially an Eccles-Jordan
tvpe bistable multivibrator, except
that surface-barrier transistors are
used instead of vaccum tubes.

There is no need to apply any

-~
(a)

K=X 1,000

<+
B8)

FIG. 4—Collector-driven flip-flop with positive input pulses (A) and negative input pulses
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FIG. 5—Base-driven {lip-flop with negative input pulses (X) and positive input pulses (B}

bias voltage to the base terminals
of the two transistors. No advan-
tage can be gained by inversely
biasing the emitter diode of the
off transistor, in which collector
current is approaching zero. In
fact, it is easier to drive a tran-
sistor from off to on or on to off if
its emitter diode is always biased
in the forward direction.

Figure 3 shows the time rela-
tionship between the driving pulses

flop when the on transistor is highly
saturated. There is a considerable
time lapse between the occurrence
of the second driving pulse and the
time when the output waveform
starts to fall. It is due to the stor-
age of minority carriers in the base
region. This time varies with the
degree of saturation of the collector
diode. It can be reduced to zero by
designing the circuit such that the
on transistor will stay in the active

saturation region of the transistor.

Surface-barrier transistors can
be operated at very high frequen-
cies even when driven into satura-
tion. In general, therefore, the
simple fundamental circuit should
always be used. For interchange-
ability of transistors, one must em-
ploy 8 = 10 in design formulas. In
the special case when exceedingly
fast operation is required, high re-
sistance in the cross-coupling net-
work should be used to reduce the
storage time. In addition, let 8 =
20 (this assumes that a higher per-
centage of transistors would have
a B close to 20) and restrict this
circuit to those selected few tran-
sistors with 8 close to this value.

To reduce the storage time still
further, a driving pulse with an
amplitude higher than necessary
can be used for triggering the cir-
cuit. In this way, not only the stor-
age time, but also the rise time and
the fall time are reduced.

Rise time and fall time can be
further reduced by careful circuit
layout during construction and the
use of miniature components and
plastic chassis, so that the capaci-
tance between collector, base and

and the output waveform of a flip- region, instead of going into the ground is at a minimum. The col-
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FIG. 7—Waveforms taken at various points in the circuit of the reversible binary counter

lector resistors should also be as
small as possible without exceeding
the current limit of the transistor.

It is always easier to drive a flip-
flop if the circuit has reached its
steady state. This necessitates the
use of smaller cross-coupling ca-
pacitors, provided they are not so
small as to impede the regeneration
needed for proper functioning of
the circuit.

Input Circuits

Severul arrangements of the in-
put circuits using steering diodes
to relax the input requirements are
shown in Fig. 4 and 5. For collec-
tor-driven flip-flops (Fig. 4), posi-
tive pulses are preferable for sur-
face-barrier or any prp transistors.
If negative pulses are used, resistor
R. should be connected between the
emitters and ground as in Fig.
4B, otherwise the driver would be
heavily loaded by the conducting
transistor before any trigger action
takes place. Resistors R, in Fig.
4 are inserted as a d-c path for a
steady current to flow through the
conducting diodes. This reduces the
dynamic resistance so that the cir-
cuit may be more sensitive.

ELECTRONICS — March, 1956

For high-frequency operation,
diode D, is necessary to provide a
quick-charging (Fig. 4A) or dis-
charging (Fig. 4B) path for input
capacitor C,. Thus the correct bias-
ing voltages for the two steering
diodes can be maintained. Without
D, the sensitivity of the circuit will
be decreased considerably when the
pulse repetition rate is increased.
An alternate method is to make the
time constant, R,C,, small compared
with the shortest interval between
pulses. This method reduces the
sensitivity at low frequencies.

Sensitivity

As a rule, base-driven flip-flops
are far more sensitive than the col-
lector-driven ones, but a different
way of biasing the two diodes must

Table I—Number Representation

Numeral Code Numeral Code
zero 1111 eight 0111
one 0000 nine 1000
two 0001 ten 1001
three 0010 eleven 1010
four 0011 twelve 1011
five 0100 thirteen 1100
six 0101 fourteen 1101
seven 0110 fifteen 1110

be used here. If the two diodes are
connected together as in the case
of the collector-driven flip-flops, the
range of usable input-pulse ampli-
tude is vary small. This is due to
the small difference in voltage be-
tween the two bases.

A better way is to make use of
the collector voltages for biasing
the two diodes, as shown in Fig. 5.
For negative input pulses the cir-
cuit is simpler, as in Fig. 5A, but
its sensitivity gradually decreases
as the pulse repetition rate in-
creases. If the input pulses are posi-
tive, it is necessary to use two
diodes in series between collector
and base instead of one diode and
one resistor to match the sensitivity
of the circuit in Fig. 5A.

Two resistors, each in parallel
with one diode, are added to the
circuit as shown in Fig. 5B. This
is made necessary by the fact that
the voltage division between two
diodes of the same type connected
in series is unpredictable when they
are inversely biased with a small
voltage (about 2 volts in this case).
The resistor used is small compared
with the backward resistance of the
diode, and yet so large as not to
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put an appreciable load between col-
lector and base.

This circuit is sensitive to 0.5
volt of input pulse amplitude, but
pulses up to 4 volts can also be used.
These limits are practically con-
stant over the whole range of pulse-
repetition rate. The output wave
has an amplitude of about 2.5 volts.

It is also possible to trigger the
circuit in Fig. 5B with negative
pulses. In this case, the sensitivity
is low and the loading of the driver
is considerable. Since such a possi-
bility exists, precautionary meas-
ures must be taken to insure that
no strong negative overshoots are
present with the desired signals.

And-Or Circuit

The schematic of the and-or cir-
cuit can be seen in Fig. 6. Owing
to the high speed required for
changing from forward to reverse
and vice-versa, any integrating
effect on the square wave coming
frem the switch must be reduced to
a minimum. Hence, coupling ca-
pacitors of small capacitance are
used. The diode, which is never cut
off unless a pulse comes from the

preceding stage, further reduces the

integrating effect of the capacitor.
The switching time of this and-or
circuit is approximately 0.4 usec.

Because of the attenuation of the
small coupling capacitor, a pulse
amplifier is necessary to boost the
signal before applying it to the
input circuit of the next stage. A
surface-barrier transistor in the
configuration of a grounded-emitter
amplifier is used. This amplifier
derives its bias voltage from the
square wave of the switch and is
biased highly beyond cutoff for a
half-cycle and slightly beyond cut-
off for the other half-cycle. The
input of this amplifier is a part of
the and circuit while its output,
sharing a common load with an-
other amplifier, is a part of the or
circuit.

Switch

Figure 6 shows the forward-re-
verse control switch and its input
circuits in the complete reversible
binary counter. Because of the bias
requirements of the and-or circuits,
the power-supply connection of the
switch is different from the rest of
the flip-flops. The collector resistors
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and the negative terminal of the
power supply are grounded, while
the positive terminal of the power
supply is connected to the emitters
and the base resistors.

The switch does not have any of
the input circuits mentioned pre-
viously. Instead, the base-terminal
of TR, is connected to the pulse-
sorting device while that of TR,
is connected to the zero-sensing de-
vice. The square wave generated
by the pulse-sorting device is first
differentiated; the resulting posi-
tive and negative pulses drive the
switch off and on. As for the zero-
sensing device, due to the presence
of the diode only positive pulses
can come to the switch and drive it
off. The negative pulses are not
used.

Pulse-Sorting Device

In addition to driving the switch,
the pulse-sorting device also drives
all the counting stages and the
zero-sensing device simultaneously.
It uses the same kind of circuit as
that between the zero-sensing de-
vice and the switch.

A pulse generated by any of the
counting stages as a result of be-
ing triggered by the pulse-sorting
device must not have any effect on
the next stage. Otherwise, depend-
able results cannot be obtained from
the zevo-resetting process. Thus,
the pulses generated by the pulse-
sorting device must have a longer
duration compared with those at
the output of the or circuits. This
is done by employing a bigger RC
time constant for the differentiat-
ing circuit at the output of the
pulse-sorting device. In this way,
the pulse-sorting device can hold all
the other flip-flops under its control
until the transients have practically
ceased.

A set button is provided at the
base terminal of TR, of the pulse-
sorting device. A push of this but-
ton insures that the whole circuit
is in a condition suitable for the
reception of signal pulses.

Zero-Sensing Device

The zero-sensing device is identi-
cal to a fifth counting stage. A
slightly different system for the
representation of numbers must be
employed so that it can be used for
zero-sensing. In this system, zero

is represented by 1111 instead of
the conventional 0000. A complete
list from zero to fifteen is shown in
Table 1.

In this way, during reverse
counting the fourth stage will gen-
erate a pulse when one is changing
to zero. This pulse triggers the
zero-sensing device which in turn
triggers the switch. During for-
ward counting, the fourth stage
also produces a pulse for a change
from zero to one, and triggers the
zero-sensing device. This time the
pulse at the output of the zero-
sensing device has a different
polarity and does not affect the
switch. The pulses generated by the
fourth stage for changes from
eight to nine, or nine to eight, do
not trigger the zero-sensing device.

The operation of the reversible
binary counter can be seen from
the waveforms at different points
of the circuit as shown in Fig. 7.

Note that the second interval, be-
tween the second and third signal
pulses, is longer than the first, while
the fourth interval is shorter than
the third. Thus, the difference in
number between the first two
groups of pulses is the result of a
forward count while that between
the third and the fourth groups is
the result of a reverse count. If
an indicator is connected to and
controlled by the switch, the first
difference can be shown as positive,
while the second one can be shown
as negative. In addition, the posi-
tive sign remains as long as the
counter is adding. It immediately
changes to negative when the
counter performs subtraction.

Thanks are due to H. Blasbalg
and J. H. Park, Jr. for their sug-
gestions and constructive criti-
cisms. The help of F. W. Schaar in
the building and testing of circuitry
has been invaluable. This work was
done with the support of the U. S.
Air Force under contract No. AF
33(616)-68.
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Time Generator
Gives Direct Readout

UMMARY

cenerally indicate accurate intervals of time,

Time signals applied to charts or magnetic tape recordings
but cannot be quickly imter-
preted in terms of absolute time. This device uses a minimum of equip-

ment to produce coded signals giving 24-hour notation accurate to 6 seconds

relative time intervals are
available, but the system described
below produces absolute time
reference signals. This time signal
generator system is an electrome-
chanical device that generates a
coded time signal for use in appli-
cations where a moderately accurate
time reference is required. The sig-
nals lend themselves to magnetic
tape recording, chart stylus record-
ing, oscilloscope display or for sim-
ple audio indication of time.
For example, it might be desired
to record police radio transmissions

MANY methods of obtaining

ELECTRONICS — March, 1956

By WILLIAM L. BLAIR

Haller, Raymond and Brown, Inc.
State College, I’a.

on magnetic tape. A dual-track
tape recorder mechanism could be
set into operation every time the
transmitter carrier is turned on
and the voice signal recorded on one
track while the time signal is re-
corded on the other. The result
would be a compact record of the
exact transmissions and their time.

The time signal is presented as
a group of five digits correspond-

wazALamericanradiohistorny. com

ing to the 24-hour clock notation.
An example of a sequence of read-
outs might be 1128.8, 11289
and 112 9.0.

The digits are produced elec-
tronically in the form of an audio
tone, keyed according to a modified
dot and dash Morse code as follows

Digit Code Digit Code
1 6 -
2 7 --
3 8 -
4 : afln 9 -
5l e eem 0 -

The syvstem consists of three sepa-
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FIG. 1-—Stepping switch clock circuit can be
60-cps standard unit

rate rack-mounted units. The time
signal generator contains the time-
keeping mechanism and the elec-
tronic circuits that produce the
digit codes. The power supply de-
livers 200 volts at 65 milliamperes
and 28 volts at 1 ampere.

The third unit of the system is a
standard frequency power supply,
manufactured by American Time
Products, Inc., which delivers 115
volts, 60 cps, at 10 watts, with a
frequency accuracy of 0.001 per-
cent. It drives a synchronous motor
in the time signal generator when
the supply line frequency is not
accurate.

Basic Driver

The synchronous motor accom-
plishes the basic timing within the
system. The choice of operating it
from the line or from the frequency
standard is made by a switch lo-
cated on the front panel of the time
signal generator. The output of the
motor is geared down to 10 rpm and
turns a cam. This cam has cut in
its surface six notches of equal
width spaced at 60-degree intervals
around the periphery.

Two switch actuators ride on the
surface of the cam. Each switch
closes when the actuator falls into
a notch. These snap-action switches
are so placed that one circuit is com-
pleted and broken a fraction of a
second before the other is com-
pleted. The first circuit to close ad-
vances the first stepping switch of
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driven from power line or through accurate

the time-keeping mechanism. Clos-
ing the second circuit, triggers the
electronic code generator. Since the
cam makes one revolution every 6
seconds (1/10 minute) and there
are 6 notches in the cam, each pair
of contacts completes a circuit once
each second.

The time-keeping mechanism
(Fig. 1) consists of four stepping
switches, S, through S,, which regis-
ter the accumulation of time and a
fifth stepping switch, S;, which ac-
complishes the function of sequen-
tial read-out of the first four. The

two-level, 26-position S, is advanced
once each second by the action of
S; riding on the timing cam.

Each time S; completes a group
of six steps it supplies, through its
second level, a trigger pulse to S,,
which advances one step to record
the accumulation of 6-second groups
or tenths of minutes. When S, com-
pletes ten steps, the equivalent of
60 seconds, it in turn supplies a
trigger pulse to S..

An accumulation of minutes up
to ten is registered on S, at which
point a pulse is sent to S, that re-
cords groups of 10 minutes up to
six. After S, has advanced six po-
sitions, the equivalent of 60 min-
utes, a pulse is sent to final stepping
switch S, which vrecords hours.
Since none of the stepping switches
has an integral multivle of ten or
six positions, the last level in each
switch provides for self-stepping to
make up for the difference.

When the right-hand clock motor
input switch S, is turned off it in-
terrupts the trigger pulse from cam-
driven S; to S, and permits the step-
ping switches to be set individually
by pushbuttons.

Levels 1 and 2 of S, and level 1
of S, S, and S, each select the
proper coded digit, which is pro-
duced once each second by the code
generator and connect it to level 1
of S, Level 1 of S, then accom-
plishes the read-out function. It

L Ih—

&, $6AL5
N34 + = +

| 2
ouT out

4
our T

FIG. 2—Electronic code generator produces a series of impulses having either polarity

and later modified

March, 1956 — ELECTRONICS



"
L
4
P
s
Y
4

-
74

Rear view of equipment as set up for use in
relay-rack cabinet

listens for 1 second to the levels
of the other switches in proper digi-
tal sequence with the result that
its wiper arm carries the five digits
of time information within a total
time interval of 5 seconds. Since
0.1 minute equals 6 seconds, there
ig then silence for 1 second before
the next read-out begins.

Code Generator

The electronic code generator is
fairly simple in principle. Its op-
eration is explained by reference to
Fig. 2. In producing the codes for
the digits, positive pulses, (later
converted to dots for digits 1 o 5)
and negative pulses (converted to
dashes for digits 6 to 0) are de-
veloped in a series of five multi-
vibratars, V, through V..

Five monostable multivibrators
are connected so that as one returns
to its stable state a positive pulse
is fed to the next one in line, caus-
ing it to cycle. Thus every time
the first multivibrator is triggered
by S., a chain of events is initiated
in which each of multivibrators V,
through V, cycles in sequence down
the line. Since the period of each

ELECTRONICS — March, 1956

multivibrator is adjusted by a po-
tentiometer to approximately 0.2
second, a chain of cycles is com-
pleted within the 1-second interval
between triggers.

Pulse Adding

A negative pulse is taken from
the (A) plate and a positive pulse
from the (B) plate of each multi-
vibrator, differentiated by an RC
network and passed through a diode
that clips the pulses of undesired
polarity. Coupling diodes are placed
between the five outputs carrying
positive pulses and between the
outputs carrying negative pulses.
These coupling diodes pass the
pulses to the right in each case, but
not to the left.

Therefore, pulses are added in
outputs to the right in proportion
to the number of outputs preceed-
ing it. For example, at the output
marked +4, four positive pulses ap-
pear in each 1-second interval and
are spaced about 0.2 second apart.
These are the pulses produced by
V, V. V.and V. The diodes just
to the right of output +4 keep the
pulse of V, from appearing in out-
put +4.

Ten outputs from the code gen-
erator, each with a different num-
ber of either positive or negative
pulses, correspond to the digits
from 0 to 9. These are connected
in parallel to the first level of each
stepping switch so the wipers con-
tact each digit in proper sequence.

Dot-Dash Conversion

After the digits have been read
out by S., the positive and negative
pulses must be converted to dots
and dashes respectively. This step
is accomplished with two monosta-
ble multivibrators, V, and V,, whose
inputs are combined as shown in
Fig. 3. One multivibrator cycles
only on positive digit pulses and the
other only on negative pulses.

It is possible for the positive
pulse appearing on the plate of V.,
when it returns to its stable state
following a cycle, to trigger the
erid of dot generator V. For this
reason, crystal diode CR,, in Fig. 2
is eonnected from the negative side
of output 1 of the code generator
to ground. With respect to positive
pulses this point is common with
all outputs 6 through 0.

B+ DASH GENERATOR

(
10
1,500 CPS
OSCILLATOR

001 3
CENERATOR

INPUT

K= X 1,000

FIG. 3—Dots or dashes are generated de-
pending upon input polarity

FROM B

DOT-DASH QUTPUT MONITOR
39K JACK

K=X 1,000

wuf
AUDIO
Suf 20081 I s | 3 4 outhUT
FooE K =) F 3l (e =
» a $6U8
0.0 g
INEG JMAE’ 4 0.0 .

FIG. 4—Audio oscillator and amplifier
for 1,500 cps

Consequently, whenever the dot
and dash generator input is con-
nected to any digit from 6 through
0 the positive pulse that would
otherwise trigger the dot multivi-
brator when the dash multivibrator
returns to its stable state is passed
to ground through this diode.

The period of the dot generator,
which is adjusted by the dot length
control, is made short compared
with that of the dash generator.
The dash length control adjusts the
period of the dash generator. The
outputs from these multivibrators
are coupled through diodes V.4 and
V., so they do not trigger each
other.

The rise in plate voltage of the
low half of either multivibrator,
when it is cycled, is applied to the
plate of a phase-shift audio oscil-
lator, shown in Fig. 4, and keys it
on and off in the special code sys-
tem. The frequency of this oscil-
lator is approximately 1,500 cps.
The second half of the tube is a
standard audio output amplifier.

The author expresses apprecia-
tion to David E. Harris and John
C. F. Walker, III, for helpful sug-
gestions during the development of
the time signal generator.
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Coupled Cavity Tunes

UMMARY

Pulsed magnetron for airborne radar tunes from 9,000 to

9,600 me and delivers 140 kw. Cavity is section of double-ridged waveguide.

Micrometer controls tuning plunger. Vane-type anode provides high  with

simple and rugged construction

IMFPLE, RELIABLE and efficient
S tuninr of a developmental
X-band pu‘sed magnetron is accom-
plished by a coupled tuning cavity.
The auxiliary cavity, coupled tightly
to the magnetron resonator system,
determines the aperating fre-
quency. The tuning cavity increases

SRRl Sl

Testing developmental X-band pulsed magn

By W. F. BELTZ

Tube Division )
Radio Corporation of America
Harrison, New Jersey

the Q of the magnetron and affords
stable operation.

Because this
quires no clesa

conscruction  re-
gpacing  between

etron

Representative frequency spectrum of magnetren (A) and expanded pertion of same (B)
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points of high r-f voltage, it elmi-
nates the voltage-breakdown prob-
lem. There are no extraneous
resonances to cause discontinuous
operation within the t ning range.

Since the r-f fields become dis-
torted, a drop in electronic efficiency
may occur at the low-frequency end
of the tuning range. This drop can
be minimized by proper design of
the tuning cavity. The output
coupler can be designed to increase
the circuit efficiency as the elec-
tronic efficiency decreases, provid-
ing a flat power-output curve.

Construction

The vane-type anode shown in
Fig. 1A has a slightly higher Q
than the hole-and-slot type and is
a simple, rugged assembly. The in-
teraction-space dimensions were
scaled directly from the 4J50 mag-
netron. A slight change was made
in the end-space dimensions to inm-
prove the electronic efficiency.

The tuning cavity is a section of
double-ridged waveguide, arranged
as in Iig. 1B. Its resonant fre-
quency is varied by adjustment of
a short-circuiting plunger at one
end of the cavity. A multiplicity of
plunger positions, each separated by
a half wavelength, will produce the
same resonant frequency. The tun-
ing cavity is operated in the N — 0
mode to conserve space.

The cathode is an oxide-coated
sintered-nickel matrix type. The in-
put connections to the tube are the
same as those used in the 4J50. The
cathode is supported at both ends
of the anode and is capable of
withstanding severe vibration and
shock. Getters are mounted on the
cathode stem to achieve and muain-
tain a good vacuum.

The tube utilizes a standard 14 by
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X-Band Magnetron
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FIG. 1—Cross-section of tunable magnetron (A) and perspective view

of cavity tuning

arrangement (B) illustrating use of double-ridged waveguide

2-in. RG-51/U output waveguide,
which can be coupled to an RG-52/U
flange.

Performance

The magnetron was designed for
good performance over a moderate
tuning range rather than for mod-
erate performance over a greater
tuning range. A tuning range of
600 mec was found adequate for
most applications.

Typical operating conditions are
given in Table I. Tube operation
is not limited to these conditions.
If the duty cycle is lowered to
0.0005, the tube can be operated at
peak plate currents up to 27.5 am-
peres with an equivalent increase
in power output.

A tuning curve for the magnetron
is shown in Fig. 2A. Tuning is
linear with tuner movement. The
average tuning rate is 2.75 mc per
thousandth inch on the micrometer
head.

One of the advantages of the
stabilizing effect of the tuning
cavity is the reduction of the
change in frequency caused by a
change in anode current. This effect
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is commonly referred to as pushing.
Figure 2B shows the variation in
pushing figure over the tuning
range. The pushing figure is rela-
tively flat over the tuning band,
and is below 0.25 mc per ampere
of anode current. The lower push-
ing figure results in less frequency
modulation due to pulse-voltage
variations. The waveform photo-
graph shows a representative spec-
trum for the tube. The zeros go
down to the base line. The first side
lobes of this spectrum are about
12 db below the main lobe. An
enlarged view of a portion of the
spectrum is also shown.

A further advantage of coupled-
cavity tuning is that the coupling
between the tube and the load is
lower for the same circuit efficiency

Table I—Tube Performance

Peak anode voltage. . .22 kv
Peak anode current. . .21 amp

Pulse duration. . ... . .1 usec
Pulse repetition rate. . 1,000 pps
Duty cycle. . . ... .0.001

Peak power output .(hominal,
over entire frequency
range). ..........-. 165 kw

Tuning range. . ...... 9,000-9,600 mc

TTING IN MILS
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9200 9400
FREQUENCY IN MC
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FIG. 2—Behavior of magnetron over fre-
quency range, showing tuning curve (A),
pushing figure (B), pulling figure (C) and
power output (D)

than with most other types of tun-
ing. Figure 2C shows the pulling
figure as a function of frequency.
The pulling figure varies from about
9 to 12 mec over the tuning range.

Figure 2D is a curve of power
output as a function of frequency.
This curve is relatively flat, with
the power varying about =1 db
over the tuning range. The effi-
ciency over this band varies from
30 to 39 percent.

Louvered cooling fins are used
to increase the cooling efficiency.
At sea level, an air flow of 50 cfm
is adequate to keep the anode tem-
perature within safe limits. The
thermal factor, or change in fre-
quency with temperature, is less
than 0.3 mec per degree C. After
a4 10-minute warmup, frequency
drift is negligible.
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Automatic Plotter for

UMMARY Input impedance of waveguide component is measured
rapidly and automatically throughout range of 8.500 to 9,600 me and re-
sulting impedance locus in reflection coefficient plane is displayed on screen
of cathode-ray oscilloscope. Marker pulses give frequency calibration of plot

OINT-BY-POINT measuring of

By HENRY L. BACHMAN may be observed with the X-band

frequency variations of the in-
put impedance of microwave com-
ponents can consume considerable
time and effort. For this reason,
automatic impedance—measuring de-
vices have been developed.”**

The automatic impedance plotter
to be described provides for the
rapid automatic measurement of the
input impedance variations of a
waveguide component and an oscil-
lographic display of these variations
in the reflection coefficient plane.
The impedance plotter comprises an
X-band rapid-sweep oscillator, a

Complete plotter setup, with waveguide impedance meter in cenfer foregromnd amd X-band rapid-sweep oscillator at its right,
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Wheeler Laboratories, Ine.
Great Neck, N. Y.

waveguide impedance meter and dis-
play and control circuits. Measure-
ments may be performed continu-
ously throughout the frequency
range from 8.5 to 9.6 kme on any
microwave component that czn be
adapted to the 1i-inch by #-inch
RG-51/U waveguide input port of
the impedance meter. The im-

pedance variations of camponents
operating in other frequency bands

e

WWW.americanradiohistorv.com

impedance plotter by building scaled
X-band models of these critical
components.

Since the rapid-sweep oscillator
sweeps back and forth through the
12-percent X-band at the rate of
12 cps, the cathode-ray tube display
of the impedance locus is visually
continuous. This feature insures
the observation of any anomalies in
the impedance locus caused by
spurious resonances or other similar
effects which may be overlooked in
the point-by-point method of meas-
uring. The speed of the measure-

Dis-
play and control circuits are in cabinet at left. Klysiron power supply and cabinet for display blanking and adding circuits are on shelf
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Waveguide Impedance
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FIG. 1—Interpretation of display obtained on oscilloscope screen

ment also permits observations of
changes in the impedance locus as
the microwave component is ad-
justed.

Reflection Chart

The impedance locus of a com-
ponent with a varying parameter,
such as frequency, may be plotted in
the plane of the reflection coefficient.
The map of impedance in the reflec-
tion coefficient plane is a reflection
chart. This plot has an advantage
over a plot in the plane of the im-
pedance, since all points of positive
resistance are plotted within a cir-
cular area on the reflection coeffi-
cient plane. An additional advantage
is the ability to calculate the effects
of varyving transmission line length
simply by angular rotation of the
impedance locus on the reflection
chart. Well known types of reflec-
tion charts are the Smith and
Carter charts.

The Wheeler Laboratories reflec-
tion chart®, which is used with the
automatic impedance plotter, differs
from these charts in the manner in
which the axes are oriented. The
vertical axis is the locus of pure
resistance, which increases from
zero at the bottom to infinity at the
top. To the right and left of this
axis are plotted all values of im-
pedance having a positive or nega-
tive reactive component respec-
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tively, for most convenient use.
The polar form of the complex
reflection coefficient w = |w| / B can
be described by the two orthogonal
components, |w| cos 8 and |w| sin .
The waveguide impedance meter
generates signals proportional to
these eomponents. The signals are
amplified, detected and applied to
the appropriate plates of the
cathode-ray tube by the display and
control circuits. The resultant beam
deflection traces on the face of the
cathode-ray tube the impedance
variation of the component in the
reflection coefficient plane.

Impedance Meter

The waveguide impedance meter
is a novel waveguide network com-
prising RG-51/U components. It
has been shown® that the output sig-
nals of the impedance meter are
given by

V.| = K|w| cos (B + 45°)

V,| = Klw| sin(8 + 45°)
These signals are proportional to
the orthogonal components of the
complex reflection coefficient pro-
vided that the orthogonal axes are
rotated 45 degrees relative to the
axes of the reflection -coefficient
plane.

A special feature of the wave-
guide impedance meter is the pro-
vision for choosing at will the ref-
erence plane at which the impedance

FIG. 2—Principal sections of complete automatic impedance plotter

is measured, simply by moving a
short-circuiting plunger in a wave-
guide adjacent to the component
under test. This feature simplifies
locating the best plane for the in-
sertion of a matching device or for
performing other studies of im-
pedance characteristics.

Display Circuits

The essential functions of the dis-
play and control circuits’ are to
amplify and display the output
voltages from the waveguide im-
pedance meter and to provide the
operating voltages for the X-band
rapid-sweep oscillator.”

The output signals of the im-
pedance meter, which vary at the
modulating frequency of the rapid-
sweep oscillator, are amplified by
high-gain tuned amplifiers and then
detected. The operation of the dis-
play circuits is complicated by the
fact that the detectors in the display
and control circuits are not phase-
sensitive; therefore, an expedient
method is employed to allow the uni-
polar voltages applied to the deflect-
ing plates of the oscilloscope to de-
flect the cathode-ray trace to all
quadrants in the reflection coeffi-
cient plane.

The method is illustrated in Fig.
1. A coherent signal is added to the
output signals from the waveguide
impedance meter at the input to the
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FIG. 3—Examples of oscilloscope presentalions for short-circuit (A and B)

tuned amplifiers. The coherence of
the signals is insured by using a
signal from the oscillator modulator
as the adding signal. The phase of
the adding signal must be either in
phase or 180 degrees out of phase
with the output signals of the wave-
guide circuit. The heam is initially
deflected by the adding signal; then,
by adding or subtracting the output
signals from the waveguide im-
pedance meter, the cathode-ray
trace may be deflected to all quad-
rants in the reflection coefficient
plane.

The block diagram in Fig. 2 illus-
trates the relation of the display
and control circuits to the entire
svstem.

It was considered advantageous
to have the cathode-ray trace return
to the center of the tube face follow-
ing each sweep through the fre-
quency band, to indicate the center
of the reflection coefficient plane.
This was accomplished during the
return cycle of the rapid-sweep
oscillator by removing the modula-
tion signal to the oscillator. This
operation is performed by a switch-
Ing commutator mechanically cou-
pled to the sweeping oscillator. The
adding signal is not affected by this
operation, and the trace is deflected
by this signal alone to the center of
the cathode-ray tube, as shown in
Fig. 1.

Sweep Circuits

A feature of the oscilloscope dis-
play is the ability to select any de-
sired degree of expansion. The
entire plane of the reflection coeffi-
cient (maximum radius equal to
unity) may be presented; alterna-
tively, some smaller range may be
chosen to expand the impedance
locus for better observation of smull
reflections. By photographing the
cathode-ray tube trace, a permanent
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record may easily be obtained.

The rapid-sweep oscillator out-
put level, which may he adjusted to
be flat within 0.5 db over the fre-
quency band from 8.5 to 9.6 kme,
varies considerably over the small
portion of the sweep range out of
this band. This variation of the
oscillator output level results in an
anom:ilous plot of the impedance
locus.

To improve the oscillographic dis-
play, a blanking circuit has been
provided which is triggered from
the repeller tracking voltage gen-
erated in the oscillator control cir-
cuits. The blanking circuit gen-
erates a blanking pulse which is
synchronized with the sweep fre-
quency and applied to the control
grid of the oscilloscope to blank the
cathode-ray tube trace during the
period when the rapid-sweep oscil-
lator is swept outside of the 8.5 to
9.6-kme frequency hand.

Provision has also been made to
frequency-calibrate the impedance
plot by a marker-blanking pulse ap-
plied to the control grid of the osecil-
loscope. The blanking pulse is
triggered by the output of a trans-
mission-type wavemeter which is
coupled to a second output of the
rapid-sweep oscillator. The dura-
tion of the blanking pulse is made
adjustable because of the wide
variations of writing speed encoun-
tered when impedance loci of vary-
ing complexity are measured.

Performance

The impedance locus of a short-
circuit measured with the plane of
the reference at the short-circuit is
given in Fig. 3A, as plotted on the
reflection chart. The oscillographic
display in the plane of the reflection
coefficient is a short curve along the
vertical axis of the reflection chart.
Ideally, the plot is a point on the

, resonant iris (C) and multiple-tuned waveguide filter (D)

real axis corresponding to zero re-
sistance for all frequencies. The im-
pedance locus of a short-circuit,
with the plane of the reference far
enough from the short-circuit so
that the resulting locus forms one
complete circle when the frequency
is swept through the 8.5 to 9.6-kmec
frequency band, is given in Fig. 3B.

The oscillographic displayvs of the
impedance loci of a short-circuit in-
dicate that the maximum size of the
full-scale display is a 24-inch diam-
eter circle. The size of the cathode-
ray tube display is limited by ampli-
fier overload. If a larger display is
desired, the expedient method of
using the adding signal to obtain
deflection of the cathode-ray tube
trace over the entire reflection co-
efficient plane must be abandoned,
and the second detectors at the out-
put of the display amplifiers must
be replaced by phase-sensitive de-
tectors.

Oscillographic displays of several
impedance loci are piotted on an ex-
panded portion of the reflection co-
efficient plane in Fig. 3C and 3D,
where full-scale deflection corre-
sponds to [w!... 0.33 (6-db swr
reflection). The impedance locus of
a single-tuned circuit (resonant
iris) measured with the reference
plane at the plane of the iris is
given in Fig. 3C.

The oscillographic display result-
ing from the impedance measure-
ment of a multiple-tuned waveguide
filter circuit having a complex im-
pedance locus is given in Fig. 3D.
A measurement of this impedance
locus by slotted line techniques
takes at least one hour; the meas-
urement is performed instantane-
ously by the automatic impedance
plotter following a setup time of
about 10 minutes. In addition, the
measurement by the impedance
plotter insures that all of the de-
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tails of the impedance locus will be
observed since the measurement is
performed continuously over the
frequency band.

Accuracy

The accuracy of the automatic
impedance plotter was determined
by comparing the oscilloscope dis-
play with precision slotted line
measurements. For measurements
of large reflections, full-scale dis-
play eorresponding to unity reflec-
tion coefficient, the maximum
observed errors of the magznitude
and phase of the reflection coeffi-
cient as measured by the waveguide
circuit were 10 percent and 5 de-
grees respectively. These maximum
errers occewrred for measurements
performed at the ends of the 85 to
9.6-kme frequency band. The aver-
age errors of the magnitude and
phase of the reflection coeflicient
were 2.5 pereent and 2 degrees re-
spectively. For measurements of
small refleeticns, with the oscillo-
graphic display expanded to [w| =—
4 full scale, the maximum obseyrved
deviation of the impedance plotter
measurements from the slotted line

ADJUSTABLE
REFERENCE

PRODUCT DETECTOR

PORT FOR
COMPCNENT

measurements was 8.5 percent and
the average deviation was 3.5 per-
cent. The maximum errors again
ccurred at the ends of the operat-
ing frequency band.

The errors resulting from the use
of the impedance plotter can be
attributed to thres principal eTects.
One is the effect of variations of the
output power of the rapid-sweep
oscillatar; the second is the effect
of amplitude and phase asymmetries
in the waveguide impedance meter;
the third is the effect of multiple
reflactions in the waveguide circuit.

The variation of the oscillator
output power could be practically
eliminated by the use of some type
of age system. The waveguide cir-
cuit has never been tested to deter-
mine the extent of amplitude and
phase asymmetries; however, work
in that direction would be expected
to be profitable in improving the
accuracy of the impedance plotter.

Te minimize the errors caused by
multiple reflections ir the wave-
guide circuit, the best matched com-
ponents existing in the present state
of the art have oeen employed in the
svstem. Padding of individual com-

UNDER TEST =

TERMINATION

ponents to further reduce multiple
reflection effects is not sound since
pads introduce serious asymmetries.

Because of the complexity of the
automatic impedance plotter sys-
tem, it cannot be expected to vield
results as accurate as the slotted
line method for measuring im-
pedance. However, the accuracy is
snfficiently high to insure reliability
of the results; the speed with which
the impedance data is obtained more
than compensates for slight inaccu-
racies in Lhis data.
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Aerosoloscope Counts

UMMARY

Chemist is relieved of tedious job of counting and sizing

aerosol particles under a microscope. Glow-transfer-tube counter and unique

pulse-height discriminator count and size particles after scattered light is re-

ceived by multiplier phototube

N AEROSOL is a suspension of

finely divided solid or liquid
particles such as smokes, dust or
pollen in a gas. In the present
method of analysis, the minute par-
ticles are collected on a surface and
then counted and sized under a
microscope. However, the aerosolo-
scope in one operation automati-
cally detects particles from 1 to
64 microns in diameter and classi-
fies them into 12 adjacent size
groups within this range. It counts
and classifies at a maximum rate

of 100 particles per second and ac-
cepts aerosols of concentrations up
to 10.000 particles per cec.

Operation

Light-scattering is utilized for
particle detection. A thin aerosol
stream intersects a high-intensity
light beam and 2 portion of the
light energy scattered by the par-
ticles is received by a 5819 multi-
plier phototube. The optical system
is indicated schematically in Fig. 1.
In the plan view, a 108-watt ribbon

Aerosoloscope developed by the Armour Research Foundation for particle detection in
gaseous mediums utilizes scattered light received by phototube
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ELEVATION

PLAN

X X - AXIS OF INCIDENT LIGHT
Y Y - AXIS OF SCATTERED LIGHT
Z Z - AXIS OF AEROSOL STREAM

A -LIGHT SOURCE

B -CONDENSING LENS

C ~PROJECTION LENS

D -BLACK GLASS MIRROR
£ - LIGHT TRAP

F - MULTIPLIER PHOTOTUBE

FIG. 1—Layout of optical system

filament lamp A is focused upon a
1-mm by 3-mm slit and imaged at
point Z.

A 1-mm diameter aerosol stream
after dilution is directed vertically
downward through the image at
point Z. Light scattered at 90 deg
by the particles is gathered by an
identical lens system along the axis
Y-Y and channeled to the multi-
plier phototube F. Thus a sensitive
volume 3 by 3 mm horizontal by
1 mm vertical is established which
is illuminated by the source and
viewed by the detector.

At the maximum counting rate,
an average of 95 percent of the
aerosol particles pass through the
sensitive volume one at a time.
Thus, for each particle traversing
the field, a nearly square pulse of
light is transmitted to the multi-
plier phototube. The aerosol veloc-
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Particles 1n Gas

E. S. GORDON

Armour Research Foundation of
Illinois Inst. of Tech.
Chicago, Illinois

ity is approximately 5 feet per
second. This value, coupled with
the 1-mm vertical dimension of the
sensitive volume, yields a signal-
pulse duration of 650 microseconds.

The intensity of the light im-
pulse varies with the square of
the particle diameter for parti-
cles within the 1 to 64-micron
range. The dynamic range of sig-
nal voltages therefore is 64° or
4,096-t0-1.

By
D. ¢. MAXWELL, JR.

Crosley Division
Avco Mfg. Co.
Evendale, Ohio

the phototube are amplified in a
preamplifier and fed to a pulse
height discriminator, where they
are classified into the 12 adjacent
size groups and tallied on a counter
within each group. The 12 particle
groups, or channels, were chosen to
be equal logarithmic steps so that
for each channel the ratio of upper-
to-lower boundaries is \/2/1. There-
fore, channel 1 has a range of 1.0
to 1.414 microns, channel 2 of 1.414

N. E. ALEXANDER

Chemical Corps Biological Labs.
Camp Detrick, Mo.

to the particles is proportional to
the square of the particle diameter,
the ratio of maximum-to-minimum
amplitude of the voltage pulses cor-
responding to each channel is
(2)* or 2.0/1.

Pulse-Height Discriminator

Figure 2 illustrates the opera-
tion of the pulse-height discrim-
inator. A five-channel system is
discussed for simplicity. Amplifiers

The random voltage pulses from to 2.0. Inasmuch as the response 1, 2, 3, 4 and 5 are connected in
CHANNEL NO 5 4 3 2 | PHASE
e e [ SR TR S T ey =R S INVERTER

| [ | | | |
Al AMP 2 AMP < AMP o AMP 5 AMP id] CATHODE
FOLLOWER
¥ \ !
LEVEL LEVEL LEVEL LEVEL LEVEL LEVEL DIFFER-
DETECTOR DETECTOR DETECTOR DETECTOR DETECTOR DETECTOR
ENTIATOR
A B c D E F
l I 1
¥ ¥ ¥ ¥ ¥ ¥ Y ¥ ¥y ¥
ANTI- ANTI- ANTI- ANTI- ANTI-
COIN- COIN- COIN- COIN- COIN- NPHASEE
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PREAMP l T T I T l
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DELAY M-V
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FIG. 2—Five-channel system illustrating the operation of the pulse-height discriminator
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FIG. 3—Typical chenrel amplifier and level detectors

tandem, each having a gain of 2.

At the output of the preamplifier
and at the output of each channel
amplifier, a level-detector circuit is
connected. These circuits are ad-
justed to produce a fixed-amplitude
output pulse when receiving an
input pulse of 20 v or greater. The
outputs of each two adjacent level
detectors are fed to an anticoinci-
dence circuit.

Each anticoincidence circuit gen-
erates an output pulse when receiv-
ing a pulse at one of its two input
points. The output of each of the
anticoincidence circuits is fed to a
register system corresponding to
that channel, where the channel
tally is made.

Assume that a particle of a size
falling in channel 3 passes through
the illuminated field and that this
particle causes a 4-volt pulse to
appear at point A. The pulse
heights at points B, C, D, E and F
are 8, 16, 32, 64 and 128 volts, in
that order, since each amplifier has
a gain of 2. Level detectors D, E
and F trigger and produce outputs
since each of their inputs is over
20 volts.

The only anticoincidence circuit
which generates an output is that
of channel 3, since only this cir-
cuit receives a pulse from one of its
inputs and not the other. There-
fore the register in channel 3 tallies
a count.

The signal pulse has a rise time
and fall time each approximately
15 percent of total pulse duration.
This would cause false counts were
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it not for a special gating system.

Consider the particle of channel
3 in Fig. 2. As the pulse rises
toward its ultimate value, the in-
put to level detector E will exceed
20 volts and cause it to trigger for
a finite time before detector D
triggers. Thus anticoincidence cir-
cuit No. 2 would produce a short-
duration pulse to register No. 2
where a false count would be tal-
lied. A similar action would occur
on the trailing edge of the pulse
where another false count would be
tallied in channel 2. Register 1
would similarly receive two false
counts.

To prevent these false counts,
and also to prevent counts due to
the short-duration mnoise spikes
originating at the multiplier photo-
tube, a trigger-generator was devel-
oped. This unit generates a short-
duration triggering pulse of 100
usec beginning about 250 usec after
the leading edge of each signal
pulse. The trigger generator is uti-
lized with gate circuits interposed
between the anticoincidence cir-
cuits and the register circuits of
each channel.

Gating System

Each channel gate has two input
points, one from the trigger-gener-
ator and the other from its anti-
coincidence circuit. The channel-
gate allows passage of a pulse
from the anticoincidence circuit to
the counting circuits only if the
pulse is present when the short-
duration trigger-generator pulse

arrives, Since the triggering pulse
occurs during the flat portion of
the signal pulse, only the true anti-
coincidence pulse will be passed.

In Fig. 2, the input to the trigger
generator is obtained from the level
detector following amplifier No. 1.
Since this level detector triggers
from a 1-micron pulse or larger, the
trigger generator will receive an
input for every particle to be
counted. This input signal, which
is 650 usec long coincident with
that from the amplifiers, as in-
verted and applied to the noise-
filtering gate.

It is also differentiated, inverted
and applied to the monostable de-
lay multivibrator. The leading-
edge spike triggers the multivibra-
tor which is adjusted to generate
a 250-psec pulse. This circuit fur-
nishes the 250-usec delay for the
100-usec¢ triggering pulse. The
trailing-edge positive spike of the
differentiated delay-multivibrator
output is inverted by the noise fil-
tering gate and applied to the mono-
stable trigger multivibrator, which
generates the 100-usec trigger
pulse. The noise-filtering gate will
not pass this spike, however, unless
its other input, the inverted trig-
ger-generator input pulse, is pres-
ent when the spike comes through.

If the input signal had not been
a particle pulse but had been a
noise pulse of less than 250-usec
duration, it would be over before
the trailing-edge spike reached the
gate and no output would be trans-
mitted by the trigger generator.

CHANNEL 2
ANTI-COINCIDENCE
FROM FROM CHANNEL 2
CHANNEL 2 OUTPUT-LEVEL DETECTOR

INPUT LEVEL
DETECTOR +300V
180K 39K §39V 180K
Vig

20K§

L - |

+105V
CHANNEL 2 GATE
+300V —
30K 0.
“aee 16— TO
FROM [eX] SCALER
OUTPUT—«H—T~ ORIVER OF
OF TRIGGER CHANNEL 2
GENERATOR f
+105V 120K
+150V = K=X1,000

FIG. 4—Representative anticoincidence and
gate circuit
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The pickup system is calibrated
by a fine horizontal wire which is
motor driven up and down through
the light beam at the center of the
sensitive volume. This wire crosses
the beam at the speed of the aero-
sol particles. By its scattered light
it simulates a particle of 8 microns,
the boundary value between chan-
nels 6 and 7.

In calibrating, the multiplier
phototube supply voltage is ad-
justed so that the counts from the
chopper wire fall at the boundary
between these two channels, with
some counts registered in channel
6 and some in channel 7. Thus,
the phototube-voltage adjustment
compensates for changes in out-
put of the lamp and in the sensi-
tivity of the multiplier phototube.
After calibration, scattered light
from a 1-micron particle generates
a 1-millivolt pulse at the anode.
Each type of aerosol under test,
however, has a different index of
refraction and thus a different
licht-seattering power. This prop-
erty does not vary by an overall
factor of more than 4-to-1. It is
compengated for by a gain control
in the preamplifier which is set to
a predetermined value for each
tvpe of aerosol under test.

A special electronic pulse gen-
erator was developed and built
into the equipment for accurate
calibration of the pulse-height dis-
criminator.

The preamplifier contains a two-
stage capacitance-coupled circuit
of conventional design. It employs
a 12AX7 twin-triode and has a
maximum gain of 20, stabilized by
about 27-db of voltage feedback.
It has a passband of 1.5 cycles to
10 ke. This response, in conjunc-
tion with that of the cascade chan-
nel amplifiers, allows adequate pas-
sage of the 650-usec pulse.

Channel Amplifiers

A schematic diagram of one of
the channel amplifiers with two ad-
joining level detectors is shown in
Fig. 3. The channel amplifiers,
level detectors, anticoincidence and
gate circuits of the 12 channels are
nearly identical. The channel am-

plifier is two-stage capacitance-
coupled using a 6U8 triode-pentode.
The three resistors and the

1NB54A germanium diode at the

ELECTRONICS — March, 1956

SCALER DRIVER DECADE SCALER REGISTER DRIVER
FROM GHANNEL 2
+300V il +400v
’ GATE OUTPUT 4300V
) 2100K $ 6.2
5.t BOKs 21901 2 MEo
MEG '(—J
150K 12AT7, \1
c 4 s vt & V0
1 INSBA 00K 100K
0001 g, 2330k 2I5K
TO CORRES.
POINTS OF =
OTHER I
CHANNELS 1 3
0.25
g +300V
K 'GZK% SCALER RESET 100K
6 i 1 =
' /ANoDE\ G zl2avy
(4) K _L__-#F
oA L C:ANNELZ 680K < K=X 1,000
GLOW TRANSFER SCALER TUBE EGISTER =

FIG. 5 Tvpical decade scaler and register circuitry. Pariial schematic of cold-
cathode glow-transfer tube GC10B, lower left

input grid limit the pulses to 30
volts at the amplifier output. The
175,000 and 20,000-ohm vesistors
of this limiter form a 10-to-1 volt-
age divider. The two-stage ampli-
fler vields a gain of 20, with about
27 db of feedback, so that the over-
all gain of the channel amplifier
is the required 2. Gain is adjusted
with the 50,000-chm resistor in the
feedback network. The frequency
response of the amplifier is flat
from 4 cps to 32 ke. However, in
alternate amplifiers a capacitance
of 0.13 uf is located in series with
the 80,000 and 50,000-ohm feedback
resistors.

The low-frequency hoost caused
by the capacitance helps to reduce
the pulse distortion from upper-
range input pulses in the later am-
plifiers. This distortion is due to
the large dvnamic range of the sys-
tem. The IN5B8A diodes at the in-
puts of the channel amplifiers were
also necessary owing to this range
problem.

Level-detector circuits are of the
Schmitt tyvpe, and consist of two
6AH6 pentodes. In the quiescent
state, V. conducts due to the posi-
tive value of its grid return and
tube V. is cut off due to voltage di-
vider action of the 100,000 and 50,-
000-ohm resistors at its grid. If the
grid potential of V, is lowered to
a certain value, the conduction of
this tube will be decreased to the
point where tube V', will begin to
conduct. This is due to the drop
in the common cathode voltage and
the rise in V, plate voltage. Thus

regenerative action takes place and
the econduction abruptly changes
from V, to V.. When the grid volt-
age of V, is now raised by a small
amount the action reverses and the
original state is restored.

Thus, a negative square output
of uniform amplitude is obtained
at the plate of V. for every nega-
tive pulse at the grid of V. which
is large enough to cause the trig-
gering action. The 25,000-ohm po-
tentiometer of the voltage divider
in the grid return of V. is adjusted
so that a pulse of 20 volts or more
will trigger the circuit. The 1N54A
diode acts as a d-c restorer to
prevent the baseline from rising
owing to a rapid pulse rate.

Anticoincidence

The schematics of one of the
anticoincidence circuits and a chan-
nel gate circuit are shown in Fig. 4.
In the anticoincidence circuit the
common-cathode point of the two
triodes is slightly greater than
105-v positive in the quiescent
state; both sections conduct about
equally. In the gate circuit, both
the control grid and the suppressor
erid of the pentode are biased well
below cutoff due to the relative grid
and cathode returns.

Assume that a pulse is sent
through the amplifier chain which
is large enough to trigger both
the channel 2 output-level detector
and channel 2 input-level detector.
An equal negative pulse would ap-
pear at each 12AU7 grid of an am-
plitude decreased 90 percent by the
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180,000 to 20,000-ohm a-c¢ dividers.
Each triode would then conduct
slightly less and a small positive
pulse would appear at each of the
plates, not large enough to bring
the gate-suppressor grid out of cut-
off, this grid being coupled to the
plate of V... Therefore, no output
would be produced by the gate to be
sent to the channel scaler driver.

Now, assume that a smaller
pulse is sent through the amplifier
chain, this pulse value being large
enough to trigger the channel 2
output-level detector but not the
channel-2 input detector. In this
case, a negative signal would ap-
pear only at the grid of V,,. Due
to cathode coupling, a positive pulse
would appear at the plate of Vi,
of a value large enough to drive the
suppressor grid to zero bias., When
the delayed triggering pulse from
the trigger generator arrives at the
gate control grid, it drives this
grid to zero bias. Now plate cur-
rent flows and a pulse is sent to the
scaler driver of channel 2 for regis-
tration.

A schematic diagram of the dec-
ade scaler and register circuits is
shown in Fig. 5. The decade scaler,
which utilizes the cold-cathode
glow-transfer tube GC10B, divides
the number of input pulses by a
factor of 10 reducing the maximum
counting rate required of the elec-
tromechanical register to 10 a
second.

The pulse-pair resolution of the
tube is about 250 wsec so that the
instrument can easily respond to a
train of up to 19 closely spaced par-
ticles of the same channel. This
depends upon the position of the
glow at the beginning of the train.

Each time the glow arrives at the
output cathode, the positive step of
voltage which occurs at this point
is differentiated by C.R, and applied
to the 12AT7 monostable multivi-

brator. This multivibrator forms
a 20-millisecond positive pulse
which, through the % 12AV7

cathode follower, actuates the reg-
ister. The 1N55 diode of the scaler
driver acts as a d-c restorer.

The 1N58A diode in the differ-
entiator circuit blocks the negative
spike which is caused by the glow
moving from the output cathode to
the next position. Thus, the multi-
vibrator will not be switched back
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FIG. 6—Waveforms relevant to high dy-
namic range showing pulse at discrimin-
ator input due to 64-micron particle (A),
pulse at output of first coupling circuit
(B), pulse after eight stages of amplifica-
tion (C) and etffect on input waveform (D)
of series capacitor in amplifier feedback
loop

to its monostable state before the
end of the 20-millisecond period.

The chief problem encountered
in the development was associated
with the large dynamic range of
the instrument. At one operation
the pulse-height diseriminator must
classify signals of an overall ratio
of 4,096-to-1. The twelve cascaded
amplifiers of the diseriminator, in
addition to their overall amplifica-
tion of 4,096, must adequately limit
the amplitude and preserve the
shape of pulses of up to 20 v at the
input.

Coupling Circuit

With this input assumed to be
perfectly square as shown in Fig.
6A, the capacitor of the R-C coup-
ling circuit at the input of the
system will discharge about 0.25
volt. The pulse shape passed by
this circuit is shown in Fig. 6B.
Succeeding coupling capacitors
have a similar but lesser effect.

The IN54A diode limiters of the
amplifiers limit the negative am-
plitude, but have no effect upon the
positive overshoot following the
trailing edge. This overshoot is
amplified throughout the chain and
results in a waveform as shown in
Fig. 6C.

Pulse distortion of this magni-
tude causes both amplifier blocking
and improper functioning of the

level detectors. A combination of
three techniques was used to limit
this distortion. One was the addi-
tion of the positive-connected shunt
diodes after the coupling capacitors,
see Fig. 3; these diodes provide a
low-impedance recharge path and
thereby reduce the size of the
positive pips. Another technique
was the addition of the series ca-
pacitor in the feedback loop of
alternate amplifiers. The counter-
balancing effect of this capacitor is
shown in Fig. 6D. The third and
most elaborate technique was by-
passing the first four amplifiers
with a d-¢ coupled nonblocking am-
plifier of the equivalent gain of the
four amplifiers. Thus, amplifier
No. 8 receives its input from this
auxiliary amplifier instead of from
amplifier No. 9.

The principal source of back-
ground noise of the instrument
system is light scattering of the air
molecules in the 3 by 3 by 1-mm
sensitive volume. This phenomenon
produces a constant background
level of light flux at the photo-
cathode. The resulting d-¢ mul-
tiplier-phototube current has super-
imposed upon it a random a-c
component due to shot-effect.

While the peaks of this noise are
of larger amplitude than pulses
from a 1.0-micron particle, they are
not registered as the noise spikes
are of much shorter duration than
the signal pulses and are effectively
filtered by the noise-filtering gate
of the trigger generator. The gain
of the system can be increased by a
factor of from 2.5 to 8.5 before the
output noise due to air scattering
is of a value great enough to be
registered, providing a good signal-
to-noise factor for normal opera-
tion.

The noise caused by the mul-
tiplier-phototube dark current is ap-
proximately one-fourth of that from
air scattering. The contribution to
the total random noise by the am-
plifier is negligible.

This development program was
carried out under the sponsorship
and guidance of the Biological
Laboratories of U. S. Army Chemi-
cal Corps, Camp Detrick, Md.

The authors wish to acknowledge
contributions to the program made
by J. N. Van Scoyoc, J. L. Murphy
and R. Purcell.
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Underside of amplifier chassis and top and bottom views of complete junction-transistor oscillator

Transistorizing

Meacham-Bridge
Oscillators

*UMMARY

By SAMUEL N. WITT, JR.

Engineering Experiment Station
eorgia Institute of Technology
Atlanta, Georgia

Circuits have been designed using both point-contact and

junction transistors. Operating at one megacycle, oscillators provide good

long and short-time frequency stability. They are stable with respect to

temperature and supply-voltage changes

EVELOPED to provide excep-
tional stability, the transistor
Meacham-bridge oscillator provides
a reliable standard for measuring
the performance of other transistor
oscillators.

Electron-Tube Oscillator

The Meacham oscillator* consists
of a bridge circuit and an amplifier.
Most analyses assume that the am-
plifier is characterized by relatively
constant gain and phase shift, zero
initial phase shift and high ampli-
fier input impedance. Maximum
amplitude and frequency stabilities
are obtained when all of the arms of
the bridge are equal.?

Frequency instability is given by

Af/fole =~ 2 20/(KQ) (1)
where @ is the quality factor of the
resonant circuit, K is the magnitude
of the amplifier voltage gain with
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the bridge connected and A is the
incremental phase shift of the am-
plifier.

The stability is directly propor-
tional to the amplifier voltage gain
and is K/4 greater than would be
calculated on the basis of the Q of
of a resonant circuit without the
bridge.’

When a transistor amplifier is
used, power gain becomes impor-
tant since the input impedance of
most transistor amplifiers is low.

For all bridge impedances ap-
proximately equal to the input and
output impedances of the amplifier,
frequency instability is given by’

Af/fole = 8 A6/[Q(| x| + 8)] 2
where u is the open-circuit gain of
the amplifier.

In terms of amplifier voltage gain
with the bridge connected, Eq. 2
becomes

WAL americantadiohistanscom.

Af/fols =~ 4 A6/IQ(K + 4)] (3)
which shows that the stability is
approximately one-half as great as
obtained with infinite amplifier in-
put impedance.

The frequency
function of gain is

Af/filx ~— 40 AK/IQ(K + 4] @
where § is the phase shift of the
amplifier and AK is the magnitude
of the incremental change in am-
plifier gain.

Equation 4 shows that if the am-
plifier phase shift is zero, changes
in gain will have no effect on fre-
quency.

Equations 1 through 4 neglect the
frequency-pulling effects of har-
monic distortion. This is permis-
sible with most electron-tube am-
plifiers since the amplitude is
maintained relatively low. However,
when transistors are used, harmonic

variation as a
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distortion may be of considerable
importance.

Point-Contact Transistor

It was desirable to design a tran-
sistor oscillator to have a short-time
instability of less than 1 part in 10"
On the basis of Eq. 3 and 4 it was
concluded that the minimum volt-
age gain should be 25. Frequency
of operation was to be one mega-
cycle. Available crystals had a se-
ries-resonant impedance of 100
ohms. An investigation of suitable
thermistors with a resistance of 100
ohms indicated that at least 4 mw
would be necessary to drive the
bridge. The oscillator in Fig. 1
was designed using two Western
Electric type 1729 transistors.

This amplifier was capable of sup-
plying about 8 mw to the bridge
with low distortion. The output im-
pedance was adjusted to 100 ohms
by selection of the transformer
turns ratio for maximum power
transfer to the bridge. The input
impedance was approximately 100
ohms. With the bridge connected,
the overall voltage gain of the
amplifier was about 25,

Crystal CR, is connected in se-
ries with the amplifier input to
prevent uncontrolled oscillations.
Crystals CR, and CR, must be series
resonant at nearly the same fre-
quency. The series crystal acts as
a band-pass filter and has little con-
trol over the frequency of oscilla-
tion.

Oscillator Performance

Relative band-pass characteris-
tics for three portions of the cir-
cuit are shown in Fig. 2. The pass-

band of the amplifier was broad
because of the low values of Q re-
sulting from the circuit loading.
The passband of the amplifier and
crystal combination is determined
primarily by the characteristics of
the crystal. The effective loaded Q
is approximately one-half of the
measured crystal Q. Maximum volt-
age gain is reduced one-half by the
equivalent series resistance of the
crystal.

Although the two crystals have
approximately the same Q, the pass-
band of the bridge circuit is nar-
rower than that of the amplifier
because of the effective Q multipli-
cation of the bridge.

The relative phase characteristics
of the circuit are also shown in
Fig. 2. The amplifier without the
series crystal would oscillate un-
controllably through the negative-
feedback path of the bridge while
with the series crystal it will not.

The oscillator performed satis-
factorily, but it was not suitable for
continuous laboratory use because
of the unpredictable nature of point-
contact transistors and because of
the circuit changes and adjustments
necessary when the transistors were
replaced.

To obtain maximum power gain
when a transistor was replaced, it
was usually necessary to change the
transformer turns ratios. The effec-
tive amplifier gain with the series
crystal was only 12.5, zero amplifier
phase shift did not occur at the
transformer tuning which produced
maximum gain and an isolated out-
put capable of supplying appreci-
able power was not provided. Never-
theless, the oscillator compared

Table —Comparison of Electron-Tube, Point-Contact and Junction-

Tramsistor Oscillators

Item
Amplifying element . . ..
Frequency control. . . ...

Electron-Tube Osc
1-12BY7; 1-684
crystal in JK03
oven

Frequeney............. 1 mc
Output...... ... ... .. 3 v p-to-p to high
impedance
Power supply. ......... 200 v d-c reg
6.3 vac

Power required. .......

Permissible voltage. . ...
variation

Freq-voltage instability..

16 w (less oven)
=425 percent

2 parts in 10° for 1
percent
Short-time insta- . 3 parts in 107

bility (4 hr)

Point-Contact

Transistor Osc
2-WE 1729
crystal in JK03
oven

Junction Transistor Osc
1-RDX-300A; 2-TT 904A
crystal in Lavoie oven

1 me 1 me
3 v p-to-p to high 5 v p-to-p to high impedance
impedance

9 1.5-v batteries 15 to 20 v at 6 ma

100 mw (less oven)
=425 percent

0.12 w (less oven)
425 percent

2 parts in 10¢ for 1
percent
4 parts in 107

3 parts in 10° for 1 percent

4 parts in 108
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FIG. 1—Point-contact transistor oscillator
using Meacham-bridge circuit
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FIG. 2—Characteristics of point-contact
transistor oscillator

favorably with an electron-tube
oscillator’ constructed for compari-
son, Table I shows the comparison
of the two oscillators.

Short-time stability was not com-
parable, for either oscillator, to the
voltage stability. The short-time
instability was obtained as the max-
imum frequency change over a
4-hour period with the ambient tem-
perature varying approximately 5
degrees centrigrade. The same crys-
tal was used for both oscillators.

Junction-Transistor Oscillator

Of eight junction transistor types
(more than 50 individual tran-
sistors), only the Germanium Prod-
ucts type RDX-300A was found
suitable for the amplifier-output
stage. The Texas Instruments type
904 A silicon transistor was found
suitable for the first amplifier stage.

The oscillator using junction
transistors is shown in Fig. 3. The
bridge amplifier is of conventional
design using transformer coupling
and includes a bias network to per-
mit operation from a single power
source. Measured input impedance
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at 1 megacycle was greater than
100 ohms. Overall voltage gain with
a 100-ohm load on the secondary of
the output transformer was 50. The
undistorted output to the bridge
was 2 volts peak-to-peak or 5 milli-
watts.

The bridge is not an equal-arm
bridge. This was necessitated by
the choice of the lamp thermistor.
The Western Electric K1 switch-
board lamp was chosen for its good
nonlinear characteristics with mini-
mum power consumption. One arm
of the bridge was made variable so
that crystals of different character-
istics could be accommodated.

No attempt was made to compen-
sate against temperature variations
except for placing the crystal in a
Lavoie type K00000005 oven. The
series-resonant frequency of the
CR-18 crystal was more than 100
cps below 1 megacycle. Therefore,
it was necessary to raise the reso-
nant frequency with a 30-uuf series
capacitor. The capacitor was made
variable from 28 to 32 uuf to per-
mit precise adjustment.

Bypassing the RDX-300A second
base had littie effect on the gain or
phase shift of the amplifier. When
the second base was not bypassed,
a signal voltage of 0.5 v peak-to-
peak was observed at the second
base terminal. Therefore, it was de-
cided that this point could be used
as an output since changes in load-
ing would have little effect on the
frequency of oscillation. The 904A
output stage was added to provide
additional isolation and greater out-

put than was available directly from
the second base of the tetrode. With
the transformer, the open-circuit
output voltage from the power-out-
put stage was 5 v peak-to-peak.
The voltage dropped to 0.5 v with a
1,000-ohm resistive load. With 6
feet of unterminated coaxial cable,
approximately 2 v was obtained.
Several decoupling capacitors, not
shown in Fig. 3, were necessary
to eliminate spurious oscillations.

Construction

So-called miniature components
were not used. All of the com-
ponents were randomly chosen from
a stock of standard tolerance com-
ponents. The winding of the trans-
formers was one of the major prob-
lems in the amplifier construction.
The two transformers in the bridge
amplifier were wound with tapped
secondaries so the impedances could
be matched to obtain maximum
gain. The turns ratios shown are
the ones which gave best results.

The two transformers of the
bridge amplifier were placed at
right angles to minimize coupling.
The transformer of the power-out-
put amplifier, at the upper left of
the chassis, could not conveniently
be placed at right angles to the
other two transformers. As a re-
sult, some mutual coupling exists
between the power-output stage and
the bridge which accounts for a
change in gain and phase shift of
the bridge amplifier when the
power-output stage is tuned. This
has a slight effect on the frequency.

:I: 00l RDX —300A
S04A 12,511
A (e 1
T — i 7
§3.3 '// |4 " ~‘
554 g5 3:9K I.2K 5-54 ‘350
puf o ppf ppF  ppF
0.005
l.OK—)I [ 504A 10:1
25 25 l é:
Y| 4
) ;'L 2.2F ’_g" >
AM— AN ——AAA 0.0 1 T .
2.2k | 3.3k 15K | K:x 1000 T e ~70RpF
17.2V )25 ¢ ’ $ £rF
—l =

FIG. 3—Junction-transistor Meacham-bridge oscillator has
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three amplifier stages

A regulated Transpac power sup-
ply is used with the equipment.

Table I shows that the voltage
stability for this oscillator was
slightly worse than that of the
point-contact oscillator. The power
required was less for the junction
oscillator, which exclusive of the
bias network and crystal oven re-
quired only 70 mw. The transistor
oscillators and electron tube oscil-
lator all operated satisfactorily over
approximately the same range of
voltage variations.

Stability

Short-time stability of the junc-
tion-transistor oscillator was much
better than that of either of the
other two oscillators. This was in
part due to the excellent tempera-
ture characteristics of the 904A
silicon transistors. Use of a better
crystal oven also resulted in some
improvement over the other cir-
cuits. The same crystal was used
with all of the oscillators.

When the junction-transistor os-
cillator was operated continuously
for six weeks on a battery power
supply, the total drift in frequency
was only 1 part in 10". This drift
was caused primarily by crystal
aging. The instability for periods
of a few minutes was 1 part in 10°

The transistorized Meacham
bridge oscillator was developed as
a part of a study by the Engineer-
ing Experiment Station of the
Georgia Institute of Technology.’
The program was sponsored by the
Frequency Control Branch of the
Signal Corps Engineering Labora-
tories, Fort Monmouth, New Jer-
sey. The author expresses apprecia-
tion to B. J. Dasher and D. L. Finn
of the Georgia Tech School of Elec-
trical Engineering for their help in
the preparation of this paper.

This paper was presented at the
1955 National Electronics Confer-
ence.
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Self-Balancing Magnetic

UMMARY -

Positive magnetic and negative electric feedback improve

performance of single-stage magnetic servo amplifier driving two-phase

400-cps induction motor and standard position servomechanism

N MAGNETIC amplifiers of the

self - balancing potentiometer
type"? positive external feedback or
self-saturation produces an effec-
tively infinite gain that is highly
degenerated by negative feedback
resistance-coupled into the control-
circuit loop.

The self-balancing single-stage
magnetic amplifier exhibiting high
speed of response, unusual stability,
linearity and freedom from drift
satisfies the requirements of a high-
performance servo amplifier. It acts
as an operational amplifier®* and
does not impose its own characteris-

By W. A. GEYGER

U. 8. Naval Ordnance Laboratory
Silver Spring, Maryland

ties on the feedback control system.

As a result of a large amount of
negative feedback, asymmetry zero-
drift errors caused by deviations
from perfect symmetry in the sat-

urable reactors and rectifiers of
push-pull circuits are practically
eliminated.

In d-¢ voltage-controlled single-
stage self-balancing magnetic am-
plifiers, the signal voltage is bal-
anced by several voltages. These are

FIG. 1—Single-stage self-talancing magnetic servo amplifier for 400-cps operation pro-

vides half-cycle response
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supplied in time sequence by the
voltage drop across feedback resis-
tors carrying the full-wave unidirec-

tional output current and by
voltages induced in the control-
winding elements from nonfired

core components during their gat-
ing half-cycles.

Therefore, when operating a two-
phase induction motor from such an
amplifier, it will be necessary to
apply a d-c controlled push-pull mag-
netic-amplifier circuit which sup-
plies the motor and also the feed-
back resistors producing negative
feedback resistance-coupled into the
control-cireuit loop.

The balanced control circuit de-
mands practically no energy from
the d-c signal source, a phase-sensi-
tive rectifier supplied from a syn-
chro-control transformer. The effec-
tive input resistance is about 100 to
1,000 times higher than the input-
circuit resistance,

To convert a push-pull magnetic
amplifier with two equally rated
saturable reactors utilizing either
external feedback or self-saturation
into a self-balancing circuit, two
feedback resistors and the control
windings of the two-phase motor
may be connected with the two sat-
urable reactors in such a way that
the resultant d-c and a-c components
of the four variable half-cycle pulses
are polarity-reversible and are zero
at zero input.® Thus, the separately
excited two-phase motor is effi-
ciently operated by the phase-
reversible fundamental - frequency
component of the unidirectional
full-wave output-currents.®’®

Magnetic-Amplifier Circuit

In Fig. 1, a comparatively large
power-supply transformer used in
similar circuits® has been elimi-
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Servo Amplifier

Breadboard model of amplifier with test instruments mounted on panel at the rear. Four
saturable reactor elements with Orthonol tape cores are in the foreground

nated. This was made possible by
employing a double-bridge self-
saturating push-pull amplifier with
two pairs of feedback resistors,
R,-R:” and R;-R.”. Gate windings
N. of the four saturable reactors
are divided into two equally rated
parts.

The circuit is operated from a
115-v, 400-cps line voltage £, in con-
nection with a standard 400-cps
two-phase  squirrel-cage  motor.
This motor has two separate 58-v
control windings W,” and W,” (max-
imum output power 3 w or 20 v-a)
and the 115-v line-field winding W,,
with series capacitor C» securing
proper phasing of auxiliary current
I..

The 2-mil Orthonol® tape cores of
the four saturable reactors are 1%
in. o-d, 1% in. i-d and % in. wide.
Each core has multilayer toroidal
windings of enamel-insulated cop-
per wire. See Table I.

Four center-tapped selenium rec-
tifier sets each having 2 by 4 cells
with one-square-inch plates have
been used successfully, but silicon
diodes may be used equally well.
When employing an output trans-
former having two separate center-
tapped primary windings, one
center-tapped rectifier set on each
side of the push-pull circuit may be
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eliminated and simple gate wind-
ings, 3,600 turns instead of 2 by
1,800 turns, may be provided.

The resistance values of a-c bias
resistors R, and feedback resistors
Ry, Ry”, R, and R.” are not criti-
cal.

Mode of Operation

Reclifiers SR,, SR,, SR, and SR,
are conducting simultaneously dur-
ing the first half-cycle of power-
supply voltage. Rectifiers SR;, SR,,
SE. and SR, conduct simultaneously
during the second half-cycle. The
feedback resistors and the motor
control windings are supplied with
variable unidirectional full-wave
currents I, I.”, I, I,”, I,/ and
I.”” in such a way that the resultant
d-c and a-c components of the four
half-cycle pulses I, to I,, are polar-
ity-reversible and are zero at zero
input.

Resistors B and R:” and posi-
tive-feedback windings N,” and N,”
carry unidirectional currents hav-
ing the average values I/ = I, — I,
and I,” = I, — I.. Motor control
windings W,” and W,” are supplied
with unidirectional currents I,/ = I,
+ I,and I,” = I, + I,. A common
a-c¢ line resistor Rr may be provided
to limit magnitude of total alternat-
ing current Ir.

Half-cycle transient response showing sig-
nal and negative feedback

Figure 2 illustrates the mode of
operation with regard to the two-
phase motor, feedback resistors and
series-connected positive-feedback
windings N,” and N,”. They show
the wvariations of the average
values of the four half-cycle pulses
I, to I, and the waveforms of load
currents I, I.”, I,’ and I,””. With
no-signal conditions, pulses I, to
I, have 50 percent of their maxi-
mum value. That is, the firing angle
of the four saturable-reactor ele-
ments is 90 degrees; I, to I, = 50
ma,

With E; = 0, the average values
of I, and I, and those of I, and I,
are equal. The fundamental-fre-
quency components of I,” and I,” are
zero, and I, — I,” = 0 (Fig. 2A).

The d-¢ components of Ix” and I.”
are zero (Fig. 2B) and feedback
voltage E'r = 0.

Reversible Signal

When a positive signal voltage is
applied, pulses I, and I. will in-
crease, while pulses I, and I, will
decrease. Consequently, there is
a positive fundamental-frequency
lond current I, — I,” and a cor-
responding d-c component I.” + Ix”.

However, with negative signal
voltage, pulses I, and I, will de-
crease and pulses I, and I, will
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increase. There is a negative funda-
mental-frequency load current I,” —
1.” (Fig. 2A) and a d-c component
I« + I” (Fig 2B).

Thus, the push-pull circuit will
operate the separately-excited two-
phase motor by pure phase-reversi-
ble alternating current I,, — I,”.
Feedback resistors B’ and R,” will
produce the unidirectional full-wave
polarity-reversible negative-feed-
back voltage Ex = I./R,’ + I.”R.”
in the control-circuit loop. With

i = Rx” = Ry, the term (1/R,)
= (I 4 I,”)/Ex represents the
transconductance of the circuit with
regard to the negative-feedback
resistors.

Positive-feedback windings N,’
and N,” and the additional feed-
back windings N, will carry polar-
ity-reversible d-c components cor-
responding to actual magnitude and
direction of the polarity-reversible
signal voltage.

These windings are provided for
producing an effectively infinite in-
ternal gain of the amplifier. The
positive-feedback windings N,’ and
Ny” acting as boosting windings
produce 100-percent positive feed-
back to compensate for imperfec-
tions of the saturable reactors and
rectifiers. The additional feedback
windings N, with series resistor
R, make it possible to adjust the
additional positive or negative mag-
netic feedback of these windings in
such a way that the control-wind-
ing current I is substantially re-
duced to zero. These windings offer
the possibility of providing positive

MMM

Ay g

\

(1 £1¢)
SIGNAL: ZERO POSITIVE NEGATIVE
MEDIUM MAXIMUM
(8)

FIG. 2—Four half-cycle pulses and re-
sultant motor currents (A) and feedback
currents (B)

or negative fractional turns to ob-
tain optimum adjustment. With
Ry = R,)” = R, the effective posi-
tive-feedback ampere-turns will be
IK,ND, + IK”ND” + (11/ =+ IE”) Nu
[Be/(Bs + R5)].

Performance Characteristics

The effective input resistance of
the control circuit is dependent on
the magnitude of control-winding
current I,. Since the amplifier does
not contain any rectifier components
in its control-circuit loop, the con-

Table I-Winding Data for Saturable Reactors

Wire

Windings Size
Gate Na...................... 31
Bias Ng........... ... ... .. 31
Control Nc . 31
Positive feedback ND , [\/D” ‘‘‘‘‘ 28
Additional feedbuck Np...... . .. 31

Resistance
Turns in Ohms
2 X 1,800 2 X 40
400 12
200 6
each 5 2% 0.1
100 3

Table II—Core and Winding Data for Transformers of Phase-

Sensitive Rectifier

Reference-Voltage Signal-Voltage
Transformer Tp Transformer Tcr
Material 4 X 0.002 14 X 0.002
Orthonol tape Supermalloy tape
Core Size (in.) 115i-d 115 i-
135 o-d 134 o-d
Primary Wire Size No. 33 No. 33
Turns 4,000 4,000
Secondary Wire Size No. 33 No. 33
Turns 1 X 100 2 X 800

198

trol magnetizing current is capable
of assuming any magnitude and
direction necessary to support the
magnetic-flux conditions imposed by
the applied voltages.

Average value of control-wind-
ing current has been measured by
a shunted mirror-type galvanom-
eter. Figure 3A shows I; as a fune-
tion of signal voltage when a prop-
erly rated feedback-control resistor
R, is provided to secure critical
regeneration.

Current I, varies from zero to
+100 microamperes and the a-c
component of I, may be reduced to
values of the same order by intro-
ducing a choke into the control
circuit® without affecting the
transient response of the amplifier.

Dynamic response is dependent
on the number of turns of the con-
trol windings N,. The response
time may be reduced to one half-
cycle of the power-supply frequency
by making turns ratio N./N, ap-
proximately equal to resistance
ratio Rx/R,, where R, = Ry’ = Ry”
is the resistance of the negative-
feedback resistors and R, is the
total resistance of each output
circuit including load-resistance,
resistance of gate windings N, and
forward resistance of the half-wave
rectifiers.

The dynamic properties of the
circuit have been studied by apply-
ing a synchronous square-wave
signal voltage derived from a mag-
netic-switch transient analyzer.®

The oscillogram shows the tran-
sient response of this circuit operat-
ing under the following conditions:
R, = 10 ohms, R, = 180 ohms,
R./R, = 1/18; N, = 200 turns, N,
(total) = 3,600 turns, N,/N, (total)
=1/18; R, = 0; R, = 30,000 ohms.

The lower trace indicates the
unidirectional square-wave signal
voltage. The upper trace shows the
transient response of the full-wave
negative-feedback voltage E; across
resistors R/, R.”.

The response time is one half-
cycle of the power-supply frequency.
Thus the amplifier reaches 100
percent of its final steady-state out-
put current 1.25 milliseconds after
the transient signal voltage is ap-
plied and the output current drops
to zero 1.25 milliseconds after E; is
removed.

The half-cycle transient response
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reduces the stabilization problems
that usually accompany use of mag-
netic amplifiers in closed-loop servo
systems. Dynamic performince has
been investigated by operating the
amplifier with a 400-cps position
servomechanism and a phase-sensi-
tive rectifier acting as a demodu-
lator in the input circuit.

The star-modulator” full-wave
phase-sensitive rectifier of Fig. 4A
contains reference-voltage trans-
former T» with ordinary core ma-
terial and two center-tapped sec-
ondary windings, signal-voltage
transformer Tor with Supermalloy
2-mil tape core and one center-
tapped secondary winding, four
silicon diodes and mixing resistors
Ry and R,".

If reference voltages E, = E., =
E, = E, = constant X E. are in
phase or 180 deg out of phase wit
the signal voltages EF, = E, =

constant X E¢, and if the reference
voltages are slightly larger than
the maximum value of the signal
voltages, the polarity-reversible d-c
signal voltage applied to the input
circuit of the amplifier will be pro-
portional to the phase-reversible
a-c error-signal voltage E¢r of the
synchro-control transformer. Table
11 gives winding data for these
transformers.

Measurement of bandwidth on a
400-cycle position servomechanism
using a servoscope have shown that
the bandwidth is about 20 cycles
when a tachometer generator is
emploved for stabilizing the servo
system. Bandwidth values of the
same order have been obtained
when eliminating the tachometer
generator by introducing fre-
quency-sensitive components such
as integrating circuit C-R, of Fig.
4B into the negative-feedback chan-
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FIG. 3—Control-winding current as a function of d-¢c signal voltage (A).
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nel of the magnetic amplifier.

The value of the asymmetry zero-
drift error, expressed in terms of
d-¢ signal voltage, has been meas-
ured. The voltage gain of the
amplifier was held constant in all
cases, but with various total-re-
sistance values R, of the control
circuit and with various amounts of
asymmetry. Well-defined amounts
of asymmetry have been introduced
by varying only bias resistor K,
from 30,000 to 40,000 ohms, while
the other three bias resistors (30,-
000 ohms) remained unchanged.

Figure 3B presents the measured
values of drift error in terms of
signal voltage as a function of bias-
resistor variation AR, with the
control-circuit resistance R as a
parameter.

Results show that when reducing
the total control-circuit resistance
from 10,000 ohms to about 100 to
200 ohms and applying self-balanc-
ing operating conditions (effective
input resistance E/1; at least 10,-
000 ohms), the magnitude of the
asymmetry zero-drift error is re-
duced to about 1/40 its original
value.

This is also true when the
asymmetry of the push-pull circuit
is caused by variations of the
characteristics of the saturable-
reactor and rectifier components.
Therefore, the requirements on
grading and matching of these
components are greatly reduced.
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Normalized Filter Design—

By SAMUEL D. BEDROSIAN* and R. McCOY, Jr.

Signal Corps Engineering Laboratories
Fort Monmouth, New Jersey

UMMARY — Design chart for composite low-pass filters permits prede-
termining decibels of rejection from trial design. Six normalized designs

are presented as examples to cover a practical range of stop-band loss

HERE IS NEED for a simple | m my My k The normalized curves shown
means of predetermining the ' Uk /\/ in Fig. 2 are derived by conven-

rejection in decibels to be ex- o A , tional Zobel design to give such
pected from a trial design of a Z s STOP BAND equal-ripple attenuation loss.
composite filter to meet specific o S TRAN IO Each curve is related to a ladder-
requirements. e ” filter structure consisting of one
g g 0 c s o 2w (n-1o R

Six normalized precut designs ey k section and a number of full
which cover a practical range of FIG. 1—Ideal Chebychev stop-band m-derived sections as shown in
stop-band loss are presented. T Fig. 3A. Note that the curve

Equal-ripple or Chebychev be- numbers in Fig. 2 indicate the
havior of the stop band of a the filter in the stop band is al- number of elements in the com-
low-pass filter is illustrated in ways greater than a prescribed

. . . *p 1v itt 3 L
Fig. 1. The attenuation loss of = minimum loss. e e et iy Cokbm RE
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FIG. 2—Design chart. Encircled numbers on curves represent number of elements in complete filter
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Table I—Filter Configurations
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plete filter. Figure 3B gives the
image-impedance characteristic
of this network in the pass band.

To obtain a better impedance
match with resistive circuits,
while maintaining the same at-
tenuation-loss characteristic, the
filter section having an m value
closest to 0.6 may be divided and
used as terminating half-sections
at each end. This will result in
a complete filter network with
only one additional element as
shown in Fig. 4A. Various
image-impedance characteristics
may be obtained depending on
the choice of m for the end sec-
tion as shown in Fig. 4B.

Other variations in network
configuration are possible, some
of which are given in Table 1.

Since image-parameter filters
are being considered, corrections
must be made to theoretical at-
tenuation to give the insertion
loss of the network for resistive

[OM

Lim+m,) Limatl) Limtl)

ol 3
TZC

== miC =z 2mC T ™c

5/ fe ) 1.1I25,USE AS SHOWN

t./ 1. <1.125,INTERCHANGE m; AND m

circuit applications. Insertion
loss is the sum of attenuation,
reflection and interaction losses.

Corrections to the stop-band
loss due to reflection loss at both
ends of the filter are given in
Fig. 5 for the k (or m = 1.0)
and m = 0.6 types of termina-
tion. Note that the reflection ef-
fect does not assist in providing
the desired net loss. Thus it in-
dicates the basis for the rule of
thumb which calls for a 6-db
safety factor in the attenuation
characteristic when designing
conventional filters.

Interaction loss is negligible
for attenuation losses greater
than 15 db. It is not important
in the pass band, but is a factor
near the cutoff frequency.

Loss Characteristic

Two design conditions must be
known or established before us-
ing the curves which give the

+
l@ II Limp+ ma) LIm4+my) Limgtl) LimgH)

t./f. 7 1.07, AS SHOWN
1.07 £ 1/t <118,INTERCHANGE my AND m,
fs/f.y 1-18,INTERCHANGE m3 ANO m,

constants needed in low-pass fil-
ter design equations. The first is
the minimum attenuation loss
(axy) desired in the stop band.
The second is the steepness of
the transition band as expressed
by f./f., the ratio of the fre-
quency at which the minimum
attenuation begins (f,) to the
cutoff frequency (f.). The use
of these two values as coordi-
nates locates a point on Fig. 2,
on or near one of the solid stop-
band attenuation loss curves.
If the nearest stop-band at-
tenuation-loss curve, with appro-
priate allowance for reflection
loss, does not meet the design
conditions either or both design
conditions must be changed so
the point selected will be located
on an attenuation loss curve.
The particular stop-band attenu-
ation loss curve selected deter-
mines a specific filter network

(Continued on p 202}
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Normalized Filter Design

(Continued from p 201)

given in Table I. The required
m values can be read at the point
selected on the eurve.

The long-dash curves in Fig. 2
indicate the @ necessary in the
tuned circuit, giving the first
peak in the attenuation-loss
characteristic to obtain the de-
sired minimum attenuation loss
in the stop band. If the neces-
sary @ is too high to be readily
obtainable, one or both design
conditions must be altered to
find a new point on the same or
a higher-order curve. It is pos-
sible to use active circuits em-
ploying @ multipliers or tran-
sistors if the filter application
warrants this added complica-
tion. Figure 6 permits calcula-
tion of loss at the nominal cutoff
for other values of Q.

Figure 7 provides data to per-
mit determination of the effect
of @ on the theoretically infinite
loss at the critical frequencies
when additional diserimination
against particular frequencies is
required.

In filter work it is usual to
employ essentially lossless ca-
pacitors so the @ value of the
filter network is the @ of the
coils used measured at the cutoff
frequency. In the event that all
the coils do not have approxi-
mately the same @, the m sec-
tions with theoretically infinite
frequency closest to cutoff fre-
quency are the most critical.

The previous procedure refers

Table II—Transformations of a
K Section
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FIG. 3—Filter networks with N elements (A) and impedance characteristics (B)
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FIG. 4—Filters of Fig. 3 with additional element as terminating half-section at ends

to the filter configurations of
Table I. Actual choice of network
depends on such considerations
as the terminating impedance to
be matched and the availability
of inductors and capacitors. Note
that the preferred combination
of m values is indicated in the
table for the [(N) +1] element
case to give terminating half-
sections closest to m = 0.6.
Since impedance and cutoff
frequency of a normalized filter
are both unity, the transforma-
tion required to get a practical
filter is accomplished by making
R equal to the desired nominal
filter impedance in ohms and set-
ting f. equal to the desired cut-
off frequency in cps. The data
in Fig. 2 and 6 should be used as
a guide to adjust the nominal

cutoff frequency to get the effec-
tive cutoff frequency of the low-
pass filter.

The element values for the nor-
malized filter networks of Table 1
are given by L = R/(2#f.) in
henrys and ¢ = L/R* = 1/
(27Rf.) in farads. The m-param-
eter values are read from Fig. 2.

The value of (1 — m?®)/(2m)

which appears for every full
m-derived section is given in
Fig. 8.

Examples

(1) A low-pass filter is re-
quired with 40-db rejection in
the stop band. The pass band ex-
tends to 2.2 ke (3-db point) and
the stop band starts at 3.1 ke.
Nominal impedance is 500 ohms.

Compute the steepness factor
(Continved on p 204)
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Normalized Filter Design

(Continued from p 202)

f./fe = 8.1/2.2 = 1.41. Use the
rule of thumb of 6-db additional
loss in the stop band since no
specific details are available
on the impedance requirement.
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FIG. 5—Stop-band loss due to reflec-
tion loss at ends of filter
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Keeping Fig. 5 in mind refer to
Fig. 2 where the requirement of
46 db is met by curve 6.

Note also from Fig. 2 that the
required @ is less than 10, which
imposes no problem. The loss at
cutoff is less than 3 db for coils
with a @ of 100. Reading. the
curve, m = 0.74 for f,/f. = 1.41.

Figure 8 shows (1 — m?/
(2m) = 0.305 for m = 0.74. For
a terminating half-section, this
factor is twice as large or 0.611,

Calculate the prototype induc-
tance and capacitance, L = 500/
(27 x 2,200) = 36.171 mh and
C = 0.03617/(500)* = 0.1447 uf.

The complete filter is shown in
Fig. 9A and the measured char-
acteristics are shown in Fig. 9C.
Coil Q is 50 to 55 at 2.2 ke.

(2) A low-pass filter is re-
quired to pass up to 4 ke (8-db-
down point). The stop band with
a minimum of 40-db rejection
starts at 4.85 kc. The nominal
impedance is 600 ohms.

Checking the curves in Fig. 2,
it is found that curve (9) looks
promising for 46 db attenuation
(40 + 6), in that it gives 1.06
for steepness factor f,/f.; there-
fore f. = 4.45 ke.

Proceeding as in the previous
example, calculate the element
values after reading off the m

26.77MH 26.77TMH
0.08846 0.08846
7, =500
T"~o.2 5|7."T
(Aa)
1331MH 16.10MH 13.3IMH

E
005919 | 006831

0.0SQIIT 0.0BISGI ’F.O9657
(®) o

LOW PASS BAND PASS
aL /_ al N\ =
0 fC 'S 0 fSLfL fM 'SH
HIGH PASS BAND STOP
A o LI
' 4 if v
fs fe Y fSLfL fn 'sn

parameters. The complete filter
for [(9) + 1] elements (Z,r
case) with m, = 0.62 and m, =
0.375 is shown in Fig. 9B. The
loss at the theoretical cutoff
equals 6.3 db using data found
on Fig. 6 for @ = 100. Meas-
ured characteristics for this fil-
ter are given in Fig. 9C. Coil
Q@ is 90 to 100 at 4 ke.

Network Transformation

Ordinary reactance-frequency
transformations can be utilized
to convert a low-pass filter into
a high-pass, band-pass or band-
stop filter. For low pass to high
pass, change every coil to a ca-
pacitor and every capacitor to a
coil; for low pass to symmetrical
band pass, change every coil to
a series-tuned eircuit and every
capacitor to a parallel-tuned cir-
cuit; for low pass to a sym-
metrical band stop, change every
coil to a parallel-tuned circuit
and every capacitor to a series-
tuned circuit. This is shown for
a k section in Table II. The low-
pass frequency scale, f,/f. is
transformed to f./f. for high-
pass, tO [fom T (flfh/fsh) /fh — fl]
for band pass and to (f» — f.)/
(th -~ fhfl/f.h) for band stop.

Note in Fig. 10 that f. = f, —
fl;fo = fsh_ fuand fth = fuf.n-
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FIG. 9—(above) Filter configurations (A
and B) for examples in text and charac-
teristics (C). Coils wound on molybde-
num Permalloy toroids with 0.8-in.
diameter and permeability — 125

FIG. 10—(left) Converted filter char-
acteristics
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Need
good

QUICK DELIVERY of high-grade elec-
tronic components is the specialty of
your nearby Mallory distributor.

components
fast ?

You'll find him a good man to know
whenever you need components for re-
pair work, experimental circuits, short
production runs or any of a dozen other
kinds of hurry-up jobs.

Carbon
Controls

Whenever the need arises, just pick up
your phone and give him your order.
His stocks include a complete range of
Mallory capacitors, resistors, controls,

Order from your local
rheostats, mercury batteries, vibrators

J 4~ ;:;
, " z « and selenium rectifiers. He can pick
ey o practically any rating you want right
1 off his shelves and deliver to you

promptly . .. usually within hours of
your call.

distributor

Service from your Mallory distributor
can save you valuable production or
research time. And you will be sure of
getting top quality on “‘rush” orders
...for the Mallory components you
receive are the same as those which have
been the choice of leading manufactur-
ers for use in original equipment.

Electrolytic
Capuacitors

- Write to us today for the latest edition
;r,fzi"}?}tif,';}' of our catalog which lists all Mallory
i'é’cirﬁ?ﬁ?, products carried by our distributors.

We'll be glad to let you know the name
and address of the distributor nearest
you. Call our local District Office, or

write to us in Indianapolis.

Depend on MALLORY for Service!

P. R. MALLORY & CO., Inc., BATTERY DiV., NORTH TARRYTOWN, N.Y.

P. R. MALLORY & CO., INC.
Distributor Division, Dept. A
P.O. Box 1558, Indianapolis 6, Indiana
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E Ie ctrons At Work Edited by ALEXANDER A. McKENZIE

Idlewild Gets New Search Radar

Installation at New York International Airport of GE FPS-8 radar gives Civil Aeronautics Administration traffic controllers a long-
range look. The control of aircraft in all weather can now be extended to over 100 miles. Video presentations from the radar are
projected onto the horizontal glass plates (left). Transmitter-receiver building is locuted at the base of the radar antenna (right)

Jeep Radio Increases Communications Span

LONG-RANGE communications equip-
ment up to four times more power-
ful than models previously in use
has been designed by Army Signal
Corps Engineering Laboratories
and Collins Radio Co.

Equipment for jeeps, tanks and
trucks can be put on the air within
moments after being parachute-
dropped in its vehicle. Voice and
radio teleprinter signals can be
transmitted and received at the
same time. If desired, the trans-
mitter can be remotely controlled
from 75 feet away.

There are seven preset channels
that are actuated by a selector
switch and the microphone button.
; Releasing the microphone button
- : e .. LB - N _.____i__cuts the receiver in automatically.
Versatile new communications equipment mounted in Army jeep Other channels can be selected by
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POWER SUPPLIES

for powering
electonic equipment

Model
KR-18MC

Build these compact Power Supplies inte your equipment!

K 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 Model
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-C) and Add $10.00 te the Price.

o ::”’r‘ To Include Meters, Dust Cover and Handles, Add MC to Model

Ny — G, number (e.g. KR-16 MC) and Add $40.00 to the Price.

o o » PRICES F.0.B. Flushing.
= LN o

VOLTAGE REGULATED w

few!

1.5 Ampere

Model KR-18

FEATURES:

@ Fast Recovery Time, Suit @ Power Requirements 105
able for Square Wave Pulsed 125 volts, 50-60 cycles.
Loading.

e Voltage Range continuously @ Terminations on rear of unit.

variable without Switching. e Locking type valtage control,

AC, DC Switches, Fuses, and
Pilot Lights on Front Panel.

@ Either Positive or Negative
may be Grounded.

@ 0il Filled Condensers. ® Color Grey Hammertone.

@ Wire Harness and Resistor

Board Construction. @ Guarantee One Year.

1.5 Amp. JLIX SERIES

- Rack Mount
Model Volts 6.3V AC w H D Price

KR16 0-150 | Each supply | 197|124 |17~ | $625

KR17 | 100-200 | hastwo | 19”|12%"[17" | $625

KR18 | 195325 | 15Amp. | 197|12%4"|17" | $695
KR19 | 295450 | outputs 19~ {124 |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

44 COMPUTER AVENUE

VISIT OUR BOOTHS AT I.R.E. SHOW — #34

Want more information? Use post card on last page. 207
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a direct-readout indicator,
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Toll telephone service connecting Bryan and Antwerp, Ohio with
Fort Wayne, Indiana uses 900-mc microwave equipment recently
put into operation. A joint project between General Telephone Co,
of Ohio and The Home Telephone and Telegraph Co., the system

When
the automatic tuning eqnipment
has completed its cycle, a rad light

Microwave Telephone System Links Ohio a

signals readiness.

Servicing is simplified by use of
plug-in replacement parts. The new

pani

nd Indiana

equipment is powered from the ve-
hicle’s battery and it works at tem-
peratures from —40 to 149 F.

has been arranged for initial capacity of 48 channels with possible
expansion to 72. Equipment s designed for eventual expension to
360 channels. Artwerp equipment is undergoing post-installation
test (left) while radio modulator panel receives adjustment (right)

Data Reduction System Aids Gas Turbine Development

__ LT

Previously recorded data from many channels is subjected to analysis

MECHANICAL and aerodynamic phe-
nomena in jet engines are evaluated
at General Electric’s Cincinnati
plant. Data fed into a magnetic
tape recording is later put through
a reduction system where analysis
is effected electronically.

In the system, multiple channels

208

of information such as stress, vi-
bration, pressure, temperature,
speed and flow can be recorded
simultaneously at a test site. The
data may be steady or it may vary
up to 30 ke.

Output of the system comprises
various suitable devices, such as

www americanradiohistorv. com

function plotters, direct-writing os-
cillographs, recordings in terms of
instantaneous amplitude and fre-
quency or by oscilloscopes.

Linear Electrostatic
Loudspeaker

By J. H. Jupe

Chorleywood West
Rickmansworth
Hertfordshire
England

ELECTROSTATIC loudspeakers have
been designed many times in the
past but they are usually made with
two plates and become square-law
devices, which must inevitably in-
troduce distortion. For this reason,
and perhaps because high voltage
d-c sources necessary to operate
them are fairly expensive, such
loudspeakers have never been popu-
lar in the radio field.

A new type of electrostatic loud-
speaker developed in Britain en-
tirely overcomes the distortion prob-
lem and has a linear response from

March, 1956 — ELECTRONICS



A child’s conundrum becomes a matter of life and death...when radar tells
a lie. When our radar tracks attacking aircraft. ..or an incoming missile...the
lives of all of us on target balance on the pinpoint of a mathematical riddle.

How Righ is up? It depends on the point-of-viewing.

Because of earth’s curvature, radar sees an interloper...100 miles away...
6600 feet lower than it really is. Readings must be corrected instantaneously
before being fed to our interceptors...otherwise, attacker and defender
play true or false at twice the speed of sound.

Electronic Engineering Company of California has designed an analog computer
that makes this vital correction. . .converting radar observation into true

Helipot makes precision potentiometers... altitude above sea level. The computer continuously solves the equation

linear and non-linear. .. in the widest choice

of sizes, mownting styles and resistances. Hc = H(, + (Rog/ 2r)

Many models are stocked for immediate . .

shipment...our engineers will gladly adapt The mathematics are complex. The mechanism, with a two-gang HELIPOT*
Ztr";e‘z;ﬁ Z;"t‘l’fe’f y",’lif}“]’[E’f_‘l’g’é‘;”;’;;fs'i;"n series A precision potentlon?eter at its heart, is @autﬂully sm}ple. Both are fully
potentiometers for you. described in a new application data sheet ... write for Data File 301.

| ®
I s e I 0 t
first in precision potentiometers

Helipot Corporation/South Pasadena, California
Engincering representatives in principal cities
a division of BECKMAN INSTRUMENTS, INC.
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HE automatic electron trajectory plotter shown on the cover and
represented schematically in the drawing is used in the Philco
research laboratories to determine the electron trajectories pro-
duced in developmental electron-optical structures.
drastically shortens the time that would otherwise be required by
the construction and testing of these new structures in vacuum.
New electron-gun designs are built in a large-scale version and
inserted in the tank so that the water level represents the plane of
symmetry of the structure. When potentials are applied to the
electrodes, the potential gradients produced in the electrolyte (tap
water) are identical with those produced in the smaller structure in
vacuum. Unlike other plotting tanks, which plot merely the equi-
potential lines of the structure, this equipment plots the whole elec-
tron path in a single automatic operation, eliminating laborious hand
computation and achieving an accuracy unattainable otherwise.

The plotter

zero frequency up to the limit of
hearing. The device has three, flat
parallel electrodes and between the
outer ones, which are made of open
mesh grids to allow the movement
of air, a high d-c polarizing voltage
is maintained.

> Linear—Between-grid potential
is therefore linearly related to the
distance from one of them. If now
a third electrode of very thin poly-
ethylene, covered with -colloidal
graphite to make it conducting and
kept at a fixed voltage V is placed
between the other two, no force
will exist on it if it is placed in the
electrostatic field at the point where
the voltage of the field is also V.
In fact, if a voltage is applied to
the polyethylene diaphragm it will
move to the equipotential region.
Consequently if an alternating volt-
age is applied to the diaphragm the

210

force tending to move it will be pro-
portional to the applied voltage.

In a moving-coil loudspeaker the
force on the cone is applied by the
coil and it is assumed that the cone
moves as a whole. At least at the
higher frequencies it fails to re-
spond and distortion results. With
the present electrostatic device this
limitation does not apply, as the
force is applied evenly over most of
the area from which the sound
radiates.

Also, because the operation and
fidelity of the loudspeaker does not
depend on the stiffness of the dia-
phragm, it may be made extremely
light and flexible: a soap bubble
would be quite satisfactory, al-
though impracticable for other
reasons. The diaphragm needs no
restraining forces, except a suspen-
sion to stop it from falling down-
wards.

Electron Optics
For Apple Tube

IN the automatic trajectory plotter,
a four-wire probe senses the po-
tential gradients in the plane of
symmetry, the surface of the tap-
water electrolyte. These gradients,
measured along the two axes of the
tank, are applied as the inputs of
an analog computer. Its output
continuously positions the sensing
probe so that its path conforms to
the equations of the motion of an
electron in the same field. The com-
puter itself is a small differential
analyzer; its chief components are
four ball-disk integrators.

Unlike  electrical integrators,
which integrate their inputs with
respect to time, the ball-disk mech-
anism integrates with respect to
an independent variable that is the
total rotation of its disk. Hence, it
can be started, stopped or slowed
down in mid-solution without in
any way affecting the accuracy of
the solution.

Following are the equations of
the motion of an electron in a plane
of symmetry, expressed in integral

form
¢ 3 t
2 = / (\/ To — / Ezl//) dt
0, m o

and
t . e r
e f Ny — /E,,(IL) a

where /2, and V. are initial
velocities in the x and y directions
respectively. To conform to these
equations, the potential increments
measured by the probe are trans-
lated to mechanical displacement by
an appropriate servomechanism
and fed into the ball-disk integra-
tors, in two independent computing
channels.

» Combining — Doubly integrated
outputs are fed to the probe-posi-
tioning leadscrews. To minimize
integrator error, the output shafts
of the integrators should be loaded
as lightly as possible. For this rea-
son, servomechanisms are used
throughout the computer as cou-
pling elements between the in-
tegrators. Thus employed, the
computing elements maintain an
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For applications requiring accurate resist-
ance values at 85C and 125C operating
temperatures—in units of truly small phys-
ical size—sclect the precise resistor you
want from one of the 46 standard Perma-
seal designs in tab or axial lead styles.
Winding forms, resistance wire and em-
bedding material are matched and inte-
grated, resulting in long term stability at
rated wattage over the operating tempera-
ture range. The embedding material is a

PERMASEAL

PRECISION WIREWOUND RESISTORS FOR 85C AND 125C AMBIENTS

special plastic that extends protection well
beyond the severe humidity resistance
specifications of MIL-R-93A and Pro-
posed MIL-R-9444 (USAF).

These high-accuracy units are available
in close resistance tolerances down to
+ 0.1%. They are carefully and properly
aged by a special Sprague process so
that they maintain their accuracy
within the limits set by the most
stringent military specifications.

FOR COMPLETE DATA

’

WRITE FOR COPY
OF SPRAGUE
ENGINEERING
BULLETIN NO. 122A

A COMPLETE LINE OF DEPENDABLE ENCAPSULATED RESISTORS

SPRAGUE ELECTRIC COMPANY ¢ 35 MARSHALL ST. « NORTH ADAMS, MASS,
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HIGH RESISTAMEE

MEGOHMMETER
a modern %

design for |
modern needs |

ONLY $340

UP TO 50,000,000 MEGOHMS
UNCROWDED SCALE

TEST VOLTAGE VARIABLE 100-600 V. DC

o o

SAFE TEST TERMINALS

NO METER SLAM ON UNCHARGED CONDENSERS
4" METER SCALE

BUILT-IN CONDENSER DISCHARGE

A brand-new high-resistance megohmmeter with brand-new features found in
no other megohmmeter at any price!! Designed to fill today's needs in check
ing the new insulation materials of extremely high values. The first megohm-
meter with an uncrowded, easy-to-read upper scale end. Ideal for both labora-
tory and production use. Power supply 115 V, 50/60 cycle.

... this is only part of the story. ..
send for descriptive literature . ..

j\‘w"\ —\*L,_l ;

7 Industrial Instruments:

89 COMMERCE ROAD, CEDAR GROVE, N. J.
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ELECTRONS AT WORK (continued)

accuracy of better than 0.1 percent.

Focal lengths determined in the
tracer on test problems have been
found to have 1-percent accuracy
and aberration coefficients have
been determined to within 30 per-
cent. Since the independent vari-
able of the solution is a shaft ro-
tation representing time and not
time itself, the solution can be
halted as often as desired for the
recording of velocities, position and
accelerations.

These variables can be read from
dials in the computer to four places.
This feature permits the accumu-
lation of much additional informa-
tion about optical systems beyond
the mere trajectories themselves.
IFor example, the rate of accumula-
tion of aberration can be determined
along the axis of a lens under con-
sideration, thus contributing much
basic information to the art of elec-
tron gun design.

A complete trajectory can be
plotted in about five minutes. An-
other five minutes are necessary
to set in the initial conditions for
the next trajectory; hence, a set of
trajectories completely describing
the structure under test can be run
in one to two hours. In this way, a
new design can be optimized in a
week or two which might otherwise
have taken months of development.

The plotter is currently being
used in electron optical studies of
the electron gun of the Philco Apple
color television tube, shown to the
right of the ray tracer equipment
in the cover photograph.

Regulating Voltage
With Transistors

EMPLOYING a pnp power transistor,
the circuit shown serves as a volt-
age-regulated power supply for
transistor circuits. The type 2N57
unit is placed in series with the
rectifier and load.

A two-stage direct-coupled am-
plifier is employed in the feedback

Thy @A

3T T 1509

1532 gov I +
3 80 1

it
20V

g5l 56K 1503
T serenemce

by s L8 (¥

2 601 <

~ 2 o {

Voltage-regulated power supply for tran-
sistor circuits
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CDRD SETS

WIRE HARNESSES

MAGNET WIRE

Construcl‘ion—snap action contacts, totally en-
closed, extra insulated terminals for terminal board
use. This relay is available in a variety of mountings,
operates in any position, and may be mounted on a
grounded surface without additional insulation. Stand-
ard contact arrangement is single pole normally closed.
Can furnish single pole double throw where extra nor-
mally open contact is required.

OPGI'O'l'ion—\Y/hen power is applied to the motor
a voltage is generated in the motor phase winding by
the run winding as the motor accelerates in speed. The
relay coil in parallel with the phase winding has the
generated voltage of the phase winding across its ter-
minals. When this voltage reaches a predetermined
value . .. corresponding to the speed at which the phase
winding can be disconnected ... the relay picks up,
opening the relay contacts and disconnecting the phase
winding from the line.

Application —R-B-M Potential Type Motor Start-
ing Relays are used to start single phase capacitor type
motors where it is impractical or impossible to use a
centrifugal switch. Such applications as hermetically
sealed refrigeration and air conditioning motors, gar-
bage disposal units and deep well submersible pump
motors usually require relays of this type.

ENGINEERING DATA

Potential Motor Starting Relay
1255 Type

S.PN.C, SPDT.
35 Amps. ‘Max. Llocked Rotor
Start Winding Current
3 H.P. Max.-N.O. Contact Rat- |
ed 12 H.P.-230 Volts )
Silveallo;‘or Tungsten
Upto 500 V.
Component App;ovcl. Must be
approved on Specific Applica-
tion.

- 250,000 aperctions_

Specifications

Contact Forms Available

Contact Current Rating

Contact H.P. Rating

Contact Material

_ Continuous Coil Volts
Underwriters and C.S.A. Status
UL File Nos.SA1984 andE12139

~ CSA File No. LR 13360
Life Expectancy

For characterisfics other than the above, please consult the factory.

See us at the |.R.E. Show—Booth 619

s,
=

wiAE

® vozueTs

Send for Descriptive Bulletin 1020

RBM DIVISION

&| ESSEX WIRE CORPORATION, logansport, Indiana

2N
OTHER PRODUCTS
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SEE AT I|I.R. E. SHOW :

New Ultra-Sensitive Electronic AC Voltmeter
Incorporating Hushed Transistor Amplifier

Type MV-45A

Input Impedance
100K Accuracy
2 MV -1 mV 29«
O
1 meg
1 mV-300V

3.3 meg

300 V-
1 kv

TIME PROGRESSES,
50 D0 WE

IT OUTPERFORMS present vtvm-s not only by higher sensitivity
but also higher stability, less power consumption and a wider voltage

range. Two versions available:

MV-45AS, with hermetically sealed storage battery and built-in charger.

Operation without recharging 2000 hours.

MILLIVAC INSTRUMENT CORPORATION

MV-45A, dry cell operated, and

ELECTRONS AT WORK (continued)
loop. Reference voltage is obtained
from the reverse-biased breakdown
characteristic of silicon-alloy junc-
tion diodes. In the diagram, two
diodes produce a reference voltage
of 15.6 volts.

Output voltage is varied from 20
to 25 volts using the potentiometer.
Quiescent current bias for the
power transistor is supplied by the
silicon transistor used in the output
stage of the direct-coupled ampli-
fier. Bias for the silicon transistor
is obtained from the breakdown
voltage of the silicon diode in the
emitter circuit of the type 951 tran-
sistor, together with the 5,600-ohm
resistor connected to the base lead.

The capacitor connecting the col-
lector to the emitter of the type
1859 unit suppresses high-fre-
quency oscillations. Frequency re-
sponse of the voltage regulator is
essentially flat to 10 ke.

This material has been abstracted
from a Quarterly Progress Report
of the Research Laboratory of Elec-
tronics at MIT.

Converter for Twin
Single-Sideband

By SPENCER B. VARIAN
Cominunications Equipment
Engineering Dept.

Hoffman Laboratories, Inc.
Los Angeles, California

TRANSMITTED power in a con-
ventional a-m system is distributed
among carrier and sideband fre-
quencies on the basis of modulation
depth. Under 100 percent modula-
tion by a sine wave a maximum of
one-third of the total energy ap-
pears in the two sidebands while
at least two-thirds remain in the
carrier.

Although the information is con-
tained wholly in the fluctuations
within a single sideband, only one-
sixth of the total energy is used
in transmitting that sideband. The
singular principle of single-side-
band communications is the eco-
nomical use of power and frequency
spectrum through transmission and
reception of only the information-
bearing sideband frequencies.

Modulation is accomplished
the conventional manner in a single-
sideband system. However, a filter
following the modulator -circuits

in

P.O0. BOX 997, SCHENECTADY, NEW YORK

Want more information? Use post card on last page.
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rejects all frequencies except one
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AIRCRAFT-MARINE PRODUCTS,

booths 770-772

kings bridge armor

new gork city

Visit vs of the

A-MP’S

NEW UNIVERSAL
PATCHCORD

PROGRAMMING

SYSTEMS - designed especially for programming required on

# Analog Computers

# Test Equipment
© Digital Computers

® Automatic Control Equipment
? Data Processing Equipment

and similar devices

These units incorporate many new design features that assure reliable

programming for the most critical applications. They are now available
with 240, 81€ and 1632 contacts.

INC., 2100 Paxton Street,

Harrisburg, Pa.
In Canada: AIRCRAFT-MARINE PRODUCTS OF CANADA, LTD., 1764 Avenue Road, Toronto 12, Ontario, Canada
ELECTRONICS — March, 1956
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“WHITE NOISE”
VIBRATION TESTING

(g s NOW possible with

CALIDYNE’'S

NEW
SHAKER SYSTEMS

Vibration testing under random

or “white noise” conditions
probably approximates conditions
of actual use far more realistically
than pure, single frequency testing.
But to do this a shaker system must first

be designed and built so that all secondary structural

resonances are eliminated in the shaker itself. The frequency range must
be broad enough to encompass the desired band and the amplifiers

must have the capacity to handle the necessary increase in power.

Calidyne can now offer such shaker systems capable of reproducing
random noise spectra. In effect, a completely new group of Calidyne
shakers and systems is now becoming available to industry and research.
Representative of such equipment is the Model 174 Shaker. This

“Wide Band” unit is rated for continuous duty at 1500 lbs. force output,
over the frequency range up to 4000 cps. Stroke is +%%”. The 25 1b.
armature approximates a simple, single-degree-of-freedom system over
this extended frequency range. A system using the Model 174 Shaker,
like others in the new Calidyne line, permits vibration testing under
random noise conditions, and should do it in far less time

than single frequency environmental tests.

See us at L.R.E. Show == Booth 462-464, Kingsbridge Armory

THE

CALIDYNE

COMPANY
MASSACHUSETTS

120 CROSS STREET, WINCHESTER,

SALES REPRESENTATIVES:

WALTHAM, MASS, NORTHERN NEW YORK WASHINGTON, D. C. MINNEAPOLIS, MINN. ALBUQUERQUE, NEW MEXICO

Robert A, Waters, Inc, Technical Instruments, Inc.  F. R. Jodon, Inc. Hugh Marsland & Co. G. B. Milier Co.
Wolthom 5-6900 Waltham, Mass. Hobart 2-4300 Colfax 7949 Albuquerque 5-860¢
NEW HAVEN, CONN. Waltham'5-8445 SOUTHEAST SEATTLE, WASH.

DALLAS, TEXAS

Robert A. Waters, Inc.
Chiad LEVELAND, OH W.A.Brown & Assoc. G. B. Miller Co.
NE;\:’,'QY" 76760 [« o P!..AOdIQIIOCJO Alexandrio, Vo, John A, Green Co. Lander 3320
ORK CITY AREA : ; Overlook 3-6100 Eleetivood]7:7385 CANADA

G. C. Engel & Associates  Prospect 1+6171 VOSSR "o YWOOD, CALIFORNIA M:qxuremlh' Enqlnuvlno td.

RIDGEWOOD, NEw Jekser PATTON, OHIO A COloI M s o Arnprior, Ont., Phone 400
g o M. P. Odell Co. vgh Marsland & Co. Hollywood 2-1195 Toronto, Ont,, Mayfale 8860
G. C. Engel & Associotes  Oredon 44d) Ambassador 2-1555 Gl AT

EXPORT
Rocke international Corp.
13 East 40th 51, N. Y. 1§, N. Y,
Murray Hill 9:0200

Gilbert 4-0878
PHIGLADELPHIA, PA.

. C. Engel
Chestnut Hill 8.0892

INDIANAPOLIS, INDIANA  SAN FRANCISCO, CALIF,
Hugh Marsland & Co. G. B. Miller Co.
Glendale 3803 Lytell 3-3438

DETROIT MICHIGAN
M. P, Odell Co.
Svpomn 8- 51 14

Want more information? Use post card on last page.
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ELECTRONS AT WORK (continued)

sideband group. In the classic
single-sideband system, all trans-
mitted power appears in the side-
band while simulated carrier
energy is reintroduced at the re-
ceiver.

Variations on the single-side-
band technique include suppressed
carrier communications, twin
single-sideband systems and the
combination of these. The carrier
frequency is not completely re-
moved from the transmitted power
distribution in suppressed carrier
systems, but is transmitted at an
attenuated level. The transmitted
vestige is reconditioned at the re-
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FIG. 1—Separate channels are provided
in twin single-sideband converter for de-
modulation of upper and lower sidebands

ceiver, reintroduced in demodula-
tion circuits and used as a control
element for an afc system.

Twin single-sideband communi-
cations offer the advantage over
conventional a-m systems of double
the amount of information for a
given bandpass. The method de-
pends for effectiveness on the
combination of filtering, both
following modulation at the trans-
mitter and preceding demodulation
at the receiver, which utilizes one
pattern of information in one side-
band and a second intelligence
pattern in the other sideband.

The combination of twin single-
sideband and suppressed carrier
represents a practical r-f system
application. The single-sideband
converter described here has been
designed to accept, from the i-f
amplifier of an associated radio
receiver, signals consisting of
either a suppressed or normal car-
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Magnetics,lnc. makes fhe
performance-quaranteed__
fape wadnd core

Core quality is no longer your worry—it’s ours, for we guarantee performance jldl
of our tape wound and bobbin cores to mutually agreed upon specifications. ==
What’s more, you can specify a host of extra Magnetics, Inc. exclusive = o
features. These include the Aluminum Core Box*, to withstand the rigors of -
temperatures to at least 450°F ., vacuum impregnation, heavy winding stresses =
and vibration—and the color-coded bobbin core, for error-free handling in : . ’/4
storage and assembly. = .’,’

Why not write today for your copy of Catalog TWC 100-A? And if you e
have an application problem, our sales engineers are ready to provide you Magneilcs bobin cores, too,

i is ] 1 ) . E-29, Butler, Pennsylvania.
with expert assistance. Magnetics, Inc., Dept. E-29, Butler, Pennsylvan are e dor mance-guarantee il

ETICS inc.

NS el CABLE: Magnctics
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from 100 microvolts to 320 volts
REGARDLESS OF WAVEFORM

with the Ballantine Model 320 Voltmeter
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A distinctly new departure in VTVM design.

FEATURING:
A built-in calibrator; — easily read 5-inch log
meter; — immunity to severe overload; — use-
ful auxiliary functions.

BRIEF SPECIFICATIONS:
VOLTAGE RANGE:.............. 100 microvolts to 320 volts
DECIBEL RANGE: . ................. — 80 dbv to +50 dbv
FREQUENCY RANGE:........ 5 to 500,000 cycles per second
ACCURACY: . ....... 3% from 15 cps to 150KC; 5% else where

Figures apply to all meter readings
MAXIMUM CREST FACTORS: 5 at full scale; 15 at bottom scale
CALIBRATOR STABILITY: .0.5%, for line variation 105-125 volts

INPUT IMPEDANCE:. ..

.10 Ma and 25 ppf, below 10 millivolts

10 M and 8 puf, above 10 millivolts

POWER SUPPLY:......... 105-125 volts; 50-420 cps, 75 watt
Provision for 210-250 volt operation

DIMENSIONS: (Portable Model).. ..... 14%" wide, 10%4" high,

12%"” deep—Relay Rock Model is available

WEIGH Tz’ s "0 s it gt AT 2 gt T ind ¥ 21 Ibs., approximately
PRICE: $375

Write for the New Ballantine Catalog describing this

and other instruments in greater details.

100 FANNY ROAD, BOONTON, NEW JERSEY

Want more information? Use post card on last page.

BALLIVTINE LABORATORIES INC( TR

ELECTRONS AT WORK (continued)

rier plus either or both sidebands
and to convert any such combina-
tion of energy into audio signals.

Maximum utilization of the con-
verter is realized during reception
of twin single-sideband supressed
carrier signals consisting of multi-
plexed teletypewriter messages im-
pressed upon the carrier by

frequency-shift keying.
Applications
and terminal

employing trans-

mitting equipment

Rack-mounted converter has separate out-
puts for twin-single sideband operation

include reception from 1 through
12 teletypewriter channels using
two-tone converting terminal equip-
ment or from 1 through 16 chan-
nels using audio frequency-shift
keying (fsk) converting terminal
equipment; reception from one or
two channels of facsimile or voice;
reception through combinations of
the above types of intelligence.

In addition, the converter is use-
ful for space diversity, frequency
diversity or voice-frequency di-
versity systems. In applications
involving voice-frequency diversity
it is only necessary to use one con-
verter and one receiver, as both
sidebands of the single-sideband
reduced-carrier transmission are
used.

Accepting frequencies within a
=+ 6-kec passband, from 450-510 ke,
the converter produces a 100 ke i-f
that is separated in appropriate
filter circuits into converted upper-
sideband frequencies, converted
lower-sideband frequencies and
converted carrier frequency. De-
modulation is effected by mixing
each group of sideband frequencies
either with locally generated car-
rier energy or with the recondi-
tioned carrier signal.

In applications of the single-
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CONDENSE
AND SAVE!

Plastic condenser block capacitors
save you space, labor, money!

1 ‘SOUTHERN
ELECTRONICS
2.0 - 300V

4x .22 2300V Multiple capacitors in one block! Now you can install

one capacitor case and use 125% less space than
before — at a saving in labor costs of up to 300%.

Let us solve your condenser biock problems. Send us
your requirements. Many case sizes and
configurations are available with polystyrene

or MYLAR* dielectric to tolerances as

close as 1%.

now after years of intense
research and development of
military requirements

@ offers you RC NETWORKS

PITCH FILTERS
INTEGRATOR NETWORKS

RC NETWORK as low as ¥2% capacitors and
2% resistors for reliable RC value of 1%.

e Hermetically sealed and potted
e Meets exacting military specifications
e SAVES SPACE & LABOR

& PrecisiON
DECADE CAPACITORS it

attached rotary switch or completely boxed!

Now on special order! Decade capacitors with higher
voltage ratings, closer tolerances and capacitance
from 001 to 10 M.F.D. with polystyrene or

MYLAR " dielectric to tolerances as low as 1%.

CHECK THESE OUTSTANDING FEATURES:
e Standard voltage rating ... 200 V.D.C.

® Very high insulation resistance

e Low dissipation factor

® |ow dielectric absorption

e Small sizes

% HUTHEAN
ry ECTRGNC s
A K
O

For your most exacting requirements—

POLYCON

SOUTHERN
ELECTRONICS

Derfeoralton
Visit Us in Booth 509—I.R.E. Show
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always specify S.E.C.
Wire, write or phone for a complete catalog today!

239 West Orange Grove Ave., Burbank, California



DECADE RESISTANCES
& VOLTAGE DIVIDERS

delivered from stock

Accuracy: 10 ohms and
above: =+0.1%

Maximum Load: 15-watt per step

Temp. Coeff.: +0.0029 per degree C.

1 ohm: =+0.259%,
0.1 ohm: *+17 Frequency Limit: Non-inductive
0.01 ohm: +57, to 20KC
DECADE RESISTANCE BOXES
I Total
Type Dials Ohm Steps Resistance—Ohms Price
3 0.01 1.1 $60.00
3 0. m 51.00
3 1 1,110 56.00
3 10 11,100 60.00
3] 100 111,000 63.00
3 1,000 1,110,000 77.00
3 10,000 11,100,000 120.00
4 0.01 111 75.00
4 0.1 1,111 71.00
4 1 11,110 77.00
4 10 111,100 79.00
4 100 1,111,000 92.00
4 | 1,000 11,110,000 139.00
5 0.1 11,111 94.00
5 1 111,110 101.00
5 10 1,111,100 113.00
5 100 11,111,000 155.00
[} 0.01 11,1110 105.00
é 0. 111,111 109.00
6 1 1,111,110 121.00
6 10 11,111,100 169.00

UNMOUNTED DECADE RESISTANCES

Total
Dials Ohm Steps Resistance—Ohms Price
1 0.1 1 $12.00
1 1 10 13.25
1 10 100 13.25
1 100 1,000 15.00
1 1,000 10,000 16.00
1 10,000 100,000 18.50
1 100,000 1,000,000 32.50
1 1,000,000 10,000,000 60.00

DE VOLTAGE DIVIDERS (Potentiometers)

Total
Resistance—Ohms

Dials Ohm Steps Price
3 1 1,000 98.00
4 0.1 1,000 126.00
4 1 10,000 132.00
4 10 100,000 146.00

See Us At The L.R.E. Show—559-561 Components Ave.
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SHALLCROSS MANUFACTURING COMPANY
522 Pusey Ave., Collingdale, Pa.

Shalleross

ELECTRONS AT WORK (continued)

sideband technique to multiplexed
teletypewriter communications,
minimum  intermodulation and
harmonic distortion are essential
to eliminate message errors origi-
nating in the receiving equipment.

To prevent such a possibility,
the demodulators and audio circuits
of the converter are designed to
produce no intermodulation or
harmonic distortion product, meas-
ured in the output signal, at a level
greater than 50 db below the de-
sired frequency.

Two identical audio channels
permit simultaneous utilization of
both upper and lower sidebands.
Incorporated into each channel is
a 3,500-cps cutoff filter—through
which the signal may be passed at
the operator’s discretion—for maxi-
mum intelligibility of voice during
reception of weak signals. Push-
pull output amplifiers deliver, with
normal converter input, 100 milli-
watts == 1/4 db from 100-6,000 cps,
across a 600-ohm balanced line.

» Accuracy—Good reproduction of
sideband intelligence requires that
the carrier energy introduced at
the receiver or converter be fre-
quency and amplitude-stable. When
the transmitted carrier vestige is
to be used, reconditioning is neces-
sary.

The converter restores to the
level necessary for accurate de-
modulation, carrier energy attenu-
ated as much as 40 db at the input
to the receiver. An independent
gain control in the carrier i-f strip
compensates for attenuation fixed
at the transmitter.

Filters and limiting circuits in-
sure maximum rejection of noise
and undesired r-f energy. A carrier-
level indicator operating prior to
limiting circuits is used in con-
junction with the carrier com-
pensator control to determine the
suitability of the received carrier.

Should the received carrier en-
ergy fall below the level necessary
for accurate reproduction of side-
band information a crystal-con-
trolled oscillator produces a simu-
lated carrier and also provides a
frequency standard used in com-
parator circuits for actuating the
afc system.

Maximum rejection of undesired

March, 1956 — ELECTRONICS
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@ After years of extensive
research into hermetic seal
problems in the electronics
and electrical fields, French-
town proudly presents this
improved line of Annuluted
Type NICOTE Metallized
Hermetic Terminals for use
in controls, relays, trans-
formers, capacitors, motors
and heater units.

Custom-engineered of HIGH
ALuMINA CERAMICS and
metallized with French-
town’s exclusive NICOTE.
These terminals are avail-
able in six varying sizes with
a choice of terminal hard-
ware to fit any exacting ap-
plication. ® Will withstand continvous immersion in lead-tin solder at 260°C. (500°F.).

® Reduce tracking through superior external shape, so important in smaller
size terminals.

@ Provide easier threading of wire through terminal because of improved
tapered bore design.

® Effect a permanent, positive seal that is resistant to high thermal and me-
chanical shock.
VISIT US AT THE SHOW! " shoe

We'll be pleased to show you Mgy
R FOR COMPLETE INFORMATION . . .

the complete line of French-

town Nicote Metallized Her- ... send for Engineering Data Sheet 1055

metic Terminals at our Booth which proyldes specifications for the

No. 26, L.R.E. Sh Ki complete line of Frenchtown NICOTE

2 6 U] RCRL e Metallized Hermetic Terminals . . .
bridge Palace, March 19-22, plus engineering details on a wide
1956. selection of terminal hardware.

frenchtown corceLan

86 MUIRHEAD AVENUE TRENTON 9, NEW JERSEY
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This simplified drawing of an experimental
homogeneous type power reactor, now in
the final assembly stage, shows one of five
nuclear reactor projects currently under way
at Los Alamos, where the world's first ho-
mogeneous reactor was designed and built
and is still in operation.

Indicative of the importance of these experi-
ments is the Laboratory’s thirteen year record
in active research, design and development
in this major field of basic scientific interest,

Many challenging projects in nucleonics,
physics, chemistry, metallurgy, mathematics
and engineering support these as well as
other of the Laboratory's diverse activities.

Top-level scientists and engineers interested
in long-range career opportunities at one
of the nation's foremost scientific labora-
tories can secure complete information by
writing

DEPARTMENT OF SCIENTIFIC PERSONNEL
Division 603

alamos

scientific laboratory

\ OF THE UNIVERSITY OF CALIFORNIA

LOS ALAMOS, NEW MEXICO

Want more information? Use post card on last page.

ELECTRONS AT WORK (continued)

frequencies can be obtained from
the filters only when the converter
i-f center frequency remains con-
stant. Drift in the mixing-oscillator
frequency or in the received signal
results in potential degeneration of
equipment performance. Motor
control of the tuning capacitor in
the mixing oscillator insures cor-
rect converter i-f center frequency
despite such drift. The afc motor
is actuated by a correction voltage
generated as the result of a dif-
ference in frequency between the
crystal-controlled  local carrier
oscillator and the converted re-
ceived carrier.

» Drift—System drifts as much as
2,000 cps and virtually instan-
taneous changes of as much as 50
cps in the transmitter frequency
can be compensated by the con-
verter afc. On the other hand, the
converter afc will not lock on a
sideband should the carrier fade
completely. Residual error in the
system is less than 1.5 cps.

Error frequency is tripled to at-
tain maximum afe sensitivity and
is amplified and shaped to trigger
motor-drive stages. When no error
exists, a dynamic low-impedance
shunt is presented across the
motor-drive stages preventing free-
run or overshoot in the motor ac-
tion.

» Indication—Maximum correction
of about = 2,000 cps is indicated
by the calibration of the front-
panel scale of the drift indicator
knob. Over-excursion of the drift
indicator capacitor beyond the
+ 2,000 cps points, as the result
of excessive drift, mechanically
trips a snap-action switch complet-
ing an afc alarm circuit.

To prevent the possibility that
the afc system erratically follows
noise during periods of excessive
carrier fading, a squelch circuit is
provided. Operating on a dynamic
signal-to-noise ratio principle, the
squelch circuit produces a gating
bias that disables the motor-drive
circuits whenever the signal-to-
noise ratio falls below a prede-
termined minimum.

Changes in absolute value of
signal and noise, within certain
limits do not necessarily result in
afc disablement as long as the

March, 1956 — ELECTRONICS



Fixed Gompesiion

RESISTORS

VARIABLE
Compeosition

RESISTORS

Molded COIL

“ E W! RC-10 84-page Electroric Components
Catalog gladly sent on letterhead request.

Electronic Components Division

STACKPOLE CARBON COMPANY

St. Marys, Pa.

Canadg: Canadion Stackpote Lid., 550 Evans Ave,, Etabicoke, Toronto 14, Ont.
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The complaisant expression on the face of
the apprentice engineer stems from the
knowledge that there will be no disap-
pointments for any gallery which his antics
may attract. Why? Because his equipment
includes only such reliable items as the
Sigma Series 11 Relay.

The Series 11 is the latest product of our
Top-Level-Long-Range-Big-Picture
Department and it might be good for
headlight dimmers, garage door openers,
TV antenna rotators and remotely con-
trolled toys —and it had better be because
that’s what it was designed for. The toys,
to us, provide just the sort of therapy
needed for the world’s ills—and, a balance

for the evil deeds of the munitions makers.

To get back to the “11”, it is ideally
suited for such use because in addition to
being small and quite dependable, it is

also cheap.® Here are the specs:

SERIES 11 DC OPERATED RELAY

Contact arrangement. SPDT
Rated Sensitivity : 50 milliwotts

(2.4 ma in 9000 ohm coil)
Contact Rating: 1 ompere
Coil Resistance Range: up to 9000 ohms
Size, Type 11F non -insuloted base:

15/32° x 1 5/16" x 1" high
Weight: 1 ounce.

Complete Dota in Bulietin

Naturally it would please us no end for you to find

even more uses for the Series 11.

*Most expensive model,
lots 1-19, cach $1.95;
cheapest model, 100,000
fots, 75¢ cach.

A

SIGMA INSTRUMENTS,

INC.

62 Pearl St., So. Braintree, Boston 85, Mass,
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ELECTRONS AT WORK (continued)
ratio of signal-to-noise remains at
or above the desired level. A front-
panel warning light and presence of
voltage at the rear terminal strip
signal the operation of the squelch
circuit in disabling the afc system.

To insure constant power level
at the output the converter in-
corporates an agc system applying
control bias to the circuits of the
associated receiver. In setting the
front-panel age select switch, the
operator determines whether re-
celver gain is to be controlled by
energy developed in one or the
other sideband, by carrier energy
(reconditioned but not limited), by
total received signal or by its in-
ternal age circuit.

During tuning of the converter
or under circumstances in which
converter agc is inoperative, r-f
gain of the associated receiver is
controlled by its internal age
voltage.

When the accurate reproduction
of the information in one sideband
becomes more important than re-
production of the alternate side-
band, the operator has the option
of controlling receiver gain on the
basis of voltage developed by the
desired sideband. Should both
sidebands contain voice modula-
tion, varying in frequency and
amplitude, the carrier alone, as a
constant-level source, should be
used for receiver gain control.

Where keyed-tone intelligence

Cat Eye For Air Force
2 v ! ]

FAn optical amplifier about 1,000 times as
sensitive as a standard television camera
is being perfected by Air Research and
Development Command. Airborne observ-
ers have been able to see the ground
clearly on a moonless winter night. Tube
under test above was developed at the
Elmira, N. Y. plant of Westinghouse
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A 10 kw pulse transmitting tube with space-charge
focusing which eliminates magnetic structures.
This medium power amplifier is used for low
power radar systems. Can be used as a driver for

AMPLIFIER

KLYSTRONS
FOR MICROWAVE
SYSTEMS

Currently in production are three new
Cascade Amplifier Klystrons for a wide

variety of applications in microwave
systems. These tubes incorporate
advanced ehgineering techniques
which Sperry has pioneered

since the Company first developed
the Klystron in11938. Two of

these tubes feature the new Sperry

technique of space-charge focusing

which eliminates cimbersome
and expensive magnetic structures.

All three tubes are currently available.

Write Section K-1, Electronic Tube Sales Department
or nearest district office for furtheg information.
"2&

higher power Klystrons in radar and linear

accelerator systems.

This tube has extremely long life. integral
tunable cavities, with one tuning screw for each

cavity, permit rapid tuning over a & 30-mc range
with additional adjustments to cover entire

frequency range.

Frequency Range

2700 to 2900 mc

Heating Time 90 sec.
Peak Power Qutput 0.5t0 15 kw
Maximum Drive Power 30w
Power Gain 20to 30 db

ELECTRONICS — March, 1956

CLEVELAND -~

Power Gain

R-f Output Power
R-f input Power
Frequency Range

NEW ORLEANS -

SAL-81

A 20 kw pulse transmitting tube featuring
space-charge focusing. This tube is used in low
power radars, for airborne as well as ground
equipment. It can also be used as a driver for higher
power Klystrons, in navigational aids, distance
measuring equipment, beacons and puised
communications systems.

This tube has extremely long life. It has integral
resonant cavities and tuners and is thermally
compensated for changes in ambient temperature
and duty cyctle.

1215 to 1365 mc
9to 21 kw
23 db

Frequency Range
Power Output
Power Gain

SAS-60A

Cascade Amplifier Klystron especially for use in
cw dopplerradars. Can be used as a driver for
higher power Klystrons, in laboratory test
equipment, as frequency standard, and in
beacons and MT | radar.

This new, improved tube supersedes the
2K35 Kiystron...with higher gain, lower
beam voltage, wider band width, easier
tuning and smaller power supply. Can
also be used as high-level mixer.

30 db

2to 25w

1to 100 mw
2700 to 3330 mc’

Visit Sperry at 3571-353 Microwave Avenue,
Radio Engineering Show.

GYROSCOPE COMPINY

Greaf Neck, New York

s P[ H HY DIVISION OF SPERRY RAND CORPORATION

BROOKLYN * LOS ANGELES + SAN FRANCISCO « SEATTLE

IN CANADA: SPERRY GYROSCOPE COMPANY OF CANADA, LIMITED, MONTREAL, QUEBEC

Want more information? Use post card on last page. 225
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ENTRICORES

having uniform magnetic properties

Now available from stock...

-

Magnetic Metals Company has pioneered mass production
of magnetic core units to individual requirements. We now
offer matched CENTRICORES from our complete stock of
standard sizes.

# Absolute uniformity of CENTRICORES is assured through
our exacting production standards:

PRECISE ENGINEERING CONTROLLED AMNNEALING
CLOSE QUALITY CONTROL COMPARATIVE TESTING

Visit our BOOTH 68 at the Radio Engineering Show

B Ask for new and important data on testing of magnetic
amplifier cores.

MAGNETIC METALS GOMPANY

electromagnetic cores and shields
HAYES AVENUE AT 21st STREET « CAMBEN 1, N. J.

226 Want more information? Use past card on last page.
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ELECTRONS AT WORK {continued)

appears in both sidebands, age
voltage developed by the converter
from total input energy is used
to control receiver gain. The agc
voltage developed by the converter
is superior to that produced solely
by the receiver since the selectivity
of additional tuned circuits tends
to minimize the adverse effects of
noise and interfering signals.

The age circuit of the converter,
designed to reproduce the charac-
teristic of the associated receiver,
is provided with the alignment
adjustments including threshold
and output level controls and a
selection of agc delay time, insur-
ing minimum change in audio out-
put for a wide r-f input range.

Voice Powers Transmitter

VOICE-POWER for a radio transmit-
ter has been accomplished in an
experimental device developed by
the Signal Corps Engineering Labs
at Ft. Monmouth, N. J. The funda-
mental elements shown in the block
diagram comprise several parts. A
moving-coil or armature type mi-
crophone is the source of alternat-
ing current.

The rectifier and filter section
includes a transformer that serves
to match the microphone impedance

ANTENNA »

RECTIFIER | D-C-+ MODULATION
& FILTER

R-F 0SC

L}

MOVING COIL OR MOVING
ARMATURE MICROPHONE

Elements of the simple voice-operated
transmitter

PNP
H-F TRANSISTOR

IS EN?
T p!
-1

MOVING
ARMATURE
':ICROPHONE

|

T

L

Basic circuit of the voice-powered radio
transmitter
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EARLY RESEARCH AND DEVELOPMEMT EXPERIENCE with electronic
location equipment at G.E. began in 1935 when this first system,
with an output of 12 watts, located planes up to five miles away.

ey

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 @ major contribution to long-range aircraft location.

How G.E.'s 20-year antenna bhackground 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 II1.

2. Small, portable systems for weather balloon tracking
were developed and produced for the Army and Navy in 1948.
3. Powerful heightfinding antenna, FPS-6XWI1, 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. Llong-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.

Schenectady 5, N. Y.
Please send me these two bulletins:
GEA-6279, Radar Antennas, Mounts, Components, and Acces-
sories
GED-2494, G.E.'s Naval Ordnance Department Offers Complefe
Engineering and Manufacturing Services

O For immediate project. [] For reference only.

Position ar 5wy i w bl IOW . ONE Swl - - - WS JEa
Organization. . . . . ....... ...
Address. . ... .......

—— — — — — " —

Progress ls Ovr Most Important Product
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Crystol Filter

Type 44F Crystal Discriminotor

Type W8

for FM Reception by

Through the use of Piezoelectric resonators, filters are
now available with extremely high selectivity at frequencies
which eliminate the need for multiple conversions in VHF
and UHF f-m receivers. The low insertion loss, linear trans-
fer characteristic and non-microphonic quality of these
filters permit their location at any point of low signal level
such as between the mixer and the i-f amplifier. Using the
Hycon Eastern Crystal Discriminatgr, Type WB, in com-
bination with Crystal Filter Type 44F completely eliminates
the need for any lower intermediate/frequency. These filters
can be produced on short notice iry large or small quantities
to meet exact performance requigements.

Write for Crystal Fiilter Bulletin

2 SMALL SIZE
® HIGH SELECTIVITY
© LOW INSERTION LOS
® OPERATING TEMPERAYURE: — 55°C. TO -85°C.
® EXTREME STABILITY WITH VARIATIONS IN TEMPERATURE.
FREQUENCY SHIFT LES5 THAN +.0059% TOTAL FROM
—55°C. TO +85°C.
® NON-MICROPHONIC
® UNAFFECTED BY IMPE CE VARJATIONS COMMONLY
ENCOUNTERED IN TRANSISTOR CIRCUITS
® WORKS DIRECTLY TUBE-TO-TUBE OR TRANSISTOR-TO-
TRANSISTOR WITH NO/PADDING
©® HERMETICALLY SEALED,/NO ALIGNMENT OR
READJUSTMENT NECES

IRE SHOW
Booth 50 Paloce

KC from 13 MC
® VIBRATION AND SHOCK PER MIL-E-5422 25 425
» H
o
>' 0
ELECTRICAL SPECIFICATIONS ’é 7
Center Frequency 13 Mc (Available 10-20 Mc) 3_
Bandwidth ot 6 db Attenpation: 30 Kc {Available with
20-50 K¢ Bandwidth) %
AL db Bgndwidth g ks \ I
o = =i == ximum .
e AT e db Bhndwidth 1 2 =
Power Insertion Loss: é6db Maximum i 5
| Passband Response riation: = 1 db Maximum E
Ultimate Attenuatiorf. 80 db Minimum 20
i Center Frequency SEift: =+ 1 Kc Al F--l---s 08
g@_ 5 ; —40 40
KC from 13 MC
We invite your inquiry for any Crystol Filter
application in the 10 KC to 20 MC Ronge
HYCON EASTERN, INC.

COMMUNICATION FILTER DIVISION

1360 Soldiers Field Rood Dept. A-3 Boston 35, Massachuselts
Affiliated with HYCON MFG. COMPANY, Pasadena, Californio

228 Want more information? Use post card on last page.
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ELECTRONS AT WORK

(continued)

Experimental unit is housed in handle
and receiver cavity of telephone handset

to that of the transistor oscillator
load. The crystal rectifier and filter
is included in this section.

The radio-frequency oscillator
comprises a transistor operated in
a circuit of the tuned plate-tuned
grid circuit as shown in the circuit
diagram., Other circuits can be
used provided losses are kept low.

The antenna is a quarter-wave
dipole, its dimensions depending
upon the operating frequency of the
oscillator,

British Corona Triode

AN UNUSUAL type of experimental
electronic valve called a corona
valve has been developed in Britain.
It is unique in that it needs neither
a vacuum nor a glass envelope.

The principle of the valve can
best be understood by considering
the diode form, which is made by
taking a sharp point and a blunt
electrode and putting a high volt-
age between them. Corona will
then develop around the sharp
electrode.

This corona discharge will de-
pend on the strength of the electric
field in the neighborhood of the
sharp electrode. It will be clear
then, that if another blunt elec-
trode, such as a ring, is placed
around the sharp point, a small
voltage between the point and the
ring may affect the electric field at
the point and inhibit or promote
the electric discharge.

An electronic valve made in this
manner shows all the properties of
the ordinary thermionic valve ex-
cept that its constants are markedly
different in value.

For example, the mutual conduct-
ance will be about 25 pamp per kv,
the amplification factor will be
about 5 and the internal resistance
about 200 megohms. In other
words, the valve is suited for

March, 1956 — ELECTRONICS



If your power lines don’t supply the correct voltage, you
are in trouble. Electrical equipment is designed to operate
at the voltage specified on the nameplate . . . and the
specified voltage must be constant. Low, high and fluctuat-
ing voltages mean poor performance, shortened life, work
stoppages and costlier operation.

For constant input voltage regardless of line or load
changes, use STABILINE Automatic Voltage Regulators.
They provide the answer to end “VARYING VOLTAGE
TROUBLES.” We’'ll be pleased to give you more facts.
Contact your electronic parts distributor or any of these
Superior Electric sales offices:

14663 Titus St., Van Nuys, Cal. « P.O.Box 946, 2881 El Camino Real, Redwood
City, Cal. » 453-A Eglinton Ave., West, Room 202, Toronto 12, Ontario, Can.
2217 Biscayne Blvd., Miami, Florida « P.O. Box 48,721 So. Blvd., Oak Park, ili.
4025-4033 W. Rogers Ave., Office #2 Tippett Bldg., Baltimore, Maryland.
250 Park Ave., Rms. 502-504 Postum Bldg., New York 17, N.Y. « P.O.Box 132,
101 Public Sq., Medina, Ohio ¢ 4515 Prentice St., Room 201, Dallas 6, Texas.

THE

STABILINE

type EM6220Y
holds output woltage
constant . . . erds the
troubles caused by valt-
age variations.

SUPERIOR ELECTRIC

COMPANY

See us atthe 1956 Radio Engineering Show+ March 19-22¢Booths 101, 102,103, 104

ELECTRONICS — March, 1956

Want more information? Use post card on last page.
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VARYING VOLTAGE TROUBLES
CAN OCCUR IN:
PRODUCTION INSPECTION
MAINTENANCE PROCESSING

VARYING VOLTAGE TROUBLES
INCLUDE:
shorter lives for motors, electronic
tubes, fluorescent lamps - increased
rejects « process recycling « inspec-
tion slip-ups « moulding and infrared
heating *'troubles’’

THE SUPERIOR ELECTRIC COMPANY
203 MIDDLE STREET
BRISTOL, CONNECTICUT

Send STABILINE Bulletin S351.



New SOLAR Step-Cap
lead-thru capacitors
speed assembly

and cut costs

E

W R S
) :

SN o4

Cupped ends are
silvered, for direct
soldering.

184-1C2

Part numbess
and/or coding
furnished on
request,

f—-‘ \‘-‘,

These units are the low-priced answer to lead-thru
wiring. Soldering is direct to silver in each end.
The ends are cupped, and serve as solder retainers,
keeping solder from bridging the insulating gaps.
Since center terminals are eliminated, the price

is reduced.

Fast handling and mounting. The simple contour
of Step-Caps permits their use in automatic parts
feeders. Units won't tilt when mounted because each
is self-centering. A “step-type” shoulder holds

each unit at the proper distance above ground,

and makes jigging unnecessary. Silver is bonded
homogeneously to the ceramic body to permit quick
soldering to chassis in multiple units.

Less space needed. The shoulder construction
eliminates the need for eyelets. Hence these units
can be mounted much closer together, leaving
more room available on the chassis.

Immediate deliveries in unlimited quantities.
SOLAR lead-thru Step-Caps are furnished in
capacity ranges from 3 to 275 mmf @ *+10% and
+20% tolerances; from 276 to 1000 mmf @ GMV.

Units are rated at 600 VDCW. Mounting hole: .193".
Can be supplied with center lead as a feed-thru type.

Write for samples and details, or send us your
requirements.

“"QUALITY ALWAYS'

SOLAR MANUFACTURING CORP.

SALES OFFICES: 46th & Seville, Los Angeles 58, Calif.

230

New York, N. Y.

OLAR

4000 W. North Ave., Chicago 39, Il

!

CERAMIC CAPACITORS « PRINTED NETWORKS « PIEZO CERAMICS |

Want more information? Use post card on last page.

ELECTRONS AT WORK (continued)

handling low currents at high volt-
ages—microamps and kilovolts.
Using a pair of needles, spaced
a little, as the anode load resist-
ance, it is possible to make an
amplifier with this type of valve.

Bistable Circuit
Uses Single Triode

By R. W. HOFHEIMER
Staff Member, Liicoln Laboralory
Muassachuselts [nsritute of Technology
Lexington, Massachusetls
A SIMPLIFIED bistable circuit is
shown in Fig. 1 using a single
triode and an external source of
a-c. A number of such circuits can
share a common source of a-c.
The operation of the circuit is
as follows. Assuming a grid voltage
of —F, which is below cutoff, the
plate is quiescent at B+, and
voltage at the output is —F. Since
the output is connected to the grid,
the grid is held at —FE. The circuit
is therefore stable under these
conditions.
If the grid is brought to ground

FIG. 1—Basic configuration of single-tri-
ode bistable circuit

potential, the a-c voltage injected
in the cathode circuit will be ampli-
fied by the tube. The a-c appearing
at the plate is rectified and filtered
so that the output consists of a
positive d-¢ voltage. This voltage
is delivered to the grid, thus
maintaining the ecircuit in this
stable state. The circuit can be
returned to its original state by a
negative pulse on the grid or by
interrupting the oscillator voltage.

The complete circuit is shown
in Fig. 2. The transformer has
been replaced by R-C coupling. The
input pulses required to change the
stable state were of several
hundred microseconds duration.
The use of a higher oscillator

March, 1956 — ELECTRONICS



Yyou can’t match ﬁﬁ\ model 630 VOM

for  SPEED
ACCURACY
DURABILITY
CONVENIENCE!

sure grz'p battery contacts

heavy molded case

—%" thick for high impact.
Fully insulated.

Balanced double-spring tension grip
assures permanent Contact.

“this wide-range model

tests AC-DC Volts (DC at
20,000 O/V); DC Microamperes,
Milliamperes, and Amperes;,
Ohms (to 100 Megohms);
Decibel and Output. Its
easy-to-read scales are the
longest in this type tester.”

streamlined

design

No protruding knobs
on switch or ohms
control—both are
flush with the panel.

6000
6900 ——my off  ———i200
'3200 ——300|A
p[300—> , ,
¢|e0— king size

L i recessed kiob

3‘—

—Only one switch;
(fully enclosed)

% 0909 selects both circuit
o A and range. Just turn
the switch and make
your reading.

12A=

o200~
[

| 2 e
Al g——

6h00— ", ACY

BuRTON BROWNE ADVERTISING

for quick positive
connections

for most efficient
meter use

advanced engineering

—Molded mounting for resistors
and shunts allow direct connections

without cabling. No chance for
shorts. Longer life and easy-to-
replace resistors in their marked
positions.

TRIPLETT ELECTRICAL INSTRUMENT CO.

Bluffton, Ohio

—Banana jacks and plugs on
test leads are best. Alligator clips
are provided to slip on test prods
for extra convenience.

Jor convenience
i reading

— Available as an extra (only
50¢), this special stand tilts
meter at best angle for

easy reading

—With every Model 630 you
receive complete, simplified
instructions on how to use and
maintain most efficiently.

no slip feature

Four rubber feet furnished
as standard equipment fit
in back of the case to
prevent slipping on
smooth surfaces.

MODEL 630 |$3950

631 630-NA 630 630-A 310 630-7 666-HH 625-NA 666-R
Combination For Best Testing The Popular A Good tab and The Smallest For Telephone Medium Size The First V-O-M Medivm Size
V-0.M—VTVM Around The Lab, All-Purpose Production Line Cemplate V-O-M Service For With 10,000 With
Production Line V-O-M V-O-M With Switch Field Testing Ohms/Volt AC 630 Features

or Bench



Protects
Safety Record
and Reduces

Operating Costs
with . ..

i)

Micro=Vision

At the world’s largest commercial air-
craft maintenance base, in South San
Francisco, Bausch & Lomb Stereomicro-
scopes play an important part in insur-
ing the safety and efficiency of United
Air Lines planes. For 15 years inspectors
have been using these optical aids for
quick, sure identification of defects in
cams, bearings, gear teeth, plating, con-
necting rods, and many other engine
parts. Cracks, plating inclusions, rough
surfaces which might cause wear—they
all show up vividly in natural 3-dimen-

sional detail. These critical inspections,

made during regularly scheduled engine
overhauls, catch failures before they
happen. The result: dependable
safety,. .. lower operating cost,

STEREOMICROSCOPES

FREE! GET THIS EXCLUSIVE
3-D MICRO-VISION BOOK

® See actual stereo
views!

o Know how and

Shereamiv e ®ES

W

twhere to use
Stereomicroscopes!

¢ Fit exact model to job needs with
unique Selector-Chart!

W TobAY for Manual D-15.

Bausch & Lomb Optical Co., 61403
St. Paul St., Rochester 2, N. Y.

BAUSCH & LOMB

s.mvma

America’s only compiete optical source
... from glass 1o finished product
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ELECTRONS AT WORK (continued)
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FIG. 2—Practical arrangement of bistable
circuit uses R-C coupling network in place
of transformer

frequency should permit shorter
switching times.

Some advantages of this circuit
are that a-c coupling is employed,
making it easy to achieve wide
margins in design without using
precision components; the output
varies between the same d-c levels
as the input; and only a single
triode is required.

Disadvantages are that a source
of a-c is required, switching speed
is less than that of flip-flops, and
the circuit is noncommutative and
therefore not suited for binary
counters.

The single-triode bistable circuit
seems best suited for storage re-
gister use in relatively slow-speed
digital computers. In such an appli-
cation, binary information to be
stored can be delivered in pulse
form through an isolating diode to
the grid of the circuit. Resetting
can be accomplished with a pulse of
the opposite polarity introduced
through an oppositely-poled diode.

The research work described in

Electronic Sponge

Sulphur hexafluoride is a sponge for low-
energy electrons, soaking them up by
forming negative ions of low mobility and
velocity, preventing further ionization.
Tests at Westinghouse laboratories indi-
cate the cross-section of the sulphur hexa-
fluoride molecule to be much greater
than that previously measured

March, 1956 — ELECTRONICS



THE FORTUNES OF PEACE

America’s first successful long-range pilotless
bomber —the TM-61 Martin Matador—is a major
weapons system conceived and developed in peace-
time. And it is helping to keep the peace in an im-
portant way.

For the Matador is in quantity production, and
already widely deployed. As the first aircraft having
complete interchangeability of parts, it is transport-
able by air and can be delivered unassembled for
stockpiling in eritical outpost areas.

The new engineering concept that produced the

waann americanradiohistorns.com.

Matador has already revised many design and pro-
duction standards in the aircraft industry. For this
versatile weapons system is being produced at the
lowest cost-per-pound for comparable production, de-
spite performance requirements more severe than
those for most piloted aircraft.

Today, the new Martin engineering concept is re-
vising the calendar on some of the most advanced
flight and weapons systems projects now in the re-
search and development stages.

These are among the Fortunes of Peace!

VY LA T §F NS

A L. TNV RO



ltl'
L\'\.

FACILITIES!

insuline
f N
N :\\k Corporation

PRODUCTS!

(EW

STANDARDS!

of America

M WAE Specialists to the
T-301/APT-6 electronic, aircraft,
and defense indus-

tries for electronic,

electro - mechanical

SVEIAJ(E:P:'B%::D assemblies and sub-

$8-239A/GTA assemblies, and

components.

NEwW!

DYNAMOTOR
TEST SET
T5-897/U CATALOGUE
The most complete cata-
logue we have ever prepared
for the electronics industry.
Low Containing schematic draw-
TEMPERATURE ings for easy reference.
CABLE ASSEMBLY Write for your copy.
CX-10934/U

INSULINE CORP. of AMERICA
186 GRANITE ST. MANCHESTER, N.H.

A Subsidiory of Van Norman Industries, Inc.
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ELECTRONS AT WORK (continued)

this article was supported by the
Army, Navy and Air Force under
contract with the Massachusetts
Institute of Technology.

PERTINENT PATENTS
By NorMAN L. CHALFIN
Hughes Aireraft Co.

Culver City., Calif
INCLUDED in this month’s selection
of inventions are details of a radar
speed trap, an improved cathode-
follower circuit and a reference
standard of frequency based upon
resonance absorption effects of

gases.

Speed Trap

Travelers by automobile are be-
coming increasingly familiar with
radar speed traps. A U.S. patent
2,695,404 was recently awarded to
J. L. Barker for a “Speed Detector”,
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—
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FIG. 1-—Quadruple heterodyne system is
used to measure vehicle speed
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Designed for Application
Mu Metal Shields

The James Millen Mfg. Co. Inc. has for many
years specialized in the production of magnetic
metal cathode ray tube shields for the entire
electronics industry, supplying magnetic metal
shields to manufacturing companies, labora-
tories and research organizations. Stock shields
are immediately available for all of the more
popular sizes and types of cathode ray tubes as
well as bezels for 2”7, 3" and 5" size tubes.

- JAMES MILLEN

MAIN OFFICE

MALDEN, MASSACHUSETTS, U.S.A.

Many production problems, however, make de-
sirable special shields designed in conjunction
with the specialized requirement of the basic
apparatus. lerewith, are illustrated a number
of such custom built shields. Our custom design
and fabrication department is at the service of
our customers for the development and manu-
facture of magnetic melal shields of either nic-
oloi or mumetal for such specialized applications.

MFG. CO., INC.

AND FACTORY

ELECTRONICS — March, 1956
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TO GO

...INTO YOUR MOST
DIFFICULT APPLICATIONS

With Infra’s extensive line . .
it's designer's choice
Government approved servo
motors, synchros, generators
and gearhead units are

immediately ready to improve the

performance of your equipment.

Better yet! Infra’s specialized
engineering staff will design and
build the entire system to your
most exacting specifications.

You're assured of every desirable

operating characteristic without

the usual engineering or

production headaches.

Learn how Infra’s unique experience
can solve all your servo components
or systeming problems . . . write

for Catalogue 102, today!

DESICNERS AND MANUFACTURERS OF PRECISION ROTATING FQUIPMENT AND SYSTEMS

ELECTRONS AT WORK (continued)
{A)

—— TIME
(8)

INPUT

TIME

QUTPUT

FIG. 2—Cathode-follower input (A) and
output (B)

which is assigned to Eastern Indus-
tries of East Norwalk, Conn,

In Fig. 1 is shown a block dia-
gram of the complex quadruple
heterodyne system used by inventor
Barker to accomplish the speed
measurement.

A microwave radar transmitter
and receiver are employed at 2,455
me. By a series of successive hetero-
dyning actions employing both the
sum and the difference frequencies
generated at each successive hetero-
dyne operation a final result is ob-
tained involving a frequency- modu-
lated difference frequency having a
center frequency of 1 kc.

The successive intermediate fre-
quencies are respectively 10 mc, 465
ke, 20 ke and 1 ke. A discriminator
is employed to indicate the devia-
tion from the final center frequency
of 1 ke. The indicating device is
calibrated in miles per hour and can
be made to indicate either approach-
ing or receding speeds of automo-
biles.

By employing a relay in the out-
put, a predetermined speed indica-
tion can be made to result in the
operation of an alarm, or to illumi-
nate a warning sign.

When the legality of such devices
has been generally established, the
device could be made to produce
punched card records and a photo-
graph of the offender’s automobile
which shows the license number and
speed of the car.

Improved Followeyr

A cathode follower normally re-
sponds only linearly to a rising or
positive-going  pulse  amplitude
change when square waves are ap-
plied to the input thereof. On nega-
tive-going amplitude changes the
wave shape is usually distorted as

INFRA ELECTRONIC CORPORATION shown in Fig. 2B.
~ ROSELAND, NEW JERSEY Jerry B. Minter 2nd of Boonton,
BE SURE TO SEE US AT BOOTH 620, MARCH IRE SHOW @ New Jersey has been awarded

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

March, 1956 — ELECTRONICS



Electron optics

In Charactron®, as shown above, the principles of
a cathode ray tube have been refined with pinpoint
accuracy and applied to the presentation of air-
craft surveillance data in “SAGE” . . . the Conti-
nental Defense System.

The precision required in manufacture is of the
highest order.

Heart of the tube is a circular matrix on the face
of which, in a 4" square, 64 minute code charac-
ters have been punched. The electronic beam, res-

ponding only to processed radar data, selects these
characters individually, at speeds up to 10,000 a
second—and displays them in groups, identifying
targets by type, speed, altitude and track number.

This new tool, the Charactron® electron optic
tube, has many applications besides that of air
surveillance. We’d welcome the opportunity to con-
sider any problem of yours which this latest de-
velopment of precision work in electron optics
might well help to solve.

STROMBERG-CARLSON COMPANY S-C

A DIVISION ©OF CENERAL

DYNAMICS CORPORATION 5

2
o)
%,

g
General Offices at ROCHESTER 3,N. Y, “enc <




STEP UP

AND MEET MR. |

.« . The proud new representative
of the most comprehensive
line of highly stabilized
encapsulated pre cision Wire Wound
Resistors. Mr. EPR offers the
greatest variety in resistor styles
and sizes to meet all specifications
.. . designed to meet the

exacting military and industrial
requirements of manufacturers and
vsers who demand the ultimate in

precision, quality and service.

s
4

* ENGINEERING
« PRODUCTION
* RESEARCH

N-CAPS
“PC'” RESISTORS
MATCHED NETWORKS
R, C & L NETWORKS
TEMPERATURE COMPENSATED
ENCAPSULATED COMPOUNDS
REINFORCED PLASTICS

When you're at the IRE SHOW,

Kingsbridge Armory, Bronx, N. Y.,

< *N\ March 19-22, step up and meet
Mr. EPR at Booth #674.

EASTERN PRECISION RESISTOR CORF

} 7"_" i ¥ /4 675 BARBEY STREET
A A~ BROOKLYN, N. Y.
238 Want more information? Use post card on last page.
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ELECTRONS AT WORK (continued)

patent 2,700,704 for a circuit that
overcomes this deficiency of cathode
followers. The patent, entitled
“Electron Tube Circuit” is assigned
to Measurements Corp. of Boonton,
New Jersey,

Figure 3A illustrates an embodi-
ment of the Minter circuit employ-
ing triode tubes. A phase-inverter
triode is employed to drive a
cathode-follower stage whose cath-
ode load is in parallel with a

B+

+
] glmr
N TIME
INPUT ;; s
L

- () ()

ok
g

L ouTeuT
}I
ouTPUT

TIME

FIG, 3—Improved cathode follower using
triodes (A) with input (B) and output (C)
waveforms
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FIG. 4—High-power version of cathode
follower

second triode. The second triode
and the phase inverter grid are
driven in parallel.

Figures 3B and 3C, respectively,
illustrate the input and output
waveforms of the cireuit.

A high-power version of the
Minter cathode-follower circuit is
illustrated in Fig. 4. The circuit
employs a dual-beam pentode as
4 combined phase inverter and
parallel cathode load tube for
cathode follower.

Frequency Standard

Patent 2,707,285 awarded C. I.
Townes of Chatham, New Jersey,
is assigned to the Bell Telephone
Laboratories, Inc. This patent is
for “Frequency Selective Systems”.
The frequencies involved are pri-
marily in the microwave regions
where the resonance absorption
effects of certain gases such as am-
monia are prevalent. There are
chemically alike but isotopically dif-
ferent forms of these gases such as
ammonia (N"H3) or heavy am-
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/1/02‘ = é / e THE CORPORAL—u highly accurate surface-to-surface missile is a

supersonic vehicle of the ballistic type. The Corporal system includes,
not only the missile, but also extensive ground handling, check out

4UA/QV‘QM @7 ZL‘S) guidance and launching equipment.

\//0 Z This missile, now in production elsewhere, can be found “on active
g Z‘ service” wherever needed in the American defense pattern.

Pioneering— a continuing responsibility

JPL JOB OPPORTUNITIES ARE ﬂ The success of the Corporal is typical of the progress in guided missile
WAITING FOR YOU TODAY! technology which had its beginnings at JPL in the first early rocket ex-
In these fields periments in 1940. Since then the Laboratory has grown to occupy an
ELECTR.ONICS 80 acre site in the San Gabriel mountain foothills north of Pasadena and

. is staffed by the California Institute of Technology.
ELECTRON'Q RESEARCH In missile development, JPL maintains a broad systems responsibility.
SYSTEMS f\NALYSIS For example, in the Corporal program, from earliest ideas to production
ELECTRO-MECHANICAL engineering — from research and development in electronic guidance,

INSTRUMéNTATION propulsion, structures and zllerodynamu‘:s,‘ Fhrough ﬁ(?]d prob]em.s and

. actual troop use—full technical responsibility rests with JPL engineers
INERTIAL GUIDANCE and scientists.

TELEMETERING Naturally, close integration with such a vital program provides excep-

. tional opportunities for original research. This coupled with the ideal

PHYSICS
. facilities and working conditions at the “Lab”is a prime attraction for
PACKéGlNG scientists and engineers of unusual ability.
MECHANICAL ENGINEERING Expanding programs are rapidly providing new openings for quali-

fied people. If you would enjoy the challenge of new problems in research,

AERONAUTICAL ENGINEERING .
- write us today outlining your interests, experience and qualifications.

CALTECH JET PROPULSION LABORATORY

A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY
PASADENA, CALIFORNIA
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esigning
vtomatic
onirols

Actual size

NORTH SENSITIVE RELAY Type Ir-226

Hermeticaliy Sealed—Sensitive Type— Temperature
Range -65° to +125° C—Zero Bounce or Chatter at 50
Gs Shock and 500 Cycle Vibration Tests—SPDT at 20
mw DPDT at 40 mw. coil input—100,000 Operations at
Rated Load of 2.0 amps at 30v DC resistive

for application fitness
. . for high reliability

e Specfy
NORTH
RELAYS

Catalog upon Request
INDUSTRIAL DIVISION

NORTH ELECTRIC COMPANY

557 South Market Street, Galion, Ohio

n

l{@
i
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ELECTRONS AT WORK (continued)

monia (N*H3). These two isotopes
have similar resonant characteris-
tics but at nearby frequencies.

In the Townes invention this phe-
nomenon provides reference stand-
ards of frequency. A mass of gas
or a mixture of gases having reso-
nant absorption bands at a desired

ey MICROWAVE BROMS
X GENERATOR 4
MICA WINDOW

L GAs
FIT FILLED = DETECTOR WETER

A) 2 -~ —
m’m—( ) gr‘-\ “\ S HIGH
Loy 2 /e PRESSURE
= (B)

MICROWAVE

S 3
FREQUENCY

FIG. 5—Device for generating absorption
pattern (A), Low-to-high pressure transi-
tion affects frequency response as at (B)

TRANSMISSION

,__‘
|
\

FREQUENCY

FIG. 6—Condition resulting from gas hav.
ing two isotopic forms mixed together

frequency or frequencies is confined
in a suitable chamber at some pres-
sure wherein the gas is exposed to a
microwave field.

The microwave energy after pass-
ing through the gas in the chamber
is detected and suitable indicating
apparatus used to display a pattern
of the resultant absorption charac-
teristics.

Figure 5 illustrates a particular
configuration for generating a
characteristic absorption pattern. A
microwave generator having a fre-
quency range tunable over the
molecular absorption bands of the
gas in the chamber shown is em-
ployed to excite the gas. In Fig. 5B
a plot of the absorption characteris-
tic under various pressures of the
gas is shown.

Under low pressure a very sharp
resonance only in a narrow region
of the spectrum is shown. Under
high pressure the absorption pat-
tern covers a much wider range. In
Fig. 6 a condition that results from
the use of a gas having two isotopic
forms mixed together is shown.

Under low pressure two distinet
absorption responses are shown. As
the pressure increases, the differen-
tiation between the two responses
is less until at high pressure no dif-
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SEE  &or” IN ELECTRONICS

new products . . . latest technical achievements

; SCINTILLA DIVISION
EL* SIDNEY, NEW YORK
Electrical Connectors—
standord and speciol types.
Scinseal protected
wiring ossemblies.

BENDIX RADIO
DIVISION

BALTIMORE, MARYLAND

Communicotions and navigation
equipment {aircraft radio,
airborne rodar, VOR,
transmitters & receivers) for
aircraft. Also automotive radio.

ECLIPSE-PIONEER
DIVISION

TETERBORO, NEW JERSEY

Synchros, low inertia motors,
motor generators, rate
generators, gyros, radar,
ordnance synchros,
mechonisms for polar pass
compass coupler.

RADIO ENGINEERING SHOW
OF THE 1956
l. R. E. NATIONAL CONVENTION
March 19-22, 1956

Booth Nos. 128-130-132-134-136-138-140

Kingsbridge Armory
~ New York, N. Y. : RED BANK DIVISION

EATONTOWN, NEW JERSEY

Ruggedized Klystron tubes,
cathode discharge tubes,

Transistors, power supplies

including missile application.

-~ PACIFIC DIVISION
e

NORTH HOLLYWOOD,
- i, CALIFORNIA
’ - _\\ Radar, telemetering,

1 radio-telephone, sonar.

hy. MV
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VETERAN PERFORMERS . . £referred

terformance o paramonat . . .

6400, 11400, 24300 Series . .
DC, 400 cycle.

Clutch-driven lever action. Time de-
lay settings from 2 seconds to 3 hours.
Where necessary, switching provided
from 15-100% of overall interval.
Normal time settings within + 10%
of rating at rated voltage.

Short interval timings designed for
5600 or 5800 governed DC motors.
Accuracy adjusted for 60 or 400
cycle synchronous motors, 5300 DC’s,
and chronometrically governed DC
motors.

Repeating Accuracy specified + 39,
of overall interval.

Flexible design to- ‘mcet all require-
ments, including multiple switches.
Filtering provided for DC motors to
meet MIL-I-6181 specifications.
Choice of Flange or Stud mounting.
Aluminum hermetic enclosures evacu-

ated, flushed, and filled with dry

® 5400,

11400, 24300 SERIES DIRECT CURRENT, AL-

TERNATING CURRENT, 400 CYCLE. TIME DELAY
SETTINGS FROM 2 SECONDS TO THREE HOURS
® SWITCHING FROM 15-100% OF OVERALL IN-
TERVAL CAN_BE SUPPLIED e MEET MILITARY
ENYIRONMENTAL SPECIFICATIONS o FILTERING
TO MEET MIL-1-4181B OPTIONAL ON DC UNITS
®* WIRING DIAGRAM ON CASE

Nitrogen. Glass seal headers or AN

LENGTH
LY Max,

6400 SERIES | 6400 SERIES | 24300 SERIES | 11400 SERIES
STANDARC 0.C.|GOVERNEOD 0.C.[400 CYCLE A.C.|50,60 CYCLE A.C.

connectors. All military environ-

mental specifications met.

2 OR 3
SWITCHES

3 9/i6 4 7/32 3 9/18 3 8/is

Standard unit withstands vibration of
5-55 CPS at 10g maximum accelera-
tion.

=

REPEAT CYCLE TIMERS

Ir
R G B

WATERg iyt e
R 0 v
ez o

NGRS S
- \

%

© 3600, 13400, 24400 SERIES DIRECT CURRENT,
ALTERNATING CURRENT, 400 CYCLE e WIDE
RANGE OF CYCLING TIMES AVAILABLE e
ONE TO TEN SWITCHES & MEET MILITARY
ENYIRONMENTAL SPECIFICATIONS o FILTER-
ING TO MEET MIL-1-618[B OPTIONAL ON DC
UNITS o WIRING DIAGRAM ON CASE

LENGTH [3600 SERIES :3600 SERIES| 24400 SERIES|13600 SERIES
L STANDARD D C {GOVERNED DC|400 CYCLE A C 50,60 CYCLE AC
— —I — ——— = =]

e — e
SWITCH | 2 27/35 3 7732 3 |2 332
3 a 3 5/

2swiTeH | 3 3 /¢ 8 1 3 4 | 3 5
3 1/ 4 3/ 3 98 1_3 58

3 B

Sswitew | 3 1,7,

(General A

Catalog
Sent on
Request)
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ALLOW 3/8 DIA, HOLE IN
PANEL FOR TUBULATION

=

(3)8-32 STUDS L I

3600, 13600, 24400 Series . .

cycle.

Motor-driving cam shaft principle actuates

switches in accurately repeating sequence.

Motor output speeds: 10 RPM-— 1 revol.
per 2 hrs. in 5300 and 5600 series.

1 revol. per 40 minutes for 5800 series.

1 revol. per day for 60 cycle type.
Cutting and setting of cams tailored to your
specifications.

Accommodates up to 10 switches.

DC Motors protected against reversed polar-
ity. Filtering provided to meet MIL-I-6181
specification.

Choice of Flange or Stud mounting. Alumi-
num hermetic enclosures evacuated, flushed,
and filled with dry Nitrogen. Glass seal
headers or AN connectors for external con-
nections. Meet military environmental spe-
cifications,

Standard unit withstands vibration of 5-55
CPS at 10g maximum acceleration.

. AC, DC, 400

WHEN TIMING POSES A PROBLEM CONSULT . ...

e "
_AWHAYDON @ompany

235 NORTH ELM STREET, WATERBURY 20, CONNECTICUT
Design and Manufacture of Electro-Mechanical Timing Devices

Want more information? Use post card on last page.
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ELECTRONS AT WORK (continued)

ference at all is observed.

In the Townes patent many varia-
tions and detailed refinements of
this technique are shown, all based
on the primary principle above de-
sceribed. Common ammonia, for ex-
ample, has its primary resonance in
the region of 24,000 me.

The strongest is at 23,870 mc. The
bandwidth of the response at the
half-power points is 10' megacycles

s f PP |

-
| o
CASFILLED hw

B
e L VN |
o]

wa
| woBsuLATOR

]

[ CONSTANT
FREQUENCY [
SOURCE |

FIG. 7—Constant-frequency source con-
nected to gas-filled chamber

at atmospheric pressure. At a
pressure of 10~ atmospheres the
bandwidth is 10° eycles. This repre-
sents a Q of about 3 x 10°

The patterns shown in Fig. 5B
and 6 may be generated for display
on an oscillograph with a sweep
type of modulation for the micro-
wave generator.

An example of a practical appli-
cation of the principles of this in-
vention is shown in Fig. 7. A con-
stant-frequency source is connected
to a gas-filled chamber. The gas may
be a mixture that has an absorption
frequency band or bands near the
source frequency.

A wobbulator moves a diaphragm
on the gas-filled chamber to com-
press and rarify the gas alternately.
Under these conditions the ab-
sorption pattern expands and com-
presses to generate the pattern in
Fig. 6.

Under increased pressure one
waveform is observed; under low
pressure the other waveform is ob-
served. The inventor claims from
this that the system of Fig. 7 dis-
plays band-pass characteristics of
a broad band-pass filter. The system
in this form lends itself to an ampli-
tude-modulation technique for a
microwave transmitter.

There are a number of other ap-
plications of the absorption reson-
ance phenomenon as employed in
this invention described in the
patent.
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Manager of Opera-
§ all manufacturing
e “dry-tube,” an
endability. Below,

IN A SUPER DESERT”

“In diod=s, moisture’s one of the greates: enemies; it materially shortens
diode life. So, at PSI we take extreme m2asures to be sure tiat every part
is dry...really dry...before sealing. Components are chemically cleaned
and vactum baked, then hermetically sealed in an atmosphere so dry that
we woulc have just .056% relative humidity at room tzmperature (80°F)
... equal to only about 22 parts of water per millioa parts o; air!

“Transfer from bake-out to sealing un_t is acccmplished with this dry-
tube. Ncthing but inert gas or dry air =ver contacts a PSI diode part
prior to dnal sealing.

“Why all that trouble to prevent contamination? We fiad it pays off
handscmely in terms of unit stability and “ong-term reliabdity ... both of
which we feel are the most important characseristics we can build into
every PSI diode”

PACIFIC SEMICONDUCTORS, INC.
10451 WEST JEFFERSON BOULEVARD

CULVER CITY, CALIFORNIA
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B,

Production Techniques'

Edited by JOHN MARKUS

Press Pushes Sockets Into Etched-Wiring Board

SOCKETS are inserted in a radio
etched-wiring board four at a
time with the aid of a simple air-
operated press in the Metuchen,
N. J. plant of Westinghouse Elee-
tric Corp. The operator inserts the
sockets upside down in keyed holes
of a metal slide, places the board
over these sockets and pushes the
slide under the press. She then oper-
ates a foot air valve to push the
board down over the sockets. Metal
positioning pegs on the slide fit into
mating holes of the board to insure
correct seating of the board over
the sockets.

Placing radio board over four sockets loaded into metal slide of press

Tape-Programmed Automatic Tester for Subassemblies

USING A PUNCHED TAPE to program
test points and parameters, a new
Robotester developed by Lavoie
Laboratories, Morganville, N. J.
automatically performs up to 120
complete circuit measurements per
minute. Production test capacity
is 240 test points per setup. Be-
tween any two of the 240 points,
over 57,000 possible measurements
or tests can be called for by appro-
priately punching the programming
tape. From 70 to 90 percent of fail-
ures or defective parts will be

picked up, excluding tubes or gross
breakage through a dropped or
smashed ehassis.

Originally developed for testing
radar equipment, the automatic
tester will also test television sets,
radios, computers, broadcast equip-
ment, telephone switchboards, relay
racks, aircraft cabling harnesses,
underground cables, communication
and fire-control networks, railroad
control systems, gun directors and
virtually any other electronic equip-
ment operated by wires or tubes.

» What It Does—The function of
the tester is to determine whether
correct connections have been made,
correct companents installed, and
whether parts are defective. It
checks resistance to ground at each
tube socket or terminal strip point
in sequence, passing to the next
point if within preset tolerance,
sfopping and warning if in error.
The strip tape used for the checks
is prepared by an engineer and sets
the format for the tests for the
particular equipment. Tolerances

Testing Lavoie Bat marine radar units for small fishing boats with automatic tester programmed by endless loop of punched tape

244
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KEEPS '"EM ROLLING!

£ "y

Z - J é‘
/i\;# R&/ KESTER 44" Resin,  used in Kester . . . further assurance of the constant
’ Plastic Rosin and  solder alloy control combined with consistent flux
. "Resin-Five” Flux- formulae ... all part of Kester Flux-Core Solder
4 N Core Solders keep  quality thatll ‘keep ’em rolling” for you!
L / the production lines
- moving by providing
} “the exactly right sol-  BE SURE YOU GET KESTER’S new 7§-page informative
der for every apphcahon @nly virgin metals are  textbook “SOLDER . . . Its Fundamentals and Usage.”

KESTER SOLDER

CO M PANY 4204 Wrightwood Avenue, Chicago 39, lllinois; Newark 5, N. J.; Brantford, Canade

-\
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Ends of punched tape are glued to form
endless belt as shown. This is easily
loaded under contact fingers and sprocket

from 5 to 20 percent or wider can
be set to reject or pass.

Once the tape is prepared, the
operator merely inserts the plugs in
the sockets of the equipment to be
tested, then pushes the start button
and watches for error signals. Time
on subassembly tests is reduced
from 20 to 40 percent on most
units. Fast toolup in widely separ-
ated factories is possible because
test data can be supplied as punched
tapes.

> How It Works—Tape for pro-
gramming is prepared on a simple
hand punch producing one rec-
tangular hole at a time. The 12-
hole tape is 1% inches wide and four
rows of holes are used per test, so
that each test requires slightly over
§ inch of tape length. A form of
binary coding is used to designate
numerical values such as socket
numbers, pin numbers and resist-
ance value, as indicated on the
diagram. Thus, any one of 24 sock-

For production testing of television receiv-
ers, cables of tester terminate in standard
octal plugs fitting into sockets on chassis

ets is selected by punching the
appropriate combination of posi-
tions representing 1, 2, 4, 8 and 12.

For resistance value, the first
three digits are punched from
three 1-2-4-8 groups and the num-
ber of zeros to be added is punched
from a 1-2-4 group. Three addi-
tional holes permit specifying 5,
10 or 20 percent tolerance and three
more designate whether this can
be both ways or just above or be-
low,

Twelve contact fingers serve to
read tape holes and set up relays
or stepper switches as the tape is
run through by a feed mechanism.

Actualsize reproduction of tape as
punched for three tests, and diagram
showing significance of each punched
hole. Punched example on diagram sets
up machine for continuity test from pin 6
of socket 21 to pin 5 of socket 22 (read
unpunched locations) for at least 150,000
ohms minus 10 per cent

simple

Twelve-position knob on
punch is set to position where hole is
desired and lever is pressed

tape

;--- -ni--
lu-
17 18 21 22

. SIGNIFICANCE'TAPE BEFORE EXAMPLE :

| OF BLOCKS| PUNCHING | i
I i | |
===7
olo|E=s8 ] IDI]II
2290‘522222‘5'32
zzfﬁ444444ug
tlej2ldelelsls 0000
Slafe@3rfrirjo Ol lio
212 5Fd 2| 2|2 2002 |olo
=5 | 3oto OO+
X1gleligl4|4| 4| <|OOl4|O
olo|aCZsls 8| t]|s|s OO
C1oTel Jlielie[] > [2j12[0] >
137 2 ]
A e s 4 o
H ‘—STOPIS 5 =
b—
YR |
19,68l | sHADED AREAs ARE
1 2151 &1 | AVAILABLE FOR
515 ® | ADDITIONAL DATA
AR
SIS I\ | MULTIPLIER & TOLERANCE

Socket-Inserting Head For Automatic Assembly Machine

Demonstration setup of socket head

246

AUTOMATIC insertion of tube sock-
ets in etched-wiring boards is
achieved without preliminary prep-
aration of sockets by combining a
Syntron vibratory elevator with a
special feed chute and insertion
head developed by Elco Corp., Phil-
adelphiar A standard vibrator is
equipped with appropriate guides
on its raceway to accommodate a
flat, a missing pin or any other
keying arrangement of the particu-
lar socket to be inserted.

Oriented sockets feed down a
partially enclosed chute to the head,
with the grounding strip project-
ing up through the open side of
the chute. Sockets can thus be
dumped in bulk lots into the hopper
of the vibrator.

Each operation of the insertion
head pushes the lowest socket of
the chute down into the socket hole
of the etched-wiring board. Re-
traction of the head allows another
socket to drop into position by

March, 1956 — ELECTRONICS



Only

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.

LIGHT WEIGHT

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.
the outer casing, stationary vanes, and inner

,
tres!
N\ A
e\
i . . - .
casing are precision-cast as a single unit,

giving extra strength and maximum resistance to shock.

Vs

/

MAXIMUM STRENGTH
Joy AXIVANE fans are durable because

@5 6080000000008 0000000000000000s00000000as000s00

Comnde e %W

For VANEAXIAL FANS * COMPRESSORS * VACUUM PUMPS and BOOSTERS
OXYGEN GENERATORS  HYDRAULIC FITTINGS ¢ ELECTRICAL CONNECTORS
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In Electronic
Fan Design

Offer All These
_+Advantages

Want more information? Use post card on last page

n € UNMATCHED EXPERIENCE
{/\;@;é!f‘)l Joy’sunmatched experienceas the world’s

Jargest 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.
f'”' )
UI %ﬁg 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,
Pitisburgh 22, Pa. In Canada: Joy Manufacturing Company
(Canada) Limited, Galt, Ontario.

Write for FREE Bulletin 15-39

SOF

- COMPLETE LINE
Joy offers a large sclection of fans in the

WaD | 5837-13

WORLD'S LARGEST MANUFACTURER
OF VANEAXIAL-TYPE FANS

247



AUTOMATIC ELECTRONIC

DECADE SCALER
AND TIMER

for optimum speed
and accuracy

The simplicity and accuracy of Dekatron
counting and timing circuits make the Ekco.
Model N-530A Automatic' Scaler the most:
outstanding and most versatile instrument
of its kind. This. scaler will tim¢ a pre-
determined count, count for a pre-deter-
mined time. or can be manually operated.

FEATURES:

® Preset /elapsed time interval-
100-100,000 seconds in 10ths

e Preset/elapsed count interval—
100-1,000,000 counts

e Maximum counting rate—60,000
counts,/second’ :

o Maximum stopping time—2 milliseconds
® Six electronic decades

o Dekatron direct-reading counting' and
timing tubes

® Pulse height discriminator permits use
with G-M, scintillation, flow-or propprtional
counters—variable 5-50 volt preset
acceptance level

SPECIFICATIONS:
e Imput sensitivity — negative.0.1 volt-and
positive 5 volts ¢
® [nput resolution time—>5-niicroseconds,
fow coincidence loss
e Power Requirements—110-250v, 50/60
cycles, 130 watts
® Dual-range Power Supply—250-1000 and
500-2000 volts

Stability — =+ 0.5% for variations

up to += 10%.

Ripple—less than 5 mv. rms peak

Write TODAY to our American repre-
sentative for technical data on the
complete line of EKCO equipment.

ELECTRONICS, ‘LTD.
Southend-on-Sea,
Essex, England

U. S. Sales and Service

AMERICAN TRADAIR CORP.
Long Island City 6, New York
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PRODUCTION TECHNIQUES {continued)

gravity, ready for insertion,

Although the model of this as-
sembly head employs an electric
solenoid as an actuator, the design
can readily be adapted for air-
cylinder operation. The chute can
be lengthened and curved as re-
quired for mounting the vibrator
and hopper directly above the head,
to permit use on an automatic in-
line assembly machine.

Rear view of socketinserting head,
showing how grounding strips of sock-
ets project up out of open rear side of
chute that connects hopper to head

Flexible-Screw Convevors For Subassemblies

BENCH-LEVEL flexible-serew con-
veyors aid in assembling television
tuner switch wafers in the Croy-
den, Pa. plant of Philco Corp.
Simple wafer-holding fixtures ride
on the convevor, Changing the en-
tire line from one job to another
merely involves lifting off the set
of fixtures and dropping a new set
into position.

The entire conveyor line was de-
signed and built by the firm’s pro-
duction and engineering staff, us-
ing standard Monoflow conveyor
components made by M-H Stand-
ard Co., 513 Communipaw Ave.,
Jersey City, N, J.

The conveyor is arranged in the

S i,

Simple fixture helding wafer support
rides on top of conveyor screw. Spring
clips on cylinder serve to hold wafer.
Other end of tixture rides in chianne!

U-shaped screw-conveyor line being used for assembling television tuner wafers
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MICROLINE MODEL 570
(AN/UPM-82) 8,500—10,500 mc

Power Meter
Input + 5 to -+ 30 dbm
Accuracy + 1db

Frequency Meter

Absolute Accuracy =+ 2.5 mc (8500-9600 mc)
Relative Accuracy + 1mcin60mc

Spectrum Analyzer

Sweep Frequency 3 to 30 cps, adj.

R-F Sensitivity —55 dbm tor a 1" deflection
Pulse Width 0.2to 3.0 &4 sec.
Synchroscope

Deflection Sensitivity 0.5 v per inch min.

Sweep Length 5,20, 50,250 and 4000 « sec.

Pulse Length 0.1 to 1000 ¢ sec.

Simplifies Radar Maintenance

A new combination test set is now in production
which combines in one compact and portable
unit the functions of a signal generator, power-
frequency meter, spectrum analyzer and synchro-
scope. This Microline® Model 570 is adapted to
checking multi-pulse systems as well as standard
single pulse radar systems. Special gating feature
permits selection, identification and observation
of the spectrum of any pulse in a pulse group.
Mode! 570 meets the requirements of Specifica-
tion MIL-T-945A for military test equipment.

. g - _ananny americanradiohistarns.com

Signal Generator

Output Cal. —5to —100 dbm
Uncal. +3 to —5 dbm

Accuracy +1db
Freq. Mod. 0 to 30 mc adj.
Pulse Mod. 0.25 to 10.0 & sec.
Ext. Pulse Mod. 0.2 t0 125 & sec.
100 to 4000 pps
Power 115 v £10%, 50 to
Requirements 800 cps, 250w
Size 165/8°1,155/8" w
157/8" h

Supplied with transit case and accessories

Write Section T-1, Microwave Electronics
Division or our nearest district office
for further information.
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advanced
technique

fighter situation
display by AVION

Fighter Situation Display
(FSD) is an automatic,
continuous indication on
a map of the aircraft
position during flight.

Developed by Avion for
the Air Force. FSD
eliminates manual com-
putation and facilitates
pin point navigation.

Avion's flexibility and
ingenuity, coupled with
extensive experience in
Electronics, Mechanics
and Optics can better
serve you.

Investigate the career op-
portunities in our expand-
ing organization.

AVION DIVISION

_ QCf I1NDUSTRIES

INCORPORATED

299 State Highway #17, Paramaus, N. J.

Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES (continued)
form of a U on the assembly bench,
carrying the fixtures in front of
the operators seated along the sides
of the bench. An operator at the
open end of the U unloads a fin-
ished wafer and puts on a new
blank as she picks up the fixture
coming off the end of the line and
transfers it to the start of the line.
The line is powered at both ends
through a variable-speed drive,
hence the need for manual transfer
of fixtures.

By using a somewhat longer fix-
ture having appropriate holding
clips, an entire chassis can be as-
sembled equally well.

Conveyor is Added to

TYPICAL MECIHANIZATION feature
on wood-finishing machines at the
G-E Rockford, Ill. cabinet plant is
a belt convevor paralleling a wood
molding machine which shapes
parts for television cabinets. After

Chassis-holding fixture on screw con-
veyor, loaded with assembled radio
chassis using conventional wiring

TV Cabinet Shaper

b=

Conveyor returns shaped cabinet members to loading end of machine

the molding operation, the wood
pieces slide down a transverse
chute onto the conveyor for return
to the front of the machine, so one
operator mayv both load and unload
them.

Automatic Preparation of Glass-Braid Wire

GLASS-BRAID WIRE used in modern
jet fighters is ditlicult to end-strip
to required quality specifications
using conventional rotary bench
stripping equipment. A new auto-
matic machine does this job at
North American Aviation’s Los
Angeles plant in one-sixth the time
formerly required and in addition,
imprints the wire at each end. The
machine was designed and built by

Artos Engineering Co. of Milwau-
kee, Wis., under an Air Material
Command contract. It is now being
used in North American Sabre Jet
and Super Sabre production.

In addition to the savings real-
ized in man-hours and time, the
Artos machine has cut waste re-
sulting from rejected parts to al-
most zero.

Estimated annual saving based
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 Highest Frequency
-~ [Jransistor...

 Commercially Available Today!

£aaf g s y

RiRegad) & (0N - "

P H E I- c o s - B -T (Surface Barrier Transistor)

Available now! . . . in quantity . . . Philco Surface FEATURES

Barrier Transistors are opening entirely new fields for )
e Lowest Power Consumption

AESIET ERGREET 4 « wliE IS IERpARIE i High e Hermetically Sealed Resistance-Welded Metal

frequency units now in production! Commercial, indus- Case with Leads Sealed in Glass
trial and military thinking is swinging over fast . . . to e Long Life and Reliability of Operation
complete transistorization. e Uniform Characteristics Insured by Controlled

Processing and Complete Testing

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

application of Surface Barrier Transistors. Put this ex-

Operation
perience to work for you. Make the Philco S-B-T a part o Extremely Low Output Capacitance for Ease of
of your forward looking plans— now. Neutralization

For complete technical information on the PHILCO SB Transistor

write to: LANSDALE TUBE COMPANY
A Division of PHILCO CORPORATION
LANSDALE, PENNA.

PHILCO CORPORATION
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New Genisco
Accelerometer

Jor arrborne flight
and fire control

The new Model GLO Accelerometer
is “tailor made” for use in today’s
high speed aircraft where accelera-
tion measurement is required for pre-
cise guidance and control.

Adapted from the very successful
Genisco Model GLH Accelerometer,
the Model GLO is enclosed in a new
aircraft-type case filled with oil to
damp vibration of the parts. The
instrument operates to specifications
requiring the most severe vibrational
environments.

Delivery schedules are especially
good, since many parts are inter-
changeable with other accelerometers
now in high-quantity production.

GLO SPECIFICATIONS

RANGE: =2-0.1 g to 45 g's, or up to 30 g's
with reduced damping.

DAMPING: 0.5 to 0.8 critical.

VIBRATION: MIL E5272A, PROC. I.

STEADY STATE: 30 g's on all axes.

SHOCK: MIL E5272A, PROC. I.

TEMPERATURE RANGE: —65° F. to 4-180° F.

SIZE: 3%,” D. by 3%,".

WEIGKT: 23 Ibs.

Dual potentiometers and caging available.

Other Standard
Genisco Accelerometers

Model GOH

Model GMH

Write for data.

INCORPORATED

2233 Federal Ave., Los Angeles 64, California
Reliability first

Want more information? Use post card on last page.

252

PRODUCTION TECHNIQUES

{continued)

Printing aitachment (center of piciure) numbers wire ends just before cutting and
stripping. Large wheel at upver left is measuring wheel

on wire productlion runs for modern
jet fighter plunes at North Ameri-
can by one machine are $42,240, if
the machine is used 40 hours a
week. Waste resulting from re-
jected parts has been reduced al-
most to zero.

The machine requires one opera-
tor who does his own setting-up
for a production run. Spools hold-
ing various gages and types of
wires are mounted at one end of
the machine. The operator threads
wire from one of these spools
through a series of four weighted

pulleys to the measuring wheel and
from the measuring wheel to the
numbering heads which mark the
wire at both ends and on two sides.
The wire then is pulled through the
cutting and stripping knives and
deposited in a long rack ready for
bundling.

Changing from one order run to
another tukes about 1 minute. To
change from one gage wire to an-
other takes about 5 minutes be-
cause the stripping knives have to
be replaced. Once adjusted, the
machine can run unattended.

Tightening Screws Through Soldering Iron

Method of tightening or loosening solder-
sealed screw by working through hole
in soldering iron

WWW-americanradiohistorv.com

WHEN screws previously soldered
to a hermetically sealed housing
require further tightening, a spe-
cial soldering iron having a pass-
through hole for a screwdriver is
used in the Ford Instrument Co.
plant in Long Island Citv, N. Y.
The 300-watt iron has copper
tubing set into the tip at an angle,
with the hole of the tubing ex-
tended up through the entire tip.
The working tip of the iron thus
melts the solder around and under
the head of the screw so that it
can be readily turned by inserting
the screwdriver through the hole.
The solder solidifies to anchor and
reseal the screw when the iron is
removed.

Other forms of contoured solder-

March, 1956 — ELECTRONICS
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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 in

all-glass holders of which one type is pictured above.

All this is important to you for just one good reason:
Every Midland erystal 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.

Wkaixmw(’/qw«m& ermtntioual, o highly eesilined,

Whoeihas o e syl it embact

MANUFACTURING COMPANY, INC.

3155 Fiberglas Road

Kansas City 15, Kansas

WORLD'S LARGEST PRODUCER OF QUARTZ CRYSTALS

Want more information? Use post card on last page.
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slides to full extension

grant industrial slides

Does this kind of action suggest applications in your field? If your design
problem requires sliding motion (up to 500 lbs. load) plus tilting (+90°

or —90°, and any intermediate angles) plus positive locking—or any one of these —
you will do well to consult “the foremost name in sliding devices.”

Write to Grant Pulley & Hardware Corp.

31-77 Whitestone Parkway, Flushing, New York.
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Want more information? Use post card on last page.

PRODUCTION TECHNIQUES (continued)

Using hollow-tip soldering iron to fuse
solder preforms for sealing screws and
acorn nuts to housing of hermetically
sealed electronic control box. Because
tip is hollow, vent hole is provided in its
side to permit escape of hot gases that
would otherwise force molten solder
away from joint

s

Using special soldering iron with self.
positioning tip to fuse solder preform for
sealing delicate deviation cam to top
cover of computer. Similar tips of dif-
ferent sizes were used to seal windows;
here water was first placed on glass to
prevent damage from heat

ing irons are used for sealing the
screws Initially and for solder-
sealing larger circular inserts.

Applying Dielectric
to Printed I-F Coils

ETCHED wiring boards currently
being used for the i-f amplifier in
RCA’s black-and-white television
receivers are produced with the i-f
transformer windings etched out
directly on the board. To prevent
leakage between turns, it is neces-
sary to place a protective dielectric
sheet over each of the three trans-
formers.

In the firm’s Indianapolis plant,

March, 1956 — ELECTRONICS



The precise answer
to an exacting

cable problem

. Special lll-conductor
telemetering and instru-
mentation cable devel-
oped for guided missile

work ... Cables of the type used
for instrumentation and telemetering
must operate faultlessly. Dielectric
requirements are especially exacting
in preventing attenuation of low-level
signals.

The project engineers at North
American Aviation, Inc., designed a
111-conductor cable that would have
the necessary low-loss characteristics,
provide trouble-free operation and
adequate service life. The cable was
used by North American for guided
missile work at the Air Force Missile
Test Center in Florida.

Electrical characteristics

Rigid control of electrical character-
istics is of primary importance in the
manufacture of this cable. A poly-
vinyl chloride insulating compound,
Rome Synthinol® adequately meets
specifications and provides an eco-
nomical solution to specification re-
quirements. Capacitance is controlled
by strict adherence to the specified
wall thickness of the insulation and
by controlled cabling which properly

Laminoted Fiberglas tope Rome Synthinol jacket
over each triplet

Heavy Rome Synthinol® jacket

ELECTRONICS — March, 1956

It Costs Less to Buy the Best

spaces the conductors comprising
each of the 37 individually jacketed
triplets.

These components and their con-
trolled fabrication prevent attenua-
tion of the low-level signals which
this cable is designed to carry—a vital
design factor in instrumentation and
telemetering cables.

The ingredients of success

Three organizational factors enable
Rome to handle tough cable specifica-
tion problems like this regularly. First,
comes engineering competence—ex-
perience with electronic circuit prob-
lems. Next, production facilities and
uncompromising control of quality.
(For example, Rome utilizes a pho-
toelectric gauge to maintain close
control of diameter limits on insula-
tions and sheaths. This control proved
to be especially valuable with the
cable described here.) And, finally,
comes the unmeasurable factor of
production know-how which is so
important in meeting exacting and
unusual design requirements for
multi-conductor constructions.

Designing and manufacturing spe-
cial cables is a regular occupation of
ours. To see how Rome can help you,
contact your nearest Rome Cable of-
fice or write us direct.

Rome Synthinol insulated triplets,
twisted with fillers

Tinned copper shielding braid

Want more information? Use post card on last page.

AT
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ROME CABLE

Cotporation.

ROME - NEW YORK
and
TORRANCE - CALIFORNIA
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COMPLETE

so Narda terminations
can't be burned out, eh?"

Of course, we mean microwave power. That’s our statement : within
their designed frequencies, we don’t know anyone who has enough
microwave power available to affect our line of terminations.

People have tried, too! One correspondent tells us that he overloaded
our Model 320 by 100%), putting 1000 watts average power into
this termination which we rate at 500.

Made of aluminum with fins for effective heat dissipation, these
high power terminations cover the entire waveguide band with an
average VSWR of only 1.05. Standard cover flanges are provided.
Narda terminations may be pressurized for increased peak ratings.

Write for our catalog describing the complete line of Narda microwave
and uhf test equipment. We also like
to apply our skills and considerable
experience to unusual problems in
microwave and uhf. Give us a call if
you have a problem.

the narda corporation

160 HERRICKS RD., MINEOLA, N. Y. « PIONEER 6-4650

Want more information? Use post card on last page.

INSTRUMENTATION FOR MICROWAVE AND UHF

PRODUCTION TECHNIQUES {continued)

Placing etched if strip on fixture in
which dielectrit pieces for i-f coils were
previously positioned. Strips of sponge
rubber on fixture position guides for
pieces

the thin plastic dielectric sheets
are die-cut out of long strips hav-
ing a special adhesive backing, to
produce pieces corresponding in size
to the windings that must be cov-
ered. Strips of linoleum are used
as carriers for the punched strips.
An infrared lamp arrangement at
the right of the operator preheats a
loaded linoleum strip. When ready
for more pieces, the operator pulls
the heated strip closer to her and
picks off the pieces one at a time
with a pointed tool. These pieces are
placed adhesive-side-up in nests on
a metal fixture having positioning
pins for the wiring board. An
etched and punched wiring board
is then dropped over the positioning
pins, wiring down. This insures
precise positioning of the dielectric
pieces over the three windings.
The wiring board, with the pieces
adhering loosely, is then transferred
to a heated die controlled by a Fen-
wal Thermoswitch on the bed of a
Denison Midget Multipress. Oper-
ating the valve of the hydraulic
press gives the required combina-
tion of heat and pressure to fuse the
dielectric pieces in position.

Prestripping Heater

AUTOMATIC STRIPPING of plastic in-
sulation on wire is facilitated by
placing a preheater ahead of the
Artos or other stripping machine.
The preheater developed for this
purpose by Stakwhite Co., Tyler
Park Station, North Bergen, N. J.
is mounted on a metal frame hav-
ing a positioning scale on the cross-
arm. This permits setting the

March, 1956 — ELECTRONICS
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MISSOURI

is virtually

DEBT FREE

Only $2.52 per capita! The average of
all 48 states is $50.02 per capita — 20
times higher than Missouri! Only 5
of the smaller states have a lower per
capita debt than Missouri.

Just one of the many reasons

why MISSOURI is an ideal

location for ELECTRONICS
manufacturers.

Missouri’s low debt, central shipping
location and conservative tax structure
help you build a more profitable opera-
tion here. In addition, the skilled
workers you need are ready to go to
work for you. Unlike most industrial
areas, no critical labor shortages exist in
Missouri’s many industrial cities. Extra
bonus: Missouri is the heart of the
“Safety Circle”.

Let us “tailor-make” a plant
for you.

Seventeen Missouri cities are ready to
build to your plans, then lease to vou
on long, favorable terms. Or take your
choice of 181 industrial buildings avail-
able now.

Find out how you can make extra
profits — by locating in Missouri. Our
“tailor-made” plan is available to you!

PHONE COLLECT or write today

\ Lisle Jeffrey,

Industrial Director

Dept. C692

MISSOURI DIVISION OF
RESOURCES &
DEVELOPMENT

Phone Jefferson City 6-7185
Jefferson City, Missouri

\

Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES (continued)
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Pulleys on vertical supports guide wire
through preheater mounted on thumb-
screw-locked rider on calibrated scale

L

Installation of preheater on bench be-
tween reel of wire and automatic cutting
and stripping machine

heater accurately at the position
where the wire will be cut and
stripped a few moments later. A
knurled locking screw permits
changing the position of the pre-
heater quickly when changing the
setup for a different wire length.

Heating serves to expand the in-
sulation so that the wire strips
freely without untwisting of
strands. With preheating, adjust-
ment of the cutting and stripping
blade is no longer critical, making
it easier to set the blade so there
is no nicking of solid wire or cut-
ting of strands.

Oval Water Pan Washes
Tube Pins Better

CHANGEOVER from a rectangular
to an oval water pan alongside a
tube-pin solder pot greatly im-
proved water circulation around
the pins, thus giving better clean-
ing of flux or residue from the
soldering operation. The change
was suggested by Leslie~C. Lam-
phere of Sylvania’s Emporium
plant, and resulted in a suggestion
award of $20.

With the new pan, water enters

www. americanradiohistorvy com

TRANSMITTER

and

" RECEIVER
" ENGINEERS
|

College graduates with
4 years experience for
challenging develop-
ment work on new and
unique communications
systems. Experience
should include one or
more of the following:

HF OR VHF RECEIVERS
AND TRANSMITTERS

AUTOMATIC ANTENNA COUPLERS

FREQUENCY SYNTHESIZERS

You are invited to mail
your complete resume
to the address below.

Scientific Staff Relations

HUGHES

RESEARCH AND DEVELOPMENT
LABORATORIES

Chulver City, Los Angeles County, California
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HucHEs ProbucTs
announces the
MEMOTRON — first

in a series of
direct-display cathode

ray storage tubes available
Jor laboratory and
industrial applications,

MEMOTRON direct-view
storage tubes capture

and retain waveforms visibly
until you erase them
intentionally. Now
non-recurrent phenomena
can be held and

studied directly on the
viewing screen.

ELECTRONICS — March, 1956
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Successive
traces of
waveforms
associated
with one-shot
multivibrator,
visually
stored by
MEMOTRON.

FOR
TRACES
THAT

STAY

SAVE VALUABLE TIME

AND WASTED FILM

Transients need not be photographed unless a permanent
record is required for your files. When such a record is
required, photography is greatly simplified, because

all displays occur at the same brightness regardless of
differences in writing speeds. Therefore a single camera
exposure setting is sufficient.

The MEMOTRON will display and retain successive writings.
The tube will also store reference lines for convenient

data analysis. Ideal for plotting curves, the MEMOTRON
will write speeds varying from zero to Y4-inch per
microsecond, with all portions of the traces retained at a
constant, uniform brightness.

TyPOTRON — a character display storage tube —is another
item in the line of Hughes products. Our applications
engineers invite your inquiries concerning specific uses of
these tubes. At the I R E Show visit our booth, Number 753,
and watch demonstrations of the MEMOTRON

and other storage tubes,

GENERAL SPECIFICATIONS
RESOLUTION... 60 written lines per inch.
WRITING SPEED...at least 50,000 inches/sec.
(For selected tubes: up to 1/4-in./usec.)
BRIGHTNESS...50 foot-lamberts.
USABLE SCREEN DIAMETER...4 inches, minimum.
DIMENSIONS...Over-all length: 183/4 inches, * 1/2-inch.
Bulb diameter: 55/g inches, maximum.
Neck diameter: 21/4 inches, * 3/32-inch.

HUGHES PRODUCTS

A DIVISION OF THE HUGHES AIRCRAFT COMPANY

Please write for descriptive literature:

MENMOTRON
PRODUCTS DIVISION
HUGHES AIRCRAFT COMPANY
International Airport Station

Los Angeles 45, California

Want more information? Use post card on last page. 259
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SEE HOW
THE UNIQUE
TAILORED-TO-THE-JOB
PROPERTIES OF

DIAMONITE

HIGH ALUMINA |
CERAMICS g4

, are helping to solve .. .
4 many design and |

) production Vs

= i

. problems ;
for the /
electronics
industry

°

©
] :
®
"

RADIO ENGINEERING SHOW
NEW YORK, NEW YORK

MARCH 19 - 23

If you cannot attend the show, write for
illustrated technical booklet showing applications
and giving properties of this unique material, .

DIAMONITE PRODUCTS DIVISION
U. S. CERAMIC TILE COMPANY )
CANTON 2, OHIO o o

CX L

Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES {continued)

OPERATOR PLACES TUBES
ON THESE POST SUPPORTS

WATER ROLLED

2

e g 7__,{%1—»117“5
WATER WATER

=t OUTLET FINTAKE

= v

s

23

Y

Sketch showing construction of oval
water pan used for washing tube. pins
after soldering

at the bottom and is directed along
one long side of the pan. The out-
let for water is at the top center of
the other long side, so that water
circulates many times around the
pins when tubes are placed on the
two post supports. As a result of
this change, a tendency for tube
pins to corrode under certain con-
ditions has been eliminated.

Shock Mount Springs
Made from Wire Cloth

COMBINATION OF CIRCULAR and
convex-concave spring damping in
a shock mount made for airborne
electronic units by K. W. Johnson
& Co., Inc, Dayton, Ohio, has
boosted the efficiency of the damp-
ing to 95 percent and at the same
time appreciably reduced the
weight of the mount.

» Construction — The convexed

Double-reacting spring arrangement, with
circular spring between two concave-con-
vex springs

March, 1956 — ELECTRONICS



dual wax-Impregnated,
paper tubular capacitors.,

Charting the course of the future in the manufacture of
capacitors has always been the practice at Cornell-Dubilier.
Proof of this leadership is that capacitor developments
originated at C-D invariably become the standards of
comparison for the entire industry.

low voitage dry
electro ytic capacitors.

Typical of these “famous firsts” are the three examvles shown
bere . . . proof that whatever your capacitor requirements may be,
vour needs can be filled by C-D. Write to Cornell-Dubilier
Electric Corp., Dept. K-35, South Plainfields, N. .J.

m ONSISTENTLY ;| EPENDABLE

ORNELL-LJUBILIER GAPACITORS

PLANTS IN 83. PLAINFIELD, N. J.§ NEW BEDFORD, WORCESTER AND CAMBRIDGE, MASS.; PROVIDENCE AND HOPE VALLET, #. i.p
INDIANAPOLIB, IRD.) SANFORD AND FUQUAY BPRINGE, Ni O.) BUBBIDIARY. RADIART OCORP., OLEVELAND, OHIO.

capacitor used In sroximity fuse.

® THERE ARE MORE C.D CAPACITORS IN USE TODAY THAN ANY OTHER MAKE

ELECTRONICS — March, 1956 Want more information? Use post card on fast page. 261
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Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES

(continued)

Special die used on punch press to form,
cut and pierce the concave-convex spring
from beryllium copper wire cloth

springs are fabricated of beryllium
copper wire cloth, purchased in
100-foot rolls 2% inches wide. The
springs are formed and cut in one
operation with a special die on
a punch press to give a disk-
like dish of beryllium copper wire
cloth, After heat-treating, two of
these disks are fastened together
back-to-back, so the convex sur-
faces face each other. A brass eye-
let in the center binds them to-
gether. A circular coil spring made
of stainless steel is fitted around
the assembly in the V made by the
joining of the two beryllium copper
disks. This forms the main spring
action which absorbs the shock in
a vertical and radial pattern.

» Performance—Addition of the
coil spring prevents prolonged un-
controlled cycling. As a shock is
encountered, the motion of the
beryllium copper spring is resisted
by ths friction of the coil spring

Ends of wirecloth springs rest in wire
pads of mount

March, 1956 — ELECTRONICS
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‘What happeas when you test a ractifier? You
get an indicztion of forward and reverse current
and power characteristics. But, the ultimate
value of a sdenium rectifier must be determined
as a function of time plotted against electrical
characteristizs and environmental conditions.

Adequate, long-lasting circuit control should
be accomplished in the design stage, not by
replacement every few hundred Fours.

On extended life tests Bradley vacuum proc-
essed selenium rectifiers consistently outperforrc.
and outlas: similarly rated rectifiers produced by
other manu’acturers using other processes.

TIME IN HOURS

Write for a set of life test curves. They prawe the superiority
of Bradley Laberatories’ vacuum processed selenium rectifiers.

| | | 8
e o (e : BOOTH 722
| — | LR.E. SHOW

g
~ 4+ 300
s L
200

BRADLEY LABORATORIES, INC.

168E Codlumbus Avenue, New Haven 11, Connecticut

2.0 L5 1.0
RELATIVE REVERSE LEAKAGE CURRENT

Life test curves comparing reverse leakage of
Bradley vacuum processed selenium rectifiers
with units produced by different processes by

other manufacturers.
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Gamewell
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FEATURES

in RL-270
Precision Pots

The completely new Gamewell RL-270
series of Precision Potentiometers
greatly extends performance and de-
pendability.

Here are the important extras . . .

® New housings are dimensionally
stable, withstand higher temperature,
and are inherently moisture and fungus

PRODUCTION TECHNIQUES {continued)
against the convex surface of both
surfaces. It cushions the down-
ward action as it expands, and con-
tracts to level the upward surge.
This double damping action holds
magnification at resonance down to
about 1.5.

The combination of a stainless
steel spring and the beryllium cop-
per alloy cloth gives practically in-

o

Testing mounts on sand drop machine to
simulate variable-duration shock condi-
tions. Dummy electronic equipment used
on mounts can be adjusted to duplicate
any type of unit by adding or subtracting
weights

resistant.

® Positive precious metal spring con-
tacts (A at right) give dependable low-
resistance contact, even under severe
and prolonged vibration and shock.

® Closer tap spacing.

® Redesigned shaft and slip-ring (B at
right) reduces electrical noise and

% niam

8-32 NC-28 3-80LE5 EQUALLY

4
2498 2235 D1am.

minimizes wear. o Fgm]
® Longer wearing insulation-bridge . A
joint. 3

® Wide selection of resistance alloys for
optimum performance. er

Finished metal mount has natural fre-
quency of approximately 10 cps. No
separation occurs with 30 g shock at 11
millisecond duration

® Made for continuous operation from

~70° F to +300° F. Model Numkers

These RL-270 features meet high stand- & Sizes
ards for linearity and dependability, yet All dimensions same, exczpt “A" finite life, resistance to salt spray,
compare in price with the best com- RL-272.. 0. 5 inches high fatigue life and metallic com-
mercial precision pots. RL-270..ccvinnnnnn... 3 inches patibility that eliminates electro-
RL-270 . oiiiiiiiial . 2 inches Iytic action.
THE GAMEWELL COMPANY RLs2 Sl s e »- 1% inches In addition to the vertical shock
NEWTON UPPER FALLS 64, MASS. RL-277 .0 1V inches

that the spring must withstand,
there is also the problem of hori-
zontal movement stemming from a
rolling action. Many of the elec-
tronic units are up to 10 inches
high. Even the slightest displace-
ment at the bottom will result in a
magnification of the top movement
of the unit. This means that units
must be spaced so they don’t collide
in an exaggerated sway or roll con-
dition. With the beryllium copper

In Canada: Northern Electric Co., Ltd.

PRECISION POTENTIOMETERS

Manutacturers of
Precision Electrical Equipment siace 1855

264 Want more information? Use post card on last page.
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temperature

strength

quality

with new producfion

Greatly enlarged facilities now produce
high quality, pace-setting AlSiMag
Alumina ceramics in quantity lots. Com-
plete range of up-to-the-minute Alumina
compositions now permil you to design
to higher temperatures and higher
strengths. Advantages include improved
electrical characteristics at elevated tem-
peratures—beyond the melting point of
most metals. Higher tensile and impact
strengths. Greater resistance fo corrosion
and abrasion. Smoothness of texture.
Close dimensional tolerances. Custom
formulations for special needs.

Volume production

in a complete range of
precision parts,
including electron tube
shapes processed to be
highly porous,

readily degassed,
thicknesses

as low as 009"

® An outline of your requirements, en-
closing a blueprint or sketch, will bring
you full details.

KZX

s |

Visit Booth 124 at IRE Skow, Military Avenue

sern viar | SR INSIEEREC AN EAWA  cratanooca s, TENNEsSEE
LEADERSHIP Mian2scta Mining a:dSIMI:w‘{Jf:cturing Company

CORPORATIOMWN

Branch offices in theze cities {sce your local telephone directory): Cambridge, Mass. * Chicago, It - Cheveiand, Ohio * Jallas-Houston, Texas °

Indianapolis, Ind. *

los Angeles, Calif. » Newark, N. J. * Philadelphis, Pa. ® St, Lavis, Mo. * South San Francisco, Calif. * Syracuse, N. Y. * Tulsa

Okla. Canada: hrvihgton Varaish & Insulator Div., Minnesota Mining & Mfg. of Cinada, .1d., P. O. Box 757, London, On-ario. Al other expoart

Minnesota Mining & Mfg. Co., International Divisior 99 Park Ave., Me'w York, N. Y



When they don’t answer...

You finish the order, ship and bill it. The duc date
passes. Your Accounting Department sends a polite
note, asking for payment. They don’t answer, and
they don’t pay.

Nobody likes to press a good customer, or
discourage future orders. Meanwhile, you have
obligations of your own to meet, and your cash balance
is distressingly low.

The problem is not uncommon, especially with
growing business. Textile Banking has found a
satisfactory solution for hundreds of companies in
various fields. And may have the answer you need ...

If you are a manufacturer or wholesaler, with
annual sales of approximately $1,000,000, our
Working Money Plan will put your sales on a cash basis
.. . strengthen your cash position . . . eliminate vour
credit losses.

We can show you how to increase vour present
working capital without borrowing, or incurring
new debt—without diluting earnings or interfering
with management.

If you have any current or potential financing
problem you would like to discuss confidentially with
one of our officers, please write.

Textile Banking Co., Inc.

Providing operational financing for manufacturers

and distributors of furniture, apparel, electronics,
plastics and textiles.

5§ Madison Avenue, New York 10, N.Y.
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PRODUCTIOMN TECHMIQUES (continued)

spring system, the horizontal trans-
missibility at resonance is con-
trolled to approximately 1.0, so that
an instrument 734 inches high has
a top movement of but § inch.

» Advantages—The weight char-
acteristics of the components used
in the mount are another definite
advantage. The finished beryllium
copper mounts weigh only 3}
ounces, as compared to 4 ounces
and up for other types of mounts.
Use of between 2,000 and 3,000
such mounts in an average bomber
makes this weight saving impres-
sive because each pound of weight
saved In aircraft construction is
equal to about $8,000.

The beryllium copper wire used
in this application is supplied by
Little Falls Alloys, Inc., of Pater-
son, N. J. The wire cloth is ob-
tained from the Cleveland Wire
Cloth and Mfg. Co., Cleveland,
Ohio. The beryllium copper alloy
is produced by The Beryllium
Corp., Reading, Pa.

Tumbling Tube Parts
Gives Precision Finish
By A. W. KoLLOSCH
roduct Engineer
Sylvania Electric Products, Inc.
York, Pa.

CAREFULLY  controlled tumbling
procedures smooth off the burrs
and rough edges of tiny precision
stampings in Sylvania’s metal parts
plant. Millions of tiny parts are
produced per day from sheet stock
varying from 0.005 to 0.015 in.
thick for use in receiving tubes.
Some parts are so small that 50,000
of them can be held in the palm of
one hand. The metals used include
stainless steel. plain carbon steel,

As delivered from stamping press, grid
cups have nearly imperceptible burrs
around their edges
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RELIABILITY

Dependable performance is a quarter-century tradition at Motorola—
the world’s largest exclusive manufacturer of electronic equipment.

Under subcontract to Convair, Motorola engineered for reliability, and

is now producing the guidance equipment for the Navy's new

all-weather anti-aircraft missile, the “Terrier”.

Positions open to qualified Engineers and Physicists

MOTOROLA

COMMUNICATIONS & ELECTRONICS DIVISION
National Defense Department

2710 N. CLYBOWRN AVE.s CHICAGO, ILL.» Laboratories: Phoenix, Arizona and Riverside, California
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the job at the lowest possible cost.

Our files are literally bulging with the solutions
to tough spring problems. Chances are, the exact
solution to your particular problem is among
them. If it isn’t, you can be sure our experienced
Spring Engineers will arrive at it in short order.
Over the years they’ve turned their hand to the
solution of some classic toughies. And over

the years, Lewis’ facilities, experience and
reputation have combined to provide you with a

dependable source for the exact spring for

FREE LENGTH ¥

the solution to your

SPRING PROBLEMS —

is in our Files

N

SPRING
PROBLEM
SOLUTIONS

N

(o ]

P REC

Gl
i

7

S

= SPRINGS

oy

e ¥

e d
—«{ DESIGN FORMULATION I"
=! ACTIVE COiLs ) DEFLECTION j=— : =

Looking for the solution to a spring problem? Send us draw-

ings, specifications or samples today. No obligation, of course.

LEWIS SPRING & MANUFACTURING CO.

2656 W. NORTH AVE.

CHICAGO 47, ILL.

I O N

)

TN

The Finest Light Springs and Wireforms of Every Type and Material
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PRODUCTION TECHNIQUES (continued)

aluminum, brass, pure nickel, phos-
phor bronze, nickel-plated steel,
copper, tungsten, molybdenum, tan-
talum and even gold. On some parts
the tolerance may be =0.0005 in,,
on others, as small as #=0.0002 in,

» General Procedure—Before be-
ing placed in the barrels for pre-
cision barrel finishing, the parts
are given a thorough degreasing
treatment to remove every trace
of the heavy chlorinated oil with
were coated

which they during

[

Tumbling machine used in finishing grid
cups for electron quns

stamping. The appropriate barrel
(rubber-lined or steel) is then
loaded in five steps: (1) place the
designated number of parts in the
barrel; (2) add chips to the listed
percentage of the load; (3) add
the correct amount of water; (4)
add the specified tumbling com-
pound; (5) place the lid in posi-
tion and start tumbling.

The aluminum-oxide tumbling
chips (Lorco) are mostly No. 4,
the size of fine gravel. They must
be cleaned twice a week and are
screened weekly on a shaker
screen to eliminate the chips that
have worn undersize since the
previous screening. When re-
screening is done, an operator
picks out all foreign substances,
using a hand magnet to remove
the particles of magnetic material
that have found their way into the
chips. The twice-a-week cleaning
is done in the tumbling barrels,
using Lorco GW degreasing com-
pound.

Unloading of a barrel after
tumbling must be done with ex-
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Functior

Transmitter
Control

Transformer

Contre!
Transformear

Resolver

Repeater

Differential

Type
Number

CGC-8-A-7
CTC-8-A-1

CTC-8-A4

CSC-8-A-1 ;

\

CRC-8-A-1

CDC-8-A-1

Primary
Element

Rotor
Phase

Stator
3 Phase

Stator
3 Phase
Stator
2 Phase

Rotor

2 Phase
Rotor

1 Phase

Stator
3 Phase

Total Nulf max. 30mv for each unit
Also available in 115v 400cy primary, 90v secondary Transmitters, C.T.'s, Receivers

ELECTRONICS — March, 1956

Excitation
Voltage
400 ¢y.

26.0

11.8

11.8

Input
Current
(ma.)

100
90
37
84
39

100

85

Input
Pawer
(Watts)

.50
23
09
27
A3
.50

.21

Primary

Impedanie

Secondary
Open
(Phase)
544
j260
28+
jneG
674
270
38+
j136
2804
600

544
1268

74
j120

Primary
Resistance
(line)

37.0
24.7
59.5
27.0

230
37.0

25.0

Secondary
Element

Stator
3 Phase

Rotor
1 Phase

Rotor
1 Phase

Rotor
2 Phase

Stator
2 Phase

Stator
3 Phase

Rotor
3 Phase

Output
Yoltage

24.0
23.2
10.6
11.8

11.8

Primary
Open

(Phase)
124
145
2204
740
508+
j1680
280+
620
384
j136
12+
45
384+
j122

Secondary
Impedance Secondary
Impedance

Primary
Sherted

154+
i3.5
26+
60
640+
j190
34+
75
70+
i29
15+
i35

47+
14

Secondary
Resistance

(line)
11.8

143
381
230
27.0
11.8

36.0

Phase
Shift
Degrees

8.0
85
9.2
11
20
8.0

9.0

Sensitivity Accaracy

my. /deg.

200

400

400

400

180

200

200

Minutes
Max.

7

7

/4

7 Rator
7 Stator

*Torque 2400 mg.-mm./degree from CGC-8-A-7

WHY USE 1945 SYNCHROS IN 1956 DESIGNS?

Clifton’s new Size 8's can take the plz}ce Qf
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. In equipment
which must be flown, why load on extra weight?

Samples are available from stock, quantipies
from the production line.

VISIT OUR EXHIBIT, BELMONT PLAZA HOTEL

I.R.E. Convention, New York City, March 19-22

Want mere infarmation? Use post card on fast page.

waany americanradiohistaorns. cam

269




i
N[N

Link Aviation, Inc., one of the world’s leading manufac-
turers of analog computing equipment, has built over $100
million worth of computer-actuated devices in the past
five vears. Most of this electronic computing equipment
has been custom-designed to meet the highly specialized
requirements of complex military training devices.

Our development activity embodies the fields of flight and
radar simulators, missile and gunnery trainers, special
purpose computers for laboratory and industrial applica-
tions, electronic laboratory instrumentation and specialized
optical devices.

In a recently established program to develop top-flight
technical men for management positions, we are seeking
electronics engineers with the following qualifications:

1. Advanced degree in E. E., Engineering Physics or
Applied Science.

2. One or two years’ experience since altainment of

advanced degree.

3. Training, experience, and interest in feed-
back systems, analog computation, vacaum tube or
transistor circuitry (with particular emphasis on
low-frequency or instrumentation applications),
instrument servomechanisms.

The men we seek are making rapid progress in their
present jobs, but are interested in greater opportunities
unrestricted by age, seniority, rigid salary structures,
formalized tables of organization, and other administrative
obstacles. Our high order of dependence upon key technical
men creates a challenging opportunity for superior en-
gineers which we feel is unusually attractive.

Please send full details of your qualifications to:
MR. JOHN M. HUNT, Manager of Engineering

AVIATION, INC.

LINK AVIATION, INC., BINGHAMTON, N. Y.

PIONEER AND WORLD'S LARGEST PRODUCER OF JET FLIGHT SIMULATORS

E A subsidiary of General Precision Equipment Corp.

Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES (continued)

treme gentleness to avoid marring
the delicate parts. On grid cups
and other fragile parts, the chips
and parts are dumped together
into one 10-inch-square box at a
time. The contents of each box
are then turned out carefully on
a shaker screen for separation.
Tumbling procedures vary a
great deal because of the myriad
variations in the parts being proc-
essed. Two typical examples, one

Inspecting parts that have been dried
by tumbling in sawdust

simple and the other very com-
plicated, will be given.

» Tumbling Grid Cups—One part
requiring dimensional exactitude
is the small stainless-steel cup,
roughly % in. in diameter by # in.
high, that serves as the lens of a
television picture-tube electron
gun. A small hole 0.025 in. in
diameter is punched precisely in
the exact center of the cup, to pass
the desired beam of electrons.

The finished parts are required
to have smooth edges, no burrs
on the edge of the cup or the tiny
hole, a bright, clean surface and
no water stains. The latter two
requirements are considered to be
the most difficult.

Tumbling is done in a two-com-
partment barrel. Two full 10-inch-
square boxes of the thimblelike
parts are loaded into each of the
2-cu-ft compartments, and No. 4
chips are added to constitute 60
percent of the total load. Hot wa-
ter is added to a depth of 2 in.
above the level of the load and
finally a cup of liquid descaling
compound (Lorco DL). This is a
concentrated liquid acid com-
pound, used here to assure a
bright, shiny finish.

The load of parts and chips is
tumbled for 1% hours at 16 rpm.
After tumbling, the parts are
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...KINNEY MAKES VACUUMS ECONOMICAL!!

Vacuums played an important part in the develop-
ment of the incandescent lamp . . . just as vacuums today
play an equally important role in the design and manu-
facture of tubes for the electronics industry. Vacuums, to
meet stepped-up production demands, must be efficiently
produced . . . by reliable means . . . to effect the econ-
omies necessary to keep products competitively priced.
This is where Kinney fits into the vacuum picture.

Kinney has developed the world’s largest line of
mechanical high vacuum pumps, offering more models,
more capacities, and more types than are available else-

write

today

of Kinney Vacuum Pumps.

® Please send Bulletin V54 describing the complete line

where. The most efficient pump, the one to make your
operation most economical, is the one that best fits your
particular requirements. Kinney models range from 2
cu. ft. per min., ¥4 h.p. to 780 cu. ft. per min., 40 h.p.
Request complete data or contact one of our competently
staffed district offices for a speedy solution to your
vacuum problem. District offices are located in Chicago
(La Grange), Cleveland, Los Angeles, New York, Phila-
delphia, San Francisco, and St. Louis. The Los Angeles
office also offers complete inventory and shop facilities.
Send the coupon for more details — today.

Kl N N EY MFG. DIVISION

THE NEW YORK ARIR BRAKE COMPANY (::)
3565 WASHINGTON STREET « BOSTON 30 « MASS. Company

INTERMATIDOMAL SALES OFFICE, 90 WEST ST, NEW YORK &, N.Y.

Street

Our Vacuum problem involves

ELECTRONICS — March, 1956
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CERAMIC

RESISTOR

CORES

A special porcelain body is used in the production of Lapp
Resistor Cores. It provides a flawless surface of such nature
as properly to receive a uniform deposit of carbon or boro-
carbon. It also has a temperature coefficient of expansion
matched to that of the deposited film . . . to provide a constant
resistance against temperature change. These resistor cores
are produced in close tolerances for straightness, roundness
and length . . . they reflect the same quality of workmanship
and materials long associated with Lapp. Write for complete
information on Lapp Resistor Cores. Lapp Insulator Co., Inc.,

Radio Specialties Division, 247 Sumner St., LeRoy, N. Y.

Want more information? Use post card on last page.

PRODUCTION TECHNIQUES (continued)

given a hand dip rinse in cold
running water and then dried with
hot air in a centrifugal drier.
Though this is a simple job in
theory, in practice it has proved
quite difficult to develop a proce-
dure that would secure satis-
factory results. Insignificant
scratches, tiny dents or specks of
minute discoloration are all causes
for rejecting the tiny cups.

» Tumbling Top Caps—The anode
cap for a high-voltage rectifier
is a thimble roughly + in. in di-

ameter by 1% in. high, having a

Finished and approved parts after tum-
bling. Grid cups are below.

flanged base % in. in diameter. A
row of six holes runs around the
bottom of the tube, just above the
base. This deceptively simple part
is formed from a special alloy that
has the same coefficient of expan-
sion as glass. In subsequent proc-
essing, the cap will be fired for %
hour at 2,300 F in wet dissociated
ammonia and will then receive a
glass seal.

Unless the part emerges from
the tumbling barrel in an almost
perfect state of cleanliness, the
thin band of glass will not prop-
erly adhere. To avoid peeling and
to assure a perfect seal, a com-
plicated four-stage tumbling pro-
cedure has been carefully worked
out. Parts not tumbled by this
method may look just as bright
and clean to the eye, but unless
all details of the procedure are
faithfully followed, the parts will
be rejected later on.

In the first stage, no parts are
tumbled. The chips, which will in
later stages constitute 40 percent
of the total load, are placed in one
4-cu-ft compartment. Cold water
is added to a level of 8 in. above
the chips, then 13} cups of Lorco
GW degreasing compound. This
viscous, pale-amber liquid is a
highly concentrated detergent and
wetting agent. The chips are tum-
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QUALITY LEADS FOR QUALITY TUBES
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OVER 2 DECADES OF COMPONENT MANUFACTURING EXPERIENCE

Precision machines, skilled technicians and constant
quality controls assure that Haydu lead-in wires
will better your product.

Each step of production, from the selection of raw

On your next lead-wire requirements, consult our
sales or engineering department.

Specializing in:

materials ta the uniform precision finished product,
is subjected to exhausting quality cont-ols — in-
cluding Haydu’s famous microscopic inspection. e Molybdenum
Haydu’s years of proven dependability in quantity '

. . . e Nickel
production of quality products is your gLarantee of
better performance at a lower cost. e Nickel-clad copper and alloys

HAYDU &

BROTHERS OF NEW JERSEY

PLAINFIELD. N. J. P
SUBSIDIARY OF BURROUGHS CORPORATION i)

e Tungsten

SEE US AT BOOTH #335
MARCH IRE SHOW
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TRANSFORMERS
for your SPECIAL

REQUIREMENTS

TWO NEW

i
SPECIAL
UNITS

Resistance Welding Trans-
former with eight point tap-
changing switch on primary wind-
ing. Used for a varying secondary
current output. Unit shown is 3
KVA. Units are available from .5
to 50 KVA.

High Voltage Plate Trans-
former for use under oil with
other equipment in same tank.
Unit shown is 50 KV center tap
grounded, 4 KV A and high imped-
ance. Note plastic insulation shield
between coils. This unit available
from 100 VA to 100 KVA.

i
.
3
L
E

For any special transformer, you will get the highest
quality, the” fastest delivery, the most reasonable cost and
the highest efficiency from Nothelfer Winding Laboratories.
Their production is geared to the manufacture of special

: transformers, chokes and reactors.

|
4 Write for complete
information, specifying
your particular requirements.
@ WINDING LABORATORIES, Inc.

P. O. Box 455, Dept. 102, Trenton, N. J.

274 Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES (continued)

Checking dimensional accuracy of a ten-
fold-magnified shadow of a grip cup.
using optical magnifier

bled for 5 minutes at 19.5 rpm
and then rinsed with cold water.

Before the parts are added,
everything else is prepared for the
next run. The water level is low
—1 inch under the chip level.
Three and a half cups of tumbling
compound are added to the water.
The compound is Lorco 3A, which
contains a fine abrasive and a
strong cushioning agent to soften
the cut. Tumbling is done for 1
minute at 19.5 rpm without parts
in order to secure uniform suspen-
sion of the powder compound be-
fore the parts are added. Normal
load includes 24,000 parts. Tum-
bling is done for 4 hours at 19.5
rpm, followed by a cold water
rinse.

The third stage is again a de-
greasing and cleaning run. The
water level is restored to 3 in.
above the chip level and 1% cups
of Lorco GW degreasing com-
pound added. Tumbling is done
for 2 minutes at 19.5 rpm. The
parts are then rinsed with cold
water, taken from the barrel and
separated from the chips.

The parts are transferred to
two compartments of another bar-
rel for the fourth stage, which is
purely for drying. Sawdust is
added to constitute 80 percent of
the total load and the parts are
tumbled until dry at 18 rpm.

These two procedures may be
taken as representative of the de-
tailed tumbling procedures that

March, 1956 — ELECTRONICS



PROPERTY AND APPLICATION DATA

ON THESE VERSATILE ENGINEERING MATERIALS:
“ZYTEL, “ALATHON,” “TEFLON,” “LUCITE."

NEWS

Type-U clamps manufactured by Dakota Plastics
Co., Compton, California,

Type-U clamps of “‘Zytel”
save time and money
in wire bundle installations

Combining the characteristics of heat
stability, flexibility and impact
strength, Du Pont’s “Zytel” nylon resin
is now being molded as a clamp as-
sembly for holding wire bundles. This
clamp makes it unnecessary to tie the
bundles, a practice which often re-
sulted in cutting through the insulation.

These clamps cut installation and
rewiring costs by simplifying applica-
tion and reducing tool requirements.
Fuel resistance of “Zytel” makes these
clamps especially useful in aircraft and
automobile manufacture.

Du Pont “Zytel” may be just the
material you need to solve a design
or operation problem. Further data on
this engineering material—property
tables, typical applications, and pro-
duction techniques — are available,

NEED MORE
INFORMATION?

CLIP THE COUPON for
additional data on the
properties and applica-
tions of these Du Pont en-
gineering materials.

Superior capacitor dielectrics made possible
hy unique properties of TEFLON®

These typical capacitors of “Teflon" range in
size from .001 mfd at 24,000 volts to .0004 mfd
at 6,000 volts. (Manufactured by Condenser Prod-
vcts Co., Division of New Haven Clock and Watch
Co., New Haven, Connecticut.)

Standoff and feed-through terminals of
“Teflon'" are constructed in both miniature and
sub-miniature sizes. They provide economy by
reducing installation time and assembly costs.
These terminals of “‘Teflon'' are one-piece con-
struction and can be simply and permanently
mounted into chassis holes by press fitting, using
an inexpensive insertion tool—no other hardware
is needed. (“Press-Fit" terminals manufactured
by the Sealectro Corporation, New Rochelle, N. Y.)

The physical, chemical, and elec-
trical properties of Du Pont “Teflon”
tetrafluoroethylene resin offer high
insulation resistance at high tem-
peratures. “Teflon” remains flexible
through a wide temperature range,
from a high of 500°F. to —450°F.
It is inert to virtually every commer-
cially employed chemical or solvent.

“Teflon” has zero moisture ab-
sorption by A.S.T.M. test, good
mechanical strength, low dielectric
absorption, small voltage-derating
factor for high-temperature opera-
tion, high insulation resistance, and
a low loss factor. In combination
with other materials, “Teflon” is
used for power and transmitting ap-
plications and for pulse-forming
networks.

The properties of “Teflon” are
applicable to a variety of uses in the
electronic field — in applications
where miniaturization and compact-
ness of design are essential, and for
uses where equipment is exposed to
corrosive action. “Teflon” is unaf-
fected by sunlight or outdoor weath-
ering. Specific electrical uses include
insulation and molded parts for all
types of motors, transformers and
other equipment; and coaxial cables
for radar and television.

Complete property and applica-
tion data on this versatile Du Pont
enginecring material are avaiable.

E. 1. du Pont de Nemours & Co. (Inc.), Polychemicals Department
Room 223 Du Pont Building, Wilmington 98, Delaware.
In Canada: Du Pont Company of Canada Limited, .O. Box 660, Montreal, Quebec

Please send me complete Name._ ——

roperty and application .
property pp Firm Namie____
“Zytel” O3 Position

1 am interested in evaluating
these materials for

City

Tvpe of Business
Strect Address

_State.

|
|
|
|
|
: data on Du Pont “Teflon” O
|
|
|
i
|
1
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EXTENDED

FRE””ENCY RA”EE MODEL 80 W
2 Mc to 400 Mc
with these STANDARD SIGNAL GENERATORS MODEL 80-R
5Mc to 475 Mc

- FEATURES

® Direct-Reading scales and dials; individually calibrated.
® Convenient microvolt and DBM output scales.
® Accurate indication of output voltages at all levels.

® Low residual FM due to hum and noise.

® Provision for external pulse modulation.

Measurements’ Models 80 and 80-R Standard Signal Generators are
completely self-contained, extremely stable and accurate instruments.
They are designed for laboratory work ; testing and servicing of varied
radio, mobile communication and television equipment operating
within their frequency ranges. Accurate indication of output voltages
at all carrier levels is obtained with an integral precision barretter
bridge.

Expertly engineered and manufactured under most rigid specifica-
tions, these instruments are guaranteed to give exacting and depend-
able service.

SPECIFICATIONS

FREQUENCY RANGE: (Model 80} 2 to 400 Mc in 6 bands.

(Model 80-R} 5 to 475 Mc in 6 bands.
FREQUENCY ACCURACY: £ 0.5%
FREQUENCY DRIFT: Less than

OUTPUT VOLTAGE: Continuously variable from 0.1 to 100,000 microvolits
(=7 to =127 DBM).

£10% at 0.1 volt from 5 to 200 Mc.
£ 15% at 0.1 volt from 200 to 475 Mc.

MODULATION: AM is continuously variable from 0 to 30 % .
Internal modulation, 400 and 1000 cycles.
- External modulation, 50 to 10,000 cycles.

RESIDUAL FM: Less than 500 cps at 450 Mc for Model BO-R, and correspondingly lower
for both models at lower frequencies.

POWER SUPPLY: 117v, 50-60 cycles, 70 watts.
DIMENSIONS: 11, High x 195%™ Wide x 113"

' MEASUREMENTS
CORPORATION

BOONTON - NEW JERSEY

1% after warm-up.

OUTPUT ACCURACY:

Deep WEIGHT: Approx. 45 Ibs.

AnboraTog Standdl (A

Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES {continued)

have been worked out for each part.
The use of specialized compounds
is indispensable to the success of
precision barrel finishing. Alto-
gether, nine different compounds
are used, all manufactured by
Lord Chemical Corp., York, Pa.

After tumbling, a lot of 120
tumbled samples is examined
periodically for flaws. If as few as
5 flaws are found in one sample
lot, the entire day’s production of
the tumbling barrels must be
hand-sorted.

Servo-Wound Pots

By P. MaGNANI and R. CECHANEK

International Business Machines Corp.
Endicott, N. Y.

USE of a tension-spring resistance
element in a servo-wound air-core
precision potentiometer gives a
terminal linearity of 0.02 percent
with a high production yield., This
element is a suitable resistance wire
0.002 to 0.004 inch in diameter,
wound on a 0.02-inch wire mandrel.
After winding, the mandrel is re-
moved. This leaves a self-supported
spring resistance element with suffi-
cient initial tension to keep its indi-
vidual coils in contact with each
other. When tension is applied to
the ends of the spring, it will
stretch by an amount proportional
to the tension and, in doing so,
will change its resistance per unit
length. Thus, a means is provided
for readily controlling the resistiv-

POTENTIOMETER
BEING WOUND

AN T
NP P suppLY
| masTER f BOBBIN

POTENTIO-
lM?:Ti‘R o/ ;‘Q DIFFERENTIAL

ARM J
| SERVO
,\ AMPLIFIER

b

SPIDER DRIVE

SERVO CONTROL
MOTOR

FIG. 1—Servo winding technique
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e materials * new uses

.+ production methods

GIVE YOU THE
BEST IN SPRINGS
|  FIRST
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the scientist

or engineer

who has

more to offer. . .

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-
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

® 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

o Stimulation . . . Satisfaction
At IBM men find the kind of facil-
ities, associates and climate which
stimulate achievement.

® 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 403, 590 Madison Avenue,
New York, N. Y.

®

Producer of electronic

data processing machines,
electric typewriters,

and electronic time equipment.

During the IRH CUonven-
tion vigit the IBM Suite
at the Wualdorf Astoria
Hotel to discuss career
opporiunities tith mem-
bers of our professional
staff. Also see the IBM
Exhibit—Booth Nos. 77-
79 at the Kingsbridge
Palage,

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

PRODUCTION TECHNIQUES (continued)
ity of the resistance element.

The wound resistance element is
placed on a supply bobbin with ad-
jacent coils separated as indicated
in Fig. 1. After one end of the ele-
ment is attached to the potenti-
ometer to be wound, the required
length of resistance element is
ready to be transferred from the
supply bobbin to the insulated bob-
bin of the potentiometer.

> Servo Circuit—After loading the
resistance element as described
above, the final contact slider is
put in place and counnections are
made to it and to the two ends of
the element. The circuit is ar-
ranged so the spring forms two
sections of a Wheatstone bridge,
the slider serving as the common
Jjunction. During the winding op-
eration, the contact slider is fixed
in position and only the potenti-
ometer bobbin is allowed to turn.

A master potentiometer is con-
nected to complete a d-c Wheatstone
bridge. Input leads to a servo system
connect to the sliders in place of a
null indicator.

The contact slider of the master
and the bobbin of the potentiometer
being wound are on the same shaft,
gear-driven by a low-speed motor.

The servo motor drives the differ-
ential that alters the speed of the
supply bobbin to vary the tension
in the resistance element so as to
maintain bridge balance. Resistance
ratios are matched, hence any value
of master potentiometer can be
used.

The resistance element is held to
the bobbin by a thermosetting
cement applied before winding.
After baking, this provides a secure
bond.

With the servo technique, accur-
acy is much less dependent on the
precision of components, hence
manufacturing tolerances can be
less stringent.

» Accuracy—Linearity is depen-
dent only on the number of coils in
the potentiometer resistance el-
ement. This means that low values
of resistance can be wound as ac-
curately as high values. Phase-shift
characteristics are improved by the
air-core construction of the re-
sistance element.

The authors wish to express their
appreciation for the assistance re-
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CRUCIBLE PERMANENT MAGNETS

Jree maxeniiern enmyy LNt 4%9
Crucible prescription-made Alnico perma- these quality magnets ever since Alnico alloys
nent magnets provide consistently higher were first developed. You can get them sand
energy products. cast, shell molded, or investment cast to meet

This means greater design freedom . . . every size, tolerance, shape and finish need.
more compact products for manufacturers of Next time you need top quality magnets,
high-fidelity sound equipment, instruments, or help with magnet applications, call
controls, motors, and other magnet equipped Crucible. Crucible Steel Company of Amer-
devices. ica, Henry W. Oliver Building, Pittsburgh

Crucible has been a leading producer of 30, Pa.

[c n “ c l B I_EI first name in special purpose steels

Crucible Steel Company of America
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) N _ PRODUCTION TECHNIQUES inved
for complex WAVE‘ﬂ”E assemblies like this M 8 il

ceived from their coworkers and
various members of the BDHSA
staff in the development of the po-
tentiometer winding process, based
on the original efforts of C. I. John-
| son, manager of the project.

Servo-Conirolled Winding
Machines for Precision
PPotentiomelers

AN ELECTRONIC control unit that
measures resistance during a re-
sistance-winding operation greatly
improves the linearity of ten-turn
potentiometer mandrels in the
Hicksville, N. Y. plant of Fairchild
| Controls Corp. The wound copper
mandrel is later coiled around a
core on a hand-operated tool setup
to produce the required ten-turn

Compact packaging of this complex
Mixer-Duplexer typifies results
achieved with the combination
of Technicraft-designed components,
ond Technicroft’s manufacturing
know-how.

MAKE

TECHNICRAFT

YOUR PRIMARY SOURCE Y 57
Lesigned weth Frecision s ki, R o v s

ferring wound mandrel is at rear on

EM weith /ege&m Rzl
lstord with P ezt | i

SEE US AT I. R. E. SHOW ¢ BOOTH 520
Circuits Avenue, Kingsbridge Armory

SERVING RADAR AND COMMUNICATIONS WITH THE
BEST IN MICROWAVE TRANSMISSION DEVICES

IE[HNI[HAFIIABUHATI]HIEj

INCORPORATED

1550 THOMASTON RD. o THOMASTON, CONNECTICUT

Designers and Manufacturers of Rigid and Flexible Waveguide Assem- Method of tightening mandrel wires at
blies, Microwave Test Plumbing and Components, Waveguide Systems. tail end of machine

TECHNICRAFT

N
0
o
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MARCONPS

are the people for
F.M. equipment

MARGONI
F.M.
DEVIATION
METER
TYPE
TF 928

Basic carrier frequency range : 20 fo 100 Me; usable up 10 500
Me at increased input levels ®  Up to 100 Mc, an input of
55 mV is sufficient; inputs up to a maximum of 10 volts can
be accommodated ® Deviation read from large directly-
calibrated meter; three measurement ranges : 100, 200 and 400
ke full scale ®  Accuracy of deviation measurement assured
by built-in crystal standard

/

MARCONI

INSTRUMERNTS

-

MARGONI
F.M./A.M.
SIGNAL
GENERATOR
TYPE
TF 1066

® No spurious sub-
multiple outputs; r.f. oscillator generates direct at carrier
“vequency on all bands ® F.M. monitored and variable up

Carrier frequency range : 10 to 470 Mc

t0 100 ke deviation ® A.M. monitored and variable up
10 80% depth ® Output level variable from 0.2 ¥V to
200 mV @ Precision incremental tuning with frequency
change indicated on a directly-calibrated meter

% Some of our new designs may be inspected at the
I.R.E. SHOW, MARCH I9th-22nd. BOOTHS 260 & 262

VACUUM TUBE VOLTMETERS * FREQUENCY STANDARDS * OUTPUT METERS
DEVIATION METERS -

AUDIC AND VIDEQ OSCILLATORS

F.M. & AM. SIGNAL GENERATORS -
Q METERS

WAVEMETERS
WAVE ANALYSERS

Full data and prices will be mailed immediately on request

44 NEW STREET + NEW YORK 4

CANADA : CANADIAN MARCONI COMPANY,
MARCONI BUILDING, 2442 TRENTON AVENUE,
MONTREAL.

ENGLAND: Head Office: Marconi Instruments Ltd., St. Albans, Herts. Managing Agents in Export : Marconi’s Wircless Telegraph Co. Ltd., Marconi House, Strand, London, W.C.2

ELECTRONICS — March, 1956
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MERCURY
696- | | SR PACK
3RG-3 | yow v s with PLUG

282

MERCURY
PACK with
Pigtail
LEADS

Let's go PARTNERS IN PROGRESS

General Mercury Batteries are helping manufacturers in the
Radio, Electronic and TV fields take even greater advantage of
transistors. Hearing aids, radios, guided missiles, Geiger count-
ers are some of the products General Mercury Batteries have
given improved performance. Why not investigate the possibil-
ities of these small but powerful batteries for your product?

General Mercury Batteries can be made in “power packs” in
an unlimited number of series, parallel or series-parallel com-
binations. These “power packs” are made up of individual cells
joined together by General’s special surge-weld process which
makes a better battery with constant potential, uniform rate of
discharge, resistance to humidity, corrosion, impact and accel-
eration . . . a battery that is usable over wide temperature and
pressure ranges.

We will be glad to work with you. Complete technical data
will be sent on request, and specific questions gladly answered.

We'll see you at our Booth #388 at the IRE Show

13000 ATHENS AVE. CLEVELAND 7,
BOulevard 2-0030

L

EXPORT OFFICE: 431 5th Ave., New York 16, New York
IN CANADA: General Dry Batteries, Ltd., Toronto 4, Ontario

Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES (continued)

Winding head of machine, showing
gear drive for revolving spoecl around
mandrel. Contact fingers mounted on
winding head measure resistance con-
tinuously as part of elecironic serve

helix. The machine can be used for
winding either single-mandrel or
double-mandrel elements.

The first step involves loading the
mandrels. These are rigidly at-
tached at the head end, threaded
through the winding mechanism
and through a hole in the tail-end
support, then anchored in tighten-
ing bolts that work very much like
violin-string tighteners. Two man-
drel wires are generally used, to
give a larger area for the resistance
wire.

The winding unit itself is moved

Picking finished mandrel off machine
with holding rod, without releasing
tension

March, 1956 — ELECTRONICS



SPECIAL

TRANSFORMERS for...

RADIO ¢ TELEVISION ¢ MILITARY

ECIAL APPLICATIONS

Plate Trt #€rs © Modulation Tragsformers ® Reactors
Filament Transformers o Unit Rectifie ¢) Pulse Trans-
formers e Charging Reactors e Oil, Askarel, Dry Type
(Groups 1, 2 and 3) e Per Mil-T-27, RETMA Specifications.

Moloney quality, backed by more than 60 years of transformer
experience, is designed and built into each unir.

This engineering background and experience enables Moloney to
produce transformers that offer the maximum in reliability, endur-
ance and efficiency at a minimum of size and weight.

MES6-3

Radio & TV

Radio & TV
Special Applications

Write for Catalog
SR 206 “HyperCores
for Magnetic
Components’’ and
Catalog ST 3506
“Magnetic Components
feElestonicst HYPERCORE CORES
for smaller, lighter, low
loss transformers

M O L O N E Y E L E € T R i © C O M P A N Y

HyperCores for Magnetic Components « Plate and Filament Transformers, Chokes, Unit Rectifiers « Modulation

Transformers and Reactors ¢ Pulse Transformers and Charging Chokes ° Power and Distribution Transformers
SALES OFFICES IN ALL PRINCIPAL CITIES ® FACTORIES AT ST. LOUIS 20, MO. AND TORONTO, ONT., CANADA
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Which Cable ForYour Job 7

Dependon PHALO for the Answer/

in removing the fences that sep-

This man is surrounded with
perfectly good cables . . . may-
be one of them will fit his
special requirements. However,
the chances are that he’ll need
a custom-made cable, one de-
signed exactly for his task.

Here at Phalo we specialize

arate average cable perform-
ance from superior cable per-
formance. Send us the “specs”
that have been adding gray
hairs to your head. We'll turn
the stumbling block into a step-
ping stone to product or service

success!

Ask For The Complete Phalo Catalog

PHALO

PLASTICS CORPORATION

e He (gm&»ﬂ (ga/i/( .%me

CORNER OF COMMERCIAL STREET

WORCESTER, MASS.

Insulated Wires, Cobles -~ Cord Set Assemblies
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PRODUCTION TECHNIQUES (continued)

along the machine by a lead screw
and is gear-driven by a sliding
keyed gear on the main drive shaft.
The spool of wire thus rotates
around the mandrel while it ad-
vances along the machine. Carboloy
wiping contacts riding about # inch
apart on the winding measure the
resistance continuously and act
through the servo control to adjust
the relative speeds and give a linear
winding.

After a mandrel has been wound,

Applying varnish to finished mandrel
in holder with varnish-filled trolley car

Placing holder containing wound man-
drel in fixture used for winding mandrel
onto core

it is transferred to a heavy holding
bar without releasing its tension,
then released from the winding ma-
chine, The next step is varnishing,
which is done by placing the man-
drel holding bar in a fixture on an-
other table and running a tiny
varnishing car under the mandrel
for its entire length. This car runs
on rails and has a freely rotating
pulley half-immersed in the varnish.
As the car is pushed down the track
by the operator, the pulley applies
an even layer of varnish to the
lower end of the mandrel. The

March, 1956 — ELECTRONICS
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for further information call:

RHEEM MANUFACTURING COMPANY

.................................................................

REL-200 SERIES MODULAR POWER SUPPLY

The Rheem Modular Power Supply system

consists of six (6) basic power units and six (6)
regulator units. These “building block” units can

be used individually as required, or in any desired
combination. The system is designed to meet the D.C.

power supply requirements for most missile or airborne
applications where 400 cps primary power is available.

power rectifier sub-unit used in the unit.

The regulator units can provide any regu-
Jated voltage from 135V to 350V DC with the same cur-
rent ratings available as for the basic power units. The
output voltage from the regulator is determined by ad-
justment of the proper plug-in control sub-unit in the
regulator unit. The proper unregulated input voltage
for that range is supplied from a basic power unit. In
addition. the basic power unit furnishes the filament
power and a floating auxiliary low voltage source which
is reguired for the regulator units. These voltages can
be used for other suitable requirements when a regula-

~tor is not used with the basic power unit. (If the floating

auxiliary low voltage source is not required from a basic

_powen unit, the unit can be supplied at a saving in cost

withoutan auxiliary power rectifier sub-unit.)

The units are designed to operate in an ambient.tém,
perature range:from -50°C to-}-125°C, and are con-
structed to the highest military specifications of wig-
gedness and reliability. ol

GOVERNMENT PRODUCTS DIVISION
RESEARCH AND DEVELOPMENT LABORATORIES

ELECTRONICS DEPARTMENT . . . .
yisit RHEEM. at boath No. 309 at the LR.E. SBOW. March 19 thru 22, 1956 KINGSBRIDGE ARMORY New York Gity, N. ¥.

ELECTRONICS — March, 1956

9236 EAST HALL ROAD, DOWNEY, CALIF.
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(Future development of basic power units is planned, using
power transistor oscillators, to operate directly from 28V DC.)
Unregulated voltages from 250V to 475V DC in 25V steps are
available from the basic power units in current ratings of 5 to 50
ma., 20 to 200 ma., and 40 to 400 ma. The output voltage from
a basic power unit is determined by the proper plug-in main

REL-11

REL-11 units are
ideally suited for regu-
lation of existing power
supplies. :

These units are designed
to operate under the
most Tigorous environ-
mental conditions and
to meet the most exact-
ing specifications re-
quired by modern
systems.




MS-25089

PUSH-BUTTON
SWITCHES

. . . designed to MIL-S-6743 specifi-
cations for aviation’s toughest jobs.

Fully moistureproof

Positive snap-action cannot be teased off
contact

Withstands 20G vibration up to 2,000 cps.
Made in six single-pole circuit arrangements

Choice of 7 mounting adapters (illustrated)

Rated for 25,000 operations at 10 amps, 28
volts dc.

Detailed specifications on the com-
plete line of Hetherington precision push-
button switches designed to MIL-S-6743,
drawing MS-25089 will gladly be sent on
request.

HETHERINGTON, Inc.
1200 ELMWOOD AVENUE +* SHARON HILL, PA.
West Coast Division:

139 lilinois St. 4 J:;o
El Segundo. Calif. :

HETHERINGTON
S waf -;45&'0“ Suctehes

SNAP-ACTION SWITCHES FOR ALL AIRCRAFT AND

PRECISION INDUSTRIAL APPLICATIONS * INDICATOR

LIGHTS ¢ SWITCHES WITH BUILT-IN LIGHTS ¢ HIGH-
IMPACT RELAYS * COILS * SOLENOIDS.

See Us At The LR.E. Show—330 Computer Ave.

286 Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES (continued)

Applying varnish in grooves of plastic
ccre while rotating core with hand
wheel at rear. Mandrel-holding clamp
shows clearly below core

Method of anchoring start of mandrel
to core with pin

[ Winding mandrel on core, after remov-
ing marndrel holder

March, 1956 — ELECTRONICS
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HIGH INPUT IMPEDANCE
e AL STABILITY RECORD
=" b C amMPLIFIER - MOt 10
EXTREMELY LOW NOISE f Goseeoe:
T ee LA N ]

2 UV DRIFT
10 ACCURATE GAIN RANGES

INSENSITIVE TO OUTPUT LOAD IMPEDANCE CHANGES PLUG.IN MODULE DESIGN

HIGH LEVEL OUTPUT LEVEL 25 VOLTS N 3 A CVreeay

The new KAY LAB Model 110 Amplifier is a low drift, high gain, chopper stabilized, broad band DC amplifier incorporating proven KAY LAB chopper
amplifier circuitry. Small modular plug-in construction makes it ideally suited for group rack mounting as a part of permanent instrumentation facilities
or as a general faboratory instrument in a portable cabinet. Ten precise feedback controlled gain ranges are provided. Low noise allows accurate amplifi-
cation of microvolt signals. A completely new and unique output circuit provides unsurpassed linearity and dynamic performance — unaffected by output
Joad impedance variations over a wide frequency range.

APPLICATIONS: Ideal strain-gage amplifier . . . vibration studies . . . transducer amplifier . . . scope preamplifier . . - single or multiple channel recorder
driver . . . impedance matching “DC transformer” . . . general laboratary instrument wherever precise gain is required for amplification of microvolt signals.

' SPECIFICATIONS
! Gain 0. 20, 30. 50, 70. 100, 200 300. 500, 700, 1000 + !% OC POWER REQUIRED 0.9 watt each unit plus 0.6 watt each adaptor

‘nput mpegam: . ICC’H\,J Q ) Oimensions: Amplifier unit . wide, 7% high, 144" deep

‘l“” ‘y‘ e . 3 34 OC[tollronki less than 3 db down at 30 ke Unit in cabinet wide, 975" high, 18%" deep

Equivalent Input Qrift 2 v when used with regulated fine voltage Rack adaptor for 3 units 19" wide, 8% high. 18%" deep

0 ge ir Net Weight
5 pv ch Shipping Weight
| fqui Noise [ ak e -
| pv RM
ess 14 RMS

C PRICE: Amplifier Unit

Linearity 116 2 ke Cabinet (with fan and connector) g

0 1 Q in series with 25 ph Rack Adaptor (with fans & connectors 18

0 b 0 5 volts with load impedance greater than 1000 £

0 to = 25 ma with load impedance from 10 to 1000 © K ght ation rices witho
L4
P .
| W ?W
- .% J‘)// L
. /
KAY LAB SHABILITY e

WITH CHOPPER AMPLIFIERS
Representatives tn all major cilies.

5725 KEARNEY VILLA ROAD *+ SAN DIEGO 12, CALIFORNIA + BROWNING 7-6700
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BOURNS now offers an
expanded line of

RIMPOTS®

... 1 stock models of
sub-miniature potentiometers
to serve many special needs—
{ at no extra cost!

First there's the 120 Wirewound TRIMPOT , with features common to all
other BOURNS TRIMPOTS. It's a 25-turn potentiometer, easily adjusted,
and weighing only 0.1 oz. Rectangular in shape, it fits readily into mini-
ature electronic circuits. You can mount it individually, or stack it compactly
with standard screws. Mountings are interchangeable with those on all
other TRIMPOTS.

The self-locking shaft holds stable settings under extreme environmental
conditions. All parts are corrosion resistant. Every unit is inspected 100%
for guaranteed specifications. Resistances: 10 to 20,000 ohms, with resolu-
tions as low as 0.2%.

Now, to give designers greater latitude, BOURNS has developed and is
manufacturing the following standard models—variations of the Model 120.

120 TRIMPOT
—Carbon
Infinite resolution is pro-
vided by the carbon ele-
ment. Resistances are
higher, ranging from
20,000 ochms to 1 megohm.

4
e
)

209 TWINPOT
— Dual Potentiometer

Two outputs electrically
independent, and con-
trolled simultaneousiy by
one adjustment.

288

130 /RIMPOT
—Solder Lug

For wiring direct to the
instrument, using solder-
ing iron or dip soldering
techniques. Usable range
of 98%,

160 TRIMPOT
—High Temperature

Operates at 175°C. High
power rating: 0.6 watt at
50°C.

Write for literature on the BOURNS TRIMPOT line.

OURNS LABORATORIES

General Offices: 6135 Magnolia Ave., Riverside, Calif.
Plants: Riverside, California—Ames, lowa

Want more information? Use post card on last page.

132 TRIMRA

— Variable Resistor
High resistances—up to
50,000 ohms in a wire-
wound rheostat.

230 TRIMPOT

— Humidity-proof
Completely sealed, unit
meets MIL-E-5272A Speci-
fications for humidity.

PRODUCTION TECHNIQUES (continued)

mandrel is then turned over for re-
peating the operation on the other
side.

After varnishing, the holder con-
taining the wound mandrel is set
into a vertical fixture preparatory
to winding the mandrel onto a ten-

Closeup of mandrel-winding operation

turn helical core. A coating of
varnish is applied to the grooves of
the helical plastic core to improve
adhesion, using a conventional
paint-striping tool. The mandrel
holder is now swung against the

- e ¥ -~ S

Knob at left controls rack emd gear ar-
rangement used to drive in pin to an-
chor end of mandrel while operator
holds metal block between other end
of core and fixed support

end of the core and a knurled pin
is driven in to anchor the end of the
mandre] to the core.

With the upper end (f the man-
drel picked up by holding fingers of
the fixture, the holder is now re-
moved and the helix isrwound by
turning a hand crank. When the ten
turns are in position, another hold-
ing pin is inserted to anchor the end
of the mandrel. This pir is driven
in by a rack and gear arrangement

March, 1956 — ELECTRONICS



FIRST TRANSISTOR RADIO MADE POSSIBLE
. by INSUROK"® copper-clad

printed circuits!

Here’s a remarkable example of miniaturization

. . made possible mainly through the use of printed
circuits and transistors. This diminutive radio weighs a
scant 12 ounces, complete with battery. Yet, it has
good tone, is selective, and delivers plenty of volume.

500-258%

Here’s the printed-circuit board used in the Regency
.. made with Richardson T-725 copper-clad INSU-
ROK. Engineers of I.D.E.A., Inc. of which Regency
is a division, laid out the circuit. Croname, Inc.*
Chicago, took it from there . . printed the complex
circuit on RichardsonT-725 copper-clad INSUROK,
then etched it. Results: a lightweight, compact, effi-

~w— . cient circuil . . tedious, time-consuming wiring elimi-

nated . . faster assembly.

Many grades of Richardson laminate INSUROK
are available copper-clad on one or both surfaces.
We invite your inquiry.

’fr-
v
Ask for descriptive bulletin,

“INSUROK Copper-Clad Laminates.”

*Here’s what Croname has to say about T-725 cop-
per-clad INSUROK, “Quality is superior . . service
good. And Richardson gives us helpful engineering
assistance.”

JLCIARDSON #e RICHARDSON COMPANY

aminated and FOUNDED 1858

Molded Plastics st o

ew Brunswick N. J. ¢ Newnon, Go. & er, Tex. ® en, Uta
SALES OFFICES N PRINCIPAL CITIES

"ELECTRONICS — March, 1956 Want more information? Use post card on last page. 289



NEW
SHIELDING'S
UNIVERSAL ENCLOSURE

TO INSTALL

A\ Shielding Universal Enclosure can now be
erected by using only a screwdriver! . . . saves
time and labor costs . . . your choice of modular
panels of single or double shielding.

Both cell and isolated type enclosures are now
available . . . at your request. Enclosures can be
constructed of 40 or 48 inch wide panels and in
combinations of both . . . standard door can be
installed in any wall position to open left or
right, in or out.

Completely interchangeable standard panels
can be supplied with either solid and/or mesh
material. Construction design insures maximum
shielding effectiveness for any material specified.
For complying with Mil-1- 16910 and Mil-I-6181B
radio interference specs, Shielding’s Universal
enclosures provide the quick, correct solution to
your particular shielding and erection problem.

"The Talent to Create,
the Skill to Produce’’

Sz

SHIELDING .

Box 217 .
Iin Chicago, R. W. Stemm

RIVERSIDE, NEW JERSEY
In Canada, MJS Sales Ltd.

Dept. -1 o

290 Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES {continuved)

on the headstock of the fixture, after
firgt placing a metal bar between
the core and the fixed tail support
to withstand the pressure. This
completes the winding operation.

Stud Welder Used in
Assembling Thyratrons

By N. R. GOLDSTEIN
) Tube Division
Radio Corporation of America
Lancaster, i’a.

NEW assembly methads used in the
development of a new high-current
thyratron include the use of a
Graham stud welder in the assem-
bly of mount supports. The struc-
ture of the developmental thyratron
is shown in Fig. 1. The siderods are
two-piece assemblies | consisting of
an upper section having a diameter
of % inch and a lower section hav-
ing a diameter of # inch. The two
sections are brazed together, as
shown in Fig. 2, so that the lower
section provides a |shoulder on
which the mount is supported. The

~--ANODE TERMINAL

ANODE A noDE-SEALING
i RING

(ER‘D-SEAL!NG
RING

H-- GRID

1—-CATHODE
ASSEMBLY

i “SIDEROD ASSEMBLY

FILAMENT-TERMINAL
cupP

FILAMENT TERMINAL

FIG. 1—Structure of
high-current thyratron

developmental

Stud welder setup on bench, with pow-
er supply underneath

March, 1956 — ELECTRONICS



DAYSTROM INSTRUMENT

OUR PROGRAM OF EXPANSION HAS PRODUCED SEVERAL
RESPONSIBLE POSITIONS FOR ENGINEERS WITH EXPERI-
ENCE IN THESE FIELDS:

SYSTEMS ANALYSIS

COMPUTORS, ANALOG AND DIGITAL
SERVOMECHANISMS

SUBMINIATURIZATION (TRANSISTOR CIRCUITRY)
RADAR

HYDRAULICS

COMPLEX ELECTROMECHANICAL DESIGN
INERTIAL GUIDANCE

TECHNICAL WRITERS

SENIOR DESIGNERS

THESE ARE PERMANENT POSITIONS IN OUR COMMERCIAL
AND MILITARY PROJECTS. WE ARE A FAST GROWING,
PROGRESSIVE COMPANY WHICH OFFERS LIBERAL BENE-
FITS AND RECOGNIZES INDIVIDUAL EFFORT. ENJOYABLE
RURAL LIVING ONLY MINUTES FROM THE PLANT.

CONTACT FRED PTUCHA, PERSONNEL MGR.

DAYSTROM INSTRUMENT
ARCHBALD, PENNA.
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PRODUCTION (ECHNIQUES (continued)

SIDEROD
ASSEMBLY

 Langevin

UPPER ~~ |
SECTION

MOUNT

“MINIATURIZATION |
IN AMPLIFIERS” (I

TP

-

FIG. 2—Siderod assembly, showing up-
per and lower sections and welding tip

tip at the bottom of the assembly
is used for connection to the fila-
ment-terminal cup.

» Welder Construction Details—
The Graham stud-welding unit
used for the assembly of the side-
rods to the filament terminal cup
operates on a capacitance-discharge
principle. A bank of eight 17,000-
microfarad capacitors is charged
by a built-in motor generator in ap-
proximately 1 to 2 seconds.

An important factor in the stud-
welding process is the small cylin-
drical tip on the joining face of the
stud. The diameter and length of
this tip vary according to the diam-
eter of the stud to be welded and
the materials involved. The studs
or siderods are fed through a weld-
ing gun, shown in Fig. 8, which
has a piston and piston rod extend-
ing downward and an appropriately
sized collet attached to the end of
the rod. The gun is actuated by air

GUN PRESSURE

PISTON
HOUSING

= ol

1 |

RESTORE
PRESSURE

-

_PISTON
-~ 'ROD

LADAPTER

COLLET
~ WORK
STUD--. " TABLE

7/7/7/7/7,72/7//,7//,;/7,7,7//77/7/'

FIG. 3—Welding gun used in assembly
of developmental thyratron
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“ALL-PURPOSE"
Oscilloscope...Type 545

The Tektronix Type 545 is a “fast.
rise”” oscilloscope with high-performance character-
istics. It can write the answers to the most difficult
problems in high-speed pulse analysis on its screen.
You have only to read them off . .. with full assur-
ance of their accuracy.

But the Type 545 is not a specialized instrument,
useful only in fast-rise applications. It is casily
adapted to a multitude of other applications by in-
expensive plug-in preamplifiers. Along with its
unique sweep-delay facility, this plug-in fea-
ture helps make the Type 545 the most versa-
tile oscilloscope you ever hoped for. Is the
Type 545 the answer to your instrumentation
problem?

™
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"MAJOR SPECIFICATIONS

Sweep Rdnge
0.02 psec/cmto 12 sec/cm.,

24 calibrated steps from 0.1 psec/cmto 5 sec/cm.

24 additional calibrated steps with accurate
5x magnifier.
Calibration accuracy within 3%.

Sweep Delay
Conventional, or triggered jitter-free delay
1 psec to 0.1 sec in 12 calibrated ranges.

Range accuracy within 19, incremental accuracy
within 0.2 %, of full scale.

Versatile Triggering
10-KV Accelerating Potential
Square-Wave Amplitude Calibrator
Balanced 0.2 usec Delay Network
DC-Coupled Unblanking
Electronic Voltage Regulation

Type 545—$1450 plus price of desired plug-in units.

ENGINEERS —

interested in furthering the advancement of the oscil-
loscope? We have openings for men with creative
design ability. Please write to Don Kepler in Port-
land, Oregon, or contact him at the Commodore
Hotel, New York, during the I.R.E. Show.

ELECTRONICS — March, 1956

-

Want more information? Use post card on last page.

Vertical Response
With Type 53/54K Unit plugged-in — dc to 30 me,
risetime 12 millimicroseconds, sensitivity 0.05 v/cm
to 20 v/cm in 9 calibrated steps, input capacitance
direct — 20 puf, with 10x probe—8 puf, with 50x
probe — 2.5 ppuf.

Type 53/54K Fast-Rise Unit. . ....... cee..$125
OTHER PLUG-IN PREAMPLIFIERS
Type 53C Dual Trace DC Unit. ... ..., ..$275
Type 53/54D
Differential High-Gain DC Unit. .. ... $145
Type 53/54E
Differential Low-Level AC Unit. ... .. $165

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

See the Type 545 and many
other oscilloscopes at the IRE
Show, Booths 129 and 131.

Tektronix, Inc.

PORTLAND 7, OREGON
CABLE: TEKTRONIX

P.0.BOX 831 -
CYpress 2-2611 o TWX-PD 265

/)
,7
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e ———— ; [ PRODUCTION TECHNIQUES (continued)

g R = o
G = . .
» . pressure, the piston rod moving the

stud through the collet to the work-

piece, which is held firmly on the

‘ table of the welding machine. The

speed at which the stud travels to-

‘ ward the work may be varied by

changing pressure on the rod end

ENCAPSULATED | of the piston (the so-called restore
pressure).

» Welding Action—After the ca-

pulse transformers -

custom-wound for your needs

miniature

Type MILX...for extreme  Type M...for subminiature |

environmental conditions and transistor circuits

1

| Details of welder, with welded stud on
bench in foreground

Technitrol is equipped to design and produce pulse voitage, the charge is conducted to

transformers to meet your particular requirements. the welding gun, the collet a.nd the
Simply let us know your performance specifications. stud, all of which are traveling to-
Technitrol’s staff of engineers will test sample trans- ward the work-piece at a rate of
formers under actual circuit conditions—assuring proper about 30 feet per second. The posi-
performance. All charges for this service are included in tive sides of the capacitors are
our low sample quantity price.  connected to the worktable and

then through ground clamps to the

Technitrol also makes a full line of lumped and dis- Werismisee.

tributed parameter Delay Lines. You may choose from a AS. the stud travels downward,
variety of mountings, or again, our engineers will aid you the tip approaches and contacts the
.in developing special designs. work-piece first. Initially, there-
. fore, the discharge is concentrated

at the small tip on the stud. Be-
cause the high current flow at this
point causes overheating, the tip
melts almost instantaneously. As
| the air surrounding the tip be-

l comes ionized, electrons begin to
flow from the stud to the work-

E c H N l 'l" R 0 L | piece and an arc occurs. During the

arcing process, the face of the stud

engineering Company’ and a corresponding area on the

for additional information,

write for Bulletin E166.

—

work-piece become molten. Simulta-
neously, a hammer blow resulting
from the inertia of the moving

2751 NOLQ!! Fourth Stre@PPhilcdelphic 6] Pennsylvcnio piston-and-collet assembly forces

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

www_americanradiohistorv com



"
»
J

»

Uﬂ

BOOTH 746 1. R. E. CONVENTION

TUNG-SOL ELECTRIC INC., Newark 4, N. J.
SALES OFFICES: ATLANTA, COLUMBUS, CULVER CITY, DALLAS, DENVER, DETROIT, MELROSE PARK (ILL.), NEWARK, SEATTLE

Miniature Sealed Beam
lamps Headlamps

ELECTRONICS — March, 1956
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i \
Signal Radio And Aluminized Special
Flashers TV Tubes Picture Tubes Purpose Tubes

Want mare information? Use post card on last page.

WwWLamericanradiohistorn.com. N

Semiconductors
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NOW ... the same multi-track heads developed and manu-
factured by Davies Laboratories for their own equipment . . .
are available separately for critical recording and reproducing
applications. They alone offer these inestimably important
advantages:

Precisely aligned gaps

All gaps lie between two straight lines 0.0003' apart. ..
assuring less than 0.3 mil total scatter.

Independent track signals

Unique design assures independence of adjacent track
signals. Inter-track shields are continuous through the
gap line and in contact with tape for absolute minimum
cross-talk.

Ultimate in flexibility
Gap width, nominal inductance, track spacing, and track
width of Davies heads can all be varied to requirements.
Heads are available with up to 20 tracks per inch for
digital recording, 14 tpi for direct and PWM recording,
10 tpi for wide-band FM carrier recording.

Stability
Heads are embedded in plastic and structurally designed
to prevent change of characteristics, even under extreme
shock, vibration, temperatures, and humidity.

Exhaustive quality control is your assurance that the charac-
teristics you want are in the head you get. Every Davies
magnetic head is rigorously tested against the toughest set of
standards ever devised for this type equipment. The five
standard series available, offering from 7 to 21 tracks per
inch, can be modified to satisfy just about every requirement.

Complete information on Davies mulii-track -magnetic data
recording-reproducing heads 1s provided in new Bulletin 55-B.
Write now for your personal copy.

LABORATORIES

INCORPORATED

4705 Queensbury Rd. + Riverdale, Md. « APpleton 7-1133
SEE US AT THE L.R.E. SHOW — 222 Instruments Ave.

Want more information? Use post card on last page.
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PRODUCTION TECHNIQUES (continued)

together the two parts to be welded.
The time consumed for this entire
process is only 0.001 second.

» Advantages—The use of the
Graham stud welder affords sev-
eral advantages. No complex fur-
nace or Dbrazing fixtures are
required. In view of the short dura-
tion of the are, the rods are welded
with little or no fillet, no distortion
of the work and a minimum amount
of heat. Little cleaning is needed
because the ionization caused by
the discharge cleans both surfaces.
For the same reason, there is no
oxidation to impair the weld. In
almost 100 tubes made by the
method, no failures occurred due
to poor welds.

Machine Drills Holes and
Inserts Components

A SINGLE-STATION automatic as-
sembly machine for axial-lead com-
ponents, ready for delivery early
this fall by Minnesota Engineering
Co., Minneapolis, combines drilling
of etched wiring boards with in-
sertion and clinching. Boards are
run vertically rather than horizon-
tally through this Minn-A-Matic
machine with hand loading for low-
volume batch production or auto-
matic feed and indexing for an in-
line array of many heads.
Prepunching or predrilling of
holes for axial-lead components is

e M)
o |
i el et [l
PR |
e
i b
!\ '!‘,
-1
1 ;LB\

End view of new assembly machine
under development. Components are
loaded into slanting chute at top.
Etched wiring boards are fed in ver-
tically, with insertion head at right
of board and drills at left

March, 1956 — ELECTRONICS



Gulton Industries’ Research-
on-the-Production-Line
makes possible instant tail-
oring of basic materials,
instruments or complete sys-
tems to fill difficultor unusual
requirements.

GREIBACH MICROAMMETER MODEL 500

ng Glows

« s s CaNn’'t impair its accuracy

THE PROBLEM: Test readings from outlying control
points are vital to a leading processing company.
Servicemen make frequent field trips, by truck, to
obtain necessary information. But, even short rides
over rough, unpaved roads caused conventional
meters to lose accuracy and become damaged. ..
often making it impossible to collect reliable infor-
mation. Maintenance costs were staggering .. .the
meters spent more time in repair than in service.

THE SOLUTION: Greibach engineers answered this
and hundreds of similar problems by developing an
extra tough line of meters with a unique Bifilar
Suspension so rugged it withstands 500 g’s shock
without damage or loss of accuracy ... never

GREIBACH

associated with GULTON

INDUSTRIES, INC. Metuchen, New Jersey
PIONEERS IN MATERIALS RESEARCH, ELECTRONIC COMPONENTS,

PRECISION

needs recalibration in normal use. Greibach meters
are electrically rugged too! Accidental overloads to
100,000% can’t harm them .. . full scale sensitivities
to one microlampere and accuracy better than 0.25%
are easily attained . .. 0.1% increments are readable
without tapping. The light beam pointer can be
viewed from any angle accurately . .. parallax
problems are ended! Greibach meters are manufac-
tured in a wide range of sizes and types—for current,
voltage, resistance measurements in standard, thermo-
couple, edgewise panel and differential units. Their
extremely dependable operation is perfect for sys-
tems’ work.

Full Greibach meter performance is given in Bulletin
#401. Send for your copy—today!

INSTRUMENTS
CORPORATION

INSTRUMENTS AND  SYSTEMS

SULION INDUSTRIES, INC.

ENGINEERING

See GI Procucts,Booth #850 March IRE Show. Write on company letterhead for personal invitation to GI Instrument and'Component Symposium, Waldorf-Astoria,March 21, 1956

ELECTRONICS — March, 1956

Want more informatian? Use past card on last page.
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DIVISION

means
more value in
every

Hi- Q Plate Assembly

Something has been added — a brand new protective
coating — AEROROCK. Which means that HI-Q Plate Assemblies
now offer: still greater mechanical strength in withstanding rugged
handling and assembling operations; some flexing; higher
insulation resistance; greater immunity to moisture and other
climatic conditions; still higher stability.

These handy unitized components are more popular than ever.
The radio-electronic designer can start with entire block-diagram
sub-assemblies instead of individual components,

thereby saving untold time, labor, space, and even on overall
cost. Wide choice of pre-wired capacitor-resistor combinations.
With wire leads or with lug terminals for printed-wiring assemblies.

GET THE FACTS

Write on business stationery for engineering
data. Let our specialists collaborate with you
on vnitized or modulized assemblies.

*Trademark TReg. Trademark

B AEROVOX coRPORATION
H I-Q M

OLEAN, N. Y.

In Canada: AEROVOX CANADA LTD., Hamilton, Ont.

Want more information? Use post card an last page.

www americanradiohistorv com

Export: Ad Avriema, 89 Broad St., New York, N. Y., Coble: Auriema, N, Y.

PRODUCTION TECHNIQUES (continued)

eliminated. This unique cost-cut-
ting feature Is particularly ad-
vantageous for low production runs
or for materials where punching is
not feasible.

» How It Works—Following inser-
tion of the wiring board and clamp-
ing in position, two holes are
drilled from the left-hand side as
the axial-lead component is cut and
formed to the right of the board.
Components may range in size from

View of drills in advanced position,
with no board in machine

diodes to 1 uf capacitors. As the
two drills are retracted, the com-
ponent is inserted and leads are
clinched flat against the pattern by
separate wipedown arms.

The angle of wire clinch with
respect {o the body of the com-
ponent is adjustable in 20-degree
increments throughout 360 degrees.
This assures a wipeback against a
portion of the pattern.

» Flexibility — Adjustments pro-
vide for any desired length of
symmetrical or nonsymmetrical
lead bend. This permits flexibility
when using component lead wires
as Jumpers. Further adjustments
provide for varving the length of
the clinched tab, a feature that
permits use of boards of almost
unlimited thickness. Inexpensive
drills which fabricate board holes
may range in size from 0.020 inch
to 0.60 inch and are easily replaced.

Companion machines now under
development will insert multilead
components using this simulta-
neous drilling-insertion technique.
A gearless multispindle drilling de-

March, 1956 — ELECTRONICS



PRODUCTION TECHNIQUES continued)

View of insertion head, without board.
Drills retract as head pushes compo-
nent leads into the drilled holes

vice is also under development. It

will fabricate mounting holes or

holes for term%natior} and com- RIG“T

ponents whose insertion for low-

volume runs is more economical by ANGLE ¥
. -

hand.
New Vacuum Metallizer ANOTHER AEROVOX CONTRIBUTION to printed-wiring assemblies
for Capacitor Paper where reliability and space-saving features are paramount!

FASTER metallic coating of capacitor
paper is possible with a new con-
tinuous-roll vacuum metallizer made
by F. J. Stokes Machine Co., Phil- ‘
adelphia, Pa.

Previously, continuous-roll metai-
lizing had been done in a dual-
chamber setup, with the base mate-
rial being out-gassed in one vacuum
chamber and then transferred to
a4 second chamber to receive the
thin coating of metal deposited by
evaporation,

The new units have only a single

. Al = e Compactness: Marked reduction in height and depth
of printed-wiring assemblies.

@ Convenience: Mounting at right angles to printed-
wiring board, with tube paralfel to board.

® Assembly: Equally adaptable to hand- or machine-
insertion methods.

® Connections: Terminals of rugged construction and
adequate length to slip into printed-wiring holes and
be dip soldered.

e Contacts: Silver-plated and engineered to provide
non-fatiguing contact pressure insuring minimum
contact resistance, with suitable insertion and with-
drawal pressures.

e Insulation: Highest quality precision-molded body
of MIL spec material.

® Non-Corrosion: Metal parts and mounting hardware
plated to meet salt-spray test specs.

e Types: 7- and 9-pin sockets, in four different ver-
sions: Type A for general-purpose applications where
extra rigidity and resistance to vibration are not
important factors; Type AX for special applications
requiring extra rigidity, greater strength and ex-
treme resistance to shock and vibration; Type B,
same as A but with tube-shield-shell added; Type BX,
same as AX, but with tube-shield-shell added. Other
designs under development for in-line tubes and
plug-in transistors.

WRITE FOR DESCRIPTIVE LITERATURE AND PRICES

. AEROVOX coRPORATION

PACIFIC COAST DIVISION
2724 South Peck Street, Menrovia, Calif.

In Canada: AEROVOX CANADA LTD., Hamilton, Ont.
Export: Ad Auriema,inc., 89 Brood St., New York, N. Y. Coble: Auriema, N. Y.

/X

Metallizer with cover open

ELECTRONICS — March, 1956 Want more information? Use post card on last page. 299
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50 ohm Coax Terminations
dc to 4 KMC(!

6 new instruments!
1 to 20 watts coverage!

New Sierra 160 series Coaxial Terminations are ideal for use with directional
couplers, or in other applications requiring wide frequency range and low
VSWR. They provide extremely high stability, and will dissipate full rated power
continuously up to an ambient temperature of 40°C. Deraling permits operating
at still greater ambient temperatures. Terminations are completely shielded, and
may be used to adjust transmilters without radiation. They are also useful for con-
verting Sierra Bi-Directional Power Monitors to a lermination type wattmeter.

SPECIFICATIONS
Model Power* | Connectors** VSWR
160-1F 1 watt Type N fem. { Less than 1.06, dc to 2 KMC;}
160-1M 1 watt Type N male less than 1.08, dc to 4 KMC.
160-5F 5 watts Type N fem.
e, - T:ge - Less than 1.08, dc to 4 KMC.
160-20F 20 watts Type N fem. "(Less than 1.08, dc to 1 KMC; | |
160-20M 20 watts Type N male { less than 1.15, dc to 4 KMC. }

*Up to 40°C ambient. **Other connectors supplied to order.

Additional power ranges to be announced.

New LOW PASS FILTERS

Sierra 184 series Low Pass Filters have an insertion loss
not more than 0.4 db in pass band, sharp cut-off, 1.5
VSWR or less, and rejection greater than 60 db from
1.25 to 10 times cut-off frequency. Five models: for cut-
off frequencies of 44, 76, 135, 230, 400 MC. Power range
250 watts in pass band, 25 watts in rejection band.

Si€érra

300

Booth 514

Components Ave,

Write for Bulletin!

Sierra Electronic Corporation
San Carlos 2, California, U. S. A.

Sales representatives in major cities
Manufacturers of Carrier Frequency Voltmeters,
Directional Couplers, Wave Analyzers, Line Foult
Analyzers, Wideband RF Tronsformers, Custom
Radio Transmitters, VHF-UHF Detectors, Variable
Impedonce Wotitmeters, Reflection Coefficient
Meters, Calorimeters, Water Loads, Thermopiles,
lon Gauge and lon Gouge Amplifiers, Phase
Changers. 2663

PRODUCTION TECHNIQUES (continued)

vacuum chamber and thus need only
a single vacuum pumping system.
Widths of 6, 24, 36, 48, 54 and 60
inches can be handled at speeds up
to 500 feet per minute, on rolls up
to 24 inches in diameter.

An observation port set into the
cover of the unit, plus a fluorescent
light source placed behind the
coated film, allows the operator to
check the uniformity and quality
of the coating continuously during
the deposition process, adjusting
speed to give the desired thickness
of metal deposit.

Milling Silver Inserts
in Plastic Relay Bases

By RicHArD L. CamP

Machine and Tool Designer
International Business Machines Corp.

INSERTS IN PHENOLIC moldings for
relay bases are stamped from pure
silver in the form of combs, for
easier handling and greater pre-
cision of position in the molds.
After molding, the backs of the
combs are cut off by a special ma-
chine built by IBM at its Endicott,
N. Y. plant.

The silver, furnished by Handy
& Harman, New York, N. Y., is
used for this application because of
its high conductivity, ease of ma-
chining and corrosion resistance.
The inserts pass through the central
portion of the U-shaped base and
have to be machined, usually at both
ends, to insure holding the close di-

Setup for milling silver inserts in relay
bases. These are fed manually, two at
a time, down chute at top center
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PRODUCTION TECHNIQUES (continued)

mensions specified while removing
the webs.

The silver-milling machine is
fully automatic except that the
bases are hand-fed two at a time
from the table into a gravity chute
which deposits them, inserts facing
downward, onto a track.

At the right end of this track,

Relay bases before machining (at rear)
and after machining

there is a cam-operated reciprocat-
ing slide. Each time the slide is re-
tracted, a pair of bases feeds from
the chute onto the track. Then, as
the slide moves forward, the bases
are fed along the track (to the left)
and under a series of spring-loaded
covers that keep the relay bases
seated firmly against the track.

When the bases are completely
inside the covered part of the track,
they are pressed against a carbide
knife that is reciprocated trans-
versely across the track. At this
point the carbide knife, which is
ground to an 8-degree angle, shears
each silver insert cleanly, leaving
the ends square.

Following this, at the next ad-
vance of the pusher slide, the two
bases are advanced through a mil-
ling station at which there is a
2.050-inch diameter rotary carbide
cutter driven at 10,200 rpm. This
cutter mills the ends, previously
sheared square, to a 45-degree angle
and finishes the inserts to length.
The machine cycles 50 times a min-
ute, turning out 100 perfectly ma-
chined relay bases in that time.

ELECTRONICS — March, 1956

Accurate, rapid microwave
power measurements

New Calorimeter, X-Band Water Load!

Now Sierra offers a new and highly convenient means of obtaining accurate
measurements of power from a few watts to kilowatts——at any frequency 7 KMC
to 10 KMC.

Model 190A Calorimeter, together with Model XB187A Water Load, measures
rf power with approximately 290 accuracy. The Meter consists of a differential
thermopile, millivoltmeter, long flow-path valve, water calibrator heater, and ap-
propriate calibrating switches, meter damping resistors, etc. It operates by
measuring the temperature of water before and after power has been dissipated
in the water load, and presenting the differential on the millivoltmeter.

Model XB187A Water Load, designed for use with 190A Calorimeter, has fre-
quency range of 7 KMC to 10 KMC, VSWR less than 1.2 over full range.

SPECIFICATIONS

Model XB187A X-Band Water Load
Frequency Range: 7 KMC to 10 KMC.
VSWR: Less than 1.2 full range.
Power: 1 Kw cw, 30 Kw peak.
Coupling: UG-52/U choke flange.

Model 190A Calorimeter

Full Scale Ranges: 300, 600, 1,500, 3,000 w.
Max. Pressure: 50 psi.
Meter Sensitivity: 1.5 millivolts
Thermopile Sens.: 1 mv per °C.
Weight: Approx. 21 lbs. Probe: Fixed. BNC UG-290/U.
Dimensions: 814" x 9" x 17". Size, Weight: 18%2” long. App. 2% 1bs.

Specifications subject to change without notice.

New! Model 189A Differential Thermopile

Converts differential temperatures in flowing liquids
to electrical energy. Tlas 30 pairs of copper-advance
junclions enclosed in watertight case. Electrical
connections through sealed banana jacks. Water
connections to 14" tubing through Unitlare fittings.
Internal resistance approx. 5 ohms; output voltage
approx. 1 mv per °C; max. pressure 75 psi; wt
15 oz. Write for bulletin!

o o o
Sierra Electronic Corporation
San Carlos 2, California, U. S. A,
Sales representatives in major cities
Manufacturers of Carrier Frequency Voltmeters,
Directional Couplers, Wave Analyzers, Line Fault
Analyzers, Wideband RF Transformers, Custom
Radio Transmitters, VHF-UHF Detectors, Variable
Impedonce Wattmeters, Reflection Coefficient

sierra

Meters, Calorimeters, Water Loads, Thermopiles,

Booth 514 lon Gauge ond lon Gauge Amplifiers, Phose
Components Ave. Changers. 3664
301



New Products

Edited by WILLIAM P. O'BRIEN

89 New Products and 534 Manufacturers’ Bulletins Are Reviewed

.. . Control, Testing and Measuring Equipment Described and

Hlustrated . .

SOLID-STATE BATTERY

delivers high voltage

P. R. MALLORY & Co., Battery Divi-
sion, North Tarrytown, N. Y., an-
nounces a new battery which
constitutes a water-free primary
energy soutrce.

In contrast to conventional dry
batteries which contain some water
solution and a depolarizer, the new
voltage pile has no water in its
makeup. It is a true solid-state en-
ergy source. Voltage is generated
by the differential in contact po-
tential between two conductors in
contact with a solid electrolyte.

» Shelf Life —The battery undergoes
negligible chemical reaction when
idle. On the basis of current tests,
shelf life of ten years or more is ex-
pected. This characteristic indicates

VARIABLE RESISTORS

SPO 85793

I PAT PEND.

particular usefulness in military
and civilian applications which re-
quire extremely long shelf life.
Small size per volt of output is made
possible by the inherent nature of
the battery; 200 volts can be ob-

multiple, self-supporting

CHICAGO TELEPHONE SUrpLy CORP.,
Elkhart, Ind., has announced a new
line of unique design compact, self-
supporting multiple variable vre-
sistors designed specifically for
printed circuits and with new ex-
ternal contour for automatic hand-
ling and assembly. Both the
2-control unit (series X52) and the
3-control unit (series X53) snap
instantly into place with full length
sturdy spring supports that lock

302

the control rigidly to the printed
panel eliminating mounting hard-
ware and separate supports.

» Design Features—Newly de-
signed clip-off mounting supports
and terminals make removal easy
and fast for the serviceman, avoid-
ing the necessity of loosening all
solder joints simultaneously in a
solder bath. Mounting is upright
with shafts parallel to the printed
panel, eliminating need for shaft
protection during panel solder
immevsion.

They are designed for black and
white tv, color tv, industrial and
other applications. Internal con-
struction design uses an integral
one piece center terminal and col-
lector ring and a one piece contact
arm. The contact arm has double

Recent Tubes and Components Are Covered

tained from a unit one cubic inch
in volume. As a result of its com-
pletely dry construction, the battery
holds stable output voltage over a
temperature range from — 65 to
165F. Efficiency does not drop at the
low limit of this range.

» Production—The battery is an
economical energy source. Its de-
sign lends itself to automatic as-
sembly. Costs in production quan-
tities are estimated at a few cents
per volt. Present current capacities
fall in the microampere range.
Work is progressing on techniques
to afford higher current ratings.
Indicated applications are in
high-voltage calibration equipment,
ionization chambers, geiger coun-
ters and as high-voltage bias cells
in electronic equipment operating at
elevated ambient temperatures.

wiper spring tension contact pad-
dles for both the collector ring and
the resistance element with each
paddle contacting a separate path.

A

%

Pl FILTERS
in tubular cases

CORNELL-DUBILIER ELECTRIC CORP.,
South Plainfield, N. J., has avail-
able a new series of Quietone tubu-
lay pi filters. These metal-cased,
hermetically-sealed filters in the
handy, threaded-neck mounting

March, 1956 — ELECTRONICS,



... for your audio designs—

First tulbe withh
“SPECIFIED HUM LEVEL"

and a new 100 ma miniature rectifier

SECTION

Here is the test circuit in which the
§12AD7 must produce less than 3
millivolts hum level at the plate of
each triode. It's the low-hum, low-
micro preamp you've been waiting
for.

Type 12AD7—new low-hum preamp. Now,
for the first time in any tube, “*hum level” is
specified in the Type 12AD7 like plate cur-
rent or any other characteristic which is per-
tinent to the application.

By creating a hum rating under test circuit
conditions, Sylvania has written a fixed,
maximum hum limit into the specifications
for the 12AD7. Pre-selection for low hum can
be eliminated. Circuits can be designed to
closer limits.

Type 6BW4/Type 12BW4— 100 ma minia-
ture rectifier. These types answer another long
felt need, especially in phonograph design,
for a higher powered, full-wave rectifier in a
smaller package.

This exclusive Sylvania development gives
you 100 ma output current capabilities in a
T-6 1, package; power previously available
only in T-9 or larger packages.

For full details address Dept. C20P.

Check Sylvania first for all your audio-tube needs. Important Sylvania audio types include:

Type 12AU7A Type 12AX7 Type 6CAS Type 12ABS5 Type 50CS
Type 6CG7 Type 6AQS Type 6V6GT Type 6BF5 Type 12C5
Type 6L6GB

v SYLVANIA

LIGHTING + RADIO

« ELECTRONICS -

TELEVISION -

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

In Canada: Sylvania Electric (Canada) Ltd.,

University Tower Bldg.. Montreal

ATOMIC ENERGY

SEE SYLVANIA IN BOOTH NOS. 168-172 AT THE 1956 I.R.E. SHOW

ELECTRONICS — March, 1936

Want mere information? Use post card on last page.

wwweamericanradiohistorv. com
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style, afford high insertion loss
values for the suppression of radio
noise. They are made to the small-
est possible sizes and minimum
weight for the ratings and attenua-
tion characteristics.

» Technical Data—Bulletin 171’s

POWER TRANSISTORS

listing offers a selection of current
ratings ranging from 0.1 to 50.0
amperes. Voltages are 28, 50, 100,
300 and 500 d-c; and 115 and 125
a-c. Frequencies are 60, 400 and
1,000 cps.

The flatted, threaded neck pro-
vides easy, convenient mounting to

in four variations

CBS-HYTRON, a division of Co-
lumbia Broadcasting System Inc.,
Danvers, Mass.,, has developed a
new series of power transistors
featuring high power gain and
uniformity of characteristics. Four
variations are available offering a
wide range of current gain and op-
erating supply voltage. This per-
mits a considerable versatility of
circuit design.

CALORIMETER

covers d-c to 12,000 mc

DYNAMIC MICROPHONE

ELECTRO IMPULSE LABORATORY, 208
River St., Red Bank, N. J. A direct-
reading calorimeter covers the
range of d-c to 12,000 me by a series
of coaxial and waveguide water
loads. It is continuously self-cali-
brated electrically by a bridge-type
circuit. To make a measurement, it
is only necessary to adjust the in-

designed for broadcast use

RAp1o Corp. OF AMERICA, Camden,
N. J. A thumb-size dynamic mi-
crophone weighing less than 3 oz
has been developed for radio and
tv broadcasting.

Designed for walk-around op-
eration, the BK-6B promises per-
formers greater flexibility and free-
dom of movement in interviews,
audience participation, panel and
similar types of off-microphone
shows. The microphone plugs di-
rectly into the studio console and
requires no tubes or special power
supply.

Pressure actuated, it is en-
gineered for frequency response
and directional scope which com-

304

plement the characteristics of
speech and provide the balance

wwWWwWeamericanradiohistorvy. com

a panel or bulkhead through a
round or slotted hole, and simul-
taneously affords an excellent
ground connection to shunt un-
wanted currents. Use of slotted hole
mounting effectively prevents the
filter unit from turning or jogging
loose.

» Heat Dissipation—Highly effi-
cient heat dissipation is an out-
standing feature. The use of a cop-
per base, which is bolted to the
chassis, allows the heat to flow from
the power transistor to the chassis.

The types 2N155, 2N156, 2N157
and 2N158 are high-power pnp
germanium-alloy junction transis-
tors. In addition to audio appli-
cations, they are ideally suited for
use in servo amplifiers, power con-
verters and low-speed switching
circuits.

strument until balance is indicated
by a galvanometer. The power ab-
sorbed by the water load can then
be read directly in watts on a panel
meter.

A thermally insulated water load
is available for each waveguide up
to 12,000 mc. The range of d-c to
4,000 mc is covered by 3 coaxial
wide-band water loads. The input
connector can be specified, and any
impedance supplied.

essential for efficient off-micro-
phone broadcasting. It has a fre-
quency response of 80 to 12,000
cps.

The miniature microphone is
complete with lanyard and a 30-ft
flexible cable. It measures 2+ in.
in length and 1§ in. in diameter.

TIME-DELAY RELAY

vibration, shock resistant

BELLTRON MFa. Co. INC., 204 Second
St., Elizabeth, N. J. A tiny time-
delay relay combines precision with
outstanding shock and vibration
resistance, due to a new toroidal
thermally sensitive element. Timing
may be adjusted from the outside

March, 1956 — ELECTRONICS



ELECTRO TEC

SLIP RING

HARD

24 KT. SOLID
ENTIRE RING THI

~
=

i

i

WU,

7

e

Dual purpose
assembly com-
bining “¥" grooved signal cir-
cuits and wide power rings.

NEW ETC-7 (POLYESTER. RESIN) WITHSTA

e

(LY

“PAT. NO.
2,696,570

e SR

ELECTRONICS — March, 1956

GOLD RINGS!

TRODEPOS:.TED* UNIFORM
HARLCNESS, @0 to 100 BRINELL.

At the I. R. E. SHOW!
BOOTHS #133, 135 TELEVISION AVE.
Kingsbridge Armory, New York City
March 19th to 22nd, 1956

HIGH TEMP PLASTIC!

COURTESY LEAR, INC.

— these two features were incorporated in
the assembly illustrated above, having 45
rings, dia. .180”, ring width .020", barrier
width .010”. Overall length, less leads 1.763".

OLZ RINGS —
CKNESS ELEC-

Electro Tec Corp., in its constant endeavor
to keep pace with the most exacting
requirements, has developed these new
processes and products. They provide
flawless performance under conditions far
exceeding the capabilities of other types
of construction. Where high temperature

is involved, the superiority of these
assemblies is so marked, that acceptance
has been industry-wide. At the same time,
an increasing number of users are
specifying these assemblies for the
ultimate in dependability under normal
operating conditions. Inquiries will
receive prompt attention; no obligation.

<= 72 rings on integral support — no accumulated tolerances —
. fulfills electrical, minimum weight and space requirements.

Combining
low friction torque
slip rings (.060 dia.) with ref-
erence switch segments.

Miniature high
speed sampling
switch — 24 channels.

NDS TEMPERATURE RANGE FROM —60°to +500°F.
PRODUCTS OF PRECISION CRAFTSMANSHIP
BY A NEW AND REVOLUTIONARY PROCESS

ELECTRO TEC
CORP.

SOUTH HACKENSACK, NEW JERSEY

Want more information? Use post card on last page.

ww\wWeamericanradiohistorv.com

305



“ELASTICABLE"® .-+«2 ampere cable that stretches to more

than twice its own length!

ted
. {
e N , ' _-
3 Other
United
products
“Elasticable” is braided 21-strand conductor insulated with
rayon, nylon or rubber, with ideal application for rack-mounted “Selectone"® Unbreakable flexibl
wiring; telephone, microphone cabling; electrical appliance serv- {1 ear-protectors terminal bl ek G
ice cords; and unlimited future uses. Can be furnished with from | filter out h’;rmful iRt st <ok oc‘bs.t' d
b - : = - ock, vibration an
llto 6 c.onductor.s Wlt.h 1000 volt |nsulatl9n between cgnductors, cies, allowing speech frequencies impact. 12 poles, captive
with alligator clips, jacks or spade terminals. Stock sizes—2, 3 to pass. Protect against lethal screws. Capacity 380 volts,
or 4 ft. relaxed lengths. Other sizes to order. jet-engine noise levels. 15 amps.

UN' TED __ ABL : CORPORA T'ON a division of

Mutual Electronic Industries Corporatlon

Unique FLUSH LETTER panels for instruments and controls

—edge-lighted to eliminate dangerous after-image
-l’_egible day or night from the widest angle!

1. A base of clear plastic.
2. A layer of bonded white BAND Switcw BY
. vinyl, giving maximum re- A complete S oL

flection and contrast. At least line of SN 2 NIGHT

— 17 units. illluminated . :

3. Layer of bonded black switch " An:os

vinyl, having less gloss than assemblies,

required by MIL-P-7788. control BAND SWITCH
The result is a radically new and different panel—impervious to panels,
water, temperature, altitude, abrasion, vibration and dirt. At knobs,
night when lighted with red filtered lamps, exposed white trans- dials ] X
lucent vinyl shows clearly in the darkness. No after-image. Flush . ' = IF ATTN 0B
lettering can be read from any angle. Applications: control
panels in aircraft, railroad equipment, ships, tanks—wherever Also, test equipment for evaluating organic coafings
controls are operated in darkness.

"":"_jUNlVERSAL AVlA TION CORPORATION a division of

Mutual Electronic Industries Corporation

TR' AX'AL-TYPE connectors...just one example of Essex

specially designed connectors to solve the
most exacting RF applications.

A standard line of

! == = high quality corro- 7
i W sion-resistant RF -

il connectors, along

with development

o= . \ p . and production of
Wherever imagination and ingenuity are called for in design and high voltage, high m
production, Essex engineers solve some of the trickiest connec- altitude RF ! | ool /
tor problems in all electronics. For example, the above high

ol . connectors
voltage tri-axial type connector for several sizes of RF cable
answers a unique need in electronics. “Where the Unknown Becomes A Connector”

ESSEX CONNECTOR CORPORATION . division of

ll
i il

PAT, PENDING

Mutual Electronic Industries Corporatton

SEE US AT BOOTH #214—RADIO ENGINEERING SHOW
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\ INGENIOUS
COMPONENTS

e g
CORPORATION | INDUSTRY

From the research and development
facilities of the newly created:

Mutual
Electronic

Industries

UNIVERSAL

) / —_ S S —
UNIVERSAL @ % CORP.
AVIATION @V Y
CORPORATION N

Now all these imaginatively conceived products are
being manufactured under one roof. Greatly expanded
facilities in a conveniently located, modern plant in
New Rochelle, New York, promise even more ingenuity
in the design and construction of components for
industry. Universal, Essex and United as divisions of
MUTUAL ELECTRONIC INDUSTRIES CORPORATION will
continue to lead in resourcefulness, dependability and
economy. Mutual encourages inquiries for the design
and manufacture of other related INGENIOUS
COMPONENTS FOR INDUSTRY.

!_Ial.

Ig n_i*ﬁ]_ﬁl}-‘.‘i. i

ESSEX
CONNECTOR E
CORPORATION |
MUTUAL ELECTRONIC
INDUSTRIES CORPORATION
4 85 Beechwood Ave. New Rochelle, N. Y.
p, Tel. NE 6-3000

SEE US AT BOOTH #214—RADIO ENGINEERING SHOW
ELECTRONICS — March, 1956

NEW PRODUCTS (continued)
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without affecting the hermetic seal
by a standard hex key applied to
a set screw located in a recess at
the top of the housing.

Fuctory set relays are available
in five overlapping timing ranges
from 5 to 99 sec. Standard units
are mounted on 9-pin miniature
plugs, operate normally open or
normally closed, spst, will carry 3
amperes at 115 v a-c or 28 v d-c
noninductive. Housing is only 1§
in. diameter, 1% in. long; total
weight, under 1 oz. Many timing
ranges are carried in stock.

D-C AMPLIFIER
for data handling systems

DOELCAM, a division of Minneapolis-
Honeywell, 1400 Soldiers Field
Road, Boston 85, Mass. Model
C23125 plug-in type, wide-band d-c
amplifier is designed to serve as a
low-level preamplifier in data-han-
dling systems where millivolt
signals must be amplified with a
high degree of linearity, stability
and speed of response. It uses a
second-harmonic magnelic converter
as the input stage. This achieves
a new level of performance and
provides complete isolation of the
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A BOLD APPROACIHI TO MISSILE ELECTRONICS

a statement by DR. I..N. RIDENOUR, Director of Research, Lockheed Missile Systems Divisicn

Electronics is central to the technology of guided mis-
siles. Dramatic improvements in missile performance
require faster, mare accurate perceptions and reactions
of elecironic missile guidance and control systems.

Here at the Missile Systems Division of Lockheed, we
are aware of this requirement. We also know that elec-
tronics is experiencing the greatest revolution in its
history; the vacuum tube, hitherto the cornerstone of

electronic design, is being replaced by new solid-state
devices which have superior performance and reliability.

Thus the times favor a bold approach to missile elec-
tronics. Past techniques will not meet requirements of
the future. Experience in old-fashioned electronics is no
great qualification for the present challenge. By giving
the broadest responsibility to scientists and engineers, we
are trying to lay proper emphasis on the new electronics.

c,éﬁ//ﬂﬂ/ MISSILE SYSTEMS DIVISION research and engineering staff

LOCKHEED AIRCRAFT CORPORATION +» VAN NUYS, CALIFORNIA




NEW PRODUCTS (continued)

input from amplifier chassis and

Io R.E circuit ground.

» Applications—Typical applica-
tions are multipoint scanning of
(4 & €4 NE. N4 A thermocouples or bridge measure-
N‘\‘[‘I()N‘\I‘ C()‘\‘ ENT ION ments for magnetic tape recording,
temperature monitoring system for
_~] nuclear reactors and analog-to-

AND l{‘\DIO SIIO‘V digital conversion preamplifier.
Power requirements are 300 v
d-c = 1 percent, 20 ma; —150 v
New YO)‘]( -March 19-22 d-c = 1 percent 8 ma; 6.3 v d-c
~ 5 percent, 400 cps, 1.35 amperes.
Gain is 5,000 = 0.3 percent; linear-
ity is within 0.1 percent of full
scale; stability is less than 30 pv
zero drift; wide-band frequency re-
sponse, less than 0.05-sec rise time

Significant developments at Lockheed Missile Systems

Division have created new openings on our staff to step function input; and noise,
. : less than 20 pv as referred to the
in the following fields: r——— ' # !

m RF propagation, microwave and antenna research
and development

Advanced electronics and radar systems

Analytical systems analysis of guidance and
control problems

m Applied mathematics such as the numerical solution
of physical problems on complex computers

® Ballistics and the integration of ballistic type
missiles with vertical guidance

m Instrumentation and telemetering

m Integration of ground and flight test data to
evaluate dynamic performance

® Design and packaging of electro-mechanical systems FREQUENCY PETECTOR
measures a-f directly

Karl E. Zint, C. T. Petrie, A. A. Daush, Jr. and senior AIrPAX ProbUCTS Co., Middle River,

members of the technical staff will be available for Baltimore 20, Md. The F-948

Magmeter is a magnetic frequency
detector that measures audio fre-
Phone PLaza 3-9995 or PLaza 3-9996. quencies directly. It is completely
contained in a hermetically sealed
can 1.375 in. high and 1.53 in. in
diameter with a standard octal base,
and weighs 3.4 oz. It can be used
wherever frequency is measured:

consultation at the convention hotel.

NEW RESEARCII in test equipment, a-c servos, speed

. - indicators and controls, and power
ILLABDORATORIEK S ANNOUNCED frequency regulators.

Plans for new research laboratories at Stanford > Characteristics—Range is 0 to

University’s Industrial Park, Palo Alto, Calif., have 500 cps; aceuracy, 2 percent .Oi
full scale plus temperature varia-

been anno'unc'ed by Lockheed Missile Systems Division. " tion of 500 ppm/C; waveform sen-
Construction is now underway. sitivity : less than 1 percent change
in indication for sine, triangular

,’/ // // L. - S ] e g and square waves of the same recti-
Loctteeq, MISSILLE SYSTENMS DIVISION fied average value; and tempera-
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PRECISION

Solve space and weight problems
with Continental subminiature

electrical connectors

Continental Connectors are pace-setters in
subminiaturization to meet increasing
demands for rugged equipment of small

Subminiature AN-Type Series 1300

size and weight. Where weight and space are
at a premium, in aireraft and
instrumentation applications, they provide
excellent precision connection.

Series 1300,
S-Contact

= ACTUAL SIZE

Precision-machined aluminum shells meet military requirements
for salt-spray test resistance. One-piece molded inserts prevent
moisture traps and electrical breakdowns possible with conven-
tional AN two-piece inserts. Floating contacts guarantee self-
alignment of each contact and reduce engagement and disengage-
ment to a minimum. Inserts are permanently swaged into shell to

take #20 AWG wire. Two shell sizes are available: one for 3,4, and

|
|

|

|

1

|

|

i

|

|

: form a single cartridge unit. Current Rating: 7.5 amps. Contacts
: 5 contacts; the second for 15, 19, 27, and 31 contacts.

L

Series SM-20,
7 Contact
{Shown with »

ACTUAL SIZE

Subminiature Rectangular Series SM-20

Contacts are phosphor hronze, wold plated
over silver for low contact resistance and
soldering ease. I"loating contacts assure posi-
tive alignment of each contact. .040 diameter
contacts climinate assembly difficulties en-
countered when soldering sub-standard wires.
Polarizing screwlocks (See photo) and other
contact arrangements are also available in
this series. Rating: 5 amps. Contacts take
#20 AWG wire,

* Pat. Pend.

Polarizing Screwlocks)

£
S—————

_________ P ——

]

\4/

Series G-20,
2 Contacts
ACTUAL SIZE

Subminiature Rectangular Series G-20

Ideal for the small spaces. Molding has hole
for convenient, space-saving side mounting.
Precision-machined sockets of spring temper
phosphor bronze and pin contacts of brass
are gold-plated over silver for lowest contact
resistance and easy assembly soldering. Con-
neclors are available in 2, 3, and 4 contacts
with a variety ol pin arrangements, with or
without hood w@nd cable elamp.

Technical data on these connectors, and special designs requiring
the use of subminiature, hermetic seal, pressurized, high voltage, or power connectors,
are available on request. Write today for complete catalog.

Electronic Sales Division
DeJUR-Amsco Corporation,

45-01 Northern Boulevard, Long Isiand City 1, N. Y.

DedURB

See Delur exhibit at Booth 200, Production Rd,’”” JRE Show

310 For additional infarmation on all items on this page, use post card on last page.

NEW PRODUCTS {continued)

ture: —55 C to 472 C operate,
65 C to +85 C storage.
Priece will be approximately $38.

TRANSCEIVER

operates on citizens band

VocaLINE Co. OF AMERICA, INC,
0Old Saybrook, Conn. Model JRC-400
is a 2-way radio transceiver that
operates over the citizens band. It
sends and receives clearly for over
10 miles when units are in line-of-
sight. It operates successfully at
% mile through almost any obstruc-
tions.

The lightweight units (around 4
1b) plug into any 115 v a-c outlet
or 6 v d-c supply. Price is $59.75.

INFRARED ANALYZER
for automatic processing

AXLER ASSOCIATES, INcC., 102-42
43rd Ave., Corona, N. Y. The auto-
matic processing of pharmaceuti-
cals, plastics, rubber, chemicals,
petroleum, food, paper and cos-
metics is made possible with the
new infrared analyzer.

Designed to be used in conjunc-
tion with narrow-band infrared,

March, 1956 — ELECTRONICS
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Stretching the Path of an Electronic Pulse

Military coding equipment takes one pulse and
inserts it into a delay line and in effect sends it
over a number of paths, each of different lengths.
Combining the output of the paths gives a pulse
train with pulses spaced in accordance with arti-
ficial length of the path. Ordinarily the flexibility
of the equipment is limited by the fixed taps in the
delay line and the accuracy is established by
auxiliary circuitry.

Now Admiral research has developed a com-
pletely new type of delay line which is infinitely

variable within its over-all capacity. It is adjust-
able with~the greatest facility for any desired
interval. The accuracy of this line is limited only
by the accuracy of the measuring equipment.
Moreover, the Admiral delay line requires less
complicated switching apparatus. Weight and bulk
are reduced. Fewer components permit faster
production at lower cost. Here is one more exam-
ple of Admiral’s capablhtles in the field of military
electronics. Address inquiries to:

Admiral

C ORPORATI

Government Laboratories D|V|5|on

Chicago 47, illinois

1ook T0 Admiral For

e RESEARCH o DEVELOPMENT
in the fields of:

COMMUNICATIONS, UHF and VHF, airborne and ground.
MILITARY TELEVISION, receiving and transmitting, airborne
and ground.

RADAR, airborne, ship and ground.

RADIAC ¢ MISSILE GUIDANCE o CODERS and DECODERS
TELEMETERING e DISTANCE MEASURING ¢ TEST EQUIPMENT

¢ PRODUCTION

FACILITIES BROCHURE

describing Admiral plants, equip-
ment and experience sent on
request.

ENGINEERS! The wide scope of work in progress at Admiral
creates challenging opportunities in the field of your choice.
Write to Director of Engineering and Research, Admiral
Corporation, Chicago 47, lllinois,

Want more information? Use post card on last page.
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radio
interference
and

Stoddart RI-FI* meters
cover the frequency range
14ke to 1000 mc

HF

NM-208B, 150ke to 25me

Commercial Equivalent of AN/PRM-1A.
Self-contained batteries. A.C. supply
optional. Includes standard broadcast
band, radio range, WWV, and com-
munications frequencies

Has BFO

VHF
NM.30A, 20mc to 400mc

Commercial Equivalent of AN/URM.-47
Frequency ronge includes FM and TV
bands

UHF

NM-50A, 375mc to 1000mc
Commercial Equivalent of AN/URM-17.
Frequency range includes Citizen's band
and UHF color TV band.

e Ay

6644-A SANTA MONICA BLVD., HOLLYWOOD 38, CALIFORNIA - HOLLYWOOD 4-9294

312

STODDA

Stoddart NM-10A
14kc to 250kc

Commaercial Equivalent
ot AN/URM-6B

VERSATILITY . . . The NM-10A
is designed to meet the most
exacting laboratory standards
for the precise measurements,
analysis and interpretation

of VLF radiated and conducted
radio-frequency signals and
interference. Thoroughly
portable, yet rugged, the
NM-10A can be supplied with
accessories to fulfill every con-
ceivable laboratory and

e field requirement.

EXCELLENT SENSITIVITY . ..
The NM-10A sensitivity ranges
from one microvolt-per-meter
to 100 microvolts-per-meter,
depending upon whether rod or
shielded loop antennas or

line probe are used.

ACCURACY . . .Each equipment
is '*hand calibrated” in the
Stoddart Test Laboratories by
competent engineers. This
data is presented in simplified
chart form.

DRIPPROGF . . . Sturdy

dripproof construction aliows

long periods of operation in
£ driving rain or snow without
+ adverse effects.

FLEXIBLE POWER REQUIRE-
MENTS . .. The ac power supply
permits operation from either
105 to 125 volts or 210 to 250
volts ac, at any frequency
between 50 cps and 1600 cps.

el

LT Lsm bt

(o e
e e

LR SR S

-

R T aircraft radio co., inc.

S

ST

<

X%
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NEW PRODUCTS (continued)

ultraviolet and visible filters, it has
universal applications studying gas-
eous or chemical constituents by
the method of emission, transmis-
sion or absorption spectroscopy.
Rapid and spot analysis measure-
ments can be made by nontechnical
personnel by means of the narrow-
band filters and the simple dial and
meter arrangement. Model AA-1
analyzer is 8 in. by 8% in. by 18 in.,
operates on a-c and utilizes a PbS
detector and power supply.

DIAGRAMMER
with electronics symbols

A. LAWRENCE KARrRP, 16 Putnam
Park, Greenwich, Conn., has an-
nounced a new diagrammer for
making any radio, tv or electronics
cireuit drawings. It is usable with
pen, pencil or stylus.

Every necessary component of
the most commonly used symbols is
included on the rigid transparent
vinyl template, which measures only
4% in. by 6% in. by 0.040, and the
sides of every symbol are beveled
to provide extreme ease and ac-
curacy.

» Price—The templates are $3
each postpaid. The price includes
a new catalog and manual of many
additional electronic and electrical
templates.

POWER SUPPLY
for multiplier phototubes

NJE Corpr., 345 Carnegie Ave.,
Kenilworth, N. J., has available a

March, 1956 — ELECTRONICS
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Type JF DISCAPS

A new development RM c

JF ‘
6000 / JF )
‘ y 01

7

|
I

|
|
l
|

.
!
L

|
|

[4— 172" MIN.
fe—— 1%2" MIN

150 to 681 to 1001 to 3001 to 4001 to 6001 to
680 MMF 1000 MMF 3000 MMF 4000 MMF 6000 MMF 10,000 MMF
i SPECIFICATIONS
3 . POWER FACTOR: 1.5% Moax. @ 1 K C (initial) INSULATION: Durex phenolic—vacuum waxed
% POWER FACTOR: 2.5% Moax. @ 1 K C, affer humidity ~  INITIAL LEAKAGE RESISTANCE: Guaranteed higher than 7500
WORKING VOLTAGE: 1000 VD.C. = *megohi ot . .. |
TEST YOLTAGE (FLASH): 2000 V.D.C. ¥ 5 AFTER hUMIDITY LEAKAGE RESISTANCE: Guaranteed higher

LEADS: No. 22 ﬁnned@copper_(.026_dia.5 g ~ than 1000 megohms
: ¥ CAPACITY TOLERANCE: £10% =20% ot 25° C

= . i

Type JF DISCAPS are the result of the
extensive research programs conducted
in RMC’s technical ceramic laboratories.
These new DISCAPS extend the avail-
able capacity range of the RETMA Z5F
type ceramic capacitor between + 10°
and + 85° C and meet Y5S specifica-
tions between — 30° and + 85° C.

Now manufactured in capacities from
150 MMF to 10,000 MMF, type JF
DISCAPS exhibit a change of only
1 + 7.5%, over the range between 4 10°
g T e to + 85° C. (See Graph). They also
: TEMPW“‘_/“_\_EM; " show a superior frequency stability over

+® previous similar types.

Write today on your company letter-
head for the answer to your gquestions
on any type of ceramic capacitor.

P.
VS.
ACH L EMP. RANGE

£.)F DISCAPS

1
+307
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VISIT BOOTH 518 I.R.E. SHOW
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DISCAP RADIO MATERIALS CORPORATION
CERAMIC GENERAL OFFICE: 3325 N. California Ave., Chicago 18, 1Il.
CAPACITORS

Two RMC Plants Devoted Exclusively to Ceramic Capacitors

ELECTRONICS — March, 1956 Want more information? Use post card on last page. 313
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MFG ‘CO., INC,
-t L. MNNESOTA
e TN

Communication
VIBRATORS

featuring:

e CERAMIC STACK SPACERS P
e V4" DIAMETER POWER CONTACTS Lf—\i? :
e DRIVER-TYPE COIL CONSTRUCTION ﬂ" R 1

° 4 ‘ —
[ ]

7] POLICE

SPECIAL REED HINGE and WIRING
POWER CAPABILITY UP TO 15 AMPERES

COMPLETE LINE OF REPLACEMENT

(1) VIBRATORS

FOR AUTOMOTIVE, HOUSEHOLD and
TWO-WAY COMMUNICATION SETS

ATR VIBRATORS are proven units of the high-
est quality, engineered to perfection. They
are backed by more than 23 years of vibra-
5 tor design and research, development and
manufacturing.

ATR pioneered in the vibrator field.

fREE ) ATR VIBRATOR

~——— MASTER MANUAL

>

See goun jobber on crite factory today COMMERCIAL

§or compilete cufonmation

AMERICAN TELEVISION.& RADIO Co
Zuality Products Since 1937
SAINT PAUL 1, MINNESOTA — U, S. A,

www americanradiohistorv.com

Vi

For additional information on all items on this page, use post card on last page.

NEW PRODUCTS

(continued)

new, compact, inexpensive, high-
stability multiplier-phototube power
supply. Available either in basic
chassis form for inclusion in opti-
cal devices, or in rack-panel/cabinet
form for laboratory use, model CS-
324 provides better than 0.1 per-
cent line and load vregulation
without the use of a chopper or a
standard-cell reference.

» Other Specifications—Long-term
stability is better than that re-
quired for most applications, and
ripple is less than 1 part in 50,000.
The output voltage provided can be
any 200-v range from 1,000 to 2,000
v d-c. Output current rating is
5 ma.

The stability and regulation are
achieved through the use of a
heavily pre-loaded, high-gain regu-
lator operating from a relatively
stiff rectifier. The reference tube
is operated in a selected current
region, which is maintained con-
stant by the action of the regulator
itself. Despite its high-perform-
ance characteristics, the circuit
containsg only five tubes, including
the rectifier and reference.

LIQUID-LEVEL CONTROL

for processing industries

MACHINERY ELECTRIFICATION, INC.,
Northboro, Mass., has developed the
MEK-3001A electronic liquid-level
control for the general processing
industries. It will minimize and
simplify maintenance in an in-
dustry that can not afford down
time. To keep maintenance time to
a minimum, it incorporates a
plug-in relay encased in a trans-
parent cover,

» Service—It can be connected for
all  types of service—pump-up,

March, 1956 — ELECTRONICS



Waveguide Tubing

AL
Waveguide Assemblies

OFFER PRECISION QUALITY

Electrical Contacts

A,

3

Raised Lay for Switches

Sce us at Booths 40

Collector Ring Assemblies

AT MASS-PRODUCED PRICES

D. E. Makepeace Co., originators in the art of
bonding precious metals to base metals, have
continually expanded their engineering and pro-
duction facilities to keep pace with modern in-
ventions and methods. The result is an ability to
design and produce components to strictest speci-
fications and closest tolerances at lowest pos-
sible quantity prices.

Send us your drawings for. quotations or require-
ments for special design.

D. E. MAKEPEACE COMPANY

Division of Union Plate and Wire Co.

Attleboro, Mass.

(envNGELAYARLD /NDUST'R/ES’)

3-405 IRE Show

ELECTRONICS — March, 1956 Want more information? Use post card on last page.
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PHASE ANGLE~-MINUTES
[

if you work with position servos...

HERE'S HOW TO LICK
QUADRATURE

with the vernistat* a.c. potentiometer

If you work with position servos, vou
have had problems with quadrature.
The tighter the servo loop, the more
serious unwanted voltage due to phase
shift can be.

Quadrature problems are tremen
dously simplified and more accurate
servos are possible when you use the
Vernistat. Although it contains a trans-

SPECIFICATIONS OF MODEL 2B
Linearity Tolerance

Minimum Output Voltage Increment .

Electrical Rotation : .
Mechanical Overtravel (each end)

Phase Angle (at 400 c.p.s.) ...

Excitation Frequency
Qutput Impedance
Input Impedance !
Maximum Input Voltage

tormer, the Vernistat has extremely low
phase shift. Phase angle is less than 1.6
min. at 400 c.p.s. in most systems.

The Vernistat is an a.c. potentiom-
eter that combines high linearitv and
low output impedance. Size and mount-
ing dimensions are designed to the
BuOrd specification for a size 18
synchro.

.......................... + 0.05%

..0.01%

34940

.. 45° approximately
.. 1.6 minutes, maximum
................. 20 to 3000 c.p.s.

. .............. less than 130 ohms

..................... 65,000 ohms, minimum
.130 V. at 400 c.p.s. or
20 V. at 60 c.p.s.

*TRADEMARK

Visit our booth 507 at the IRE Show

VerniStat division

PERKIN-ELMER CORPORATION
Norwalk, Connecticut

316 For additional information on all items on this page, use post card on last page.
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NEW PRODUCTS (continued)

pump-down, or constant level. The
control will monitor any liquid
whose resistivity is between 0 and
2 million ohms per cu em. Shock
hazard 1is completely eliminated
since the probe voltage is less than
12,5 v and is completely isolated
from the a-c power supply by a
transformer.

» Specifications—Input is 115/230
v, 50/60 cycles, sensitivity 0 to 2
million ohms per cu em; relay, 5
amperes, 115 v operated either nor-
mally energized or normally de-
energized; ambient temperature, 32
to 150 F.

H-Y CONVERTER

is an ultracompact unit

BARRY ELECTRONICS CoRP., 512
Broadway, New York 12, N. Y,
announces a new ultracompact h-v
converter, model 7MVT, for use in
insulation breakdown testers, scin-
tillators, Geiger counters, infrared
devices, ignition purposes and port-
able power supplies.

» Technical Data — Input power
requirements of 1 to 4 v d-c or 60
cycle a-c permit use of standard
flashlight cells or proper stepdown
transformer as source of power, It
delivers output voltage of up to
6,000 v (low current). Compact

March, 1956 — ELECTRONICS
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Designed to end the practice of
forcing communicaticns-type tubes into
heavy-duty industrial service, these
new AMPEREX triodes are engineered
from the ground up o the specific re-
quirements of RF power oscillator cir-
cuitry in industrial induction end die-
lectric heating installations. Their per-
formance is virtuclly independent of
the wide variations ir load imgedance
encountered in industrial applications.

Outstanding Electrical Characteristics —
¢ low plate impadance
° low mu
¢ high transconductance
forms
.. .superior “loacability’’
. . high efficiency under all
loaded conditions
. . greater power into
hard-to-hect loads
. simpler cirauitry eliminating
special grid-current
regulation devices

Outstanding Physica! Characteristics —

¢ thoriated tungsten filament . .
... for maximum life
» extra-heavy-wall copper anode...
. . to absorb short-term overloads
of double the maximum ratings
e platinum-clad grid . ..
. for stable grid-current operation
e coaxial grid construction and
powdered-glass stem .. ..
... for maximum
mechanical sirength
¢ permanently bonded, flexible,
heat-dissipatirg
filament leads
... to eliminate failures due to
contact resistonce at terminals

TYPICAL OPERATIHG CONDITIONS
TYPES 6756 and 6757
Class C— Three-Phase,

Oscillator,
Full-Waove Supply (Per Tube)
ces ccs cecs
fFull Loac 2A Lload No Load

pC Plate Voltage 12000 12000
DC Plate Current 5

DC Grid Voltage
RF Grid Voltage
pC Grid Current

2050 2030 __volts

Grid Resistor 58 5.8 512 mohm.
Plate Input 4820 24.0 5. o
plate Dissipation 1}.25 49 i
Efticiency 73 .39 7Q.g ghms
Load Impedance 175E 3120 .
Plate Power Output 30.7% 19.1

Detailed data sheets and application information
availoble on request.

E

Retube with Amperex

ON EXHIBIT

L.R.E. SHOW

273004275

12000 volts D!E
. 20 0.430amps 03
1220 —1380 —1710 volts DC

s 0210 0238 0.295ampsDC

J-\ AMPEREX

High-Power RF Oscillator Triodes

SPECIFICALLY DESIGNED
as INDUSTRIAL
POWER OSCILLATORS

FOR OPTIMUM PERFORMANCE WITH FLUCTUATING LOADS

Type 6756
WATER-COOLED
20 kw dissipation

$435.00
Grid Connector included
Accessory: Water Jacket (Type $-15096)

at the

Amperex
Booths

Type 6757
FORCED-AIR-COOLED
15 kw plate dissipation

$535.00
Grid Connector included

L {$75.00 allowonce for return
\\\ of radiator with order)

=

] 2
A% 1
- J

£

i

e e
i

sk Note fiat grid
current
characteristics, 4
no load to full
load, without 3
external grid E
stahilization g
circuitry i

SRR L

=
i

Available At Your Local Parts Distributor
ELECTRONIC CORP.

230 Duffy Ave., Hicksville, Long Island, N. Y.

In Canoda: Rogers Majestic Electronics Ltd.
11-19 Brentcliffe Road, Leaside (Toronto) 17
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Unusual shape — Problem part —
Do you wish you could extrude
it in one piece? We've surprised many

businesses by proving it can be done.

Show us your blueprints or

the piece itself. We’ll show vou if and how it
can be produced by impact extrusion.

No obligation. Prompt deliveries assured

Swnlube

CORPORATION
HILLSIDE, NEW JERSEY

IMPACT EXTRUSIONS. CONDENSER CANS AND SHELLS.
ALUMINUM. ZINC. MAGNESIUM. LEAD. SILVER.

by our 30-vear reputation in business.

For additional information on all items on this page, use post card on last page.

NEW PRODUCTS (continued)

construetion permits insertion into
standuard 8-prong socket.

Price of the new converter is
$12.50.

SHAFT LOCK

maintains control settings

RAYTHEON MFG. Co., Waltham 54,
Mass., has announced a new shaft
locking device developed for use
with screwdriver adjusted controls
such as potentiometers. Designed to
prevent con