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electronic

frequency

~ changers

250VA and 1000VA CUpUCity + accurate control of frequency

s accurate control of voltage

- 60~ to 60 ~ or 60~ to 400 ~ - good wave shape

e portable
. accuracy to 1-0.01% e no special wiring or installation
| U8 . =
SPECIFICATIONS -
~ Model | rcozs0 FCD1000 FC1000
Input voltage | 95-130VAC, 18, 50-60~|208 or 230VAC, | 208 or 230vAC
L S ) S - 16, 50-60~ | 18, 50-60~ 3l
Output_voltage _11SVAC, 18, adjusteble between 110-120 volts _ -
i Ourtpu' Frequency 400 ~, adius'ai:le 400 ~, adjustable 60 ~, adjustable
+10% +10% between 45 and 65
" Output voltage +1.0% +1.0% +1.0%
regulation ) - L S
Output frequency 11.0% in standard models; 40.01% with auxiliary frequency
regulation standard (output frequency is fixed when using frequency standard) -
Capacity | 250VA ~ |rooova [ 1000va
load range 0.1 to full load
Dif'or'ion_- N N 5% maximum B B ) o ___ -
P. F. range B ol Down to 0.7 F o B 5 B __ =
Time constant ] _ | 0.25 seconds __ B . _ — |
Envelope modulation 1 2% maximum ) e m—

These industrial and laboratory frequency changers resulted from contracts for precision invert-
ers. They should prove useful for testing components or complete instruments that must operate
over variable frequency conditions. They can also be used as sources for precision 60 ~ of
400 ~ for timing applications, or used with servo and/or gyro motors in design work,

Sorensen electronic frequency changers are also being used with field equipment such as geo-
physical vans, where motor generator set frequency control is often inadequate. Another use
will be for checking equipment designed far 50 ~ (foreign) usage; conversely, the same
instrument can be used to convert 50 ~ line to 60 ~ source.

Electronic frequency changers of other ratings are now in design. We shall be happy to send
further information, or to correspond with you concerning your individual requitements.
Address Sorensen & Co., Inc., 375 Fairfield Avenue, Stamford, Conn. In Europe, write directly
to Sorensen A.G., Gartenstrasse 26, Zurich 2, Switzerland.

SORENSEN

375 FAIRFIELD AVENWE, STAMFORD, CONN.

2 July, 1954 — ELECTRONICS



“THIS BROCHURE DESCRIBING—

NUIRNEAD DAKSLIPS

A
—— IS ISSUED FREE ON REQUEST

4
AN ﬁ -

MUIRHEAD MAGSLIPY

PUBLICATION 7580

s .’
= % ®0%0%%%¢

=

\d
A
&

*®
¢
*
S
g
&
<

| K I,
: B X
I B ®0%0%0%e% %"

g
&
*
&
<

0’0
<
&

0%0%0% 4% %%

* 06006000
&
*

*
&
2K 4
®

¢ 0
*
0’0’0’0

MUIRHEAD & CO. LIMITED BECKENMAM KENT ENG.AND

* 0.0
¢
g

* 6 00
<

&

e
*e

g
*
.0

\d
&
L J

o
»
*

R
¢
*

&
*

FOR PUBLICATION 7580

MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND

129

MAKERS OF HIGH GRADE PRECISION ELECTRICAL INSTRUMENTS

ELECTRONICS — Julv. 1954 3




275 _— -
250 ‘ = Ll
. Elegt[omcs_, utput Index .o AR o
l f
|
200 —= TR T i s,
x 12y Latest Month
o175 — — et
2 | Year Agu Prevlous Month 200 0
150 i ST 2l 2 VLUV
P25 - . e - ——d = — AL 45 7 22] 3 r. '54
1947 =100 Apr. '53 Mar. 54
100 - - —H— T S —_—
75 UJJHJ SUBSE! TUULL UL P s b i gl j el l_l_L_L I__L_L_J_L.J
JFMAIJJASONDJFMAUJJASONDJEUAIJJASONOJfMAMJJASOIDJFMAIHASONDJFMANJJASOND e F
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Year Previous Lotest Year Previous Latest
Ago Month Month Ago Month Month
RECEIVER TV AUDIENCE
PRODUCTION (Source: NBC Research Dept.) Apr. ‘53 Mar. ‘54 Apr. 54
(Source: RETMA) Apr. ‘53 Mar. ‘54 Apr. ‘54 TV Homes, total 23,256,000 29,495,000
Television sets, total 567,878 599,606 457,608
With UHF : 124,855 112,833
Radio sets, total 1,158,936 940,352 745,235 BROADCAST STATIONS
With FM ) 40,178 19,693 14 008 Source: (FCC) May ‘53 Apr. ‘54 May ‘54
Home sets 286,974 244,110 165,232 TV Stations on Air. . . 189 387 397
Clock Radios 187,394 119,863 73,590 TV Stns CPs—not on air 266 190 176
Portable sets . ... .. .. 201,476 206,130 175,424 TV Stns—Applications 611 52 45
Auto sets ... 483,092 370,249 330,989 AM Stations on Air. . 2,445 2,563 2,575
AM Stns CPs—not on air 130 112 111
AM Stns—Applications 244 158 158
RECEIVER SALES FM Stations on Air. . . 591 552 549
(Source: RETMA) Apr. ‘53 Mar. '54 Apr. ‘54 FM Stns CPs—not on air 20 16 18
Television sets, units. 319,721 512,861 371,720 FM Stns—Applications 9 d 5
Radio sets (except auto) 412,802 486,034 427,911
COMMUNICATION AUTHORIZATIONS
RECEIVING TUBE SALES Source: (FCC) Apr. ‘53 Mar. ‘54 Apr. ‘54
(Source: RETMA) Apr. ‘53 Mar. ‘54 Apr. ‘54 ’l\xnerqnaulical ........ 38,887 43,324 42,998
Receiv. tubes, total units 41,342,599 29,063,484 29,640,942 pa-”"e """"""" L g i
g olice, fire, etc. .... .. 12,956 15,065 15,241
Receiv. tubes, value... $27,720,635 $22,130,627 $21,697,489 d
¢ A Industrial ..., .. .. .. 16,515 20,599 21,029
Pic. tubes, total units. . 907,076 759,468 727,655 A
Picture tubes, value $21,657,266  $15,904,687  $14,994,779 Land Transportation .. 2169 0728 6,829
1eture LODES, Valutu'is 0374 705 DHB Amateur .. ........ .. 110,884 118,750 120,581
Citizens Radio . ... 2,074 5,612 5,664
DISaSUEr ;v yyre s mscs bs 189 259 271
SEMICONDUCTOR SALES , y Experimental .. .. 432 544 550
(Source: RETMA) Apr. ‘53 Mar, ‘54 Apr. '54 Common carrier . . . 1,144 1,534 1,549
g;::(‘):"g:g;g"des‘ .. 2,450,015 1,061,010 994,280
EMPLOYMENT AND PAYROLLS
, (Source: Bur. Labor Statistics) Mar.’53 Feb. ‘54 Mar, ‘54
————Quarterly F § —— y
Quorterly Figure Prod. workers, comm. equip. 418,300 364,400-r 362,300
INDUSTRIAL Year Previous Latest Av. wkly. earnings, comm. . . $66.67 $67.89-r $67.55
Ago Quarter Quarter Av. wkly. earnings, radio. . . $64.24 $67.09-r $66.76
TUBE SALES Av. wkly, hours, comm., . . . 40.9 39,7 -r 39.5
(Source: NEMA) 1st ‘53 4th ‘53 1st ‘54 Av. wkly. hours, radio. . ... 40.4 39.7 -r 39.5
Vacuum (non-receiving)  $10,400,000 $9,467,331 $8,971,335
Gas or vapor ...... $3,300,000 $4,854,222 $4,589,239 R
Phototubes ....... . $700,000 $405,000 $405,000* STOCK PRICE AVE AGES , ,
Magnetrons and velocity (Source: Standard and Poor's) May ‘53 Apr.’54 May ‘54
modufation tubes ... $10,500,000 $13,073,095 $16,135,274 Radio~TV & Electronics 295.3 304.0 3053
Gaps and T/R boxes. . . $1,700,000 $1,707,730 $1,517,426 Radio Broadcasters 287.3 309.5 3221
*4th quarter 1953 p-—-provisional; r—revised
FIGURES UF 'I'HE YEAR TOTALS FOR FIRST FOUR MONTHS
1953 Total 1953 1934  Percent Change
Television set production 7,214,787 2,827,821 1,904,718 —32.6
Radio set production 13,368,556 4,993,720 3,326,800 —33.4
Television set sales 6,375,279 2,100,620 2,152,515 4+ 25
Radio set sales (except auto} 7,064,485 1,851,673 1,487,247 —19.7
Receiving tube sales 437,091,555 163,401,335 106,026,920 —35.1
Cathode-ray tube sales 7,582,835 3,705,997 2,690,519 —27.4
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INDUSTRY REPORT

Government Market Is
Bigger Than It Seems

FINDING oUT who buys what and
where in the federal government
has buffaloed a good number of
electronic manufacturers who want
to sell to the U.S. government. A
step toward eliminating this prob-
lem has been made by the Small
Business Adminis:ration which re-
cently published a U.S. Govern-
ment Purchasing Directory. It
lists in detail the supplies and
services bought by the military and
civilian departments of the federal
government, the zddresses of their
purchasing offices and the neces-
sary procedures for selling them.

» Markets—The government uses
nearly every type of electronic
equipment and al types of depart-
ments and bureaus buy electronic
equipment. For example, there are
six military ani four different
government civilian offices that buy
home-type tv receivers. They range
from the U.S. Weather Bureau to
Army and Air Force post ex-
changes. There are 16 civilian
offices that purchase resistors,
ranging from the Bureau of Census
to the Bureau of Land Manage-
ment, and 10 military offices.

» Navy—Just how big a customer
a government department may be
is indicated by the operations of
just one Navy department, the
Electronic Supply Office.

It controls an inventory of
216,000 different line items with a
total value of $350 million. During
fiscal year 1952, ESO spent $21
million dollars for maintenance re-
pair parts, including tubes. The
principal portian of these were
from northern I[llinois and south-
east Wisconsin.

ELECTRONICS — July, 1954
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STATIONS

40 [ NEW STATIONS ON THE AIR

TELEVISION starters decline; new a-m stations increase, as . . .

Business Booms in A-M Radio

Station building climbs as old-
timers revamp studio and trans-
mitting equipment

DON'T sell a-m short—a maxim
heard even during the post-freeze
boom in television station building,
points the way to increasing profits
in the broadcast equipment busi-
ness this year.

» New Stations—As the chart in-
dicates, a-m radio was good from
the transmitting equipment point
of view even during the big tv boom
in late 1953. Now, with that boom
apparently tapering off, the a-m
market is climbing even higher. In
the past 10 months, 114 new a-m
authorizations were issued.

» New Equipment—Remote con-
trol of a-m transmitters, recently
authorized by the FCC, accounts for
much business. Manufacturers re-
port that 300 packaged units have
been sold. Many new a-m trans-
mitters have built-in provision for
remote operation.

Next feature for transmitters

may be remote control of directional
antennas. This is being done now
in Canada but is not yet authorized
by the FCC for U. S. broadcasters.
Remots control manufacturers are
working up packages with d-a pro-
visions.

A paper presented to the NARTB
convention in Chicago described
tape sequencing equipment installed
by a Honolulu radio station. Such
gear may take over some of the
functiopns of the announcer-disk
jockey as well as those of the engi-
neer.

» Replacement—The market for
equipment to replace outmoded gear
is one that equipment salesmen are
aggressively exploring. Many broad-
casters are using transmitters 12
to 15 years old and older. In many
cases, parts are not easily obtained.
Older rigs often use tubes much
less efficient than those developed
in recent years. Thus, replacement
may prove cheaper than repair. One
manufacturer reports three orders
for 50-kw plants.

The studio equipment market is
also good. Broadcasters are finding

5




INDUSTRY REPORT — Continued

a second or third console, additional
remote pickup equipment or aux-
iliary tape-handling gear essential
to their operations.

Scientific Apparatus

Business Increases

GROWING output of scientific instru-
ments and laboratory apparatus,
much of which is electronie, is seen
in the large increase ir employment
in the field. According to the Bu-
reau of Labor Statistics, employees
in the laboratory, scientific and en-
gineering instrument field increased
from 39,000 in 1951 to 49,000 in
1952 and reached a total of 54,000
in 1953.

» Breakdown—Indication of how
important the various products are
saleswise in total scientific instru-
ment sales is indicated by the fol-
lowing figures: In 1953 total sales
in the field reached $212.3 million.
Of this total $131.9 million was ac-
counted for by laboratory appara-
tus, $13.3 million by optical and
$67.1 million by industrial in-
struments. Significantly, during
1953, the largest percentage sales
increase over the previous year’s
sales was registered by industrial
instruments with a 8.6-percent in-
crease in shipments.

Printed Circuit Bows
in TV Line

This section of a 21-inch Admiral tv
set uses 412 by 7-inch printed circuit
which incorporates six tubes and one-

third of normally-exposed wiring.
After components are assembled to
the photo-etched copper plate it is
dipped in a solder pot at 500 degrees
F for three to five seconds

|

INVENTORS Reynolds and Leies watch their solar generator, at right, enclosed

in a plastic shield while .

Sunkissed Crystal Turns Motor

LATEST SOLAR power plant, de-
veloped at Wright Air Development
Center, Dayton, Ohio, uses a yellow
cadmium sulfide erystal to change
sunlight into electricity. The ex-
perimental model uses a erystal
about the size of a lump of sugar.
Later developments are expected to
pare the crystal wafer-thin.

» Getting the Juice—Attached to
opposite sides of the slab are elec-
trodes to which wires connect. A
silver electrode is the positive ter-
minal; the negative terminal is
indium. The whole unit is known as
a barrier-layer cell. Light, striking

Electronics Covers

Radar is being used more ex-
tensively and computers may
soon enter the picture

U.S. WEATHER BUREAU has 22
radar units in operation in the
country and present plans call for
use of additional installations for

approximately 15 more locations
within the next 12 months.
» Network—Largest number of

units in operation at present are

the crystal-electrode interface, pro-
duces a direct-current electrical po-
tential.

» How Much Power—In the pilot
model, a one-eighth square inch area
produces a third of a volt. Later
models are expected to increase the
voltage six to eight times. Doubling
or tripling the area will increase
power by the same factor. Accord-
ing to the inventors a wafer-thin
slab of crystal four by fifteen feet
built into the roof of a house will
supply enough current to operate all
lights, stove, refrigerator and other
appliances 24 hours a day.

The Weather

in Texas where a tornado picket
line of radars is being set up to
give an almost complete picture of
weather in the state. By the first
of July, about 14 radar stations in
as many cities across Texas and
extending into Louisiana will be in
operation. Cities in Oklahoma and
in Louisiana may join the network.

Most of the stations in Texas
have been set up on a cooperative
basis between the individual cities
involved and the U.S. Weather

(Continued on page 8)
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Sylvania Offers You...

ANEW COMPACT DIODE LINE

Smaller Size ...Greater Stability...

New improved
Sylvania T-1 Diode.
Actual size only

.125 inches in diameter.

In keeping with today’s trend toward miniaturization
in set and circuit designs, Sylvania offers a complete quality
line of compact crystal diodes with improved stability.

These new components measure only .125 inches in di-
ameter . . . require only 1/6th the space of former units.
At the same time, due to advanced manufacturing tech-
niques and Sylvania’s new automatic precision equipment,
they provide far higher performance records.

With these tiny diodes, you can be assured of more uni-
form characteristics and closer tolerance limits . . . even

on large quantity orders.
Sylvania Electric Froducts Inc., 1740 Broadway, New York 19, N. Y.

This new T-1 Series also has recently passed MIL-E-
5 1B moisture-resistance tests. Now available in capacities
for every need. For full details write to Dept. 4E-1607,

Sylvania today!
In Conada: Sylvania Electric (Canada) Ltd.

University Tower Building, St. Catherine Street, Montreal, P. Q. Another reason 'Nhy it pays to specify Sylvania!

LIGHTING <« RADIO - ELECTRONICS + TELEVISION
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INDUSTRY REPORT —Continued

Bureau. The Bureau supplies the
gear, maintains it and supervises
the network. The cities pay about
$10,000 to have the gear modified
and installed.

» Equipment—Models used for the
tornado belt warning system are
mainly APS 2 surplus radars that
were turned over to the Weather
Bureau by the Navy. An APS 13
is in use in New York City. The
surplus gear is converted for
weather use and equipped with six-
foot antenna dishes. With latest
modifications a range of 200 miles
is possible. The Bureau has a staff
of 35 electronic technicians who

Top Management

service the gear.

Successful use of radar in
weather work has prompted some
electronic manufacturers to size
up the field as a possible market
for specially designed sets. One
company is already designing
radars specifically for locating
storm centers.

» Brains — Electronic
may also see service in U. S.
weather operations. It is reported
that the U. S. Weather Bureau, the
Air Force and the Navy will start
operating an electronic computer
for weather predictions on a trial
basis beginning in July.

computers

Salary Survey

This has been done for some time
in Sweden with BESC, Binary
Electronic Sequence Computer.
Use of the instrument is planned
for this summer to make 48-hour
weather forecasts on a routine
basis. In operating BESC, wind
information, for example, is fed
into the computer which figures, by
prescribed formulas, the winds for
each of 48 consecutive hours into
the future.

It takes about 10 hours to gather
and feed the information into the
computer for a 24-hour forecast.
The computer, however, does the
necessary 2.7 million calculations in
less than 30 minutes.

Company Capacity Salary Bonus
Bendix. Pres . $84,233 §39,500
V-P.. 60,400 29.250
CBS. Pres. 235,780
Chm . 100,000
Dir. 240,627
DuMont . Pr;;. 103,675
V-P...
Total payments to all officers and directors . . .
Emerson | 60,008 25,000
Treas. & Secy 39,936 20,000
Ex. V-P... 31,980 15,000
Total payments to all officers and directors. ... ... ... 0T ;
GE.. Pres. ... 214,991
Chm. ... 147,519
Ex. V-P. .. 125,017
Magnavox. Total payments toall officers and directors .
Motorola. Pres ... 82,500
AN P 55,000
V-P, Dir. Eng. 55,000
Total payments to all officers and 1 TR P TR i
Olympic. . . _— v IRy g s . 33,009
V<P Sales ... .. .. 65,600
Res. & Dev. Dir 31,100
Total payments to all officers and directors. B PP G v - kWG e . o ABAELEE
RBhileo yuutbie abd. 55 coass o o Pres,..... 75,000 99,000
Ex V-P.. 60,000 80,000
Chm. ..., 50,000 s
Total payments to all officers and directors............. . T
RCA. .. Chm. . 200,000
Pres. . 165,000
Sentinel . . . - Pres. . 25,000 .. . ...
. V-P... 17,500 22,500
Total payments to all officers and directors, .
Westinghouse . . ................. Pres. .. 203,250
Ex. V-P 125,000

Total Total
Pension 1953 1952
£7.844 $131,577 $177,441
P vy 89,850 91,
12,335 248,115 165,855
16,526 116,526 118,524
240,627 211,126
103,675 98,664
o e o 25,192
184,791 160,397
12,054 97,062 72,523
,934 65,870 46,177
3,298 50,278 50,524
427,991 376,964
214,991 202,524
147,519 140,028
125,017
359,135 290,305
82,500 82,500
55,000 55,000
55,000 55,000
648,133 533.132
33,099 32,100
65,600 29,349
31,100 31.100
228,030 183,299
27,768 201,768 187,827
22,342 162,342 150,831
7,978 57.978 56,918
20 1.9 million 1.7 million
200,000 200,251
165,000 165,251
1.388 26,388 39.297
5,063 45,063 33,598
: 109,398 100,080
203,250 203,250
125.000 125,000

ELECTRONIC manufacturers, like
other companies with securities
listed on stock exchanges, are re-
quired to file reports and proxy
statements with the Securities and
Exchange Commission,

In the reports, firms list the
payments made to officers who
receive more than $30,000 a year.
The SEC defines an officer as a
president, vice-president, treasu rer,
comptroller, or any person who per-
forms functions corresponding to

8

those performed by such officers.

» Changes—Figures for the com-
panies sampled indicate that, in
general, officer payrolls for radio
and tv manufacturers increased
substantially in 1953. However, for
a number of firms, payments to top
officers remained at 1952 levels. In
Some cases, where payments de-
creased, stock-sharing plans have
been substituted. In companies
where total payments to all officers

and directors were higher in 1953
than in 1952 despite no increases
for top officers, enlarged staffs or
increased salaries for lower-echelon
officers may have accounted for the
change.

For the twelve set makers cov-
ered, payment increases to top offi-
cers listed averaged $19,000 from
1952 to 1953. The scale of increases
was wide, however, ranging from
$1,000 to $82,000 for any individual.

(Continued on page 10)
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TYPE 101D for low-cost

transistor cirevitry

>
only V4

Sprague
e TN Lok
them ai! |75
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/4 -

YOU CAN CHOOSE FROM /
5 DIFFERENT STYLES OF
TANTALEX® CAPACITORS TYPE 103D ultra-misiature

Looking for tantalum electrolytic capacitors for transistor circuitry

capacitors? You'll save time and trouble
by checking Sp-ague’s complete
selection first. Sprague makes more
types of tantalum capacitors than
any other manufacturer.
Sprague Tanralex capacitors provide
maximum capacitance in minimum
space . . . exhibiz no shelf aging under
long testing periods . . . have extremely
low leakage current. And most
important, they give unusually stable
performance, kecause they’re made TYPE 104D miniature "cup”
with tantalum, the most stable of all apacitor for military use
anodic film-forming materials. T Y
There’s a complete range of sizes and
ratings available in Tantalex capacitors
... from the u_tra-miniature 10 mf,
4 volt unit in a case only %" in diameter
by %¢” long .. to the 7 mf, 630 volt
unit in a case 1%" in diameter by
2195," long. As for case styles, Sprague
makes them all, from tiny tubular and
cup units to tae large cylindrical types.
For completz details relating to your
miniaturization or high temperature TYPE 100D for — 55 to +125°C
problems, write Sprague Electric Co., ~ ion § i
35 Marshall St, North Adams, Mass. Ay~ QEEVGTGE, S5 WY M

Sprague, o1 request, will provide you with
complete application engineering service for
optimum rasults in the use of tantalum
capacitors.

WORLD’S LARGEST CAPACITOR MANUFACTURER |

*Trademark Export for the Americas: Sprague Electric International Ltd., North Adams, Mass. CABLE: SPREXINT
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LEGEND
RADIO RELAY
e COAXIAL
SOLID LINES IN SERVICE
DASHED LINES PLANNED

MICROWAVE AND COAXIAL NETWORK ROUTES

Television Network Facilities

Mare than 54,000 channel miles of caaxial cable and radio-relay facilities
provide 300 stations in 191 cities in the United States with netwark television.
Distances between micrawave towers average abaut 30 miles, depending on

topography.
direction.

Airlines Consider

Lightweight radar for commercial air-
lines permits crew to see weather and
obstructions 150 miles ahead

AIRBORNE RADAR that sees storms,
indicates obstructions and weighs
less than a passenger makes sense
to operators of commercial airlines.
They have been watching develop-
ment of a lightweight equipment
known to the military as APS-42.
Bendix Radio. has recently demon-
strated a modified civilian version
known as the RDR-1. Two opera-
tors, so far, like it enough to use it.

Pan American-Grace Airways has
authorized installation of the new

10

A relay system has a capacicty of 12 channels, six in each
Each channel can carry one television program

Radar Eye

radar eye in its fleet of DC-7’s. Pan
American World Airways will try
one out in a DC-6.

» What It Shows—Operating on
so-called X-band (3.2 centimeters)
the radar is sensitive to obstacles
the size of raindrops. It can spot
a one-mile hole between two storms
at twenty miles. On the ppi screen,
the heaviest rainfall appears as a
black spot surrounded by a white
fringe of lesser precipitation.

Besides giving a view 240 degrees
wide 150 miles ahead, the radar can
be tilted up or down 15 degrees to
search for higher aireraft or to map
the ground. Circular lines on the
scope indicate distance from the
center, which represents the posi-
tion of the plane.

» Payload Reduction—For what it
does, the little radar costs only 136
pounds of payload. It comprises an
antenna scanner mounted in the
nose, a control unit and two in-
dicator scopes in the cockpit, a
synchronizer with power supply and
transmitter-receiver both of which
are mounted in the radio rack.

Model Business

Goes Electronic

THE MANUFACTURE of transmitters
and receivers designed for control
of model planes is a small but grow-
ing segment of the electronics busi-
ness. Many are companies wholly
devoted to producing for the hobby
field, but some have been supplying
guidance equipment for Armed
Forces small target drones.

At present, radio controlled
models are operated on three major
frequencies: 465 mc and 27.255 mc
under the FCC Citizens Radio Ser-
vice, and the 50 to 54 mc band. The
latter requires an amateur opera-
tors license.

Equipment designed for opera-
tion at 465 mc is critical, complex
and expensive. In addition, FCC
rulings require that 465-mc¢ trans-
mitters be type-approved and sealed
to prevent tampering.

Equipment Makers
Push Color Sales

Broadcasters ready plants for
network feed, plan local films
and slides

CoLor television is here, insofar
as New York and Los Angeles view-
ers are concerned. Metropolitan
dailies now list colorcasts on their
television program pages. These are
live shows originating at network
key stations.

Color will come to the rest of the
country by way of network feed and
locally originated films and slides.
At present 42 stations in 29 cities
are equipped to handle network
color. By the year’s end 130 stations
in 96 cities should be so equipped.

» Equipment—It will cost the sta-
tion owner between $50,000 and
$100,000 to convert his plant to
color. This includes special test
equipment, stabilizing amplifiers,
transmitter modifications where re-
quired and film and slide equip-
ment.

Du Mont, Philco, RCA and GE
{Continued on page 12)
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Armold Pulse Transformer
Cores are individvally tested 5

o

wabD 3238

WRITE
for yoor
COPIES

““MAGNETIC MATERIALS CATALOG”

Genetal information on all Arnold
magnetic materials: permanent mag-
nets, tape-wound and powder cores,
types “'C” and “E"” cut cores, etc.

“ARNOLD SILECTRON CORES"

52 pages of valuable data covering a
complete range of core shapes, sizes,
tape gauges, etc.

ADDRESS DEPT. E

ELECTRONICS — July, 1954

The inset phatograph above illus-
trates a special Arnold advantage: a
10-megawatt pulse-testing installa-
tion which enables us to test-prove
pulse cores to an extent unequalled
elsewhere in the industry.

For example, Arnold 1 mil Silectron
“C" cores—supplied with a guaran-
teed minimum pulse permeability of
300—are tested at 0.25 microseconds,
1000 pulses pet second, ata peak flux
density of 25060 gausses. The 2 mil
cores, with a guaranteed minimum
pulse permeability of 600, receive
standard tests at 2 microseconds, 400

e F g T -
e o ko]
T W )

L

il

under actual pulse_conditions

pulses per second, at a peak flux
density of 10,000 gausses.

The test equipment has a variable
range which may enable us to make
special tests duplicating the actual
operating conditions of the trans-
former. The pulser permits tests at
.05, .25, 2.0 and 10.0 microsecond
pulse duration, at repeution rates
varying anywhere from 50 to 1000
pulses per second.

This is just another of Arnold’s
facilities for better service on mag-
netic materials of all description.
® Let us supply your requirements. |

The Amvow E

S SRR VTIPS

.'su'aswum:r OF ALLEGHENY LUDLUM STEEL 'E’éanRATiON
General Office & Plant: Marengo, Illinois
— % D‘I}fRId SALES OFFICES . .. New York: 350 Fifth Ave.
7" Los Angeles: 3450 Wilshire Blvd. -

Boston: 200 Berkeley St. j
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are all offering film and slide
originating equipment. The GE unit
utilizes the CBS-developed Chrom-
acoder. The RCA equipment uses

three Vidicon cameras. The Philco
scanner can handle both 16 and
35-mm film. Du Mont, Philco and
GE use the flying-spot principle.

Computer to Reduce Payroll Work

Unitized computer is made up of arithmetic and logical units, input and autput
equipment and memory units as required by specific application

A COMPUTER designed for business
use in accounting, payroll and in-
ventory work has added another
area to the growing fields of com-
puter application. Insurance com-
panies, banks and other businesses
handling statistizs and accounts on
a large scale are expected to be the
major markets for the new unit.

Scheduled for produetion in Jan-
uary 1955, the IBM model 702 com-
puter will be leased at a figure in
the neighborhood of $25,000 per
month. The 702 uses magnetic tape
or punch cards for programming
and has an electrostatic memory
consisting of 70 cathode-ray storage
tubes. Magnetic-tape storage units
provide additional memory space if
required. Output can be in the form
of punch cards at the rate of 100
per minute.

Use of the computer in a typical
payroll operation reduces the num-
ber of steps from 302 in customary
accounting methods to 28. In this
example cost of the work would be
reduced from $4,000 to $1,935.

» Computers in Use—IBM esti-

12

mates that the number of their
earlier model computers now in use
or on order is in excess of 5,500.
Most of the four models that have
been produced are being used in
scientific and engineering research.

Reminder To Reader

If this issue of ELECTRONICS
has come to your home or to
the place at which you work,
vou are reading it only be-
cause you, or someone in your
behalf whose name is on our
circulation records, has paid a
subseription-price for ELEC-
TRONICS’ service to you as a
reader.

The payment underwrote a
Jjudgment that ELECTRONICS
would help you in your work.

It placed ELECTRONICS un-
der a contract to do that.

Renewal of such a contract,
on the original terms at the
end of the subsecription period,
is wholly a reader-decision

that ELECTRONICS has not
failed.
The publisher of ELEC-

TRONICS believes that the con-
trolling interest of the reader
demands and deserves that he
hold this kind of a contract,
which can be provided only
under the principle of volun-

tarily renewable paid-sub-
scription service.
H. W. MATEER
PUBLISHER

Anne Track Speeds Messages

Multichannel radio link com-
bines compact equipment with
eventual dollar savings

NEW FIELD RADIO equipment devel-
oped by Bell Labs is now coming off
Western Electric production lines
in quantity. With a nearly pro-
nounceable military designation
AN/TRC-24, it is customarily re-
ferred to as Anne Track Twenty-
Four. Its purpose is to provide
multichannel radio communication
linking positions up to 25 or 30
miles apart.

Cascading equipments in multi-
link fashion provides moderately
long-distance telephony. Alterna-
tively, one or more links can be in-

terposed between sections of a
comparable wire carrier system us-
ing spiral-four cable.

In the transmitter and receiver,
frequency modulation is used at
carrier frequencies over the range
100 to 400 mc. The equipment ac-
commodates a signal band from
250 to 68,000 cycles.

» The Economics—It is difficult to
compare this new equipment with
that used in World War II because
there was nothing exactly like it.
The nearest approach was many
times as bulky and several times as
expensive. Since the requirements
of all military groups was repre-

sented by the Signal Corps in guid-
{Continued on page 14)
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ureous GRID WINDER

FOR HIGHER PITCH PRECISION

TO S00 T.P.I. AND OVER

THE PROBLEM:

to producz grids of higher
pitch and top predsion at greater
speed . . . and, at the same
time, to cut labor cnd maintenance

costs.

Kahle developed a grid
winder with extra heavy, oversize
parts to provide greatly increased
smoothness and sensitivity of opera-
tion. Vibration was cut to a new
low by carrying main and draw
spindles on extra large bearings, by

il \ HIGH SPEED AUTOMATIC
using flexible couplings and by re-
placing ratchet and pawl with gears. G RI D w I N D I " G M A c " l " E

Lubrication is fully automatic requir-
ing nothing more than occasional
attention to the oil level.

NEW EXCLUSIVE FEATURES INCREASE PRODUCTICN SPEED AND PRECISION

WRITE TODAY FOR COMPLETE
SPECIFICATIONS AND PRICES

@ spool carriage rides in its own two bearings and is dynamically balanced
@ main and draw spindles are extra leng; 2ach mounted on two individual bearings
S T, S e, (S | S aew ta: W s @ double-row precision bearings are pre-loaded, extra large, anti-friction
l @ lubrication is provided by the Bijur fuily automatic system
L ) . @ mandrel head, draw spindle and cam shaft drives are sealed and run in an oil bath
:(O:h::o::::c'::';:; ;:b-fr?i:'i';?:r:' I @ lead screw and nut are never disengaged, assuring exact register at all times
miniature, power ond cothode-l I @ exclusive gear and clutch arrangement operates instantly at a flick of the finger
ray tubes. @ pneumatic cutter rises, cuts and recedes outomatically leaving mandrel
l completely accessible
NEW @ tension control of grid wire spool & a special hysteresis-magnetic brake
#2018 l ® currinq, nofc‘hing, peening k‘nives are easily adjustable to micrometer precision
P I @ side wire (mica-stop) swaging
. @ smooth leg gapping; constant and variable pitch
Fiareast I @ operates at 1000 rpm, both right ond lefr hand
; vy . @ makes grids up to 73” diameter or width.
Welding I
t’; Machine l
I

&E‘ Ask about #1979
&

Seol-Ex (Automa-
tic Sealing Ex- I
haust  Machine) |

and #1934 Automatic —1"
Bulb Making Machine for I e
round or flat sub-mini- \ |-
ature bulbs. \J

Specialists in high-speed electranic tube machinery for over 40 years

ELECTRONICS — July 1954 13



INDUSTRY REPORT—Cohtinued

ing the development, other services
will employ the equipment, making
for greater potential speed of all
armed forces and reducing costs
through standardization.

Broadcasters Attend
Biggest Confab

NARTB membership turns out
in force to get low-down on
colorcasting

MORE than 2,500 broadcasters repre-
senting every state in the union,
Hawaii, Alaska, Canada, Mexico,
Cuba and other points jammed Chi-
cago’s Palmer House in May as
the National Association of Radio
and Television Broadcasters held
their 32nd annual conclave.
Present were six of the seven
FCC commissioners including Rosel
Hyde, acting chairman. More than
100 exhibitors maintained displays.
Station equipment on the main ex-
hibit floor was valued at more than
$4 million. About a third of the
exhibitors were manufacturers or
distributors of studio and trans-
mitting equipment. The remainder
were station reps, film and record
companies and publications.

» Technical Session—Concurrent
with the management conference
was the 8th annual engineering con-
ference. The 26 technical papers
presented constituted a broadcast
engineer’s short course in color tele-
vision. Color likewise was much in
evidence on the exhibit floor with
four companies showing film scan-
ners, two live shows in progress
and assorted items of color test
equipment spread about.

Other equipment on display in-
cluded a 50-kw a-m transmitter and
50-kw vhf television rigs, micro-
wave relay links readied for color
and uhf transmitters ranging from
1 kw upwards.

» Business—Underlying theme of
the convention, however, was the
uhf problem. Other subjects of
interest included remote operation
of a-m stations, ways to make
profits from f-m and opposition to
threatened advertising bans.

14

RADAR is adapted to a bridge-ducking tug as . . .

Waterborne Equipment Sales Rise

Radio and radar volume in-
creased substantially last year
as shippers took to the air

AMOUNT of electronic equipment
used in the marine service has in-
creased steadily thoroughout the
past three years. As is shown in
the chart, radio transmitters for
two-way communication between
coast stations and ships along with
radar equipment have accounted for
over 95 percent of unit sales to the
field. Remaining sales have nearly
all been for land or fixed station
transmitters.

» Market—Under the Communica-
tions Act all cargo vessels of 1,600
or more gross tons and all passen-
ger vessels navigated in the open
sea are required to carry radio-
telegraph installations unless ex-
empted by the FCC under certain
conditions. International regula-
tions require that cargo vessels be-
tween 500 and 1,600 gross tons on
international voyages be equipped
with either radiotelegraph or radio-
telephone. Regulations also require
lifeboats of specified type ships to
carry automatic transmitter-re-
ceiver units. A large number of
vessels on the Great Lakes are also

INCREASE |
MARINE TRANSMITTERS

l RADIO
D RADAR
a0l O OTHER

!
|
(o}

equipped with radiotelephone in-
stallations.

o
0

~ w
(e} o]

L THOUSANDS OF TRANSMITTERS AUTHORIZED
o

» Companies—Mackay has re-
ported that complete radio and
electronic equipment was being
supplied for a fleet of 22 new tank-
ers and that similar equipment
was installed aboard many vessels
for the U. S. government. The com-
pany’s portable lifeboat set was
ordered for 600 ships during 1953.
Sixty new ships were equipped
during the year with complete
radio stations and over 200 more
were converted to international
standards and work was done on
300 rental contract ships.
Radiomarine Corporation has re-

(Continued on page 16)
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SHOCK ona VIBRATION

o "7'5,’\‘-

€

They re YOUR designers - but WE pay them.

You don’t have shock and vibration
problems every day — but when you do,
you want them solved promptly. So you
want the practical experience of men
who’ve been spending all their time in
this highly specialized engineering
men who have most likely met and suc-
cessfully answered questions just like the
ones that are bothering you. These men
are Barry engineers ready and able
to analyze your shock and vibration prob-
lems, backed by a laboratory staffed and
equipped to prove their solutions, and
served by model shops geared to produce
your prototypes whenever you need them.

PROD JCTIOM FAZILITIES inchude such
moderr eqeipme 1t as this 100 KVA st we der,
accurately timed for welding oluminem.

You’ll save time, money, and trouble
by using our design and prototype serv-
ice. Write today for Bulletin DP-54
“This is Barry”.

LAB-TESTING the performonce of Barrymeunts
protecting dedicate electronic equipmant.

707 PLEASANT STREET
WATERTOWN 72, MASS.

SALES REPRESENTATIVES IN ALL PRINCIPAL CITHES




INDUSTRY REPORT—Continued

ported a 57-percent increase in sales
in 1953 over 1952 volume. Repeat
orders for specialized electronic
units helped swell sales to the
armed forces and other govern-
ment procurement agencies to more
than twice the volume of the previ-
ous year. Some of the increases in
the firm’s sales were due to diversi-
fication, however, and some new
products made by the division were
not in the marine field.

Installations of radar were made
by the firm on more than 100 ships
operating on the Great Lakes and a
similar number that sail on other
inland waterways. About 34,500
marine service calls were answered
in 1953 by the firm.

Raytheon reports that about
2,100 commercial ships are equip-
ped with its radar. Approximately
35 percent of the firm’s commercial
product sales were to the marine
field in 1953. The same percentage
is expected for 1954.

Radar is being actively adapted
and sold in the tug-boat field.
Recent adaptation of Raytheon
radar equipment has transmitter
and receiver built entirely within
the antenna housing so that the tug
can lower her mast and retract her
wheelhouse seven feet to duck under
low bridges. No rigid waveguide
is used in the installation.

Electronics Gages
Sports Car Speed

' - ‘

Auto speeds in hundredths of a mile
per hour were checked at the National
Sports Car Races by Naval Ordnance
Laboratory engineers through use of
two pickup units, exactly 100 feet
apart, consisting of 450-mm lenses
with phototubes in the focal planes
and a Potter megacycle frequency-
time counter shown above
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Powdered Iron Cores Gain Sales

POWDERED CORE SHIPMENTS
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Shipments to the industry have
risen steadily and applications
are increasing

IMPORTANCE powdered iron cores
have gained in the electronics busi-
ness was pointed up at the recent
tenth annual meeting of the Metal
Powder Association.

Sessions concerning electronic
cores were held for a full day in
which manufacturers of receivers,
cores, coils and coil forms discussed
the product.

A program of standardization
was adopted to bring about reduced
costs of the components to set
manufacturers. According to the
association, the return of a buyer’s
market has emphasized and height-
ened the need for standardization.

» Market—The sales field that the
electronics industry represents to
core makers is indicated in the
chart. Over 217.5 million cores of
all types were shipped for use in
electronic equipment last vear com-
pared to approximately 197 million
in 1952. 1Insert cores, those in
which a metal insert is molded or
cemented in one or both ends of the
core, comprised the largest ship-
ments in both 1952 and 1953 with
81.8 million units and 89.0 million
units shipped respectively. Such
cores are used to adjust an indue-
tor to a fixed frequency.

Threaded cores were next largest
in use with shipments for electron-
ics use totalling 79.3 million units
in 1952 and 87.1 million units in
1953. The remaining core ship-
ments in 1953 were made of 11.7

million tuning cores which is a side
or end molded iron core for contin-
uous permeability tuning with an
insert cemented or molded into it;
8.0 million of the coil form which is
an iron core formed with wire leads
at both ends (for peaking coils),
and 21.5 million of the special and
miscellaneous types of cores.

» Sales—For the first quarter of
this year, iron core shipments to
the electronics industry have been
below the first quarter of 1953
mainly because of lower radio and
tv production. Military use of the
cores has dropped off and com-
prised only 10 percent of the total
cores shipped for electronics in the
first quarter.

In the first quarter of 1953 they
accounted for 12 percent of ship-
ments and in 1952’s first three
months, 29 percent was for mili-
tary electronics. For the full year
of 1953, the military took 9 per-
cent of shipments compared to 21
percent for all of 1952.

» Future—Despite lower produc-
tion in the first quarter of this
year, core manufacturers expect
increasing business. They feel that
although the industry is in a buy-
er’s market for the first time since
the war, the utilization of metal
powders will continue to grow
despite and perhaps because of an
increase in general business compe-
tition.

Advisory Board Points
Up Nickel Conservation

Tight nickel supplies and pos-
sible increased demands color
supply picture

DESPITE recent reports that 10 per-
cent more nickel would be available
for civilian uses because of lighter
military requirements, the govern-
ment is still concerned about the
supply picture for the metal. A
recent report by the Material Ad-

(Continued on poge 18)
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POWER SUPFLY
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INPUT
" VOUTS  80-80 OGPS

Aulse-modulated UHF signal sent through tv-convertor,into tv-set

" antenna-input, and throug- tv-set to screen — overall transient
response from front ta end determined quickly and easily—
convertor and receiver menufacturers may in this way effec-
tively determine abifity of their products to pass uhf signals,
under simulated operating conditions.

The Type 1000-P7 Balanced Modulator Is A

Unique New Device Which Permits Full 1009

Amplitude Modulatior Of Carriers From 60 to
2300 Mc — Modulating Signal May Be Any
Frequency Over 0 to 2>-Mc¢ Band.

Where good rise time characteristics and negli-
gible incidental f-m are essential, these instru-
ments are highly recommended.

With the Unit Pulser and this Modulalor, signal
generators may be plse modulated over extremely
wide ranges. The {wo insiruments make a highly
useful combination for pulse work...such as
testing of television troadcast and receiving equip-
ment . . . and measurements on radar, omni-range
and DME, and telenetering apparatus.

Hi

The Type 1217-A Unit Pulser is the first laboratory-quality
pulse generator to be made commercially available at moderate
cost. Its wide range of pulse durations and repetition rates, sta-
bility, high output voltage and variable amplitude control make
this instrument a highly versatile piece of equipment for every
industrial and college laboratory.

The QR Unit Pulser... Smail... Compact ... Economical

Provides square waves from 10 cycles to 100 ke for checking Overall Audio-
Amplifier Transient Response.

For TV-Receiver Testing — a Unit Pulser locked to the receiver line frequency
produces a visual response directly on the picture tube in checking operation of
video detector and amplifier.

Invaluable in Educational Laboratory and Demonstration Class — an Oscillo-
cope and Unit Pulser may be used in student experiments to illustrate ability of
linear, passive networks to pass pulses of varying durations and repetition rates.

Useful in Telemetering, Computing and Nuclear Research and Development
— Pulser produces clean pulses controllable over wide ranges — combination of
two Pulsers produces a flexible phasing system and source of delayed pulses or gates
adjustable with time.

Write for the recently published VHF-UHF Bulletin which
gives specifications and technical details for the new Unit Pulser,
the Balanced Modulator, and G-R’s completely integrated line
of high-frequency equipment.

Since 1915 — /\
Manufacturers of Electronic Apparatus for Science and Industry

Admittance Meters % Amplifiers % Coaxial Elements

e
? Distortion Meters ¥ Frequency Meamring Apparatus %
0 m p a n y Frequency Standards % Impedance Bridges % Ligat Meters

Megohmmeters ¥ Modulation Meters # Poiariscopes

275 Morsochusetts Avenue, Combridge 39, Massachusetts, U. 5. A, Precision Capacitors % Oscillators ¢ U-H-F Measuring

i NBA TORK & CHICAGO & w

LOS ANGEUES 38 Equipment % Parts & Accessories % Stgnal Generators

Wave Analyzers % Varises % TV & Broadcast Monitors

Pulse Generalors % B-L-C Decades t R-L-C Standards & Unit Instruments % Sound & Vibration
Meters ¢ Stroboscupes ¥ Null Detectors ¥ Motor Cordrols % Ware Filters % V-T Voltmeters




INDUSTRY REPORT—Continued

visory Board of the National Acad-
emy of Sciences to the Defense De-
partment recommended additional
research on conservation means.

» Recommendations — The Board
listed several possible ways to con-
serve nickel in the manufacture of
communications equipment. They
are:

Substitution of 10-percent nickel
silver for 12-percent nickel silver in
parts other than springs. Substitu-
tion of zinc-plated steel for nickel
silver. Substitution of chromium
stainless steels (AISI 400 series)
for nickel chromium stainless steel
types (AISI 300 series). Further
substitution of silicon steel for high
nickel alloys in armatures and cores.
Further reduction in the thickness
of nickel plating under ceramic
coatings. Complete elimination of
nickel plating in such applications
by substitution of special enameling
steels.

» Manufacturers—Despite
supply problem, some electronic
manufacturers report that they
have felt no actual shortage of the
metal. However they admit that
nickel is tight. A few feel that if
set production had not slumped off
this year, a shortage might have
developed.

Nickel manufacturers see no over-
all shortage despite reports. They
term the present situation spotty
and say there is no shortage for
rolled nickel but that in plating
there are some shortages. They feel
that the future is important and
that the world situation and its
effect on government and military
nickel policies could change the sup-
ply situation overnight,

the

» Consumption—Over 200 million
pounds of nickel are consumed in
the U. S. annually. About 45 per-
cent of the total is utilized in stain-
less and engineering alloy steels.

The electron tube industry uses
about 3.5 million pounds annually,
close to 300,000 pounds a month. In
1952 it was estimated by RETMA
that the amount of nickel used in
radio-tv set production was ap-
proximately 2.5 million pounds and
that with conservation methods and
lower production a 65-percent sav-
ing of nickel could be made.
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Mica Fabricators Study Sales

The industry is a volume user
of natural mica; synthetic mica
enters the picture

HOW MICA IS USED IN ELECTRONICS I
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ABOUT 19,000 tons of natural mica
of all types are imported annually
into the U. S.

According to the Bureau of
Mines, about 3.8 million pounds
of this block mica are suitable
for electronic applications. India
is our main source for mica of this
type. It is estimated that approx-
imately 50 percent of the high
grade mica used in the U, S. comes
from India, 45 percent from Brazil
and only 5 percent from the U. S.
But the beginning of commercial
production of synthetic mica this
year in the U. S. may change the
mica import picture in the future.
So far only small crystals have
been produced but it is hoped that
larger crystals will be forthcoming
within two years.

» Consumption—Nearly 70 per-
cent of the mica suitable for elec-
tronics is used in electron tubes,
6.4 percent is used in capacitors,
0.6 percent in other electronic ap-
plications and 23.0 percent in non-
electronic products such as flat-
irons, toasters, gage glass and
telephones.

With the cooperation of the Mica
Fabricators Association, the Bu-
reau of Mines estimates that receiv-
ing tubes used 1.3 million pounds

in the second half of 1952 while
transmitting and radar tubes used
17,739 pounds. All other tubes
used 20,374 pounds.

In receiving tubes, stained or
second grade mica accounted for
1.1 million pounds of the total used.
Transmitting and radar tubes also
used more stained or a total of
14,859 pounds. Only for tubes of
other types was first grade mica
used to a greater extent, with a
total consumption of 12,190 pounds.
Capacitor  manufacturers  used
mostly first and second quality film
mica during the period.

Mica fabricators for the elec-
tronics industry enjoyed a good
year in 1953 when nearly 4.0 mil-
lion pounds of mica were used by
manufacturers in the field.

Financial Roundup

VARIED profit picture was indicated
in the financial statements reported
in the past month by firms in the
electronics field. Here are the net
profits for 17 companies for
monthly periods indicated in fiscal
1954 and 1953:

Net Profit
Company 1954 1953

Admiral 3m ........ ... $1,504,044 § 3,056,878
Am, Cable & Radio Im c 476,108 23

’ 8.709
6.359,188 4,721,962

......... 2,866,365 2,338,148
Cornell-Dubitier 6m 847,053 895,204
T, A. Edison 3m. ... 289,907 260,543
Electronic Eng 3ni. 18,153
Emerson Radio 6m.. 947,515 1,768,894
General Inst. 12m... 926,903 1,275,864
IT&T 3m ......... 2.323,343 207,4:
Magnavox 9m ...... 2,030,912 2,051,578
Minn, Mining & Mfg. 5,354,866 4,354,850
Philco 3m ......... . 2,438,000 3,401,000
Standard Coii 3m. ... 406,306 1,737,045
Tung Sol 3m ....... 450,304 552,318
Westinghouse dm ..... 26,286,000 16,858,000
Weston Inst. 3m........ 850,788 255,989

» Securities—Triad Transformer
of Venice, Calif. filed with SEC
covering 20,000 shares of common
stock (par $5) to be offered at $10
per share. Proceeds are to be used
to reduce bank loans and for work-
ing capital,

Tape Recording Corp. filed with
SEC covering 15,000 shares of non-
cumulative preferred stock to be
first offered at par ($1 per share)
to common stockholders on basis of
one preferred for each four shares
of common. XNet proceeds will be
added to working capital.

Control Engineering of Norwood,
{Continued on page 20)
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to consider
the advantages of

Filamentary
Subminiature Tubes

There are many applications where filamentary
subminiatures meet your requirements better
than the familiar heater-cathode types.
RAYTHEON Filamentary Subminiature Tubes
have the dependability, life and performance
required for critical applications:

Low Operating Power — total input as little as 6.5
milliwatts

Small Size — as small as 0.06 cubic inches
Negligible Heat To Dissipate

Rugged — up to 500G shock — standard fatigue
vibration

Reliable Filaments — tests indicate only one failure
per 500,000 on-off cycles

Quick Heating — well under a second

Low Microphonics — Raytheon CKS512AX and
CK6419 are extraordinary in this respect

Long Life — combined test data on all types show
58,000 hours of dependable performance for edch
failure

High Efficiency — mutual conductance (micromhos)
as much as 4 times greater per watt of filament power
as per watt of heater power in comparable heater-
cathode tubes

Here are characteristics of a few representative types of Raytheon Fillamentary Subminiatures.
Complete data on all types are avallable on request.

MUT. VOLT- | PLATE
Length Diameter FILAMENT PLATE | SCREEN GRID PIF"IAATE SC&EEN COND. AGE RESIST
MEG.

TYPE DESCRIPTION (Inches) (Inches) VOLTS MA VOLTS VOLTS VOLTS A UMHOS | GAIN

1.50 .300-.400 1.25 100 45 45 Rg=2meg. 28 0.8 2000 0.5

1.50 .285-.385 1.25 30_‘ 45 45 Rg=5meg. 038 0.25 350 0.26
1.25 .285-.385 0.625 20 22.5 22.5 -0.625 0.125 | 0.04 160 37 1.25
1.50 .300~.400 1.25 120 135 =50 4.0 1600

-lAD4 RF Pentode
1AGS Diode-Pentode
CK512AX | Ampl.-Pentode
CK5676/6050 | UHF Tricde

CKS678 | RF Pentcde 1515 [.300-400 | 125 s0 | 45 45 Rg=5mez. | 08 0.22 820 12
CK6088 AF-RF P2ntode 285-385 | 125 20 | 45 45 -1.25 065 | 015 625 | t105] 07
CK6092 AF Pentade 285-385 | 125 s0 | 45 a5 -4.5 14 0.4 600 | 125

CK6285 | UHF Trisde 285-385 | 125 125 | 675 20 6.0 2100

CK6397 RF Pwr. Pentode] 0.40 125 120 | 125 125 -15 0 | 11 1800

CKea18 AF Pentnde 125 |.235-.290 | 125 10 | 225 | 225 »1.2 024 | 006 30 | t2.2 | 042
CK6419 Ampl. Pantode 125 |.235-290 | 0625 10 | 15 15 -0.625 0.0046 | 0.002 7ol |

tPower output — milliwatts
RAYTHEON
-~

RAYTHEON MANUFACTURING COMPANY

RAYTHEON MAKES ALL THESE:
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INDUSTRY REPORT—Continued

Mass. offered an issue of $300,000
69, subordinated convertible deben-
tures due April 1, 1964 at 100 per-
cent. Net proceeds are to be used
for general corporate purposes, in-
cluding additional working capital
largely for the promotion of com-
mercial and industrial use of the
firm’s present instruments and for
the development of new products
and markets.

Daystrom is requesting holders
of capital stock of Weston Instru-
ment to submit tenders for the pur-
chase by Daystrom of up to 55,000
shares of the capital stock of
Weston at a price of $25 per share.

Hoffman Radio registered with
SEC covering 130,000 shares of its
common stock, 50 cents par. Net
proceeds are to be added to working
capital. The firm intends to build
a new $1.5 million plant in EI
Monte, Calif.

Firms Alive to Tube
Replacement Business

SMALL manufacturers seeking a
piece of the lucrative tube replace-
ment market have concentrated
on specialty items. For example,
fringe-area televiewing and large-
screen sets seem to have created a
special market for souped-up ver-
sions of the type 5U4 low-voltage
rectifier. An additional output of 20
to 40 volts often makes it attractive
to replace the conventional rectifier
with one drawing a third more fila-
ment current. Some bigger com-
panies have their own higher-cur-
rent tubes, too, with special
construction and new type numbers.

»One Answer—One manufac-
turer’s approach to a competitive
situation is a complete redesign of
several popular tubes found in
many television sets. General Elec-
tric is now offering its new, inter-
changeable versions of the 5U4,
6BQ6 and 6SN7. The line will also
include 25BQ6, 1B3 and 5Y3.
Mechanical improvements claimed
for various new tubes are bottom-
stem bases, higher melting-point
solder and different glass envelopes.
On the electrical side, maximum
plate voltage for the new 6SN7, for
instance, is 200 volts above the old
rating—500 volts.
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MAGNETIC striping gives excellent results on 16-mm film as .

Home Movies Sound Off On Tape

System using tape recorder and
silent projector may replace
magnetic striping on film

SOUND with home movies has been
the goal of practically all 8-mm
and 16-mm amateur enthusiasts.
Introduction of magnetic striping
on the side of movie film attracted
much interest, but the method re-
quires adding a magnetic sound
head on the projector and separate
processing of film for applying
striping.

Normal expansion and contrac-
tion of film with temperature and
humidity tended to crack off the
striping. Laminated striping cured
this.

» Market Figures—There are
some 3,000,000 movie makers in
this country, of which about
600,000 use 16-mm film and 2,400,-
000 use 8-mm film. Magnetic strip-
ing is considered satisfactory only
for the 16-mm enthusiasts, because
there is not enough room on 8-mm
film to get sufficient powder for
adequate fidelity.

» New Technique—An electronic
control system being patented by
E. Anthony of Long Island, permits
use of a standard two-track mag-
netic tape recorder with any movie
projector to achieve synchronized
sound. Ordinary tape and ordi-
nary film are used, with no extra
processing whatsoever. Synchro-
nization is always accurate to the

spacing between adjacent sprocket
holes. The simple attachments re-
quired on the recorder and pro-
jector can be put on in a few
minutes and connected to the elec-
tronic control chassis. Installed
cost of control unit and accessories
is expected to be about $100.

The user feeds sound to the re-
corder while watching the projected
film. Control signals are recorded
automatically on the other track
of the tape, for insuring correct
projector speed during playback.
For lip synchronization with
sounds recorded during filming, as
required for many industrial films
and for catching baby’s first words,
a pickup device can be added to the
camera in some cases.

» Striping Systems—Lowest-
priced 16-mm magnetic recording
projector in the Bell & Howell line
retails at approximately $700. With
this, amateurs can add sound to
movies for 3% cents a film foot, the
cost of striping magnetic material
on the film edge.

Ampro makes an 8-mm silent
projector designed to take magnetic
sound track when and if it becomes
inexpensive enough to interest the
8-mm enthusiasts. Cost of convert-
ing this for sound has not yet been
determined. Ampro also makes
16-mm optical-magnetic sound pro-
jectors starting at $720.

Victor Animatograph provides a
magnetic sound attachment retail-

ing at about $200 for its 16-mm
(Continued on page 22)
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Bursedl TOROIDS and FILTE’RS
\ |
“SHRUNKZ0-FIT* __

P Aduﬂl S‘
vt o
uﬂesi
— Co

'/Kee/ping ahead of the game is our specialty and with

our newest sub. miniature line of toroidal filters and toroids
in actual productien, we are living up to our reputallon for
progressiveness.

The tiny “‘cheerio” toroids are already being employed
in filters small enough to hide with your thumb. Although
the applications for these are myriad, the ‘“cheerios” lend
themselves perfectly to printed circuit applieations as illus-
trated and are being sobd at a cost comparable to‘standard’
miniature toroids.

Write for new and enlarged 16 page catalog 102A Bmﬂ g C)a., 9“0

, | (ONKERS 2, NEW YORK
Exclusive Manufacturers of Communications Network Components Sl SO “SURRL"
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INDUSTRY REPORT— Continued

The magnetic head is

projectors.
rated for at least 1,000 hours of use.

Magnetic laminate tape with a
thermoplastic adhesive for bonding
to film either before or after proc-
essing is made by Minnesota Min-

ing. Costs are competitive with
liquid striping, being about 2%
cents a foot for 16-mm film and
$1.75 per 50 feet of 8-mm film at
one processor (Calvin Co., Kansas
City, Mo.). Longer life for mag-
netic heads is claimed when using

the laminate, because the liquid
tends to leave ridges at each edge
that virtually saw into the head.

Striping equipment is available
in a number of foreign countries.
Pyral, of Paris, has added an elec-
tromagnetic  thickness-measuring
device for control of the thickness
of the stripe while it is being
applied.

In Germany, striping is done on
16-mm film for television recording
and on 8mm film for amateur use.

Eight Nation TV Network Begins

Britain, Belgium, Denmark,
France, West Germany, Hol-
land, Italy, Switzerland linked

WORLD-WIDE television network
moved a step closer in June when tv
viewers in eight European coun-
tries were able to tune in on the
same programs simultaneously. A
total of 18 programs will be ex-
changed during the four-week hook-
up. Estimates of the viewing audi-
ence for the first telecast ranged
from 8 million to 20 million people.

» Equipment—The “Eurovision”
network covers about 4,000 miles
and utilizes 44 transmitters and
more than 80 relay stations. Equip-
ment used is largely British al-
though each country involved has
equipment of its own make in op-
eration. U. S. equipment is repre-
sented mainly in cathode-ray tubes.
It is estimated that $5 million
in British equipment is in use.

» How—Many technical problems
involved in converting the various
standards used in the countries
were solved when the coronation
went out from London last year to
France, Belgium, Holland, Western
Germany and Berlin. However, that
telecast was one-way only. On the
present network two-way tv is pos-
sible over a large part of the net-
work.

Converters are located in Breda,
Holland, Paris and Dover to make
the standards conversions necessary
for the country involved. For ex-
ample, for converting from French
to British standards, an 819-line
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EUROPEAN
TELEVISION
NETWORK
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picture is displayed on a specially
coated c-r tube and the scanning
lines are broadened to eliminate
line structure. The picture is then
re-televised by a 405-line system
camera.

» Sales—Foreign tv manufacturers
as well as those in the U. S. are
hoping that the international tv ex-
periment will hypo sales of both
sets and equipment in the countries
involved. Manufacturers see a wide
market, particularly for microwave
equipment, for interstation links.
The London radio show next fall is
expected to emphasize the British
electronics industry’s ability to
meet export demand for tv cameras,
studio equipment, film scanners and
outside broadcast units.

» Future—The present experi-
mental network may become perm::-
nent. The nucleus of a permanent
European network has been laid in
the connections between Belgium,
France and the Netherlands. Switz-
erland has established permanent
links with Germany and Italy.

Phosphor Makers Face
Good Business

Cathode-ray tubes represent
a substantial market for the
chemical coatings

TUBE manufacturers buy about
30,000 pounds of phosphor every
month in picture-tube production,
about 360,000 pounds a year. In
dollars, this represents phosphor
sales of $4.7 million annually. Each
21-inch tv picture tube needs about
8% grams of phosphor, about 32
cents worth.

» Uses—Virtually all tv picture
tubes contain the P4 phosphor with
a blue-white phosphorescent color.
Others of the most commonly used
phosphors are: P1 for general oscil-
loscope use; P7, P12 and P14 for
radar and sonar; P11 for photo-
graphic applications and P15 for
flying-spot scanners.

A new phosphor, P23, has come
on the scene for picture tubes but is
not yvet in widespread use. De-
veloped by U. S. Radium Corp., it
has persistence characteristics simi-
lar to those of P4 but the color is
less blue.

» Companies—Ten manufacturers
make phosphors for c-r tubes.
Three of the leading producers are
du Pont, Sylvania and U. S.
Radium. Sylvania is apparently the
only tube manufacturer in the phos-
phor business at the present time.
Other cathode-ray tube manufac-
turers have attempted to move into
the field of selling to outside com-
panies but have not been successful,
However, nearly all c-r tube manu-
facturers maintain phosphor labora-
tories that are working for better
tv screens.

» Color—So far, color television
has had little effect on the phosphor
business. Volume is still small even
though a color tube may use three
times as much phosphor as black-
and-white tv.

The present method of applying
the dots is a three-step process in
which the full face of the tube is
coated three separate times with
blue, red and green phosphors. The

{Continued on page 24)
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For Optimum Reception

THE HAMMARLUND SUPER PRO-600

Used by MmLITARY AIRLINES

GOVERNMENT  MARINE
COMMERCIAL AMATEUR

If reception is at all possible, the Super Pro-600 will bring
in tte signal. This professional communications receiver
has gaine¢ world-wide recognition as the finest perform-
ing peceiver available anywhere, regardless of price.

The Supe- Pro is now available, with or without fixed
freqaency control, in the following models:

STANDARD MODEL—for 540 Kc to 54 Mc SP-600-JX
COMPLETELY JANized MODEL—for 540 Kc to 54 Mc Stability is .001 to .01 percent depending on frequency to

which receiver is tuned; image rejection is 80 db to 120 db
DIVERSITY MODEL—for use in dual or triple down, and spurious responses are at least 100 db down. Sen-

. 3 3 sitivity is 1 microvolt CW and 2 microvolts AM, while selectivity
diversity terminals—540 Kc to 54 Mc for the three calibrated crystal and three non<rystal ranges

LONG-WAVE MODEL—10 Kc to 540 K¢ is from 200 cycles to 13 Kc. Radiation is negligible with no

cross-talk in multi-receiver installations. The power supply is
With the optional fixed frequency controls available on an integral part of the receiver chassis.
all models, operation on any of six crystal controlled
frequency channels within the range of the receiver is
immediately available at the flip of a switch.

For specifications and construction details, write for
Bulletin S55.

The HQ-140-X is a modern superheterodyne receiver
made to Hammarlund quality standards that provides
commercial and amateur radio operators and short-wave
listeners with all the advantages of modern professional

design and circuitry. HQ-140-X

For specifications and construction details, write for Bulletin 552. Frequency coverage is continuously tunable from 540 Kc to
31 Mc (555 to 9.7 meters) in six bands. Its high selectivity
makes possible the reading of a desired signal even when
the band is extremely congested.
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excess phosphor that is etched away
to form the dots cannot be saved
because of impurities it has picked
up. Phosphor makers believe that
improved methods of applying the
phosphors may enable tube makers
to use no more of it than is pres-
ently used for black-and-white tv.

Until that time comes, however,
phosphor makers will enjoy tripled
volume for every color tube pro-
duced. At present levels, color phos-
phor prices range from $12 to $27
per pound compared to $13.25 for
white. As volume increases, phos-
phor makers expect color phosphors
to decrease in price.

RETMA Organizes

Automation Group

SUB-COMMITTEE to promote “stand-
ards for components for use in
printed circuit assemblies com-
patible with automation require-
ments and with particular emphasis
on revising existing types of com-
ponents”, was set up by RETMA at
its Chicago meeting.

Membership is open to members
and non-members of RETMA who
are: Users of printed wiring or
printed circuit assemblies; Pro-
ducers of automatic electronic as-
sembly equipment; Manufacturers
of components but only through the
chairman or a designated repre-
sentative of their respective
RETMA committee.

The first meeting of the group
is scheduled for August 3 in New
York City under the chairmanship
of H. L. Shortt of Technograph
Printed Electronics.

Industry Shorts

» Retail sales of tv receivers (see
p 4) during the first four months
of this year reached the highest
volume on RETMA records, kept
since 1951. April retail tv sales were
also the highest recorded for the
month.

» End of 1954 will see network
color tv available in areas covering
95 percent of the tv homes in the
country, according to NBC.
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SEPT. 30-OcT. 2, 1954: Second
Annual International Sight
and Sound Exposition, Pal-
mer House Hotel, Chicago, Ill.

OcTt. 4-6: National Electronics
Conference, Hotel Sherman,
Chicago.

OcT. 6-7: First Annual National
Conference, IRE Professional
Group on Nuclear Science,
Sherman Hotel, Chicago, Ill.

Oct. 13-17: 1954 Annual Con-
vention, Audio Engineering
Society, Hotel New Yorker,
New York, N. Y.

OcTt. 14-17: Andio Fair, Hotel
New Yorker, New York, N. Y.

OcT. 18-20: Radio Fall Meeting,
Hotel Syracuse, Syracuse, N.Y.

Oct. 27-30: Thirtieth Annual
Convention, National Associa-
tion of Educational Broad-
casters. Hotel Biltmore, New
York. N. Y.

Nov. 4-5: East Coast Confer-
ence on Airborne and Navi-
gational Electronies, IRE,
Sheraton-Belvedere Hotel,
Baltimore, Md.

Nov. 9: First International
Automation Exposition, 242nd
Coast Artillery Armory, New
York, N. Y.

Nov. 10-11: Conference on
Electronic Instrumentation
and Nucleonics in Medicine,
Morrison Hotel, Chicago. Ill.

Nov. 12-13: National Sym-
posium on Quality Control
Methods In Electronics, IRE
and American Society for
Quality Control, Hotel Stat-
ler, New York, N. Y.

Nov. 18-19: Sixth Annual Elec-
tronics Conference, Kansas
City IRE, Hotel President,
Kansas City. Mo.

JAN. 12-15, 1955: World Sym-
nosium on Applied Solar
Energy, Stanford Research

MEETINGS

Institute, Westward Ho Hotel,
Phoenix, Ariz.

JuNE 29-JuLy 3: International
Conference on Semiconduc-
tors, Netherlands Physical
Society and UNESCO, Am-
sterdam, Netherlands.

JuLy 6-9, 1954: International
Conference on Electron Mi-
croscopy, Joint Commission
on Electron Microscopy of In-
ternational Council of Scien-
tific Unions, London, England.

JuLy 8-12: British IRE 1954
Convention, Christ Church,
Oxford, England.

AUG. 10-13: Associated Police
Communication Officers Na-
tional Conference, William
Penn Hotel, Pittsburgh, Pa.

AUG. 24-SEPT. 4: National Ra-
dio Show of Great Britain,
Earls Court, London, Eng-
land. s

Avuc. 25-27: 1954 Western Elec-
tronic Show & Convention,
Los Angeles, Calif.

SeEpr. 1-16: Golden Jubilee
Meeting of the International
Electrotechnical Commission,
University of Pennsylvania,
Philadelphia, Pa.

SEPT. 13-24: 1954: First Inter-
national Instrument Congress
And Exposition, Commercial
Museum and Convention Hall,
Philadelphia, Pa.

SEPT. 16-18: Joint Electron
Tube Engineering Council,
General Conference, Chal-
fonte-Haddon Hall, Atlantic
City, N. J.

SEPT. 1954: International Scien-
tific Radio Union, Amsterdam,
Netherlands.

SEPT. 30-OcT. 1: Fifth Annual
Meeting of the IRE Profes-
sional Group On Vehicular
Communications, Rice Hotel.
Houston, Texas.

» Analog computer center to be put
into operation about July 1 at
Princeton, N. J. by Electronic As-
sociates, Inc. will provide analytical
service on rental basis for industry
and the military leading towards
automation and improved design of
industrial products.

» Tightening its requirements for
amateur and commercial operators,
FCC proposes to make ineligible
members of Communist-dominated
groups, consider the moral charac-
ter of former Communists and con-
victed criminals and provide for
submission of fingerprints.

» BBC has purchased two super-
turnstiles antennas for increased tv
coverage for Scotland and Ireland.

» Eight-Ounce uhf power tetrode
with 600-w plate dissipation has
been developed by RCA for air-
borne radio transmitters.

» Prediction that more than 10
million color tv sets will be in use
in U. S. homes by1959 was made by
E. W. Engtrom of RCA.

» First leg of a 1,000-mile sub-
marine cable communication sys-
tem that follows the route of the
Air Force missile test range in the
Caribbean (ELECTRONICS, p. 8, Feb.
1954) has been completed by West-
ern Electric. Sixteen carrier tele-
phone repeater stations along the
route provide amplification facil-
ities for signals transmitted over
the system’s 12 channels.
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ICROWAVE
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with Polarad single dial operation

Four new Microwave Signal Generators covering the range 950-10,800 mcs/sec. All with
famous Polarad single dial operation. Each provides the maximum working range possible in
one compact signal generator. And, additional Polarad Signal Generators are available to cover 12.8 to 39.7 kmc.

Trese features on all MSG units assure fast and simple operation: direct reading, single dial frequency control that tracks reflec-
tor vol-ages automatically . . . direct reading attenuator dial . . . conveniently placed controls, in logical sequence . . . high visibility
on the face of each instrument.

Pclarad Signal Generators are built to the same high standards required for military equipment. They are practical for the factory
assembly line—engineered ventilation assures continuous and stable operation of all instrument functions. Components are readily
access ble for easy maintenance. And laboratory accuracy is guaranteed under the most rigorous operating conditions.

Write directly to Polarad or your nearest Polarad representative for details.

N 950-2400 ' 2150-4600 4450-8000 6950-10,800
Praan oy Smgs MCS/sec. MCS/sec. I MCS/sxc. MCS/sec.
(Frequency set by means of a single dlrectly calibrated control) _J
Frequency Accuracy +1% +1% +1% T +1%
Power Qutput 1 MW i 1 MW 2 MW | 2 MW
Attent ator Range 120 db 1206b o “1204n 120 db
Attenuater Accuracy +2db +2 db T +2db E +2db
— - e —
Output Impedance 50 ohms 50 ohms | 50 ohms { 50 ohms
b - —_— = e
nput Power 115V+10% 115V+10% l 115V+10% 115V+10%
60 ¢ps 60 ¢ps | 50-1000 ¢ps 50-1000 ¢cps
Internal Pulse vodulation: i - B
Pulse Width 0.5 to 10 microseconds
Delay 3 to 300 microseconds
Rate 40 to 4000 pulses per second
Synchronization internal or external, sine wave or pulse
wternal FM: i o I =
Type Linear sawtooth
Rate 40 to 4000 cps
Synchronization Internal or external, sine wave or pulse
Frequen:y Deviation +2.5 MCS +2.5 MCS +6 MCS +6 MCS
External Pulse Modulation
Polarity Positlve or Negative
Rate 40 to 4000 pulses per second
Pulse width 0.5 to 2500 microseconds
Pulsa2 separation (For muitiple pulses) 1 to 2500 microseconds
Output Synchronizing Pulses = T
Polarity Positlve, delayed & undefayed
Rate 40 to 4000 pps
Voltage Greater than 25 volts
Rise time . Less than 1 microsecond = - e i
Size | Approx. weight 17" long x 13%" high x 15%2” deep l 60 ibs. ! 17" tong x 15" high x 19%2" deep | 100 bs.

*Alse available—MSG 4A: 6,950—-11,500 MCS/sec.

ELECTRONlcs CORPORATION 100 METROPOLITAN AVENUE,

BROOKLYN 11, NEW YORK

" THE FINEST SIGNAL GENERATORS OF THEIR KiND"

REPRESENTATIVES Albuquergue » Arnprior, Canada » Atlanta » Boston » Chicago » Cleveland » Fort Worth * Kansas City » Los Angeles » New York * Philadelphia « San Franclsco » Seattte s St. Paul » Syracuse « Washington, D. C.
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We've got the right spAcE

American Airlines has the greatest capacity in the

—more planes carrying freight to more places

26

TUCSON EL PASO

-

3 s
¥

L4
TO MEXICO CITY
-

Capacity, of course, is one measure of a carrier’s
ability to deliver the goods. That’s why it’s im-
portant for you to know American Airlines has
the greatest cargo capacity in the airfreight field.

But, equally important, when it comes to
specifying a carrier, is the availability of that
space—having it where and when it can best

/ “Y TuLsa

OKLAHOMA CITY

MEMPHIS

A

DALLAS

FORT WORTH

SAN ANTONIO

serve you. Here again, American leads all others.
* While providing fast and frequent service to
seventy-seven key cities throughout the Coun-
try, only American serves two-thirds of the top
thirty retail-markets—all twenty-three of the lead-
ing industrial states.

Add this to American’s superiority in expe-
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at the right plAcE !

airfreight field

than any other carrier
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ST. LOUIS BOSTON
CINCINNATI PROVIDENCE
NEW YORK BARTFORD
NEWARK BRIDGEPORT |
BALTIMORE PHILADELPHIA I.l
- ks
PUR—— WASHINGTON " il

NASHVILLE

rience and handling facilities and you’ll readily
see why American Airlines is best qualified to
handle your shipments, while helping solve your 4 M [ﬁ /c A ” A /gl I”[S INC
distribution problems. For complete informa- - .
tion. write or wire collect to: American Airlines,

Cargo Sales Division, 100 Park Avenue New
York 17, New York.
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E A NEW HUSKY

i i

MINIATURE RELAY

that really takes

TYPE 518
6PDT

Price Electric Corp.
1500 Church
Frederick, Maryland

ture relays and relay reference file.

City Zone State

Please send complete data on Type 500 minia-

- SHOCK
BRATION!

The new Husky “500” miniature relay will with-
stand over 50 G’s Operating Shock and 250 G’s
Mechanical Shock. Vibration, 30 G’s up to 2000 c.p.s.
Available with the following pole combinations: 6PDT
(Type 518), 4PDT (Type 512) and 2PDT (Type 506).

COIL RATING...........ooooooooio 26.5'V. DC
CONTACT RATING........coooove. 2 AMPS, 24 V. DC

Non-inductive
ALTTTUDEL it wciitreriiorimsianm sty Up to 85,000 feet
DIMENSIONS

TYPE | OVERALL LENGTH | DIAMETER MOUNTING CENTERS

| |
| ” ” ! 7/
506 124, [ % | 8
512 l 12%," l 1%.” | 113%,”
si8 | 1w oy | 1%

TEMPERATURE RATINGS (ALL TYPES)

CLASS | A il bt s rmppessiss —55C to + 85C
CLASS B, —65C to + 125C
CLASS C.oiiiiiiie . —65C to + 200C

SEND TODAY FOR COMPLETE DATA
AND HANDY RELAY REFERENCE FOLDER!

ZORPORATION

Frederick, Maryland
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ONE.IN A SERIES:

discussing the importance of selecting the proper permanent magnet to use in your product

A
i d
—
~ ey
B oh
»

o
IN PERMANENT MAGNETS

Why SOUND, FUNCTIONAL MAGNET DESIGN

guarantees superior product performance

Magnets must be “tailored” to your
product . . . tailored in size, shape, and the mate-
rial used . .. if greatest efficiency, at the lowest
possiblz cost, is to be expected.

The magnet assemblies shown above are typ-
ical of such “tailoring.” Those used in test meters,
for example, are designed specifically to maintain
a magr etic field of uniform high energy, so neces-
sary to the precise operation of such meters.

Others—for holding applications—are de-
signed so that their magnetic circuits provide the

THE INDIANA STEEL PRODUCTS COMPANY
Valparaiso, Indiana

World's Largest Manufacturer
of Permanent Magnets

INDIANA
PERMANENT
MAGNETS

ELECTRONICS — July, 1954

greatest possible tractive power. In applications
where the magnet acts on moving parts of an
assembly, still different designs may be required.

Our engineers—specialists in permanent mag-
net design and application—welcome the oppor-
tunity to assist you with your designs. For their
recommendations—without cost or obligation—
write us today. Or return the coupon below for
a free copy of the helpful article, *““Selecting
the Proper Permanent Magnet Material for Your
Product.”

The Indiana Stee! Products Co., Dept. 7A
Valparaiso, Indiana

Please send me a free copy of “‘Selecting the Proper Permanent

Name Title

Company

Street.

r
|

|

|

: Magnet Material for Your Product.”
|

|

|

|

|

L
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1041-BR STAIR STEP GEN.
ERATOR (Vorigble)

Checks lineory ond grey
scale  output  relationship
in lineor or non-linear sys-
tem. Built-in color corrier
generator may be added to
steps. Back porch burst ol-
lows lock-in to 3.58 MC
color equipment,

1071-AR WINDOW
GENERATOR (Varioble)
Determines ringing,
smears, steps, low fre.
quency tilt, phase shift,
mismotched terming-
tions; etc. in TV sig-
nals or systems.

1070-BR  MULTI-BURST
FREQUENCY GENER-

CHROME

- /—

e

VIDEO

TRANSMISSION TEST EQUIPMENT

New Telechrome equipment de-

signed to provide test signals for

AUTOMATIC : . . o
) - FREQUENCY precise checking of video facilities.
¥ i ———
o T lcomm
@222 AN This equipment is now in use by
‘;% 23 gs:‘:::s”f major networks, TV stations, and
) WD G
W *,.{ GENERATOR the Bell Telephone System. This
33 .-_:,[ 30388 .
W 2" type of equipment was recently
R

described by H. Gronberg of NBC
before the NARTB Engineering

Conference in Chicago. These units

STAIR-STEP

are available individually or as an

MULTI-BURST
FREQUENCY
GENERATOR

integrated system with 75 ohm or
110 ohm balance output.

GULATED
ATOR (13 freq. select- :gwn SUPPLY
able from .5 1o 6 M() S12AR
Checks wide band
coaxiol cables, micra-
wove tinks, individual REGULATED
@ vnits, and complete TV POWER SUPPLY
systems for frequency 613BR
fesponse characteris-
tics. Produces six fre- !
quencies simultaneous-
111 Iy plus whu?e bor OSCILLOSCOPE CAMERA
e e reference.  Switchoble
- e (olohl burst on bock MODEL 1521-AR {Polaroid Land Type)
. porch,
for instontoneous 1-t0-1 ratio phofo-recording of these
test signols.
:: Full focilities |
- '%‘ 53t 7 Transmits, |
. Chromoscope LS DOY.E Phase Stope recei
MR Chromalyzer {Signot P -o-gﬁ: (Envetope Deloy) ‘me::i':::; l
‘M Certification) i o Curve Trocer onolyles'
‘ 3
‘d" 4 g | Somposhe
r= 1 cofor pictures '

Literature on these ond more than 100 addi-
tional instruments for color TV by TELE.
CHROME are available on request.

e

CHROM

INCORPORATID

LR

The Nation’s Leading Supplier of Cotor TV Equipment
88 Merrick Road Amityville, N. Y.
AMityville 4-4446
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OHMITE

wire-wound RESISTORS

have patented

‘ WELDED TERMINALS

WELDED RESISTANCE
WIRE

Resistance wire is welded
to the terminals—not sol-
dered or brazed. Provides
superior. characteristics.

LUG

Terminal band is permo-
nentty and securely held
around the resistor tube
PATENTED WELDING PROCESS by welding.

Assures pa2fmanent terminal
connectiors, uneffected by vi
bration or high _emperatures.

STABLE ELECTRICAL CONNECTIONS

!/Q WELDED TERMINAL

Extremely impartant in elim- Dhimite resistors provide other important advantages, too
inating ndise in audio circuits a superior vitreous-enamel covering, which holds the

@ ir.ls'tabi_vity n other highly w-ndings rigidly in place, preventing “hot spots” and protecting
SCTRAINGE EInCUtY the winding from moisture and fumes; strong ceramic core
HIGH-STRENGTH ALLOY TERMINALS that is unafiected by cold, heat, fumes, or high hunudity; and
High strength and properl; hot tinned terminal lugs for ease in soldering. For unfailing
related expansion coeflicients dependability, specify Ohmite resistors.

keep terminals firmly an
chored and prevent cracking -

of the enemel. E : \
Wri
PROVED IN YEARS OF SERVICE @H Mn ii E %/:“"1 u::lnll;:l:‘.
For more than ten years, mil- C’)) ’/.‘ Letterhead for

lions of :hese resistors have » 3 (}ialulo' and

proved tkeir re iability under MANUFACTURING COMPANY § 7 = Mngmelllrll\?g 40

the toughest service. 3610 Howard Street, Skokie, Il 3 . anual INg; &
{Suburb of Chicagol E




)H

The ONLY COMPLETE LINE MIL-R-22A
RHEOSTATS

Ohmite can furnish rheostats
to meet MIL-R-22A require-
ments in each of the 26 type
designations. These severe re-
quirements again prove the de-
pendability of Ohmite rheostats.
All-ceramic construction, close
zontrol, and smooth operation
insure years of trouble-free serv-
ice. It will pay you to stand-
ardize on Ohmite rheostats,

o MiIL-R-26B

g v e wire -wound
- 1
RESISTORS

Ohmite offers an unusually
complete line of tab-terminal,
ferrule-terminal, axial-terminal
tubular resistors, and tab-ter-
minal, flat type resistors that
meet the most rigid require-
ments (char. “G,” “J,” and
“F”) of MIL-R-26B. Ohmite
offers 33 of the 38 resistor styles
listed in MIL-R-26B, in a com-
plete range of resistance values.

FIRST IN RESISTANCE PRODUCTS

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



QUALITY PRECISION INSTRUMENTATION

SQUARE WAVE GENER TP‘R‘_

Combines Voltage Calibrator and Source of Square Waves

This high-quality precision instrument provides
square waves suitable for testing the transient and
frequency response of wide band amplifiers and
accurately measures their amplitude. Provides a
wide range of output levels. Attenuator settings do
not affect the output wave shape. Frequency
range: 10 cps to 1 Mc continuously variable over
decade steps. Rise time is 0.02 usec.

I PLERI T

| S S i SR
TRANS QN&%‘TANCE ANALYZER“%

ALY Ly &

AND CIRCUIT SIMULATOR

New, Simplified Tube Analyzer

This direct-reading vacuum tube transconduc-
tance meter measures transconductance under all
operating conditions. It also reproduces ail kinds
of static or dynamic tube characteristics.

It can be connected externally to components
to simulate the circuitry in which the tube will op-
erate. Simple push button switching applies the
appropriate voltages to each tube element. Self-
contained — no accessories required.

MODEL 901

BROADBAND AMPLIFIER /K MCDULATION MONITOR

MODEL 160

5 MODEL 200
Uniform Response from MODEL 252
;g*;g;ijOMC UHF GRID DIP OSCILLATOR Wide Range — Low Distortion
Versatile — Compact — Lightweight (100-225 MC or 225-400 MC)

(400-900MC)
Write for specifications and catalog on our complete line of measuring equipment.

NEW LONDON/INSTRUMENT

P.O. BOX 189E, NEW LONDON. CONN.
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write on company letterhead

MAGNETICS inc.

DEPT.E-9, BUTLER, PENNSYLVANIA

THE

ARE YOU READY FOR

&
Chraoarntved

Shield Performance?

MAGNETIC SHIELDS

Are you ready for a major electronic and electrical first—
Magnetics, Inc. “Performance-Guaranteed” Shields for shielding
of standard cathode ray and other tubes against moderate and
high flux external fields . . . and custom-designed “Performance-
Guaranteed” Shields for specific shielding problems?

Here are shields which eliminate waste . . . are guaranteed to
your performance specification ... .and are sold at standard prices

WIDEST CHOICE IS YOURS

MATERPALS . . . Premium quality Performance-Guaranteed Shields
are usually made from Mumetal or A.E.M. 4750, dry-hydrogen
annealed for optimum isolating properties. Shields can be made
from any other commercially available magnetic and non-mag-
netic materials when required by performance specifications.

METHOD OF MANUFACTURE . . . Performance-Guaranteed Shields
can be fabricated or drawn by Magnetics, Inc., depending upon
which is most economical for your requirements.

FINISH . . . Performance-Guaranteed Shields can be furnished
painted, lacquered or unfinished, as your requirements dictate.
Paint color can be matched to any equipment shade you select.
Pre-painting by Magnetics, Inc. eliminates danger of damage to
shields in painting operations in your plant . . . provides you
with shields immediately ready for your assembly operations.

FREE ENGINEERING DESIGN . . . Our Engineering Department will
carry out all phases of your shield design . . . including magnetic
analysis . . . mechanical design . . . and production engineering
to your cost requirements. .

July, 1954 — ELECTRONICS



PROVEN: KARP ENCLOSURES
ARE YOUR MOST ECONOMICAL BUY

Karp customers, large and small, from coast to coast,
know that Karp’s complete “package”—
ready for components—means lower costs.

Over 300 different jobs go through our plant
every day. This volume allows us to apply
mass production techniques to every job-—
whether simple or complex, long run or short
—and we pass the savings on to you.

We have over 3000 stock tools and dies and
can usually eliminate your new tooling costs
entirely. Our press and brake equipment is
fast, modern, adapted for quick set-ups. We
employ the latest spot, gas, arc and heliarc
welding techniques. Our unmatched finishing
and sub-assembly facilities give you a com-

plete “package” ready for your components—
eliminating the many hidden costs of extra
handling. That’s why you, no matter what
your needs, can enjoy the luxury of Karp’s
quality and service.

We will prove to you that your sheet metal
requirements in aluminum or steel can be
individualized and yet be low in cost. We
will prove to you that our complete “pack-
age” service will lower your costs. Send us
samples, sketch or prints and a prompt quo-
tation will follow.

KARP METAL PRODUCTS CO.

Division of H & B American Machine Company

215 63rd STREET, BROOKLYN 20, N. Y.

encloseres zq%c/ the foclls ceclhier

FACILITIES FOR ENGINEERED SHEET METAL FABRICATIONS: in aluminum
= any type finish

or steel * long run or short * spot, arc, gas or heliarc welding

® Modern plant—3 city blocks long @ U. S. Air Force Certified Welding Facilities

® Air-conditioned spray room...cemplete
baking facilities

® Complete sub-assembly tacilities

® Thousands of dies available

® Most modern of sheet metal
fabricating equipment

enciueerer SHERY N[-[A[F!;BRICATION
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now sweep over 400 mc.
at UHF without tuning

New Kollsman TYPE 2144 Wide Range Sweep Generator

SPECIFICATIONS

Frequency Range .

Minimum Power Output .
Output Impedance -
Maximum Source VSWR
Amplitude Linearity . . .
Marker Frequency Calibratio
Marker Frequency Accuracy

Sweep Rate .
Tube Complement

Primary Power .

. 2144-01 225 to 420 mc.
2144-02 470 to 890 mc.
2144-03 850to 1275 mc.

. . . 10 milliwatts
50 ohms
1.25
=+ 1 db.

s = = 5 S'mc;

. 2144-01 =1 mc.
214402 = 1.5 mc.
2144-03 =2 mc.

.« . 60cycle
6AF4,6J6,0A2,
6X4

117 volts, 60
cycles, 60 watts

Also Available—Step Attenuator TYPE 2171-01

SPECIFICATIONS
Insertion Loss

Less than 12 db.
Attenuation Steps 0, 3, 6, 9, 12, 15, 20,

30, 40, 50, 60, 70, db. b, . |
Frequency Range DC to 1000 mc. ™ b

Maximum VSWR 1.2

Other Attenuation Steps Available

Write FOR COMPLETE MNFORMATION ON
KOLLSMAN TYPE 2144 SWEEP GENERATORS

AND TYPE 2171 ATTENUATORS.

kollsman wsrmesr com

-
: 80-06 45th AVE., ELMHURST, NEW YORK « GLENDALE, CALIFORNIA « SUBSIDIARY OF Sfanda/xl COIL PRODUCTS CO. INC.

July, 1954 — ELECTRONICS

470 to 890 MC. CHARACTERISTICS
TAKEN WITH 2144-02 GENERATOR

a) Detected output of sweep generator,
showing marker at 650 mcs.

b) VSWR display of unterminated
transmission line.

c) VSWR display of terminated
transmission line.

d) Preselector responses of UHF tunmer at
channels 14, 20, 30 and 40.

e) Preselector response of tuner at
channel 50, expanded on scope.

f) ‘Input VSWR display of tuner at channei 50.

3 Stock models cover 225 to 420 mc.
470 to 890 mc. and 850 to 1275 mc.
Special ranges on request.

THE TYPE 2144 SWEEP GENERATOR
SIMPLIFIES LABORATORY
AND PRODUCTION MEASUREMENTS

¢ Instantaneous display of frequency
response, impedance or VSWR over
400 mc. without test equipment
adjustment.

« Simultaneous observation of desired
and spurious receiver responses.

o Display antenna characteristics over
entire operating band.

WITH THESE DESIRABLE FEATURES

* 50 ohm output.

 Low source VSWR and amplitude non
linearity.

o Passive variable marker for stable
accurate frequency indication, with
easily read dial.

« Oscilloscope horizontal sweep signal
and base line retrace blanking.

« 60 cycle sweep rate for easy obser-
vation.

o Voltage regulation minimizes effect
of line voltage variation.

o Uses only standard plug in tubes.
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'Sﬁﬁ,\/ -2/ for your convenience!

General Ceramics ALUMINA CERAMIC

*Conforms to the requiremends of Grade L-5A in accordance with JAN-1-10.

OLDERSEAL HERMETIC TERMINALS

THE ITEMS SHCWN ARE STANDARD STOCK
TERMINALS. DIMENSIONAL TOLERANCE,
*1%°% BUT NOT LESS THAN £.010"

THIS TYPE TERMINAL Y Stmﬂgth
s R * Resistance
Thermal Shock
e Fast, asy
Instellation
* Permanent
Hermetic Sealing

METALLIZED SURFACE —— THIS TYPE TERMIJAL ON
/ DAL-4264 4265 4266
GLAZED  SURFACE —

NUMBER
o
DALaz6) W00 o T

Adalnd 750 oMb 15 ) :
DALA262 W sw___ w3 : 28

490
e

28

"DAL3265
»DA—L'L""moo
DALA266

These terminals are made of glazed Alumina Cer- mersion in 60/40 solder at 450°F for 1%2 minutes
amic. Lugs and eyelets are hot tinned brass and for dip soldering will not injure the metallic coat-
metallized areas are silver fired on ceramic, copper ing. For complete information and quotations call,
electroplated and tin fused for soft soldering. Im- write or wire today.

f CERAMICS CORPORATION

NEW JERSEY

MAKERS OF STEATITE, ALUMINA, ZIRCON, PORCELAIN, SOLDERSEAL TERMINALS, LIGHT DUTY REFRACTORIES, CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE, FERRAMIC MAGNETIC CORES
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Save space and weight in electronic equipment
with versatile G-E drawn-oval capacitors

LONG RELIABILITY. G-E drawn-oval fixed paper-dielec-
tric capacitors have been manufactured for fluorescent
lamp ballasts and air-conditioning equipment for ten
years. They also offer the important advantages of
smaller size, lighter weight, and substantial cost reduc-
tions to the electronics industry. So, if you're using a
fixed paper-dielectric capacitor in your electronic
equipment consider the advantages offered by G-E
drawn-ovals.

WIDE RANGE OF RATINGS. Ratings range from 1 to 15
uf at 600 to 1500 volts dc, or 330 to 660 volts ac. A
wide choice of mounting arrangements makes G-E
drawn-ovals ideally suited for quality electronic equip-
ment, controls, and other applications where capacitors
meeting the electrical and mechanical requirements of
MIL-C-25A specifications (except for case dimensions
and markings) are desirable,.

UP TO 209, COST REDUCTION. Prices range from 10
to 209 below those for similarly rated rectangular
capacitors. Savings in size and weight amount to as
much as 30%, in some case styles. A double rolled seam
attaches cover to drawn steel case, producing a lighter,
yet stronger, capacitor.

CHOICE OF MOUNTINGS AND TERMINALS. Mounting
versatility is provided by a choice of three bracket
styles for upright, inverted, or side mounting to suit
individual application requirements. Units are also
available with either eyelet (pictured above), fork type,
or quick-connect (solderless) terminals.

For more information on G-E drawn-oval capacitors,
their ratings, dimensions, and prices, contact your G-E
apparatus sales representative or write for Bulletin
GEA-5777, to General Electric Co., Section 442-10
Schenectady 5, N. Y.

B'ogress /s Ouvr Most Important Product

GENERAL @B ELECTRIC

38
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Sanborn “150” records the effects

of water wave forces

recmplier (A) in
pesdon to plug inte
a xiver amplifier
wth freme, com-
sines  with power
supmy end control
ponal (B) which is
norsally already in
plb-e in the basic
cdbinet assembly,

to aid in pile structure design

By means of a Sanborn 150 Oscillographic Recording
System equipped with four carrier type preamplifiers,
engineers at the M.I.T. Hydrodynamics Laboratory
are getting accurate pictures of simulated shallow
water waves and their effect on dummy piles. The shape
and length of precisely controlled waves in a 90 foot
glass flume are plotted simultaneously with their
moment and force on a suspended eylindrical pile. The
excellent frequency response available with this method
permits a sensitivity and accuracy not obtainable in
previous model studies of this type.

This is but one of MANY applications possible
with Sanborn 150 Oscillographic Recording Systems

Virtually all electrical phenomena, within a frequency range of zero to
100 cps, can be accurately, ycrmamntly and graphiczlly rogistered
by Sanborn Os:illographic Recordiag Systems. This versatility of
application is [-ossiﬁle because of tae flexibility of Sanborn 150 Series
Recording Systems. A wide variety of quickly interchungeable pre-
amplifiers, whizh plug in to built-ir driver amplifiers (illustrated at
left), are available for use with Sexies 150 Systems. to record such
phenomena as: stress, strain, presare, displacement, thick ness,
velocity, acceleration, current, voliage, temperature, torque, light, flow,
force, load, position, rpm, radiatioa, tension, and power.

Add to this versatility the Sanborn features of inkless tracings in true
rectangular coordinates, on plastic coated chart paper . . high torque
movement . . . time and code markers . . . numerous chart speeds.

Let Sanborn Answer YOUR Recording Requirements

For informative technical data on the basic 1, 2, and 4 channel
Sanborn systems, and qualified caunsel to help you select the correct
Sanborn equipment for your requ-rements, write to

R

INDUSTRIAL
DIVISION

CAMBRIDGE 39,
MASSACHUSETTS

39
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T T e

BASIC
TECHNIQUE

Wire element is uniformly ancg
tightly wound on an Insulatec
core. Axial leads or other termina
tions are secured to eilement by
automatic machinery. Insulatec
housing may be used or omitted

Precision, high-speed wird

equipment far 1RC el

If you seek savings in component costs,
IRC’s winding skill may serve your need.
IRC’s mastery of winding wire elements
dates back more than 25 years. Today,
it provides a wide variety of unique units
that offer realistic possibilities for
savings. Cost-conscious IRC engineers

will glady analyze your requirements.

S

IRC WINDING SKILL OFFERS




Boron & Depaosited Carbon Precis-
tors » Power Resistors « Voitmeter
_ow Wattage Wire
Wounds « Insulated Composition
Resistors + \olume Controls ¢

Procislon Mm‘v\/odnds . Ultra
aﬂd HiVoltage Resistors —I}ﬁ
V'ulua Capeacitors * Sel
Ractlfiers * Insulated Chok
Hermetlc Sea'llng Termin f's.-.

14c savings per car

Type AW Wire Wound resistors save
automobile manufacturers an average
of 14c per car. For quantity require-
ments, these low-cost windings can be
made specially to suit individual de-
signs. This adaptability has proved
profitable to numerous appliance
manufacturers.

low cost—low wattage

Type BW insulated wire wounds offer
excellent stability in low ranges—at
low prices. Leading instrument manu-
facturers attest to their superiority.
15, 1 and 2 watt sizes are equivalent
to Jan types RU-3, RU-4 and RU-6.

50% savings

IRC Insulated Chokes offer savings up
to 50% over ordinary types. Available
in two sizes, they are fully protected
against humidity, abrasion, assembly
damage and danger of shorting to
chassis. A favorite source of savings for
TV and radio set manufacturers

inexpensive solution

4-watt Insulated Power Wire Wounds
with axial leads can save several cents
over conventional power resistors.
Inorganic core and high-temperature
plastic housing allow safe operation
up to 165° C. Widely used in toys,
juke boxes and amusement devices.

specifications

AR

MIL-R-93A
AMENDMENT 1

Government specifications for pre-
cision wire wound resistors have
been revised. MIL-R-93A Amend-
ment 1 is the new rigid standard.

IRC PRECISION
WIRE WOUNDS

meat and beat these new specifica-
tions. They are equivalent to Mil
types RB-15 tnrough 19.

MAXIMUM STABILITY

Temperature cycling even beyond
Mil requirements has only negligi-
bte effect. Send for new techni-

cal bulleti

INTERNATIONAL RESISTANCE CO.

403 N. Broad St., Philadelphia 8, Pa.

In Canada: Internatioral Resistance Co., Ltd,
Toronto, Licensee

Send me technical data on: [ Precision Wire

Wounds; {J Irsulated Chokes; O BW Resistors;
4-Watt Power Resistors

Name —— — —_—

Title——— ———

Companye——ooo-

Address

ERRR

City. State.——
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F.M. DEVIATION birectLy Measurep

THE BESSEL ZERO or * Disappearing Carrier >’ method of measuring deviation

requires complex monitoring equipment, an accurately known modulation UNBedujais? Cazrlin

frequency, and, finally, mathematical interpretation of results.
With the compact and easy-to-use Marconi Deviation Meter, the modulation

frequency need not be known and deviation is directly read on a meter scale.

F.M. DEVIATION METER TYPE TF 934

Carrier Frequency Range : 2.5 to 200 megacycles.
R.F. Input Level : 55 millivolts to 10 volts.
Deviation Measurement Ranges: 0 to +5 kc, 0 to + 25 kc and o to +75 kc.
Accuracy of Deviation Measurement: 3% from full-scale to half-scale up to 12 kc and
6% up to 15 kc.

Modulation Index 1.3

Full data and prices of any of the items listed below will be mailed immediately on request:

F.M. DEVIATION METER TF 934 - UNIVERSAL BRIDGE TF 868
FM/AM SIGNAL GENERATOR TF 995A - STANDARD SIGNAL GENERATOR TF 867

Also
VACUUM TUBE VOLTMETERS - FREQUENCY STANDARDS - OUTPUT METERS Modulation Index 2.4
WAVEMETERS - WAVE ANALYSERS - Q METERS - BEAT FREQUENCY OSCILLATORS The Carrier “Disappears”

BESSEL ZERO METHOD

MARCONI iNsTRUMENTS

23-2S BEAVER STREET - NEW YORK 4

CANADA : CANADIAN MARCONI CO., MARCONI BUILDING, 2442 TRENTON AVENUE., MONTREAL
ENGLAND: Head Office: MARCONI INSTRUMENTS LIMITED, ST. ALBANS, HERTFORDSHIRE

Mjnaging Agents in_Export MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, MARCONI HOUSE STRAND, LONDON, W.C.2
TC40
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C-D-F is a dependable source of supply for all
of your coil form spiral tubing needs. Uniform,
high product quality is maintained by rigid
standards of mznufacture. C-D-F offers you fab-
ricating skill, backed by exacting technical and
inspection control. A recent C-D-F development
is Grade 5 Constant Torque Tubing for use in
coil forms. After the threaded iron tuning core
is inserted and finally adjusted, you obtain the
same stable torque rating.

Constant Torque features: exact internal thread-
ing . . . every thread engaged. 3-point contact
with core prevents binding and permits positive
tuning and re-tuning. Outer surface ol tube has
no weak spots, no external embossing to cause
cement leakage. Available in lengths up to 147
to take .248” 10 .250” core with 28 threads per
inch and also 6-32, 8-32 and 10-32 screw sizes.
Write [or samples.

Grade 5 Tubing is also custom-fabricated by
C-D-F in conventional shapes to accommodate
other sizes of tuning cores.

C-D-F produces spiral tubing in grades to meet
most requirements. Use the Grade Selector
Chart when requesting samples and additional
information.

AVAILABLE GRADES
IMPREGNATED

1 General E ectrical and Mechanical Grade. O

1A Electricol and Mechanical Grade—Special Punching. O

2 Mild Stoping. Riveting, and Post Forming Quality. O

2A Intermediate Fabricating and Stapling Quality. O

3 Severe Stapling. Riveting, ond Post Forming Quolity. O i
5 Constant Torque and Formed-to-Shape Coll Form Tubing. O Yo'
& Speclal Far High Humidity Applications. O .
6A Extra Hord, High Strength Tublng. O

7 Soft Variished Kroft Tubing. O O [

7A Hord, Rigid Rectongulor Tubingg. (3 [

8 Varnished Diomond Insulofion—Tubing. O

9 “Deflection Coil” Tubing. O

10 Larger Sze, Heavy Wall Tubing for Mechanicol Uses. (o]

UNIMPREGNATED
20 Special Wound in Specified Combinations of kroft paper, fish

paper, tc. O [
21 Ploin K aft Poper Tubing. O [J —
22  Plain Ciomond Insulation Tubing. O

23 Plain Cripboard Tubing. O

O Roend Z,)' Formed and Notched
O Fo med (futed shape) [ O | Squore, Rectongular

ELECTRONICS — July, 1954

C-D-

A UNIFORM, HIGH QUALITY PRODUCT AT LOW COST

SPIRAL
TUBING

Good dielectric strength* Low dielectric loss properties
Good mechanical strength and moisture resistance

STANDARD:

{EVERY OTHER THREAD

CONSTANT TORQUE

{EVERY THREAD)

SELECTION OF THE PROPER GRADE

While the differences between some of the grades are not great, they
are quite distinct when specific requirements are considered. For most
uses, the proper grade can be selected from the descriptions, size range,
and properties tables in our catalog. If this should prove difficult in
some cases, it is desirable for our C-D-F sales engineer to have as much
information as possible about the application, especially fabricating
requirements, in order that we may make suggestions. Your blueprint
is usually sufficient if it carries some indication as to the quality desired.
In other cases, the following check list will be found to be helpful:

Type of Application.

Properties required or the customer’s specification for the material
Fabricating quality desired. This is important where stapling,
riveting. punching, or forming operations are to be performed by
the customer.

Any unusual conditions wnich may affect the suitability of the
material for the job. For tubing that is to accommodate tuning
cores, actual samples of the cores are essential along with torque
requirements (if known).

See aur general catalag in Sweet’'s Design File far more data, the address and telephone
number of your nearest C-D-F sales engineer. Alsa write far 8-page Technical Folder
§T-53 showing all grades of C-D-F Spiral Tubing, free test samples, ar send us your print
for quotatian.

CONTINENTAL-DIAMOND FIBRE COMPANY

NEWARK 16, DELAWARE



EL SESUNDO
CALIFORNIA

POWER RECTIFIERS
Widestrangein the Industry
Power Factor 959,
Ratings to 250 KW
Efficiemcy to 87 9/
Write for
HIGH VOLTAGE gl MINIATURE
RECTIFIER RECTIFIERS
CARTRIDGE TYPE

Hal-wave, Full wave and
Case Diameter: From Y, ” to 1V Nl Thline- Deiia.
Length: From /,” to 12”.

Input Ratings from 25 to
Current, Half-wave: 1.5 ma to 60 ma.

195 volts AC.
DC OQutput C t f
Voltage, DC Output: 20 volts to C Output Current from
200,000 volts.

65 ma to 1200 ma.
Write for Bulletin H-1 Write for Bulletin ER-178

INTERNATIONAL
. RECUIPISR

INTERNATIONAL
_ RICTIFIER

General Offices: 1521 E. Grand Ave., El Segundo, Calif. « Phone: ORegon 8-6281
Chicago Branch Office: 205 West Wacker Drive » Phone: Franklin 2-3889
New York Branch Office: 501 Madisoen Avenue o Phone: Plaza 5-8665

ON DISPLAY AT WESCON EXHIBIT, AUGUST 25-27
44
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THE OFFNER
DYNOGRAPH

A direct-writing oscillograph
for absolutely drift-free recording!

100 times as fast—as recorders of comparable sensitivity
30 times as sensitive—as recorders of comparable speed*

Do you need to record pressure—vibration
—speed—acceleration—bioelectric potentials?—
Now you can obtain a precise record of high-
speed transients with this ruggedly built, easy to
maintain, versatile d-¢ recorder.

TAKE A LOOK AT THE RECORD!

a response speed of 1 /120th of a second. Approx-
imately 100 times the speed of other industrial
recorders with comparable sensitivity. Yet the
Dynograph is completely stable: it has zero base-
line drift.

TAKE A LOOK AT THE RECORD!

2 +!
Jan . § [*
\ DYNOGRAPH S \_\
J \ " recomo L
\ i ONE HOUR
I This chart shows the base-line drift of a com-
OTHER d-c T petitive recorder compared to the absolutely
RECORDER /1

Compare the large, easily interpreted record from
the Dynograph with the barely discernible record
from the most sensitive competitive direct-writing
d-c oscillograph. The record is made with 150
microvolts d-c per cm. of pen deflection—thirty
times the sensitivity of any competitive instrument.*
You get eight cm. pen deflection . . . 19 linearity;

*Based on manufacturers’ published claims.

stable non-drifting Dynograph.

The Dynograph with one amplifier records a-c¢
or d-c inputs, operates from strain gauges or
reluctance gauges, records temperatures, rota-
tional accelerations and velocities, records micro-
volts in the brain or thousands of volts and
amperes in a rolling mill. Investigate the accu-
racy, economy, and convenience of the Dyno-
graph—ask for Bulletin L-311.

OFFNER ELECTRONICS INC.

5320 N. Kedzie Avenue, Chicago 25, lllinois

West Coast Representative: Roland Olander and Company
7225 Beverly Blvd., Los Angeles 36, California

ELECTRONICS — July, 1954

New England Representative: William Tunnicliffe
11 Orient St., Winchester, Massachusetts
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How Sperry solved
the metal problems in

THE NEW “GYROSCOPE”
THAT NEVER SPINS

THIS IS THE GYROTRON*, Sperry’s
revolutionary new type of gyroscope
that never spins. Driven without bear-
ings, by electrical vibration, it can give
precise measurements of the rate of turn
in planes and missiles scorching along at
supersonic speeds.

3

THE INCESSANT VIBRATION calls for

a metal with unusual resistance to fatigue.
Sperry designers found this property in

INCONEL has other properties that are
important in this “tuning fork.” It is non-
magnetic, tough, resistant to both wear

THE PROBLEM of matching special jobs
to the right metal cropped up repeatedly
as Gyrotron specifications were written.

Inconel® . . . and use Inconel for the and corrosion.

vibrating heart of the Gyrotron — its
“tuning fork.”

When you have a new product on the boards,
or plan to improve an old one, look to the INCO Nickel
Alloys for the unusual combinations of properties you
need. And look to INCO Technical Service for assistance
on specific metal problems.

*GYROTRON is a registered trademark of
The Sperry Gyroscope Company

THE INTERNATIONAL NICKEL COMPANY, INC.
67 Wall Street New York 5, N. Y.

46

Every part, from permanent magnet to
high permeability alloy to non-magnetic
Inconel (except for an ounce or so of
copper wire), is a nickel alloy.

INCO NICKEL ALLOYS

MONEL® « “R“® MONEL +« “K"® MONEL + “KR“® MONEL

”s"® MONEL « INCONEL® « INCONEL “X“® s+ INCONEL “W'®

INCOLOY® « NIMONIC® Alloys * NICKEL » LOW CARBON NICKEL
¥ DURANICKEL®

July, 1954 — ELECTRONICS



ceramics and

are | permanently
and accurately | combined

The metal bands on the rotor shafts shown at
the left, above, are concentric with the shaoft
to within 0.001 in.

Your production procedure is simplified when you use high-

precision Stupakoff ceramic-to-metal assemblies. Extensive ex-

perience in the field of electrical and electronic ceramics, thorough
familiarity with methods of metallizing, and the use of modern

StupakOff precision manufacturing methods insure the high quality and
uniformity of Stupakoff Assemblies.

Among the assemblies made by Stupakoff are: rotor shafts,
strain and spreader insulators, stand-offs and trimmers. Ceramic
. bodies are specially formulated for the intended service; metals

used include silver, copper, brass, stainless steel and monel.
aSSBm IBS Stupakoff’s broad experience in this field insures the selection of
a method of assembly best suited to meet service conditions.

1 A few types of Stupakoff Ceramic-to-Metal Assemblies are
illustrated in the photographs on this page.

STUPAKOFF CERAMIC & WANUFACTURING COMPANY

LATROBE, ’ENNSYLVANIA

Some of the larger types of Stupakoff metal- I

lized ceramic parts. Small metallized ceramic parts are accurately

made and dependably uniform.

B
RS

e B e e . — et
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For high voltage wiring...
CORONA SHIELDS by Ucinite

Specially designed for televiston and other high volt-
age circuits, these Ucinite corona shields are made
of cadmium-plated brass. With all sharp edges turned
inward for maximum corona resistance, they provide

excellent protection in electrical connections.

The

UCINITE CO.

Newtonville 60, Mass.
D:vision of United-Carr Fastener Corp.

48

Ucinite is equipped to manufacture, assemble and wire
to your specifications, a wide variety of electrical parts
and assemblies for use in electronic apparatus of all
types. For full information, call your nearest Ucinite

or United-Carr representative, or write directly to us.

Specialists in
ELECTRICAL ASSEMBLIES,

RADIO AND AUTOMOTIVE
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FASTER, SAFER, LESS EXPENSIVE FLIGHT TESTING SR

BENDIX-PACIFIC TELEMETERING

T{plcal universal
airborne package
is provided with
plug-in
components for
quick change
over of testing
factors.

The ground station ¢an
include visual recording
equipment for in-flight
study by engineers, Such
recordings are invaluable
should the aircraft be lost.

Photo courtesy
Boeing Airplane Co.

I he flexibility and effectiveness of

Bendix-PaciZic Telemetering Systems are
materially speeding up flight test programs for
several air freme companies, and cutting costs
at the same time.

Standardized Systems are available which pro-
vide for compact, lightweight airborne equip-
ment and stable ground recording stations. The

SYSTEMS

SONAR

HYDRAULICS

TELEMETERING

ELECTRO-MECHANICAL

ULTRASONICS

The effectiveness of Bendix-Pacific telemetering
equipment is being demonstrated in the wide
range and multiplicity of information transmit-
ted simultaneously. Numerous flutter tests, for
examgle, can be observed and flight conditions
varied by radio communication while a single
flight is in progress. The crew is free to concen-
trate on flying the airplane.

The system also offers an e

si:stems will measure any kind of information important safety factor by y
that can be recorded by older methods—and warning of any dangerous /4" 1117
with an accuracy that can be depended upon. conditions. ! eN [ ) ‘
BENDIX-PACIFIC TELEMETERING SYSTEMS Accurately Measure (K @ { Vy
Vibration e Temperature o Pressure o Acceleration e Strain e Motion — \
|I " S " *
PACIFIC DIVISION « Bendix Aviation Corporation \§ Q—'” “ &
11400 Sherman Way, North Hollywood, California \% UAg L )
\. ¥
East Coast Office: Export Division: Bendix International Canadian Distributors: N\
475 5th Ave,, N7 17 205 €. 42nd St., N.Y. 17 Aviation Electric, Lid., Montreal 9 b g, o
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GOODMANS

The flight characteristics of a newly designed aeroplane are the subject
of lengthy caleulations before the first prototype is built. Whilst the
mathematical calculations are themselves accurate, they are baged, as in
all design work, on several assumptions which have to be verified by a
series of pre-flight tests.

One of these essential investigations is the Ground Resonance test,
the purpose of which is to determine the various complex modes of
vibration of the airframe structure. The frequency of the mode and
the dynamic response at remote parts of the aireraft must be accurately
determined. The information obtained together with the aerodynamic
derivatives is used in predicting the critical ‘flutter’ speed of the air-
craft. The illustration shows one of the two Goodmans Model
8/600 Shakers which were used to excite the Handley Page
‘Vietor® for this very important test.

For wide frequency range vibration testing and dynamic
response investigations, Goodmans Shakers are an obvious
choice. These units require no field excitation and provide a
faithful reproduction of the input wave form. Industrial
applications of controlled vibration are continually increas-
ing; maybe it can serve you—in which case our unique
experience is at your service.

snsesssesssss MAIL THIS COUPON-wsseeresssacensess

TO GOODMANS INDUSTRIES LIMITED
AXIOM WORKS, WEMBLEY, MIDDX., ENGLAND

Please mail me your catalogue and technical dota sheets in connection
with your PERMANENT MAGNET Shakers.
NAME .. ..

COMPANY

CITY i p ¢ mgica-s — ZONE. .. ... STATE

50

Just another of the wide
applications of Geodmans
Shakers

The range includes models from
the 8/600 shown, developing a force
of +300 lb., to the midget model,
with a force of *=2 Ib., for optical
cell research and hairspring torque
testing, etc.

GOODMANS INDUSTRIES LTD.

AXIOM WORKS « WEMBLEY » MIDDX * ENGLAND

Cables: GOODAXIOM WEMBLEY, MIDDX.
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THE CHOICE FOR

[,ederd/QUAl.lTY-CONTROLLED
COAXIAL CABLES

...serve on the Seven Seas with the same
dependability they bring to ALL
transmission requirements of
communications and industry!

FEDERAL’S

Armored RG Types e On ships at sea . . . plowing through all kinds of
: = &  weather ... from sub-zero regions to the tropics!
Oufs‘l.'a.ndlng for rug.get.i?ess, ;“43\ ﬁ}-: i That's where coaxial cables receive the
efficiency and reliability A " supreme test of dependability . ..operating radar,
AVIATION direction finders, Loran, RF power and general
communications . . . safeguarding human life
RG-10/U-RG-12/U-RG-18/U e and valuable cargoes!
RG-20/U +RG-35/U+*RG-74/U S\ 5= 1-==|  Marine applications are only one of the many
RG-79/U __“ ‘:\/ J‘\ fields where Federal quality-controlled coaxial
- ‘\_\M e cables are the choice of designers and engineers
& ey g = N for trustworthy transmission!
: Sl BROADCASTING In aviation, industry, broadcasting, TV,
L i test, experimental, pulse or special purpose. ..
RG-18/U ,J a ,___.7 for HF, VHF or UHF anywhere . . . you'll find the
S SAESSATIASLES - . =il " best in quality and performance in Federal’s
G e ’ T ﬂ A RG types. Write us today about your specific
RG-12/U - AN ﬂA requirements, to Dept. D-113A

E —2 §
! g
W TEST EQUIPMENT . — fé‘io 3 S
I / /‘
RG-79/U ; B Jl
‘s_af
information on Federal

r’// - \
l ‘ ]
quality-comrolled wires

and cables, plus RADAR, PULSE, INDUSTRIAL
gf:;gs?gleso?:dme EXPERIMEMTAL EQUIPMENT
Con W e AND SPECIAL TYPES

department above.

YOURS FOR THE )\

ASKING : Federal's new b
Remember: Federal is the 28-page buying guide \
manufacturer of “Ameri- contains a world of (ﬁ % =
ca’s mast complete line of P~
solid dielectric cables.’’
Tell us your needst

d T b d d C ceT Your DC
ederal Telephone and Kadio Compary | on ac win d.
pendable, long-life
A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION Federal Selenium
SELENIUM-INTELIN DEPARTMENT 100 KINGSLAND ROAD, cerN, N. J. Rectifier Power Sup-
in Canada: Federal Electric Manufacturing Company, Ltd., Montreal, Q. plies,

Expor} Distributors: International Standard Electric Corp., 67 Broad S'., N.Y
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Here’s a

Thermostat Metal
that takes a shower

TRUFLEX
J7

Corrosion

I’s natural for a duck to take to water. And it's
natural for General Plate Truflex J7 Thermostat
Metal to operate without corrosion in water. Take
for example the shower mixing valve illustrated.
This and similar coils have operated continuously
in showers and hot water tanks for over 15 years
without failure due to corrosion.

Other Truflex J7 Thermostat Metal coils are
operating successfully in such applications as
hot water temperature measuring valves, tanning
applications which often operate in mild acids,
radiator valves and the like.

You, too, can obtain constant and accurate per-
formance in your products because General Plate
fabricates to your exact specifications, complete

Thermostat Metal
Resists Water

and Likes it!

Truflex thermostat metal
units ready for installation.
You get reliable performance because every order
comes to you an exact duplicate of the original ...
consistently uniform in tolerances, temperature
reaction and performance, thus preventing rejects
and costly adjustments in assembly.

For you who desire to manufacture your own
parts, Truflex Thermostat Metals are available as
strip in coils or flat cut lengths. Write for engineer-
ing assistance and catalog.

METALS & CONTROLS CORPORATION

GENERAL PLATE DIVISION
37 POREST STREET, ATTLEBORO, MASS,

Gckdd
S,
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A

Hi-Temperature

Tested

Germanium

Diode

The new Hughes type IN198

Temperatures :nside operating equip-
ment usually climb well above the
equipment ambient temperature. At
these elevated zemperatures, you need
components w-th known characteristics.
Most germanium diodes are tested at
room temperature and, as operating
temperatures rise, their performance
deteriorates. But the new Hughes
Type IN198 is a realistic germanium
point-contact diode.

That’s because this diode is tested 100%
at 75°C—whizh is just about as hot as
most electronic equipment gets in oper-
ation. In addit.on, samples of the IN198
are regularly subjected to all standard
tests at 25°C. This means that you can
use these hi-tzmperature tested diodes
with confider.ce, can design equipment
to take full advantage of the fact that
electrical characteristics at the higher tem-

JOTTEET R nr i eginergil

AR AR R AR AR PR RN AR AR RRR RAAAY

100 (R - ] 20C

[=]e]

:

30 a0 SO

20

/
/
/
/
/
/
/
/
//
//

Type /,"
1N198 //
Electrical v
Characteristics at 75°C

e Forward Current at 1V dc 5 mA(Min.)
7’

7
/-’ Reverse Current at—10Vdc 0.075 mA(Max.)

L = —

// Reverse Current at —50V dc  0.250 mA(Max.)

N

at 25°C

A
N\ Reverse Current at—50V dc 0.050 mA (Max.)
TN

N\
N\
\
\

Like all Hughes Diodes, the hi-tem-
perature tested 1N198 is fusion-sealed
in a one-piece, gas-tight glass envelope
which is impervious to moisture or
other external contaminating agents.
The complete Hughes line of fusion-
sealed germanium diodes comprises
standard RETMA, jAN, and many special
types. We'd like to send our Bulletin
sp-2A, which lists and describes these
diodes, to you. Justsend for your copy,
or for additional details concerning

peratures are specified. the new Type IN198.
_____________ T T 1|
i

I I SEMICONDUCTOR SALES DEPARTMENT |
. Hughes | i
- ‘ !
1 |
\  Aircraft Company, Culver City, Calif. e New York Chicago 1
| I
Lo _ ) -
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Miniature TV Tri-color cathode gun
solves designer’s dilemma

Sometime this year, a fortunate few thousand T Viewers who
can pay the freight will relax at home and watch their
favorite stars cavort in color. Back of each screen is a
triumph of engineering magic—a tri-color cathode ray gun,
actually 3 cathodes—one for each primary color.

To bring color TV within pocketbook range of all of us,
the heart of future guns will be a miniaturized version of the
present disc cathode. The tubular nickel shank of this
new disc cathode has been shortened from .312/ to .220"
and the outside diameter decreased from .121" to .090",
resulting in @ number of improvements adding to the effi-
ciency of the assembly.

Cathode surface area is reduced. Sinaller and shorter heaters
used. Less power required (300-450 milliamps instead of the
600 required in older guns).

Lower heat radiation, due to less power, offers a constant
hear as well as a cooler continual operation.

Superior Tube Company, 2500 Germantown Ave., Norristown, Pa.
Electronics Division

Please send: ] Blueprint
and Nickel Alloy Tubing.

Data Memo 5 and 19 on Superior Nickel

Name.

Company_______ — —_—— —
Address— - —

City___ Zone. _State__

A smaller shank and cap which will not dish-in offers better
transmission of electrans to the TV screen.

Swmaller guns permir a more compactly assembled 3-gun unit.
By moving guns closer together, the deflection of the electron
beams is more closely controlled.

Miniaturization of the guns means a smaller neck on the
Sinished TV tube. The 3-barrel color tubes take little more
space than black and white types, and vital space is conserved
for set manufacturers.

The advantages of the present larger disc cathode for
monochrome guns—wide choice of material for cap and
shank; close “*E’* dimension control—are also incorporated
in the new design.

If you're interested in more information on materials used
in the new disc cathode, and details on Nickel and Nickel
Alloy Tubing, mail coupon today for a blueprint and Daita
Memo 5§ and 19. There's no obligation.

Symari-

Z0¢

The big name in small tubing

All analyses .010" to %" O.D.
{ Certain analyses in light walls up to 2%" 0.D.

July, 1954 — ELECTRONICS T}



An Insurance Policy thal Saves You Manufacturing Costs
Included in every shipment of Erie Capacitors

ERIE
ottty (et

What is an ERIE
Quality Certificate?

An Erie Quality Certificate is
a form that lists the results of
both electrical and mechanical
tests for every shipment of
Erie Capacitors. Thesa tests
are mace by competent qual-
ity control inspectors using modem and
precise reasuring 2quipment.

Will it Cut Costs?

YES — With the Quality Cer-
titicate you cut costs by reduc-
ing incoming inspection. You
save the bother, time, and
expense of returning faulty
material because you are deal-
ing with capacitors of a known
quality. You also reduce the
risk of pulting faulty capaci-
tors in your prcducts.

Here's an
Extra Dividend!

Erie Quality Certified capaci-
tors cost you no more than
other kinds. You benefit be-
cause quality products are
always cheaper to use and add
quality to your finished
nroducts.

ERIE RESISTOR

Will it Speed
Production?

YES — It takes less time for
Quality Certified Erie capaci-
tors to get from your receiv-
ing doors to your production
lines. It eliminates costly
trouble-shooting delays on your assembly line
and in your inspection of the finished products.

PRODUCTION Chagr

What Does the Quality
Certificate Offer?
The Quality Certificate lists

the sample size and test re-
sults for each inspection se-
quence or series of inspection
tests. The frequency distribu-
ticn of capacitance values in
the sample is also shown.
Electrical tests include di-
electric strength, insulation resistance, and
dissipation factor. Other tests such as tempera.
ture coefficient, case insulation breakdown are
performed and results listed whe:ze applicable.
The certificate alsc contains a complete in-
spection check list for mechanical and visual
items. The sampling tables used are MILITARY
STANDARD 105 with AQL’'s (Acceptable
Quality Level) ranging from 0.49, for per-
fcrmance items to 1.59%, for non-functional
deviations.

—

Again the Pioneer ' ERIE -

i 3

{ Qualizy Certificate
another

ERIE FIrsT

————

As in so many other impor-
tant developments in elec-
tronic components, Erie again
leads the field. Erie is the first
ceramic capacitor manufacturer fo give custom-
ers this complete quality information with
each shipment.

CORPORATION . . . ELECTRONICS DIVISION

~ERIE-

. RESISTOR CoRP.

-,
~_"
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Main Offices- ERIE, PA.

Sales Offices. CBffside, N. J. « Philadelphia, Pa. »~ Chicago, lIi. » Detrod, Mich.
Fort Wayne, Ind. « Los Angeles, Calif. » Toronto, Canada

" Faclories: ERIE, PA. - LONDON, ENGLAND « TRENTON, ONTARIC - HOLLY SPRINGS, MiSS.
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GLASS PREFORMS — Iron Sealing
and Kovar Sealing Glass precision
molded to the closest tolerances in
the industry. Resist mercury attack,
have ample mechanical strength,
and seal readily. Qur laboratory is
prepared to assist you in selecting

the proper glass for any metal.

a consistently

dependable source

for all types of...
MOLDED POWDER
PREFORMS
custom-made to

exact specifications

MANSOL CERAMICS COMPANY
140 LITTLE STREET, BELLEVILLE, N. J.

CABLE ADDRESS:
Mansol—-Belleville, New Jersey.

HOW MANSOL SOLVES PREFORM PROBLEMS — The complete story concerning
our services, facilities and production techniques can be had free of charge just
by writing to Dept. N, Mansol Ceramics, Belleville, New Jersey.

INVESTIGATE MANSOL'S TECHNICAL KNOW-HOW TODAY AT NO COST
OR OBLIGATION. Mansol’s engineers are at your service, ready to discuss your
powder molding problems, whether they be glass for seals, spacers, or lead
through bughings.

If you are still making your own preforms, Mansol would like to show you how
to save money by eliminating rejects.

56

FORMULA 800 PREFORMS —
Mansol’s newest development —
using an Epoxy Resin to improve
product efficiency. Possesses ex-
tremely high bonding strength, with
no shrinkage, on metals to metals
and metals to non-metals. Worth
looking into! Can save you many
man-hours of expensive labor.

STEATITE PREFORMS — We spe-
cialize in die pressed ceramics held
to the closest tolerances. All tools
and dies are made in our own shop

to assure quick delivery.

NEW PLANT AND FACILITIES —
We are proud of our modern,
new plant devoted entirely to the
development and production of all
types of preforms.

Research, Engineering and
Manufacturing skills guarantee the
highest standards of . . .

QUALITY o UNIFORMITY
CLOSE TOLERANCES

FAST DELIVERY
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HERMETIC

4

Jirst in connectors

ELECTRONICS — July, 1954

SEALING

7
L JYZ7229 by cannon

Hermetically-sealed multi-contact Canseal connectors made by Cannon are really rugged! And
...they are the only connectors that give youm true hermetic sealing under adverse pressure and
atmospheric changes. Here's why . . .

Cannon pioneered the first successtul hermetically-sealed connector more than six years
ago . . . sipce then has continously refined and increased the line. All have special steel con-
tacts. Glass insulation .. .fused to both contacts znd shell for a perfect permanent seal .. .is stronger
than steel, withstands temperatures to 1000° F, and permits the use of the highest conductive steel
contacts compatible with any glass fusing operation.

Available in a wide variety of insert lavouts for controf, relay, power, and instrument
applications in Series GS (AN type), KH, RKH, U, DAH, BFH, TBFH, DBH, DCH, KH30 standard,
miniature and sub-miniature sizes. Also, special mounting flanges and brazing service to help
you obtain a strong and leakproof ovesall assembly.

@ DH SERIES @ V SERIES

Please refer to Dept. 120
CANNON ELECTRIC COMPANY, 3209 Humboldt Street, Los Angeles 31, California

Factories In Los Angeles; East Haven; Toronto, Canada; London, England.
Representatives and distributors In all principal citles are at your service,

KM SERIES
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Look o PHELPS
REALISTIC APPROACH TO

' — -

B

7z BONDEZE | (W

PRACTICAL KNOWL[DG[ of magnet wire

application problems and trends.

CONTINUING INVESTIGATION o

existing insulations to improve quality

e
et Bpm—

and performance.

[XHA”STIVE TESTING and evaluation of

new organic and inorganic insulation
materials to determine fundamental

properties and application possibilities.

ENGINEERING ASSISTANCE i» soloction

and use of exactly right magnet wire

for specific motor, transformer or coil.

[%Jfﬁt [da@ QM@—M None 1 Meukr



DODGE for a
 MAGNET W|RE RESEARCH!

Economical solutions
to many varied and
complex application problems!

The magnet wires pictured here illustrate the wide range
of the Phelps Dodge line. Some of these wires—devel-
oped specifically by Phelps Dodge to answer special
problems-—suggest unlimited new applications for the
future with overall savings to the user. Bondeze and
Sodereze are examples of this kind of research.

Any time magret wire is your problem, consult Phelps
Dodge for the quickest, easiest answer!

SIZE =
— RECiAme———
I:Ofica{vmm“— .

PHELPS DODGE COPPER PRODUETS

CORPORATION

INCA MANUFACTURING DIVISION

FORT WAYNE, INDIANA




ve KAY

ALL-ELECTRONIC WIDE RANGE
SWEEP GENERATORS

THE MODEL VIDEO MARKA-SWEEP

A Wide-Range Sweep Covering the Whole Video Frequency
Band in One Sweep.

THE MODEL VIDEO MARKA-SWEEP has an extremely wide sweep width
covering either 50 ke. to 5 mc., 50 ke. to 10 me., or 50 ke. to 20 me. in
a single sweep. These three ranges are selected by a rotary switch on
the panel of the instrument. In conjunction with an oscilloscope it will
display the response curves of video amplifiers, as well as marking sev-
eral frequencies for identification. By us of an external signal generator
a variable frequency pulse-type mark is available.

The sweeping oscillator is actuated by a sawtooth generated with-
in the instrument. This voltage is available at output terminals for
deflection of the oscilloscope. A true zero level baseline is produced on
the oscilloscope display during the retrace time. The output levels of
sweep signals and marker pulses are adjusted by separate controls.

THE MODEL VIDEO TTV MARKA-SWEEP

Combines a Sweep covering the Whole TV Video F requency Band
with Variable CW plus Crystal Positioned Markers. For checking
Television Transmitters.

THE MODEL VIDEO TTV MARKA-SWEEP has a wide sweep width cov-
ering 50 ke. to 8 mc. in a single sweep. A front panel rotary selector
switch selects variable CW or any one of five crystal controlled fre-
quencies. In conjunction with an oscilloscope it will display the response
curves of video amplifiers. Variable CW and crystal controlled outputs
are available for single frequency checks and’ for providing variable
and/or crystal positioned marks on the response curve.

By simple switching any combination of variable CW, erystal con-
troHed signal and sweep are provided simultaneously. The crystal fre-
quencies are also convenient for accurately calibrating the CW fre-
quency dial.

The sweeping oscillator is actuated by a sawtooth voltage gener-
ated within the instrument. This voltage is available at output terminals
for deflection of the oscilloscope. A true zero level baseline is produced
in the oscilloscope display during the retrace time. The output levels
of marker and sweep signals are adjusted by separate controls. Output
levels are indicated directly on a voltmeter with both peak-to-peak and
r.m.s. scales.

I s s I AR BT sl it sl e s

3
3

Sweep: All-electronic linear
sawtooth ® Markers: Six very

sharp crystal positioned pulse.

type matks are provided at
1, 2, 5 10, 15, and 20 mcs.
A variable frequency mark of
the same type is formed by an
external signal generator ot any
desired frequencies within the video
range. |f desired, speciol crystal posi-
tioned marks may be substituted for
standard ones ® Amplitude Modulation while Sweeping: to
10 mc.—less than .05 db/mc.; to 20 mc.~less than .1 db/
mec. ® Output Voltage: 0.3 volts at 72 ohms © Output
Attenuators: Switched—20 db, 20 db, 10 db, 3 db. Con-
tinvous—Approx. 6 db ® Marker Output Voltage: Positive
pulse, approx. 10 volts peak ® Marker Output Control:
Continuously variable, 0 to maximum ® Cotalog No. 150-A
® Price: $495.00 f.0.b. factory (Special crystal positioned
marks substituted at $10 ea.)

. -l

Sweep Range: 50 ke. to 8
me. ® Sweep: All-electronic
linear sawtooth ® Markers:
CW—A continuously variable
CW signal covering the fre-
quency range from 50 ke. to 8
me. is provided. The frequency
dial is calibrated in 0.1 mec. divi-
sions and is accurate within 2 of
1% @ Crystal Positioned: Five crystol
positioned marks are provided, one ot
o time, at 0.20, 0.75, 1.25, 4.0 ond 6.0 mc.
I desired, special crystal positioned marks may be sub-
stituted for standard ones. ® Amplitude Modulation While
Sweeping: Less than 0.05 db/me. ® Output Voltage: Sweep,
CW and Crystal frequencies—each 4.2 volts, peak to peak,
into 72 ohms (1.5 volts, r.m.s.). Peak to peak and r.m.s.
reading voltmeter provided at output, accurate within ap-
prox. 5% @ Output Antenuvators: Switched—20 db, 20 db,
10 db, 3 db. Continuous—Approx. 26 db. ® Marker Output
Control: Continuously variable, approx. 5 db. e Catalog
No. 151-A ® Price: $695.00 f.0.b. factory, for rack mount-
ing. (Special ¢crystal positioned marks substituted at $10 ea.)
Note: Cabinet $35 extra.

KAY ELECTRIC COMPANY
14 MAPLE AVENUE, PINE BROOK, N. J.

PRECISION TEST AND MEASURING INSTRUMENTS FOR LABORATORY, PRODUCTION AND FIELD

60
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HISIMAE)

Your line workers will appreciate the ease and
speed with which they can assemble AlSiMag
(cjircatr?;s. Yourgro- A {{S\‘
planning ‘7’1‘}"—‘\\
staff will be well ' .
pleased with the excellent quality as well as the
rapid delivery of these parts.

Physical dimensions
ue/\ ) !

and tolerances are
4 checked at every key
N stageof manufac-
ture by thoroughly trained Quality Control inspec-
tors to insure shipment of a superior product.

Four large, completely equipped plants assure
you of hundreds—or hundreds of thousands—
of AlSiMag precision

— ' made parts when
{7;;1 you want them.

& / ) -
= aw | / N <
; v e
SEE/J—L ; SRRt e W
~ Y, e
AMIC LEADERSHIP

& s IAVA CORPORATION

nd monufacturing Compony

You can confidently specify AlSiMa A Subs!

‘ y specity . g cHATTA"OOGA 5 e SRS N Y ST Y
ceramics—backed by over fifty L AR 671 Bioad SL e . chet ,,nﬁ,e;s;&eg:a:‘ggﬁ. 22823

OPOLITAN ARER: 0 ) pvELAND: SO12 Eu 649 N. B1oag 161721 » SOU
years of specialized experience %g;fﬁiﬁﬂg?%’a‘&?nf.‘aﬁff»’Azsf“giéyg" .5
. . . T auis: 1123 Washington Ijé-- 1. Daitas 9, Do
in the technical ceramics field. . ;.gs'f‘,:Sni\u%e%cgk;ggg.‘.‘o°‘;2§s-h§’wai bt G900
o . 19114 =
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this
control
needed
protection

here’s the easy way they }
protected it with

result- E
complete
barrier
against
vibration,
corrosion,
dampness,
fungi

Hamilton Standard Division,

United Aircraft Corporation, needed a potting
material for the electronic temperature
control unit that governs cockpit air-condition.
ing— found Nopco Lockfoam ideal

for the purpose.

Nopco Lockfoam is indeed ideal for this

and many other similar tasks because of the
absolute protection it affords against

damage from severe vibration. Its light-weight
closed-cell structure makes a tamper-proof
assembly, and gives a high impermeability

to dampness, corrosion, and fungi growth. Also,
its pour-in-place technique effects great
economy of assembly time.

Further, each of the 50 different

formulations available is highly consistent
and reproducible.

[ Where Can YOU Best Use These Properties? I Perhaps the rare combination of properties
( of this versatile plastic can help with some

::::rpl?:::::nission ..GK?.O'? T?e'm"' Insulation { product you have in mind. Frite today
! 018 o,c :?b £ for the Nopco Lockfoam booklet.
Ease of Fabrication 1 S fev
| to .025 at 11 Ib/cu ft

1 It's "poured-in-place" ) o
At Sh e Wide Range of Densities Plastics Division
iy DSk From 2 to 35 Ib/cu ft

with Light Weight
Excellent Electrical Properties Greo" Versatility ' ] N ‘ ' I ' ‘ :‘ ’

6 Ib/cu ft Lockfoam tested 50 ditteront toffviagians

at 9.375 KMC i CHEMICAL COMPANY

Dielectric Constant 1.05
Loss Tangent 0005 Harrison, New Jersey
a | 4858 Valley Bivd., Los Angeles 32, Calif.

62 July, 1954 — ELECTRONICS



EALED

wmewoeo  HS SERIES TOROIDS

TABILITY For IMMEDIATE Delivery

ERM
UM
1GH

9 TYPES
06, HoB48
TYPES 19608 & H3eT3
Pl e
LYS7EIS f HS930 & HS395
5 g :
g I
>
5 g DIMENSIONS
§ Length
2 Width | /i
i <  DIMENSIONS Height !
2 Length 1-9/32 1 Weight 150
z Z Width " |g inting 3 /4
b ] Height 1.23/3 W 0" stud
3 1 Weight dor. 3 out 1/2x5/16
> Mounting 7/8x9/32
g DIMENSIONS - Screws 4 /40" stu
Length 1-29/32" g Cutout 1/2x5/16
DIMENSIONS Z Width 2
Length 2-%/16 Height 2-1/4" & ey T
Width 1-5 /16" Weight 8 oz Z MBI v alpOT
Height 2-12 /14" Mounting 1-5/16 x 9 /16" v - 109 ous/ar
Weight 4 o1 Screws 6 /32" studs |
Mounting 21/16x 1 /1& Cutout 7/8x1/2 t
Screws 6 /32" studs
Cutout T/8x1/2
e 0w fesoumr
st or Fra 0

nerusTATM W v Pidorm?
CMARACTIETITICS @F [YPE 134
e - 45 oumijat

AR ] L .
FREOUIMCY I CVetES PREOUENCY 1M &C

LIST OF STOCKED UNITS
All other valuves and types on Special Order

Suffix
Number HS 206— HS 930— H 24— HS 715—— R ———
CumACTIONING @F TIOE 008 |

—1 50 MH 5.0 MM 20 MH 24 MH By - Tuiem, @ A
-_—2 6.0 MH 6.0 MH 24 MH 30 MH et b b
-3 7.2 MH 7.2 MM 30 MH 36 MH

—_ 4 86 NMH 8.6 Md 36 MH 43 MH

-5 10 MH 10 MH 43 MH 50 MH

=4 BEH G- g R :

=1 | SRS A NSRRI

- 0 6 _}

—10 24 MR 24 MH 100 MH 120 MA CAC MAN A,

= {IEh- 8 o :

—12 5 17 [ ] 4

—13 35 ME 43 MM 175 MH 200 MH @ WESFOSCMaerol Gy feseco A dazst

—it 50 MB 50 MH 200 MM 200 M4 PHILADELPHIA—Charles R Hile Co.~Elgin 32266

— it % o0 Moy M2 ke Hillview Rd., Boz 144, Paoli, Pa.

_%, 86 MK ;2 MH 300 MH 468 MH BALTIMORE—Charles R. Hile—Boulsvard 12D2)

18 100 MH 108 MH igo MH 530 M (L. G. Korman) 5006 Keawood, Balt:more 6, Md.

am CHICAGO—Gassner & Clart Co.—Rozers Pk. 4.6121

- 18 N8, o STgs R BN 6349 N, Clark, Chicago, Ili.

- 150 Mu 150 MM 600 MH 720 MH KANSAS CITY--E.W. McGiade Co -D:imar 9242

_—22 200 A 200 MH 860 MM 1.00 HY 6315 Brookside Plaza, Kansas City, Mo.

—23 240 NN 240 MH 1.00 HY 1.20 HY LOS ANGELES—Szmuel O. Jewett—State 9.6027

—24 300 MM 300 MH 1.20 HY 1.50 HY 13537 Addison 5t., Sherman Oaks, Calif.

-—25 360 NAH 360 MH 1.50 HY 1.75 HY HAMBURG—Cooper-Morgan, Inc.—Emerson 3405

—ly 430 MY 430 MM 1.75 HY 2.00 HY P. 0. Box 152, Hamburg, N. Y.

—27 500 [ 500 MH 2.00 HY 2.40 HY SYRACUSE—Naylcs Electric Co.—2-3834

-—23 600 NA 600 MH 2.40 HY 3.00 HY State Tower Bldg., l_ioovl 317, Sy'acuse 2 N. Y

~29 720 NMH 720 MH 3.00 HY 3.60 HY MERIDEN-Henry Lavin Assoc.—7-4555

—30 860 VA 860 MH 3.60 HY 4.30 HY (Menry Lavin) P. O. Box 196, Meriden, Cann.

-—31 1.0 HY 1.00 HY 4.30 HY 5.00 HY NEEDHAM—Henry Lavin Assoc.—3-3446

-—32 120 HY 1.20 HY 5.00 HY 6.00 HY (Robdt. V. Curtin) 82 Curve St., Needham Mass.

-—33 1.50 HY 1.50 HY 6.00 HY 7.20 HY CLEVELAND- Ernie Kohler Assoc.—Dl¥mpic 11242

34 1.75 HY 1.75 HY 7.20 HY 8.60 HY 8905 Lake Ave.. Cleveland 2, Oho

—35 2.CO HY 2.00 HY 8.60 HY 10.0 HY

= SioMy  Soomy 190 My 150 mv

= ; L u 12. 51

—38 3.60 HY 15.0 HY 17.5 HY

= mm E N R i e io

. : 4,

= iow  Hiw | e e

—43 8.60 HY 36.0 HY 43,0 HY COMPANY

- 190 i 200 My Hick Mills, Mi i

- : man

== 3 5% & ic . ills, issouri
—47 175 HY Phone Kansas City, Mo., SOuth 5528



Here’s a
Fast, Smooth
Operator

on many
different jobs

d Evidenc® |
Adde thatt.-

Everyone Can Count on

VEEDER-ROOT

This new, high-speed direct-drive counter . . . with its one-piece “show
window’’ case . . . was first developed for use in navigational and directional
instruments. Then, because of its many adaptable features, it is eligible for
employment in many other jobs. It’s good for speeds up’ to 1800 rpm
temperatures from 67° to 185°F . . . and it’s corrosion resistant. Drive
shafts can be longer on either side or both. And base may be lengthened
to.take more figure-wheels if you want. All in all, a remarkably versatile
performer . . . one of scores of standard and special Veeder-Root Counters
for every mechanical and electrical application from Electronics to Auto-
mation. Write:

VEEDER-ROOT INCORPORATED . HARTFORD 2, CONNECTICUT

New Vary-Tally Multiple-Unit Reset

Counter comes in any combiqation_ up
\\ Chicago 6,1l - New York 19, N. Y. . Greenville, . C. - Montreal 2, Conada to 6 banks high, and 12 units wide.

Dundee, Scotland » Offices and Agents in Principal Cities Write for vews.sheet'and pridas.

® ‘‘“The Name that Counts*
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whatever the job ...

SELF-STICKING

ERMACEL [APES

In our complete line, there's a self-sticking tape for every job .. write Permacel Tape Corporation, New Bruaswick, N J
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Moldite has taken the initiative in establishing MOLDITE
accepted electrical standards long required by the electronic FE RR'CORES
industry. Every coil and set manufacturer, every engineer
has designed coils to utilize Moldite “standards”. MOLDITE
The reasons are obvious. Moldite Core Standards Offer . . . MOLDED COH_ FORMS
ECONOMY HIGH QUALITY UNIFORMITY MOLDITE

AVAILABILITY INTERCHANGEABILITY FLEXIBILITY

MAGNETIC IRON CORES

This means a better product backed by years of
Moldite leadership in engineering and research. No
one has done more than Moldite to give the industry a
superlative core or coil form for every electronic application.

FERRITE CORES
MOLDED COIL FORMS

(iron and phenolic)

So Design with Moldite Core Standards. MAGNETIC IRON CORES
FILTER CORES
THREADED CORES
SLEEVE CORES
CUP CORES

Samples promptly submitted upon request
for design, pre-production, and test purposes

. .. Send for our new
Catalog No. 110 —
THE MOST COMPLETE
LINE OF CORES
IN THE INDUSTRY!

NATIONAL

Robert T. Murray Co. Jerry Golten Co. Arnold Andrews Perlmuth, Colman & Assoc. Jose Luis Ponte
604 Central Ave. 2750 W. North Ave. 521 Cumberlond Ave. 2419 S. Grand Avenue Cordoba 1472

East Oronge, N. J Chicago 22, 11 Syracuse, N. Y. Los Angeles, Cal. Buenos Aires C 0 Dl p A N Y

1410 CHESTNUT AVE,, HILLSIDE S, N. J.
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CLEVELITFE

LAMINATED PAPER BASE PHENOLIC TUBING

Outstanding for many years as the Top Performer, Clevelite is unmatched in its
ability to meet unusual specifications.

Built-in Dimensional Stability, High Dielectric Strength, Low Moisture Absorp-
tion, Great Mechanical Strength, Excellent Machining Qualities and Low Power
Factor make Clevelite Tubing outstanding.

Available in diameters, wall thicknesses and lengths as desired, for Collars,
Bushings, Spacers, Cores and Coil Forms.

w w w

Our new Torkrite internally threaded and embossed tubing affords better control
of adjustments in coil forms using threaded cores.

Write for your copy of the latest Clevelite brochure.

WHY PAY MORE? For Good Quality . . . call CLEVELAND!
*Reg. U. S. Pot. Off.

% CLEVELAND CONTAINER 4}

6207 BARBERTON AVE. CLEVELAND 2, OMIO
PLANTS AND SALES OFFICES ot Chicago, Detroit, Memphis, Plymouth, Wisc., Ogdensburg, N. Y., Jomesburg, N. J. ¥

ABRASIVE DIVISION ot Clevelond, Ohio
CANADIAN PLANT: The Clevelond Container, Canoda, Lid., Prescott, Ontario

REPRESENTATIVES
NEW YORK AREA R.T. MURRAY, 604 CENTRAL AVE. EAST ORANGE, N.J.,

1 NEW ENGLAND R S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN. £,”

Fas’ Dependable Dehvery' CHICAGO AREA PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE., CHICAGO fi
WEST COAST  IRV. M. COCHRANE CO., 408 S. ALVARADO ST., LOS ANGELES

Take advantage of our
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Keeps Production fo Capacity
o o o Al Day long/

”’ﬂ-q;_/

o
,ﬂ r‘ Lo ¢
{ | # = A
n» (‘v
‘ Only the B&L Transistor Microscope
provides this individualized comfort.

Boosts output, cuts
spoilage, because
anti-fatigue features
assure full-work-day
efficiency!

Bausch & Lomb

<0  SET AT ANY DESIRED
ANGLE FOR GREATEST
COMFORT — FITS ANY
WORK AREA P,

Full 180° rotatability of inclined eyepiece assembly
permits setting at exac/ angle for natural position
of head and neck. Operator is free from strain,
able to work better, faster.

/0
oy
| A

\ *»

J.
3

c
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J
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4
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LARGE, UNOBSTRUCTED
WORK “SPACE PERMITS ®-
J FASTER, EASIER ASSEMBLY \B)

Ample clearance between \
objective lens and stage for hands, Yo%
tweezers, tools. Focusing knobs are )

~~. set back, within effortless reach,

[T yet out of the way of jigs and
tools.

WRITE NOW for descriptive literature
(D-1036) and for on-the-job demonstration
on your own production lines. Bausch &
Lomb Optical Co., 6143i St. Paul St., Roch-
ester 2, N. Y.

-

Y,
o

{

A

OF TINY PARTS . . .

Simplifies ultra-precision work by providing clear,
sharp magnified images . . . shows work right side
up, 1n natural 3-dimensional relief. Permits hour-
after-hour use without eye fatigue . . . in assembly,

measurement and inspection.

_ SHOCKPROOF, DUSTPROOF FOR LIFE
“SA . . . SAVES MAINTENANCE COSTS,
¥/ KEEPS PRODUCTION ROLLING

NATURAL ENLARGED VIEWS
NO EYESTRAIN

~&

Clamps and gibs lock prisms into life-
y time alignment, safe from shock dam-
S age. Permits safe, trouble-free mounting in
machine or fixture. Patented Neoprene
ring seals out dust. Saves money on repairs,
down-time.

BAUSCH & LOMB

SINCE@IBS:’
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1.

2.
3.

Ze
8.
9.
10.
11.

31 South Sixth St.,, Newark 7. N. J.

Engineering and design service to aid in selecting
best possible glass-metal seals for every application
as well as application engineering.

Tubuler Button Seals for rectifiers, condensess,
filters and other components.

Crystad Holders—wire and pressure mounted.
Individual Terminals and Feed Throughs for re-
lays, transformers, networks, and general apgli-
cations.

Termiqal Strips for transformers and general op-
plicat ons.

Stand-Off Terminals for chassis work.
Multi-Terminal Headers—all glass and individeal
bead design . . . for relays, networks, trais-
formers.

Trans stor and Diode Enclosures.

AN Cennectors.

Rectangular Plugs and Connectors.

Polarized Plugs.

Refrigerator Seals.

PRODUCTS CO.

A ND
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HERMETIC SEAL

FOREMOST

GLASS-METAL HEADERS
For Every Electronic Use

MINIATURIZATION

67



PORTABLE RADIO-TELEPHONE FOR
CIVIL ENGINEERING COMMUNICATIONS

F or purposes of routine inspection
and maintenance the Pye V.H.F. Walkiephone
makes avaluable but inexpensive addition to any
V.H.F. scheme. Unimpeded by this light-
weight equipment one man becomes a constant
source of information and, when required,
a centre of control. In places both unexpected
and inaccessible the Pye * Walkiephone”
ensures the smooth control of emergency
operations. Robust, reliable, and economical
in use, the complete equipment weighs
only 10} lbs. with batteries,

PE

Telecommunications

v

Pye (New Zealand), Ltd., Pye Canada, Ltd., Pye-Electronic Pty, Ltd,, Pye Ireland, Ltd., Pye Radio & Television (Pty,) Led.
P.O. Box 2839, I Ajax, 65 Park Street, Manor Works, P.O. Box 10648,
Auckland, C.I, | Ontario, Abbotsford, Melbourne, Dundrum, Dublin, Johannesburg,

New Zealand, Canada. Victoria, Australia. Eire, South Africa.

PYE LIMITED - CAMBRIDGE - ENGLAND
]
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* Per plate: gives 25 ma avg current, dissipates 4 w.
* Special cathode design increases on-off dependability.

* Is life-tested under cutoff conditions.

SPEEDS UP ELECTRONIC CALCULATING! Tvpe GL-6463 —newest prod-
uct of G-E tube design service—enablzs you to build computing
machines that are far faster than othe-s now in use. To increase
computer speeds appreciably, it is necessary to reduce tube plate
lcad resistance . . . which, in turn, calls for a higher plate current ic
order tc maintain voltage.

HIGH-PERVEANCE GL-6463 has plenty of current output for new,
high computer speeds . . . plus ample plate dissipation, so that the
tube will do its job long and dependably. Like other G-E computer
tubes, the heater and cathode power requirements are low, for
economy. Also, on-off reliability is designed into the tube, which

will operate efficiently after being biased to cutoff for long periods. G L-646 3
NEWEST OF 3 G-E TYPES, WITH HIGHEST CAPACITY! The GL-6463
carries forward G.E.’s extensive design program of special tubes for 9-pin twin triode

computers. In the 3 types now available, you have a range of choice
from low to high capacity. Get ratings, performance curves, and
grices! Tube Dept., General Electric Company, Schenectady 5, N. Y.

Step-up in capacity of G-E computer tubes gives NEW GL-6463
you a choice for varying circuit needs 0 dhass s st
7.5 w tube dissip.

.6 amp heater current

GL-5965

15w

GL-5844

.5 w dlssip. per plate
1 w tube dissip.
3 amp heater current

GENERAL @B

2.2 w dissip. per plate
4 w tube dissip
.45 amp heater current

ELECTRIC

162-188




HEAVY DUTY, PRECISION REGULATED POWER SUPPLIES

FOR LESS THAN THE COST OF BUILDING THEM YOURSELF

Bench Model 50
0-500 VDC @ 0-500 MA $415.00

These general purpose, heavy
duty power supplies save you
time, money and experimenta-
tion. They are tested, fully
guaranteed, now in use in
many leading research and
industrial laboratories and
manufacturing plants. You get
quick delivery, dependable
equipment ready for immediate

LAMBDA’'S TWO WIDEST RANGE,
MOST VERSATILE POWER SUPPLIES

installation.

SPECIAL
FEATURES

» Hermetically sealed oil filled
condensers

> Stable 5651 reference tubes
» Easy-to-read 4” meters.

» Overload circuit breakers
(magnetic type)

P Vernier high-voltage control
P Time-delay tube protection

Rack Model 50-R
0-500 VDC @ 500 MA $395.00

Regulation (line).......... G s S e AT s s =T e O Better than 0.19),
S PECIFI1CATI O N S Ripple and Noise. . ... .....cc00nuerunnn Less than 5 millivolts rms
Polarity: Positive terminal connected internally to negative terminal of
INPUT . Lot iierinnnienennnnnns 105-125 VAC, 50-60 C, 800 W (max) DC output No. 1
DC OUTPUT NO. 1: (regulated for line andsl(t;ad)DC } l - AC OUTPUTS (unregulated):
......... E e .
‘C,zlrtrziet ........... 0-5’?00 &X (ove(rc::tt'ix::o\::lt’;g‘;a:?nge) Two outputs, isolated and ungrounded. Each is 6.5 VAC at 5A (at 115
Regulation (line). ... ..... F 0 5a0005" Better than 0.15% or 0.1 V VAC input). Allows for drop in connecting leads. May be connected in
Regulation (load)........oooiuvvnunn.. Better than 0.5% or 0.3 V series for 12.6 V (nominal) at 5A, or in parallel for 6.3 V (nominal)
Internal Impedance. ......c.ooiiievnnnnnnnnen. Less than 2 ohms at 10A,
Rippleand Noise. .. ..........0c0iunn.. Less than 8 millivolts rms
Polarity............... Either positive or negative may be grounded SIZES AND WEIGHTS:
Bench Model 50 Size: 1214” Hx 22” W x 15” D
DC OUTPUT NO. 2: (regulated for line only) Wei -
t: 110 lb. net; 175 1b,
Voltage Ranges Internal Impedances: eight: 1 peti 175 shipping
a) 0-50 VDC (no load) 3,300 ohms (max) Rack Model 50-R  Size: 10%4” Hx 19”7 W x 1414”7 D
b) 0-200 VDC (no load) 17,500 ohms (max} Weight: 89 1b. net; 143 Ib. shipping
LAMBDA ELECTRONICS CORP.
103-02 NOR!HERN BLVD. CORONNA 6 8, NEW YO RK
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" {HEY LAST LONGEE

Wire-Wreap Conneclions
SAVE TIME—CUT COSTS

They’re done in half the time. New power tool
wraps wire around a terminal to make a permanent
electrical connection without soldering. Eliminates
costly hand wrapping and cuts material costs, too.
Easy to handle. .. tool is lightweight, nonfatiguing.

SOLDERLESS OR WRAP-AND-SOLDER

Use of the Keller “Wire-Wrap’’ Tool with recommended terminal
and wire size provides a permanent solderless connection that
retains low-resistance contact under severe conditions of corrosion,
vibration and aging.

When other than recommended terminals are used, the Keller
“Wire-Wrap’’ Tool saves time on wrap-and-solder connections. Bulletin
No. 11 gives complete information—send for a copy.

V0. y
KeLLer (oe-Uwap TooLs

(UUZE'W wawn KELLER TOOL COMPANY, 1335 Fulton Streel, Grand Haven, Mich.

7



PATENTED “F” CRIMP

TAPER PINS

FOR WIRING

& , AN TYPE
A4 CONNECTORS

PPPPPP
wawawawawa

..................
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Now AN type connectors can be wired 5 to 10 times faster with even superior performance reliability. There are
no cold solder joints, burned insulation, embrittled wire and breakage at solder cups or short circuits due to loose strands

and excess solder.

For many years the Aircraft, Electronics and Communication industries have awaited this new and simpler method, since
the soldering of wires to conventional AN connector contacts is a slow and painstaking process involving much skill and
repeated inspection checks.

With AMP's naw Taper Technique, a special AMP Patented “F" Crimp Taper Pin is attached to the wires by high speed
automatic machines. This pin is then installed in the connector with one easy and positive stroke of AMP's new “measured energy"
CERTI-LOK insertion tool. The result is uniformly better connections, produced in much less time with tremendous cost savings.

Tests prove ttat AMP Taper Pins provide a greater degree of uniformity than soldered conrections. Reliability is actually
increased becausz the possibility of human error in assembly has been greatly reduced.

Leading Connector manufacturers are now supplying AN and other types of multiple contact connectors for use with
AMP Taper Pins. Write today for further informatien.

AMP Trade-Mark Reg. U.S. Pat. Of.  © AMP
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TYPE 531

You just plug in the proper vertical preamplifier to have at your
service a wide-band dc oscilloscope, a wide-band high-gain oscillo-
scope, a wide-band dual-trace oscilloscope, or a differential-input
high-gain dc oscilloscope. The Type 53-Series Plug-In Units are
small, weigh less than 6 Ibs. each, and you can change them in a
few seconds.

This new instrument is designed to make your oscilloscope dollar
go farther. Development of additional plug-in units already in prog-
ress will increase the versatility of the Type 531, and assure its
modernity well into the future. But your greatest gain is the many
hours of valuable engineering time you save through its use.

NEW 71.t2:-Purpoce Oscilloscope

® Plug-In Vertical Preamplifiers
® 10-KV Accelerating Potential
® 600,000,000 to 1 Sweep Range

® Direct-Reading in Time and
Amplitude

® Versatile Triggering Circuitry

PLUG-IN UNIT CHARACTERISTICS

™.
% 1@ ; .
Ly .

Type 53A Wide-Band DC Plug-In
Preamplifier—dc ta 10-mc¢ passband,
0.035-psec risetime. Sensitivity 0.05
v/em ta 50 v/cm, ac or de¢, cantinu-
ously variable, with nine calibrated
steps from 0.05 v/cm to 20 v/em. Two
input connectors with 80-db isolation.

Price $85.

- @
f’\.:

Type 53B Wide-Band High-Gain
Plug-In Preamplifier —same as the
Type 53A with the addition of an
ac-coupled input stage praviding three
additional calibrated sensitivity steps,
5 mv/cm, 10 mv/cm and 20 mv/cm.
Passband 5 cycles to 9 mc, 0.04-usec
risetime. Two input connectors with

<4

OSCILLOSCOPE CHARACTERISTICS

24 Calibrated Sweeps
0.1 upsec/cm to 5 sec/cm. Accurate 5-x
magnifier permits calibrated sweep times
to 0.02 usec/cm, Sweep continuously vari-
able from 0,02 pusec/cm to 12 sec/cm.
Sweep colibration accurote within 3%,

New Cathode-Ray Tube
Tektronix T51P metailized CRT has helicot
post - occelerating anode; deflection- plate
leads ore brought out at the neck.

DC-Coupled Vertical Output Amplifier
Designed for use with any of the Type
53-Series Plug-In Units.

Balanced Delay Network
Pravides 0.25-usec vertical signal delay.
Horlzontal Input Amplifier
Sensitivity 0.2 v/cm to 20 v/cm, continy-
ously varioble,
internal or External Triggering
Amplitude level selection or outomatic
triggering.
Amplitude Calibrator
Square wave, 0.2 mv to 100 v in 18 steps,
occurate within 3%,

DC-Coupled Unblanking
CRT Beam Position Indicators
Electronically Regulated Power Supplles

80-db isolatian. Price $125.

«Q @
B
-9 0

N 3
<@
vi. §
! )

Type 53C Dual-Trace Plug-In Pre-
amplifier — two identical amplifier
channels, each with dc ta 8.5-mc pass-
band, 0.04-usec risetime, sensitivity
0.05 v/cm ta 50 v/cm cantinuously
variable with 9 calibrated steps from
0.05 v/cm ta 20 v/cm. Electronic
switching triggered by oscillascope
sweep, or free running at about 100
kec. Polarity reversa!l switches.

Price $275. )

Price $995 plus price of desired plug-in units
NOW IN QUANTITY PRODUCTION

For complete specifications and ship-
ping schedules call your Tektronix Field
Engineer or Representative or write to:

Tektronix, Inc.

Type 53D Differential High-Gain
DC Plug-In Preamplifier—sensitivity
1 mv/cm at dec to 250 ke—with pass-
band increasing to 750 kc at 50 mv/cm
and lawer. Sensitivity in calibrated
steps— 1 mv/cm to 50 v/cm, ar can-
tinvously variable—1 mv/cm to 125
v/cm. Differential input. Price $145.

ol X )
®:
‘®0

ALL PRICES F.O.B. PORTLAND (BEAVERTON), OREGON

P. 0. Box 831A, Portland 7, Oregon
Phone: CYpress 2-2611 — Cable: TEKTRONIX

July, 1954 — ELECTRONICS



She keeps Case Hi

tory Records

of every Stackpole iron core ever made!

Producing iron cores thatare really
uniform, or matching a new batch of
cores to the exact specifications of a

previous run are critical jobs!

That’s why the files from which the
above sketch was made are basic in
assuring Stackpole iron core superi-
ority in these all-important respects.
For here are kept careful formula rec-
ords and production case histories of

every Stackpole iron core ever made.

ELECTRONICS — July, 1954

Guesswork goes out the window.
These files backed by over a quarter
of a century’s experience in molding
top quality components from metal
powders mean that each and every
Stackpole core is exactly as you want
it. .. electrically as well as mechani-
cally. And each one made to a given
specification is exactly like the others.
Electronic Components Division
STACKPOLE CARBON COMPANY,
St. Marys, Pa.
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The Bell Solar Battery.

A square yard of the small
silicon wafers turns sunshine
into 50 watts of electricity
The hattery’s 6% efficiency
approaches that of gasoline «nd
steam engines and will be
increased. Theoreticully the
battery will never wear out.
it is still in the early
experimental stage.

Bell Solar Battery

Bell Laboratories scientists have created the Bell Solar
Battery. It marks a big step forward in converting the sun’s energy
directly and efficiently into usable amounts of electricity. It is made
of highly purified silicon, which comes from sand, one of the com-
monest materials on earth.

The battery grew out of the same long-range research at
Bell Laboratories that created the transistor—a pea-sized amplifier
originally made of the semiconductor germanium. Research into
semiconductors pointed to silicon as a solar energy converter. Trans-
istor-inspired techniques developed a silicon wafer with unique
properties.

The silicon wafers can turn sunlight into electricity to

operate low-power mobile telephones, and charge storage batteries —
Inventors of the Bell Solar Battery, left to

in remote places for rural telephone service. These are but two of right, G. L. Pearson, D. M. Chapin and C. S,

the many applications foreseen for telephony. Fuller — checking silicon wafers on which a

layer of boron less than 1/10,000 of an inch

Thus, again fundamental research at Bell Telephone Labo- thick has been deposited. The boron forms

. . . a “p-n junction” in the silicon. Action of light
ratories paves the way for still better low-cost telephone service. on junction excites cusrent flow.

BELL TELEPHONE LABORATORIES
IMPROVING TELEPHONE SERVICE FOR AMERICA PROVIDES CAREERS FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS




Alling the Sy ofy dag dispnsions

Here is a
CRT Exterior Wall Coating

that’s Fast-Drying,
Adherent, Opaque

‘dag’ Exterior Wall Coating is 2 dispersion of
extremely fine graphite in lacquer.

It is easily applied by spraying, and dries for
handling in 2 to 3 minutes. Maximum adhesion
is obtained by drying at room temperature for 24
hours . .. with the same result from infra-red at
100°C. for ¥2 hour.

The coating cbtained is as smooth as the glass
itself and as black as coal. Its adhesion is so good
that scratching it is almost an impossibility. Water
won't loosen it either.

Acheson Colloids can also supply appropriate dis-
persions for coating interiors of tubes.

You can have more detailed data by asking for
Bulletin No. 433-G 2

Dispersions of molybde- We are also equipped to do
aum disulfide are avail- custom dispersing of solids
able in various carriers. ina wide variety of vehicles.

da | Acheson Colloids Company, port Huren, wich
DISPERSIONS ' ,.alsa AGHESON COLLDIDS LIMITED, LONDON, ENGLAND
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an important move |
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Until recently, EAD's expansion was the acquisition

of more and more small plants clustered about our main
building in Brooklyn. Sooner or later something permanently
suitable to our growing needs had to be found ...and our new
plant, in Dover, New Hampshire, is it. Now, under one
tremendous roof — with more than 130,000 square feet of
working space occupied, and additional space available for
future needs — EAD has the elbow room to offer you better
service than ever on all your motor and blower requirements.
In looking forward to still greater expansion, we recognize

the source of our progress — you, our customers and friends
—and we shall strive to keep your friendship through constant

development of newer and better rotating electrical equipment.

—— -
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FOR

cUSTOMERS

Solving Special Problems
Is Routine at EAD

If your problem involves smaii
rotating electrical equipment, bring
it to EAD. Our completely staffed
organization will modify one of

our standard units or design and
produce a special unit to meet your
most exacting requirements.
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" MYLAR' DIELECTRIC

CAPACITORS CAPACITORS

IN COMMERCIAL TYPE CONSTRUCTION-Type 620 and 621

*DuPont Trademark for its polyster film

Eepecially Adaptable to Your Oun Requinements

Enclosed in Plastic Thermo-setting
Impregnated Paper Tube.

= Marbelite Plastic End Seal pro-

vides life-time sealing — stops

/ costly pull outs. Cannot soften

or drip at high temperature.

MYLAR Dielectric
Miracle X Impregnated.
Same excellent properties
obtairnable in our her- £ ded Foil C
metically sealed Mifilm | xtended Foil Construction.
Capacitors. —h = _;lﬂ'

Type 621 \

Tab Construction.

Excellent Humidity Resistance ¢ Highest Insulation Resistance
« Low Capacitance Change With Temperature — Operating Temper-
atures —65°C to +125°C  Sizes equal or smaller than metalized paper
capacitors yet with greatly improved properties as to insulation resistance
and life expectancy .173 dia. X 9/16” long (.001 Mfd, 600 VDC) to
1,050 dia. X 2%¢ long (1 Mid, 600 VDC) Power Factor less than .5%.

We custom-build to your specified sizes. We can supply your needs in
metal or vinylite cases and still provide the same small space factor.

Our Engineers are always ready to work with you on any capacitor problem.

Write for complete catalog covering all types of
Good-All long-life capacitors. We invite sample orders
for your evaluation.

{4\ L
DOA‘AL SO SUPERIOR they are being specified and used extensively by

CAPAC'TORS Electronics,Radio and TV Manufacturers throughout America.

GOOD-ALL ELECTRIC MFG.CO.

114 W. First St., Good-All Bldg., Ogalalla, Nebr. Phone 112 or 113 — Cable address *Goodalla’
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“2 NEW HUDSON CATALOG
(o ZC 32 o\ -+-a complete guide

¥y , to adependable
R | source of

STANDARD CASES
AND COVERS
— prompt shipment
in large quantities
from stock!
[

SPECIAL SHAPES
AND FEATURES
— fast service
on specification
metal stampings!

1

o

RO
CLOSURES "*g":--”’

STAMPINGS |)

= A
iy
¥

GEARED TODAY TO THE ELECTRONICS
FUTURE — When you make Hudson your
headquarters for cases and covers, you can
schedule your production with confidence. Hun.-
dreds of special shapes and sizes, with many i
optional features available, are carried in stock -
atPHudson. Ample stocks assure prompt delivery e \'\/f
and standardized production provides precision T e
workmanship at economical prices. From simple
closures to intricate, multi-operation shapes
and sub-assemblies, you can depend on
Hudson to mect your specifications.

CALL OR WRITE
FOR NEW CATALOG
OR QUOTATIONS,

TODAY!

HUDSON TOOL and DIE COMPANY . Inc

118-122 SO. FOURTEENTH ST., NEWARK 7, NEW JERSEY
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e Testing with
Sl E - 2
rﬂ\_‘ variable A-C Voltage

THE OLD WAY:

variable

Collect Yo A mer

transfor

Here’s your variable a-c voltage test
gear all ready in a compact, cast-
alumirrum, portable unit that includes:

e A POWERSTAT variable transformer
e A direct reading voltmeter
e Three output receptacles VOLTBOX TYPE UCTM
e Two Superior 5-WAY binding posts PRICE: $53.00
e An “on-off’”’ switch and line-load meter switch
e A remewable fuse and 6-foot cord-plug.
Save your own valuable time and Four types of VOLTBOXES to meet your needs:
do a better job with a VOLTBOX | 1aput | Output Voltage | Output Current
l __lyie _"_ants Frequency Range 1‘_ (Ar_nps_.) )
a-c power supply. ucim 120 50,60 0-140 15
uczM 240 50/60 0-280 30
See the Superior Electric’s U-2000 120 50/60 0-140 | 20.0
Mobile Disploy when U-2400 l

240 l 50/60 0-280 9.0

in your orea.

--——_—_—---——_----—--—---—-|
I THE SUPERIOR ELECTRIC CO. l
3 207 Clarke Ave., Bristol, Conn. l
Please send full details an VOLTBOX a-c power supplies. |
. Nome.....cocveune § Somni. ook e e W b @ B B s e n B o0
COMPANY ¥ 1
: Position . .. ..... i d e BE W b o BB s e w3y B TP FESAS SR AmE ey I
207 CLARKE AVENUE, BRISTOL, CONN. l Compony Name ...... g ot a @ B omemsasi s A5 Ad B ERIAES l
Manufochaers of: Powerstot Variable Transformers » Stobiline Automatic Volt-
age Reguwotors » Voltbox A-C Power Supplies s Powerstot Light Dimming I Company Address .. .. . . semaes TERLRISE . I
Equipment « Varicell D-C Power Supplies s Superior 5-Woy Binding Posts I
City. S .2Zone......Stote. ... .. ... l
L—-__————_——_--—-—-——_—_—_-l
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INSTRUMENT guide:

FOR PRODUCTION MACHINES —

WESTON “per-cent load” am-
meters and wattmeters make it
easy for operators to secure optimum production from lathes, mill-
ing machines, automatics, grinders, etc. Prevent overloading —re-
duce tool breakage — assure uniform quality with fewer rejects.
Other scale calibrations also available.

FOR ELECTRONIC EQUIPMENT — WESTON panel instruments
are available in 1%”, 24", 35",
4%” and 5%” sizes in all required ranges and types, including d-c,
a-c, rectifier and thermocouple types. Approved ruggedized and
sealed instruments available in all types in 2%” and 3%” sizes, Spe-

cial panel bulletins give complete information.

FOR RPM MEASUREMENTS — WESTON electrical tachome-
ter indicators are available with
scales calibrated in RPM, or any function of RPM, such as feet per
min. —pieces per hour, etc. Indicators can be mounted remotely;
and if required, more than one indicator can be operated from one
generator. Special compact, lightweight a-c and d-¢ generators
permit wide flexibility in mounting and connection arrangements.

Directly indicate speeds from 1 RPM to 40,000 RPM or higher.

BRI (Sl WESTON Bi-metal thermome-
ters are rugged and dependa-
ble, and are readily adaptable for built-in needs. Available in angle
and straight stem types, stem lengths from 2” to 72", scale lengths
3.40” to 9, ranges low as —100°F. and high as +1000°F. Corro-
sion resisting stainless steel stems — accuracy 1% of thermometer
range.

6402
Literature on any of the above instruments sent on request.
WESTON Electrical Instrument Corporation, 614 Frelinghuysen
Avenue, Newark 5, New Jersey.

WESTO?/ZJ ; ;

82
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PERCENTAGE CHANGL l
FROM 25°C VALUE

e ———

DISCAP
CERAMIC
CAPACITORS

— i ——

1501 to 2000 MMF More and more of the leading electronics, radio and TV
manufacturers are specifying Type JL DISCAPS as the ideal
cost saving replacement for paper or general purpose mica
capacitors. In addition fo a lower initial cost, Type JL
DISCAPS feature smaller size and greater mechanical
strength to effect additional economies in production assembly.

This series is manufactured in a wide range of capacities
and offers exceptional stability over an extended tempera-
ture range. The maximum capacity change between —60° C
and +125° C is only +7.59% of capacity at 25 C. Type JL
DISCAPS have a standard working voltage of 1000 v.D.C.
and are available in tolerances of +10% or +20 %.-

2001 to 3300 MMF Our engineers are prepared to work with you on problems

requiring standard or special types of ceramic capacitors,

write today.

r___ — T

1 I' — 1 '!— AVERAGE CURVE
| CAPACITY VS. TEMP.
EXTENDED TEMP. RANGE
TYPE JL DISCAPS

\

W J
220 to 330 MMF

POWER FACTOR: 1% max. @ 1 K C {initial)

POWER FACTOR: 2.5% max. @ 1 K C, after humidity

WORKING VOLTAGE: 1000 V.D.C. ' uﬁ-
TEST VOLTAGE {FLASH): 2000 V.D.C. '
LEADS: No. 22 tinned copper (.026 dio.) \

INSULATION: Durez phenolic—vacuum waxed k‘ \
INITIAL LEAKAGE RESISTANCE: Guaranteed higher than 7500

megohms \ \
AFTER HUMIOITY LEAKAGE RESISTANCE: Guaranteed higher than

1000 megohms |\
CAPACITY TOLERANCE: + 10% + 20% at 25°C '\ \

X

invectigate the advantaqes of
Type JL RMC D'SCAP§

w 341 1o 800 MMF

RADIO MATERIALS CORPORATION
GENERAL OFFICE: 3325 N. California Ave., Chicago 18, il

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND.
A —l DISTRIBUTORS: Contact Jobbers Sales Co., P. 0. Box 695, Fairlawn, N. J.

ELECTRONICS — July, 1954
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A New High in Rectifier Performance

New Vicker

HIGH VOLTAGE
combines.........
HIGH AMBIENT

LONG LIFE
glves you

more watts
per dollar
initial cost

oo lower
annval cost

VICKERS ELECTRIC DIVISION
VICKERS 1nc.

A UNIT OF THE SPERRY CORPORA

1801 Locust St.,

TION
St. Lovis, Missouri
84
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elenium Rectifier

HIGH VOLTAGE

40-volt rating with:

Low leakage: leakage of new Vickers rectifier averages < milliamperes per square
inch—one-half that of conventional rectifiers

Low inverse loss: heating as a result of low inverse loss at high voltage averages
less than 5°C—one-half that of conventional rectifiers

High dielectric quality: new Vickers rectifiers withstanc surges up to twice rated
voltage

HIGH AMBIENT

® Operate in ambient temperatures up to 125°C
® No derating for 50°C

® New Vickers rectifiers operate at temperatures that ‘vould destroy ordinary
rectifiers—withstand accidental temperature excesses due to overload or
cooling malfunctior.

LONG LIFE

Newly developed inorganic barrier is inherently stab.e
® Inverse characteris:ics actually improve in service

® Life test now past 25,000-hour mark

Vickers Electric Division - Vickers, Inc.
1801 Locust Street
St. Lovis 3, Missouri I

Gentlemen:

N‘?w ViCkers Rectl:ﬁers— I Please send me informatioa on your new high.voltage, high-ambient

selenium rectifiers,

NAME

can save you money
TITLE

MAIL cCOUPON TODAY | ... ]
for Application Data I L A _:m -
85
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FROM 60,000 FT.

|

new...
precision

SERIES “20" MINIATURE
with POLARIZING SCREWLOCK %,

Palarizing screwlact guide pins and sackets pravide this
cannectar with pasitive means af lacking plug and receptacle
against vibratian ar accidental discannection. Cannectar is
easily apened withaut prying ar farcing. Available in 14
different cantact arrangements far 7 ta 104 circuits, and in
chaice of Melamine, ?laskan-Alkyd and Diallyl Phthalate insu-
lating materials. All nadels available with haad (as illustrated).

'SERIES "'P-C” PRINTED CIRCUIT

VAN

Nate: New Series 14" pawer cannectars clsa available with
palarizing screwlack.

Write for illustrated engineering literature ta Dept. E2P7,
DeJUR-Amsca Carp.. 45.01 Narthern Blvd,, 1 I. City 1,N. v,

Electéo?ic n dun
ales
Division e

45-01 Northern Blvd., Long Island City 1, N. Y.
*WORLO'S LARGEST MANUFACTURERS OF MINIATURE PRECISION CONNECTORS

2
*

SERIES "C-20" HEXAGONAL
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stictly “under the rose”

Anything you tell Tung-Sol is absolutely sub-rosa. Our engineering
assiszance to you is completely confidential. Never a peep to any-
body. And we make only tubes—no sets—no equipment—just tubes.

TUNG-SOL ELECTRIC INC., Newark 4, N. J.

Sales Offices: Adlanta, Chicago, Columbus, Culver City
(Los Angeles), Dallas, Denver, Detroit, Newark, Seattle

TUNG-SOL MAKES All-Glass Sealed Beam Lamps, Miniature Lamps, Signal Flashers, Picture Tubes,
Radio, TV and Special Purpose Electron Tubes and Semiconductor Products.

J

. eem—
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HOW TO HIT A SUPERSONIC MISSILE
in flight

(I~ /i
§ La / ’

\ A SN IN AT
U\ 20 MILESH

An enemy guided missile comes inging towards our task force . . . at speeds
of up to 20 miles a minute. What kind of computer can predict and compute
the necessary data fast enough to shoot down the missile . .. and be reliable
every time? That was the problem posed to Ford Instrument Company engi-
neers . . . and in cooperation with the Na v, they found the answer. Compact
equipment, housed in easy-to-service units . . . that stand at the front line of
our defense.

This is typical of the problems that Ford has been given by the Armed
Forces since 1915. For from the vast engineering and production facilities of
the Ford Instrument Company come the mechanical, hvdraulic, electro-
mechanical, magnetic and electronic instruments that bring us our “tomorrows”
today. Control problems of both Industry and the Military are Ford specialties.

O

22
You can see why a job with Ford Instrument offers young ' @ FORD INSTRUMENT COM PANY
engineers a challenge. If you can qualify, there may be FORD

a spot for you in automatic control development at Ford.

Wiite for brochure about products or job opportunities. | DIVISION oF THE SPERRY CORPORATION
State your preference. J 31-10 Thomson Avenue, Long Island City 1, N. Y,
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Colors available in production
quantities include:

Natural . . . white . . . yellow (two shades)
...buff ... orange . .. pastel red . ..
red .. dark red . .. brown ... green
... blue. .. black.

SPECIFICATIONS : GPG Rod

Flexural strength . . . . . . 65,000—35,000 psi.
Comprassive strength (radial) . . 350—1,100 psi.
ACIOSSEIGE . . .. o e e
Water abscrption ... 0.10-0.20%
Resincortent .. . . . .. ... : . 50%
Specificgravity. . . . . . oo o n . 1.60
Standard ciameter o
Standard l2ngths o bl il AR R

Also avadable Chalk-Filled (GPG-C) and Flame-Fetard-
ant (GPF|. laquiries invited for larger diamaters, lorger
lengths and special shapes.

ELECTRONICY — July, 1954

Here’s good news
for your product. . .

TAYLOR
POLYESTER
GLASS RODS

An unusual material developed by Taylor—polyester
glass rods in natural, white, black and ten attractive
colors—offers unlimited possibilities in many of the
products you manufacture. For the first time, you can
have a glass-reinforced plastic that is uniformly colored
all the way through. Drill it . . . cutit ... grind it ...
you’ll see no fibrous appearance of glass filaments.

Although this new material weighs only one-fifth as
much, it possesses flexural and tensile strength equal
to that of low carbon steel. It’s non-corrosive, and
resists deformation from bending. Picture how you can
use its color for decoration, identification, or coding

. its high strength-to-weight ratio for structural
parts . . . its excellent electrical properties in shafts
for electronic components.

Taylor specialists will be glad to talk over the ways you
can put this material to work. They’ll be glad to dis-
cuss, too, the improvements in production and product
quality that you can realize through the use of Taylor
Vulcanized Fibre and Taylor Melamine, Phenolic and
Silicone Laminates.

TAYLOR FIBRE CO.
Norristown, Pa.—La Verne, Calif.

TAYLOR

Laminated Plastics
Vulcanized Fibre

89



More Uses From ONE instrument

} PLUS LFE's New PLUG-IN feature which greatly

increases the number of applications which can be
serviced by one instrument. More X-axis flexibility
and unmatched versatility — at lower overall cost,

Specifications

X-AXIS PLUG-IN ADAPTERS

Model(s) 1400, BASIC, with 500 to 5000 cps trigger generator.
1401, SWEEP DELAY, continuously variable from .5 usec. to .1 sec.
1402, SWEEP EXPANSION, 5 to 1 expansion

1403, GATED MARKER GENERATOR, .1 4 sec. to .1 sec.

1404, TV TRIGGER SHAPER, triggers on composite video signal.
1405, LONG SWEEPS, from .] . sec. fem. to 10 sec. fem.

BASIC SCOPE
Y-Axis Amplifier

Deflection Sensitivity — 15mvy. fem. p-pfor bothd-c and a-¢c (max.)
Max. Signal Voltage — 500 volts, peak.

Frequency Response q-c to 10 mc /sec. (3 db point)

Transient Response — Rise time (109%-90%) — 0.035 4 sec
Linearity of Deflection — Max. deflection, 5°. At 2.5 unipolar de-
flection, maximum compression is 109,

Signal Delay — 0.25 4 sec.

Input Termination — 53, 72, or 93 ohms.

Input Impedance — 1 megohm, 30 uuf

X-Axis
Sweep Time Range, calibrated ] u Sec. fem. to .1 sec. fem.
External Sweep Sensitivity — 2 volts fem., p-p.
Frequency Response — DC to 1 Mc., (3 db. point
Triggers — Internal or External to 10 me., 60 cps
DC Blanking.

OTHER FEATURES

Flat-face CRT Type 5-ABP1 (P7 or P11 optional) - Accelerating
Potential 3000 or 4000 volts.

Deflection Plates Accessible.

Power Requirements: 105-125 V. or 210-250 V., 50-60 cycles,
385 watts.

Dimensions: 13" w, 17%“ h, 21* 4.

n

</

LABORATORY FOR ELECTRONICS, INC.
75 Pitts Street Boston 14, Mass.

OSCILLOSCOPES MAGNETOMET COMPUTERS
SOLID DELAY LINES SPA SPAR-S
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“DRIVER-HARR
ALLOYS

—

©)

CHICAGO TELEPHONE SUPPLY

. Corproralion Ny

Chicago Telephone Supply Corporation has suc-
ceeded in accomplishing two things indeed difficult
ta combine, as summed up in their slogan “Special-
ists in Precision Mass Production of Variable Re-
sistors.” They manufacture the high quality variable
resistors indispensable to radio, television, and
military electronics. In fact, they are the world'’s
largest producers of variable resistors.

To achieve this outstanding record, they con-
centrate their entire effort on variable resistors, they
maintain close control over all manufacturing pro-
cesses, and fabricate their own parts under close
supervision from basic raw materials. Naturally,
they make no secret of the importance to them of
high quality materials.

States Chicago Telephone: “To make our raw
material program effective, we have stressed the

CTS 45 Series %" dia.
variable composition resistor
with blade type printed
circuit terminals.

Cutaway view of CTS 252

Series, 1'%4" diameter

2 watt wirewound variable

resistor. The -otal resistance

can be varied from 3 ohms to
15,000 ohms, depending upon the
size and type of res stance wire used.

CTS 25 Series
2 Watt
Wirewound
3-25,000 ohms

CTS 252 Series
2 Wath
Wirewound
3-15,000 ohms

importance of dependable, quality-minded sources
of supply. Driver-Harris is a supplier with these
qualities, and Driver-Harris alloys have contributed
greatly in making our performance possible. For many
years we have been using Driver-Harris Nichrome?,
Karma*, Advance*, and other D-H Alloy wires for
our resistance windings, with excellent results. We
can strongly endorse Driver-Harris’ dependability
and high quality products.”

Nichrome, Advance, and Karma are at your ser-
vice too, as are more than 80 other D-H alloys
developed for application in the electrical and elec-
tronic fields. If a high degree of resistance and
absolute uniformity of output are “musts” for your
product, let us have your specifications. We'll be
glad to make recommendations based on your
specific requirements.

*T.M. Reg. U.S. Pot. Off.

Sole producers of Nichrome, Advance, Karma

Driver-Harris Company

HARRISON, NEW JERSEY
BRANCHES: Chicago, Detroit, Cleveland, Lovisville, Los Angeles, San Francisco

In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario.
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MAKERS OF THE MOST COMPLETE LINE OF ELECTRIC HEATING, RESISTANCE, AND ELECTRONIC ALLOYS IN THE WORLD
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Ben Duffy, President of Batten, Barton, Durstine & Osborn, Inc., tells why:

“You don’t have to wait for Groucho!”

‘Snap on your TV set Thursday night—there’s Groucho,”
Ben Duffy points out, “‘and he never fails to be there.

“You—and BBDO—can thank Air Express for that. It's
Air Express that carries Groucho’s films regularly.

“TV flms are always due at a certain hour, often the whole
way across the country. The same with printing plates. They
may have to reach 100 different cities to make a specific edi-
tion of many publications.

“Air Express gets these essential materials there—every

day in the year. It’s the most reliable service we know.
“Frequencly, we send duplicate shipments in case one
should be marred or lost in handling—but this precaution has
never once been necessary.
‘Important, too, is the fact that almost all our shipments—
more than 1,000 a year—cost us less with Air Express than
with other air services.”

It pays to express yourself clearly. Say Air Express!
Division of Railway Express Agency.

— & Airbxpress <

CALL AIR EXPRESS

92

GETS THERE FIRST via US, Scheduled Airlines

. division of RAILWAY EXPRESS AGENCY
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, ENCAPSULATED AXIAL LEAD STYLES
e FOR 85°C, 125°C and 150° AMBIENTS

85°C PERMASEAL® RESISTORS

SPRAGUE SIZE RATED MAX
Tyee ] L LEADS WATTS OHMS

200 Ve Vs No. 22 AWG 20 140,000
08 Y ¥ No. 22 AWG 3 225,000
202¢ % A No. 20 AWG S0 500,000

203t % No. 20 AWG 75 700,000
204E Y No. 20 AWG 75 1.2 M
205E Y, 1 No. 20 AWG 1.00 17 M@

2066 % 1% No. 20 AWG 150 28 M@

125°C PERMASEAL® RESISTORS
SPRAGUE SIZE RATED MAX
i3 [} LEADS WATTS OHMS

3002 Y% Vi No. 22 AWG .10 140,000
0 Y %  No. 22 AWG 15 225000

302 % No. 20 AWG .25 500,000
303E % 1 No. 20 AWC .30 700,000
304E Y Y No. 20 AWG 30 1.2 M@

305E Y 1 No. 20 AWG 40 17 Ma
306E o1 No. 20 AWG &0 28 MQ

PERMASEAL accurate wire-wound resistors are age at ambient temperatures of 85°C and 125°C.
ideal for point-to-point wiring, for terminal board ~ Special units can be made for operation at 150°C

mounting and for use on processed wiring chassis. ambient with full rated warttage dissipation.

Encapsulatec. for protection against high hu- Unusual long-term stability of resistance is an-
midity, these resistors will stand up in military other plus feature of Sprague Permaseal Resistors
and industrial electronic service. The protective —as the result of careful matching of winding
housing also guards against physical damage forms, resistance wire and encapsulating material
during installation and during equipment ~—together with a thoroughly controlled aging

maintenance. process during manufacture. Permaseal Resistors

Standard designs are available in seven differ- are available in resistance tolerances ° ""”m\«.

ent physical sizes for operation at full rated watt-  down to 0.1%, when necessary. PASIAL = g
- 4 L}

FOR COMPLETE DATA, WRITE FOR COPY OF SPRAGUE *
ENGINEERING BULLETIN NO. 122, WITHOUT DELAY,

SPRAGUE ELECTRIC COMPANY, " S
35 Marshall Street, North Adams, Mass. &= ’ ‘_

PIONEERS IN ELECTRIC AND ELECTRONIC DEVELOPMENT

NORTH ADAMS, MASSACHUSETTS

EXPORT FOR THE AMERICAS: SPRAGUE ELECTRIC INTERNATIONAL LTD., NORTH ADAMS, MASS. CABLE: SPREXINT



Completely ‘
Self-contained
Miniature

FREQUENCY
~ STANDARD

WITH EXCEPTIONAL ACCURACY

A compact, complete, hermetically ACTUAL
sealed frequency standard, pre- SIZE
senting these features:—

1. JAN-ized construction throughout.
2. SPACE-SAVING, 1Y%."” dia. x 4%
high.

WEIGHT, approximately 10 ounces.
AVAILABLE in 400 and 500 cycles.
ACCURACY—.002% (15° to 35°C).
SHOCK-MOUNTED on Silicone
rubber.

7. POWER REQUIRED, 6 V. at 300 ma.
70to 200 V. at 1 to 5 ma.

01T e

WRITE FOR DESCRIPTIVE LITERATURE,
SPECIFYING "TYPE 2007"

Also, manufacturers of frequency standards, multi-
frequency standards, chart-recording chronographs,
firing-cycle timers, the Watch-Master Watch Rate Re-
corder and other high-precision frequency and timing
instruments, controlled by our tuning-fork oscillators.

American Time Products, Inc.

580 Fifth Avenue New York 36,N.Y.

MANUFACTURING UNDER PATENTS OF THE WESTERN ELECTRIC COMPANY
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Waldes Truarc Rings Cut Costs $3.26 per Unit,
Reduce Size and Weight of Air Cylinder!

OLD STYLE a:r cylinder, with thread-secured head. required
costly tapping, chcsing and assembly operations. Also, satistactory
maintenance of packing unit necessitated use of pipe wrenches on

NEW cylinder head is secured with precision-ground Waldes Truarc
Rings. This produces perfect alignment of head within the housing,
difficult to obtain with screw-thread seating. Maintenance is quick

painted surfaces.

WALDES TRUARC RINGS PERMITTED
THESE SAVINGS

Production Time Cut..17 minutes

Weight Saved. 1% 1b.
Length Shortened........1 Y2 inches
Cost Saved. .$3.26 unit

and easy.

8 The A. K. Allen Company of
Brooklyn, New York, maker of
AllenAir cylinders, now uses two
Waldes Truarc Inverted Rings
(series 5008) to secure heads
rigidly within tubes.

® TRUARC Rings, in this applica-
tion, are ground parallel by A. K.
Allen to .001 tolerance. In a static
hydraulic bursting test, the 3" unit
(recommended for 350 p.s.i.) with-
stands a pressure of 2000-p.s.i.
And at bursting-point, the brass

groove gives way; the Truarc Ring
remains intact.

® Waldes Truarc Retaining Rings
are precision-engineered . . . quick
and easy to assemble and to dis-
assemble. They can be used over
and over again. There's a Waldes
Truarc Ring to answer every fas-
tening problem.

@ Find out what Waldes Truarc
Retaining Rings can do for you.
Send your blueprints to Waldes
Truarc engineers.

For precision internal grooving and undercutting....Waldes Truar¢e Grooving Tool

SEND FOR NEW CATALOG B [ o=

/ d -—
o~ — \\

WALDES

REG. U. S. PAT, OFF,

\ / .
, {
Gy “Q"
—t \ -“\_H::. 3
- —— o3
=

" RETAINING RINGS
WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK

WALDES TRUARC RETA NING RINGS AND PLIERS ARE PROTECTED B8Y ONE OR MORE OF THE

FOLLOWING U.S. PATEMTS: 2.382,947: 2.382.948; 2,416,832 2,420,921 2.428.341: 2,439,783

2.441.646; 2.485.165: 2.483,380) 2.483,3683; 2,487.8602: 2.487,803; 2.491,306; 2.509.0681;
AND OTHER PATENTS PENDING,

ELECTRONICS — July, 1954

Ring catalog.

=3=7 Name..............
=S §
= Title
Company

Waldes Kohineor, Inc., 47-16 Austel PI, L.1.C. 1, N. Y.

Please send me the new Waldes Truarc Retaining

EO76

(Please print)



Automatically plots two variables

as a function of a third---

(ALK
9 10 20 30

-

the ﬂsct/uuu/(

Duplex Function Plotter

NEWEST of the many modifications of the
ElectroniK recorder, especially designed for
research work, is the Duplex Function
Plotter. A two-pen version of the now famous
Function Plotter, this instrument has three
independent measuring systems; one for each
of the horizontally moving pens, and one
coupled to the vertically moving chart. The
instrument is thus able to draw two simul-
taneous, continuous curves representing the
relationship x, x'=f (y).

In the testing of missiles, engines, nuclear
reactions and numerous other studies, the
Duplex Function Plotter further helps to
accelerate the pace of research. It provides
better data by giving scientists a continuous
plot of related functions on a single chart,
without need for replotting from two sep-

arate records. It helps to lift even more of
the burden of routine transcribing and data-
taking from the shoulders of trained men . . .
and frees them for more complete utilization
of their skills.

Input to either pen or to the y-axis can be
practically any variable that can be con-
verted to a d-c signal. All three inputs can be
of different calibrations.

Your local Honeywell sales engineer will
welcome the opportunity to discuss your
specific applications for this time-saving in-
strument. Call him today . . . he’s as near as
your phone.

MINNEAPOLIS-HONEYWELL REGULATOR Co.,
Industrial Division, Wayne and Windrim
Avenues, Philadelphia 44, Pa.

@ REFERENCE DATA: Write for new Data Sheet No. 10.0-17, “Electronik Duplex Function Plotter.”

H H

B ROWN

MINNEAPOLI S

oneywell

INSTRUMENTS
Foust e Covitsls-
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Whether weighing cornflakes or crushed stone, Ward Leonard
rheostats help “Waytrol” feeder measure exact loads

¢ Here’s the machine that practically “spoon-feeds” modern
industry. Hundreds of raw materials — from abrasives to zinc ore
— are measured out and delivered from one stage of their indus-
trial processing to another on Jeffrey-Traylor weighing, batching
and proportioning systems.

Using the weight of the material itself to regulate the amount
delivered, these Waytrol systems electronically feed even the most
hard-to-handle solids so accurately that variations are held to well
within one percent.

Contributing to this high precision are the Ward Leonard rheo-
stats used to control the output of the vibrating feeder which
delivers to the weighbelt. Precise rheostat performance is abso-
lutely essential since “Waytrol” accuracy depends on uniform belt

] unloading by the feeder.
FOUR-DECK, MOTOR-DRIVEN WARD LEONARD RHEOSTAT, shown If accuracy is important in your produect, it will pay you to select
here on control panel, controls speed of \Waytrol delivery electrical controls from Ward Leonard’s complete line. Write
belt. Ward Leonard Electric Co., 300 South St., Mount Vernon, N.Y.




(1]

Here's what you get from the world's
most complete rheostat line

* Ward Leonard’s new Vitrohm pressed steel rheostats are
part of the most complete line of power rheostats ever
offered for industrial and commercial applications.

They're designed to provide smoother operation, lower
operating torque, longer life and more steps of control. All
rheostat materials, from vitreous enamel frit to heat-resistant
finish, as well as all manufacturing processes, are carefully
controlled by Ward Leonard engineers. After assembly,
thorough electrical and mechanical tests guard against any
constructional defects.

For a complete description of the entire line — with

mountings, manual and motor drive accessories, a variety
of enclosures and optional features — send for your free
copy of Bulletin 60A. Ward Leonard Electric Company,
300 South Street, Mount Vernon, N.Y.

s

-
3

- #‘éf
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e\

SPECIFICATIONS

Steps of Control per Plate
Type of Contacts

Rheostat
Size
{in inches)

Sigma Watts
(2to1
current taper)

FACE PLATE — Standard frame capacity 400 amps. max., 60 control steps
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gives you the plus
of RIM’s unmatched skill,

experience, facilities

“Dy Pont’s trade-mark for ius tetrafluoroethylene resin

ELECTRONICS — July, 1954

, £, N T

i £ i T

Teflon is probably the most important development of
the Age of Plastics— its possibilities look endless. Paits
made from it are accomplishing things long considered
impossible by engineers in the electronics and electrical
manufacturing fields.

If you have a problem to be solved, the chances are that
R/M, with its unmatched skill, experience and facilities,
can solve it. We approach every challenge with the view
that nothing is impossible until proved otherwise.

You can rely on R/M for three things: dependable source
for Teflon rods, tubes, sheets or tape; fabrication of Teflon
parts to your specifications; collaboration in the search for
new uses to which this remarkable product can be put.

Teflon Properties: High resistance to acids and gases even at
high temperatures ¢ Moisture absorption zero * Unaffected by
weather ¢ Excellent heat stability up to 500°F. in continucus
operation * As tape, leaves no carbon residue along discharge

path * High impact resistance * Nonadhesive ¢ Stretches easily
Tensile strength 1500-2500 psi

Sintered Metal Products « Bowling Balls

N ¥
‘_’ r?(.

L L N st}

L ;)01'1.9 No il

Yot

RAYBESTOS-MANHATTAN, INC.
ASBESTOS TEXTILE DIVISION * MANHEIM, PA.

FACTDRIES: Manhelm, Pa. « No. Charleston, S.C. » Passalc, N.J. « Neenah, Wis. e Crawfordsvilie, Ind. « Peterborough, Ontarlo, Canada

RAYBESTDS-MANHATTAN, INC., Manufacturers of Asbestos Textiles « Teflon Products « Packings  Brake Linings e Brake Blocks
Clutch Facings « Fan Belts o Radiator Hose e Rubber Covesed Equipment  Mechanical Rubber Products e Abrasive and Diamond Wheels
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Here's how ISOMICA works for Eclipse-Pioneer

*Division of the Bendix Aviation Corporation

1. As an assembly time-saver, ISOMICA silicone bonded mold-

ing plate which has been preformed to armature core slot specifi-

cations, is used in one of Eclipse-Pioneer’s direct-cranking electrical
starters for aircraft gas turbines. ISOMICA silicone bonded molding
plate has excellent moldability,..excellent retention of shape...
high degree of homogeneity.

2. Effective insulation from the laminated body of the arma-
ture coreis assured with the insertion of copper coils into the

ISOMICA slot cells—the first step in the Eclipse-Pioneer winding
operation. ISOMICA molding plate is free from voids, concentration

of mica, and pockets of binder. Structure of ISOMICA molding plate
allows smooth, right-angle bends without fracturing.

3. Completed Eclipse-Pioneer direct-cranking electric starter
which has been insulated with ISOMICA molding plate. Some of
the many other applications of ISOMICA are flexible slot liners;
end-bell insulation; high tension terminals and barriers; angles,
bushings and washers; coil insulation, heating element insulation, etc.

4. Versatile ISOMICA is made in a variety of forms -miscel-
laneous ISOMICA tubes (above), tape, molding plate and segment
plate, flexible plate and composite materials. These superior mate-
riols are made from rolls of thin, continuous mica sheet, impregnated
with organic or silicone resins . . . in some cases combined with glass
cloth, etc....are uniform in dielectric and mechanical strength.

Whatever electric insulation material you need—Class A to Class H—stand-
ard or special -MICO makes it best. We manufacture it, cut it to size, or
fabricate it to your specifications. Send us your blueprints or problems today.

MICA %Jﬁ/ﬂz&% COMPANY

Schenectady 1, New York

Offices in Principal Cities
In Canada— Micanite Canada, Ltd., Granby, Quebec

LAMICOID ® (Laminated Plastic) « MICANITE ® (Byilt.up Mica) » EMPIRE® (Varnished Fabrics and Paper) o FABRICATED MICA ® 1somicA®
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The New Servoscope® puts another engineer on your staff

--- but not i

d

on your payroll /

The New Servoscope Saves Man-Hours
The Servoscope is available

Are you engineering any type of feedback control system— in two standard models - 1100A
regulators, governors, process controls, positioning or speed servos? (0.1 t0 20 cps.), 1100B (.15 to
With a Servoscope an extra engineer will be working for you 30 cps.). Custom modifications

: : . . i nci nd uni
on design synthesis, analysis or production test. for h'ghf“ l.'requa'. cleslamciunits
with built-in oscilloscopes

quoted on request.

Discovers Mistakes Before You Make Them Far detailed inforntation on how

. L . this versatile test instrument
Breadboard your intended servo system or other circuit designs—then, .
can save manposver, materials

by eit.her the frequency response or the transient response method, anc money, write Dept. -7
magnitude and phase curves can be obtained directly within minutes.

played ogaiast internal linear sweep

Output wave forms of Servoscope dis- }
generator, fraquency Y2 cps.

[EV CORPORATION (/R
OF AMERICA N

New Hyde Park, New York sc ns
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New Du Pont MYLAR offers

REG. U. 8. PAT. OFF,

this unique balance of properties:

e High dielectric strength
» Exceptional thinness

 High tensile strength
* Thermal stability

e Chemical inertness

Capacitor testing in this jig confirms the high dielectric strength of “Mylar" ... over

4000 volts per mil.

Exceptional tensile strength of
‘Mylar,” 23,500 Ibs. per sq. in., permits man-
ufacture of rugged electrical components.

Size reduction of capacitors, transformers
and other electrical equipment is made pos-
sible by the use of “Mylar.

100

Tl s st n .

T

"Mylar” film thot is used to insulate this
stator is about half as thick as the material
it replaces.

¢ % o
. 7

HfIp l[.t[ -r]li!jll.

High dielectric strength, combined
with toughness, makes “"Mylar" adaptable to
a variety of coil insulating uses.

|
1

EW possibilities in the design of elec-

trical equipment are opened by a
new product of Du Pont research —
“Mylar” polyester film. The unusual
balance of electrical, mechanical and
chemical properties offered by this film
makes it suitable for a wide variety of
insulating applications.

“Mylar” exhibits excellent dielectric
strength, high volume and surface resis-
tivity. Its tensile strength, one third that
of machine steel, permits its manufacture
in gaugesranging from !j of amil (0.00025
inch) to 714 mils (0.0075 inch). “*Mylar’
retains its remarkable properties over a
wide temperature range, remaining flexi-
ble and stable from -60° to 150°C.

“Mylar” is moisture- and solvent-in-
sensitive . . . unaffected by most organic
and inorganic vapors. Its use under a
variety of climatic conditions is possible
because “Mylar’” is completely fungus
and mildew-proof.

A new booklet is now available to show
where this versatile film’s properties can
be used to advantage. If you would like
a copy to help you evaluate the possibili-
ties of “Mylar” for
improving your prod-
ucts, write to: E. I.
du Pont de Nemours
& Co. (Inc.), Film 0 a
Dept., Room 2E,

Wilmington 98, Del.

DU PONT

MYLAR"

Polyester Film

Rea.y.s. sat.Off
BETTER THINGS FOR BETTER LIVING
... THROUGH CHEMISTRY
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SUPERIOR PERFORMANCE

makes Philco Transistors

RELIABILITY ... six years of
Philco research and development
in semi-conductors have estab-
lished the quality, uniformity and

AVAILABILITY...recognizing the
potential transistor requirements
of the electronic industry, Philco
planning has resulted in produc-

the recognized standard.
tion facilities which assure an

unfailing supply of high quality
transistors—now!

production standards (from basic
materials to tested transistors)
required for large scale production.

With Philco

Alloy Juncticn Transistors
v Phone, write or wire Dept. E today for descriptive literature

and specifications on Philco transistors.

PHILCO TRANSISTORS FEATURE...

o Uniform characteristics

you gain the advantages of

small size, low power consumption

o Mazximum reliability

o Hermetically-sealed resistance-
welded case...leads fused
in glass

and stmplified circuitry to ) .
o Minimum size

improve your product. o Ruggedized construction

LL- '-'_"\.
¥ gy PHILCZO CORPORATI ON
% QUALITY 'g
Ny« A GOVERNMENT & INDUSTRIAL DLVISION « PHILADELPHIA 44, PA.

-\

—




Remarkable
life results

reported in

unique

application
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SELENIUM
RECTIFIERS

PLACED IN BRILLIANT LIGHT BY
SPECIAL FLUORESCENT FIXTURES

WOULDN'T YOU be “lighthearted” if you
received a comment like this? We were when
I Canadian Fluorescent Co.’s president wrote :
' "During the six years that thousands of “Noflik” lights
: equipped with your rectifiers have been in use —in many
| cases under continuous operation —we have found Radio
| Receptor units to be remarkably long-lived and entirely
: satisfactory.”
T .
|
|
|
|
|
|
|

Canadian Fluorescent, which has licked the flicker in
25 cycle fluorescent lighting with ics “Noflik” fixtures, uses
four half wave radio type RRCO. selenium rectifiers and a
specially designed ballast.

Radio Receptor rectifiers as well as RRCO. germanium
transistors and diodes are “Really Reliable.” Find out for
yourself. If you have a problem where these fine components
could be used, make sure to ask us for engineering data. We'll
—————————————— . gladly supply it without obligation . . . And request our com-

Circuit for eliminating fluorescent flicker in 25 prehensive new 24 page rectifier bulletin No. 177-E.
cycle and vniversal operation, as used in
“Noflik” lights.

Seletron & Germanium Division

In Radio and Electronics Since 1922

SALES OFFICES: 251 WEST 19TH STREET, NEW YORK 11, N. Y.
TELEPHONE: WATKINS 4-3633 * FACTORIES IN BROOKLYN, N.Y. *

Reliable!
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we’re prepared

NOW to supply you

in quantity with

- - 3 -«
circuit and to take full advantage

v e ey .
' of the crystal characteristics to give
' optimum performance.
CRYS I ALS' fo ' This is available to the television
industry in sub-assembly form.
-~
' [ ] ®

Midland was far in advance in theflevelopment and perfecting of frequency
control crystals and circuits for color'q‘V. Experimental production started in 1952.

§ CRYSTAL CONTROLLED
REACTANCE TUBE OSCILLATOR
FOR COLOR SYNCHRONIZATION

To obtain the maximum advantage
of Crystal Control in a reactance
tube oscillator combination, the
Midland Engineering stoff has de-
veloped a crystal controlled Re-
actance Tube Oscillator Circvit for
color synchronization.

The unit is Custom engineered to
provide an inexpensive complete

Midland has met the exacti# requirements of color television with a
crystal of complete reliability. Ak early and thoroughly sound solution to each
new challenge is in jpeeping with the Midland background
of having served the coffmunications field with millions of crystals
that perform depegdably under the most severe conditions.

Midland’s unequalldll experience, critical quality control at every
stage of production, apd expanded plant capacity assure you dependable,
fast crystal supply—il any quantity —to meet your exact specifications.

W budtal. naed, WMWMAW' .,
'ﬂMwm&MW,W
%

D o

MANUFACTURING COMPANY, INC. ——
3155 Fiberglas Road @ Kansas City, Kansas

WORLD’S LARGEST PRODUCER OF QUARTZ CRYSTALS
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Micro-miniature Tantalytic capacitors give new design flexibility

Smallest electrolytic capacitors

commercially available

Micro-miniature Tantalytic capacitors can now be supplied
in ratings up to 20 volts, or, up to 8 microfarads in the %"
long case—higher capacitance in a 14" case size . . . with
—0% to +1009, capacitance tolerance. They give you new
design flexibility in low-voltage, d-c circuits—particularly
transistorized subminiature assemblies where space is at a
premium.

Designed especially for nonresonant, noncritical applica-
tions such as coupling, by-pass and filtering, G-E micro-
miniature Tantalytic capacitors outperform aluminum elec-
trolytics in electrical stability, operating and shelf life because
of the inert characteristics of tantalum metal. They operate
over a —20C to +50C range and may be stored at —65C.
With some capacitance derating, Tantalytic capacitors per-
form well below —20C—with some life limitations they will
also perform satisfactorily above -+ 50C.

You may obtain samples 2 to 3 weeks after your order is
received at the factory. Production lots are supplied 6 to 8
weeks after the order is received. For more information see
your G-E Apparatus Sales representative, or write for Bulletin
GEA-6065.

G.E. builds dependability into
electronic transformers—3 ways

From laboratory samples to the last production model, de-
pendability is built into G-E electronic transformers. Here’s
how:

1. INTEGRATED FACILITIES: G-E labs, testing facili-
ties, and materials sources are co-ordinated to help get you the
transformers you want—when you want them.

2. MECHANIZATION: The G-E plant is mechanized and
staffed to handle large-quantity production, while maintaining
laboratory sample quality.

3. EXPERIENCE: G-E personnel have worked hand-in-
hand with electronics manufacturers for years and conse-
quently keep your problems in mind as they produce trans-
formers for your particular, specialized applications. See your
G-E Apparatus Sales representative for more information.

GENERAL @3 ELECTRIC
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TIMELY HIGHLIGHTS
ON G-E COMPONENTS

Fast, accurate circuit analysis ]

This self-contained, highly stable G-E
self-balancing potentiometer rapidly
converts small d-c¢ voltages to measure-
able currents—without loading the
measured circuit— for analysis of elec-
tronic circuits. It is consistently ac-
curate because simple controls, and
automatic, rapid circuit balance min-
imize operator errors. Easily changed
resistor permits selection of input
ranges from 100 microvolts to one volt
d-c full scale with 5-milliampere d-c
output. See Bulletin GEC-367.

Tiny signals amplified
Combining amplifying and rectifying
elements in a unit, G-E amplistats (self-
saturating magnetic amplifiers) “sense”
. small signal changes, amplify them
N I t I greatly, and impart the amplified signal

ew e ec ro nlc re ays to a system to obtain the desired control.
They give you the practical advantages

0 fytiel 1a of virtually instantaneous response, low

have hlgh Se nSItIVIty power consumption, long life, and elec-
trical signal isolation. Obtain assistance

. . . i oy . | in applying G-E amplistats at your G-E
This new electronic resistance-sensitive relay is Apparatis Sales Gflcs See Bulletin

able to amplify minute currents carried by very GEA-5950
delicate contacts. Even a wet thread will provide )
enough signal for it to operate.

Sensitivity level is set by adjusting dial, which Sma" rectlfler has hlgh OUtPUt

can be locked in place. The relay may be re- | G-E germanium rectifiers offer the
motely controlled from as far away as 500 feet. glghCStFOUtPUt n t_he SmhaIICSF of recti-
Each can be set for either “normal” (relay ers. For example, the dime-sized,

= . . " g "~ | sealed, air-cooled type is available in
drops-out”) or ‘“reverse” (relay ‘picks-up’) ratings up to 50 volts, 0.4 amperes d-c.

operation of the magnetic relay included in the | Germanium rectifiers have these ad-
device. vantages: high efficiency—operate 98%,

Built for long life, its enclosure is weather- §p 997 effcient; campaciiiss—amal

resistant and dust-tight. Terminals are easily
accessible; all components of this G-E relay are
open for ease in servicing. For further informa-
tion send for Bulletin GEA-5893.

size and weight per watt output means
you can build more compact assemblies;
and long life—two-year life tests shaw
no detectable aging. Write for Bulletin
GEA-5773.

\ EQUIPMENT FOR General Electric Compcny, Apparatus Sales Division |
ELECTRONIC MANUFACTURERS Section D667-28, Schenectady 5, New York
Please send me the following bulletins: |
Components Fractional-hp motors Development / for reference anly X for planning on immediate project |
Rectifi . . ot
Meters, instruments Ti::’:e" and Production [J GEA.5773 Germanium Rectifiers
[0 GEA-5893 Electronic Resistance Sensitive Rela l
D otor icattg I Y
e sl e St O GEA-5950 Amplistats
apacitors Gon'r: 'swn: es Soldering irons [J GEA-6065 Micro-miniature Tantalytic Capacitors |
Transformers paetoLars Resistance-welding [0 GEC-367 Self-balamcing Potentiometer
Pulse-forming networks Selsyns control
Deloy lines Relays Current-limited high- |
Amplidynes ’ Nome _ .
Reoctors potential tester -
Amplistats 156 n |
Motor-generator sets Terminal boards Insulation testers c
Inductrols Push buttons Vacvum-tube voltmeter ompony J
Resistors Photovoltaic cells Photoelectric recorders
Voltoge stobilizers Glass bushings Demognetizers Gl o e e . State . l
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MODEL 750
MODE! YoL1S CURRENT REGULATION RIPPLE
750 0-600 0-750 Ma. 0.5% 10 Mv,
760 0-600 0-1.5 Amp. 0.5% 10 My,
770 0-600 0-2.25 Amp. 0.5% 10 Mv.
780 0-600 0-3 Amp. 0.5% 10 My,

DC POWER SUPPLY SPECIFICATIONS

KEPCO Voltage Regulated Power Supplies are
conservatively rated. The regulation specified for
each unit is available under all line and load
conditions within the range of the instrument.

REGULATION: As shown in table for both line
fluctuations from 105-125 volts and load varia-
tions from minimum to meximum current.
*REGULATION FOR BIAS SUPPLIES: 10 milli-
volts for line 105-125 volts. 2% for load at 150
volts.

1All AC Voltages are unregulated.

MAMUFACTURERS OF ELECTRONIC EQUIPMENT « RESEARCH « DEVELOPMENT

VOLTAGE REGULATED
POWER SUPPLIES

REGU- 6.3Vt
ot CURRENT _[LATION | RIPPLE | AC CT. | MODEL
0-1500 0-200Ma._ | 0.5% | 20 Mv. 1520
01200 | 0-20Ma. | 0.1% | 10Mv.| 10Amp| 1220
01000 [ 0-500Ma. | 05% [ 20Mv.| | 1350
200-1000 | 0-500 Ma. | [05% | 20mv| 1250
0-1000 | 0-50Ma. | [01% | 10Mv.[ 10Amp 1020
0600 | 0-3Amp. | [05% [ 1omv.[ 780
0600 | 0-2.25 Amp.| os°/ (oM. [ [ 770
0-600 1015 amp. s°/ | 10 My 760
0600 | 0-750Ma. | 0.5% | 10Mv T 750
0600 | 0-300 Ma. 0.5% [ 10Mv. 10 Amp|
0-150 Bios | 05 Ma. S Mv. | 615
0600 [ 0-300Ma. | 05% | 10Mv.|10Amp| 500R
#1 0600 |0200Mo. |05% | SMv.[10Amp| ___
#2 0-600 [0-200Ma. |05% | SMv.[10amp| 800
0-600 | 0-200Ma. [ 0.5% | SMv.|10 Amp.+ )
0-150 Bigs | 0-5 Ma. | sme] 815
#1200-500] 0-200Ma. |05% | SMv.| 6Amp| .. .
*2_200.50| 0.200Ma. | 055, | .| 6 Am. 518
7200-500 0-200 Mo, | 0.5, ”‘st.J 6 Amp.| 245
0400 | 0-150Ma. [0.5% [ SMv.|10Amp|
0-400 0150 Ma. | 05% | 5Mv.[10Amp.| 2400
0-150 Bias | 0-5 Ma. T
0400 | 0-150Mo. | 05% | SMv.|10Amp]|
0-150 0-5 Ma. T 400
0400 [ 0-150Ma. [05% | 5Mv.[10Am w141
100-400 onsOMoj 0.01%| 1 Mv.[10Amp.| 2000
0350 | 0-3Amp. 05°/° [ 10 M| 730
0350 | 0-225Amp. [0.5% | 10Mv.| 720
030 [ 0-1.5Amp. [ 0.5% | 10 Mv. '_— 1 1o
0350 [ 0-750 Ma. [ 0.5% | 10 Mv. 700
100325 | 0-150Ma. [0.5% | SMv.|[10Amp| ...
0-150Bias | 0-5 Ma. 1 s 131
0300 0-150 Ma. | 0.5% | SMv.| 5Amp.| 3?
0-150 Bias 0-5 Ma. * 5 Mv.

0150 [050Ma. 059 5 Mv. 150

330 [ 0-30Amp. 0.5%, [ 019, 3030

BEF [ 0-10Amp. [05% | 10Mv.] | 3200
WORKMANSHIP

KERCO

LABORATORIES

131-38 SANFORD AVENUE  FLUSHING S5, N. Y. o INDEPENDENCE 1-7000

Workmanship is of a quality with the highest existing production standords
and best instrument electronic practices consistent with the intended use of
the item as a continuous duty voltage regulated power supply. Oil filled
paper condensers and resistor-board construction are included in the design.

FOR NEW POWER SUPPLY CATALOG — WRITE DEPT, No.789
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advancement
in instrument
design

'l

:' P‘?WERFUL MOVING COIL
g ; MECHANISM HAS
\ / GYRO-LIKE STABILITY

TWO VIEWS SHOWING MECHANISM
ACTUAL SI1Z€

CUT-AWAY VIEW

MULTI-STRUT
POINTER ASSEMBLY
OF ALUMINUM TUBING
BALANCE
WEIGHT

BEARING

SHAFT HAIRSPRING

ANODIZED ALUMINUM g
CHANNEL LOCKS

FOR COIL T~ JEWEL
BEARING
MOVING .
co ALNICO V

b CORE MAGNET
ZERO —— _b:‘
CORRECTOR »

Z2*
/ §

/
POWDERED IRON 7 POINTER
RETURN PATH ASSEMBLY
AND SHIELD TO
REQUIREMENTS

\ )

l} 1'la” max

Reg.U.S.Pat. O,

The Marion Type MEP-1 meler mechanism was designed to
develop highest possible torque for a given volume of mag-
netic matericl. Its high torque, heavy eddy current damping
and low relative inertia provide unusual performance charac-
teristics simulating the stability of a gyro, in like environment.
Already it is setting new and higher standards for reliabillty
in moving coil indicating mechanism design for aircraft appli-
cation, where the influence of vibration and rapid attitude
changes on pointer indication are significant factors.

The gyro-like stability of the MEP-1 mechanism resulis from
its unique mechanical design. An end-pivoted coil assembly,
with a one piece bearing shaft and precise mechanical
assembly operates in a self-shielded magnet structure which
produces approxiraately 6000 Gauss in a single air gap.
When the end-pivoted moving coil, of long turning radius,
operates in a magnetic field of such strength, substantial
gains in lorque aad eddy current damping are realized.
This greal torque, combined with relatively light weight, per-
mits unit bearing loadings substantially lower (i. e. larger
pivot and jewel radii) than heretofore normal.

MECHANISMS BY MARION

Although developad expressly for application in aircrait navi-
gational instruments, many of the MEP-1 characteristics make
it desirable for use as the sensitive element in control devices
where {1 is required 1o inifiate a conirol function. It is one of
a number of Mechanisms by Marion that exjend the field o
moving coil mechanism application where previously size.
weight or performance characteristics prevented their use

Marion Electrical Instrument Company,
401 Canal Street, Manchester, N. H.

® . B
marion melers

MANUFACTURERS OF RUGGEDIZED AND
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CENTER AL Ak "
SILICON DIODES [t Sl vl bt R AN
*IN2I8 3060 65 20 - 200-800
*IN2IC 3060 55 1.5 - 200-800
— Ll ssociates iNncorrORATED
K *INISO 8750 6.0 2.0 1.5 250-500
33 Cummington Street, Boston 15, Mass. =  wrv e e o =
Telephone COpley 7-7577 IN23 : ==
ROW *IN238 9375 6.5 2.7 - 200-800
annc| ors | s0 [ 20 | 15 | 3252078
ATR, TR, MAGNETRON TUBES AND SILICON DIODES .
WAVEGUIDE COMPONENTS AND TEST EQUIPMENT Bl WL B W s
IN78 16000 15 25 - 325-625
. . . . . IN26 23984 85 25 - 300600
This is a partial listing.
. . . INS3 >130000 85 25 - 400-800
Send for complete catalog literature. — T T -
AGN ETR S ® Also available with reversed polarity
. ' NOMINAL ' PEAK ' VOLTAGE AY. ANODE PEAK PULSE PULLING INITIAL N[A-l[l
e FREGUEREY [ pea Juteut | ELoEe e CURRENT | cORRN pugATION OeLe fman. | vouract CURRENT
Ky K¥/us A & Me v A
I 3as12.35208 40 100130 | 110120 50 200 025 00025 0 60 2024
5789 34512.35208 30 100130 | 110120 65 150 05 0004 0 60 2024
| 3451235208 20 100130 | 110120 60 100 10 0006 " 6.0 2024
— — e — et e
= [ o3as.9405 8 5357 60 90 as | 10 002 15 | 63 0.430.60
% 1', 2042 93459405 8 5357 60 a0 a5 | 22 0009 15 63 0.43.0.60
] | ) 9345-9405 8 5357 60 29 as | o8 00065 15 63 0.43.060
A/ 4 e 93459405 20 6474 60 75 75 10 001 15 63 043053
242N 93459405 10 6070 60 70 15 10 002 15 63 0.430.53
4152 93459405 ) 140160 100 150 150 10 001 15 126 1824
9345-9405 80 14.0160 100 150 150 50 001 15 126 1824
6444 9800-10000 | 0,001 CW | 0.450.50 - 150 015 | ow 10 15 60 0405
(ESM48) | |
TR TUBES LOW LEVEL UNFIRED RATINGS HIGH LEVEL FIRED RATINGS
I INsERTioN | 'SMITOR 1GNITOR PEAK FLAT SPIKE RECOVERY l ARC
I I R I A L O e W B O -
18634 84909578 19 3.7 0-2 200375 4.200 1040 05.2 110 TR R
6334 84909578 14 _ 0.2 200375 4200 020 0-1 110 8.2 12
5863 84309578 19 37 0-3 250-400 41000 530 05.15 18 8.1 =
6164 84309560 20 3.7 0.3 250.400 41000 530 05-15 18 8.1 -
1858 2659-2969 165 35 0-3. 250-400 10750 1040 05.3 315 7.1 115
5927 3070-3530 19 3.7 0-3 275425 10750 10:50 053 315 14| s
ATR TUBES LOW LEVEL UNFIRED RATINGS HIGH LEVEL FIRED RATINGS i
EQUIVALENT
Tues foanct we | isooion| ‘B0 | Iytene T POWER R {o% VoAR MECHANICAL MOUNT
(YSWR 10 1) ad max ANCE max Xw 8% ab
18354 9000-9600 12 65 + 06 01 4250 220 8.1 11 Choke Socket
8 6163 + | 8800-9300 12 65 *06 0.06 4250 220 81 11 Choke Socket
18374 8500-9000 12 65 =06 01 4250 220 8.1 11 Choke Socket
5864 90009600 12 80 =06 0.1 4500 220 8.1 11 Choke Socket
6276 9000-9600 12 65 +.06 0.1 4250 2.20 &1 11 Woven Braid Gasket
6284 8500-9000 12 65 +.06 01 4250 220 8.1 11 Woven Braid Gasket
-__—§ 6393 9000-9600 12 6.5 *.06 0.1 4250 220 8.1 11 Molded Rubber-Metal Gasket
I —— 'Y 85009000 | 12 6.5 * 06 01 4250 220 8.1 11 Molded Rubber Metal Gasket
63% t | 87009700 10 65 +.06 0.1 4250 220 8.1 11 Molded Rubber-Metal Gashet
1856 2750-2950 10 55 +.05 0.05 20-1000 225 8.1 115 Woven Braid Gashet
6024 2700-2900 10 55 £05 0.0 20750 2.20 81 115 Woven Braid Gasket
5921 31003300 10 55 +05 005 20-1000 225 8.1 115 Woven Braid Gasket
5922 3300-3500 10 55 =05 0.05 20-1000 225 8.1 115 Woven Braid Gasket

T 2 tubes series-mounted back-to-back.

SALES REPRESENTATIVES

J. E. HACHTEN Co.
San Gabriel, California

E.R.A,,INCORPORATED 10 South Middle Neck Rd.
Great Neck, New York

MORT REED CO.

8413 Las Tunas Drive
CUmberland 3-3860

GReat Neck 4-9320
1515 Clover Street

Rochester, New York

GASSNER & CLARK CO.
Chicago, Illinois
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Hlllside 2712

6349 N. Clark Street
ROgers Park 4-6121

KEN RANDALL CO.
Philadelphia, Pennsylvania

KEN RANDALL CO.
Baltimore, Maryland

ENGINEERING SERVICES CO. 6635 Delmar Blvd.

121 N. Broad Street
LOcust 4-2151

1303 Midvale Avenue
Rldgeway 7-5260

St. Louis, Missouri VOlunteer 3-3661

SOUTHWEST ELECTRONIC IND. 4515 Prentice St.
Dallas, Texas FOrest 8-8306
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trifles make PERFECTION... FEB

but PERFECTION is no trifle \GiM

PERFORMANCE

When the mighty giants of the air lift their massive wings to fly.

a thousand and more “tremendous trifles” instantly go to work
in harmonious unison to give life and power. It is the perfection
of these “trifles” that makes possible the magnificent perform-
ance of today’s luxurious air liners.

Smallest Molded Mica Capacitors 9/32° x 1/2 x 3/16" The EL MENCO Capacitor—CM-15—is one of these “‘tremendous
trifles” that plays such a vital part in the efficient operation
of aircraft communication.

EL MENCO IS THE ONE OUT OF MANY CHOSEN FIRST

Superiority of manufacture and dependability of performance
make EL MENCO first choice on the specification sheet . . .
because EL MENCO Capacitors are factory-tested at double their
working voltage — they are guaranteed stable under the most
adverse conditions. Whether you use our high capacity CM-42
(10-25,000 mmf) or our midget low capacity CM-15 (2:525 mmf)

you have guaranteed assurance of job-tested, job-rated capaci-

Made to Mzet ANl MIL.C-5 Requirements. Largest Molded s : H 1
M Conacitors of Wive Terminal Type. 13716 x 101/2 x /16" tors — tremendous trifles of perfection so vital to the magnificent

performance of YOUR product.
Jobbers and Distributors are requested to write for
information to Ar:zo Electronics, Inc., 103 Lafayette
St., New York, N. Y. — large stocks on hand — spot ELECTRO MOTIVE is now supplying special silvered mica films

shipments for immediate delivery. Sole Agent for for the electronic and communication industries — just send
Jobbers and Disiributors in U. S. and Canada. g g
us your specifications,

WRITE FOR FREE
SAMPLES AND
CATALOG ON
o - E nc u
LETTERHEAD
MOLDED MICA MICA TRIMMER

CAPACITORS

Foreign Electronic Manufacturers Get Information Direct from our Export Dept. at Willimantic, Conn.

THE ELECTRO MOTIVE MFG. CO., INC. WILLIMANTIC, CONNECTICUT
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These sensitive

MERCURY
SWITCHES

have
differentials

as low as Ya

Many mercury switch applications such as
narrow temperature differential controls, lev-
eling devices and pumping controls call for
extremely sensitive, low-angle actuation.

The switches shown here are versatile
switches designed to meet this type of sensi-
tive service. Some of them provide differen-
tial angles as low as 14 degree.

HONEYWELL Mercury Switches are the
result of over thirty years of development
in this field. Whatever your design or the
application, there is a HONEYWELL Mercury
Switch to meet the requirement. Among
these are:

MICRO SWITCH provides a complete line of
extremely refiable, small-size, high-capacity,
snap-action preclsion switches and mercury

switches. Available in a wide variety of sizes

shapes, weights, actuators and electrical char-

acteristics. For all types of electrical controis. |

110

HONEYWELL Mercury Switches

A PRINCIPLE OF GOOD DESIGN

® High capacity mercury switches

® Protected mercury switches

® Small mercury switches

® General purpose mercury switches

Selection of just the right mercury switch
for your application is easy. MICRO SWITCH
field engineers, fully experienced in all types
of switch application problems, are conven-
iently located at 16 branch offices to serve
you. Call the nearest MICRO SWITCH branch
office. Ask for Mercury Switch Catalog 90.

MICRO SWITCH

A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY sm—

FREEPORT, ILLINOIS

MONEYWELL
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PROVEN PERFORMANCE

in large volume production
is your best guarantee
of quality!

/ot

o AIRPAX has huilt
nearly /4 million choppers

o AIRPAX maintains an
engineering staff constantly
striving to improve choppers

e AIRPAX has ample capacity
for large volame production
of choppers

o And AIRPAX choppers have
proven performance
. life and reliability

|-.765 MAX

—_—
- ~

e

:SICGNERS

FITS 7 PIN
MINIATURE
SOCKET

Weighs less than | oz.



exposure meters
foo,

CRUCIBLE PERMANENT MAGNETS

afford maximum energy...
minimum Size

It’s a fact, Crucible alnico magnets have a consistently higher energy
product . . . which means more energy from a smaller magnet.

That’s why, ever since alnico alloys were developed, Crucible has been
producing them for leading manufacturers of voltmeters, watt-hour meters,
exposure meters and magnet-equipped devices of all kinds.

Our twenty-years of magnet experience is backed by over a half-century
of fine specialty steelmaking. You’ll find that whenever you have a magnet

application it will pay you to call Crucible.

CRUCIBLE
54 guans of | Foe tetimaking ALNICO PERMANENT MAGNETS

CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA.

STAINLESS = REX HIGH SPEED - TOOL -« ALLOY « MACHINERY « SPECIAL PURPOSE STEELS
Canadian Distributor — Railway & Power Engineering Corp., Lid.

first name in special purpose steels
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A MESSAGE TO AMERICAN INDUSTRY

FINANCIAL AID TO HIGHER EDUCATION

e SECOND OF A SPECIAL SERIES

What Business Gan Do to Help
Our Colleges and Universities

Is the financiel squeeze now gripping our col-
leges and universities grave enough to warrant
direct action by the business community? If so,
what can business do about it? This editorial
is addressed to these two questions.

In the previous editorial in this series of two,
it was demorstrated that our colleges and
universities, and particularly the indepen-
dent institutions, face financial difficul-
ties, which, unless relieved, promise to get
progressively worse and might ultimately
result in a national disaster. This state of
affairs obviously gives the business community
a crucial stake in helping to relieve the plight
of these institutions. For our business organiza-
tions can be no stronger than the total commu-
nity of which they are a part.

It does not follow automatically, however,
that every business firm should give direct fi-
nancial aid to education. Already the business
structure is heavily burdened with activities un-
related to its main purpose. These include act-
ing as tax ccllector for more than $65 billion
of federal, state and local taxes in the year
1953. There is a limit to the amount of such
public enterprise that can be loaded on the
business system.

Business Holds Key to Answer

If, however, the survival of a key part
of our educational system depends on its
having financial help from the business
community, that help should be provided.
And this is the situation of our indepen-

dent privately endowed colleges and uni-
versities.

Of course, our tax-supported institutions of
higher learning must also be kept strong, finan-
cially and otherwise. But they have recourse to
public support not available to the independent
institutions. Largely on this account, their pres-
ent financial difficulties are much less acute than
those of the independent colleges and univer-
sities.

These independent institutions have seen
price inflation eat away much of the value of
their endowments. Moreover, there is no pros-
pect that these endowments can be sufficiently
replenished by gifts from the wealthy people
who provided them in earlier years. Progressive
income and estate taxes have seen to that. Thus,
they are faced not only with a peculiarly acute
financial problem, but also one which cannot
be solved except by tapping other sources of aid.

Tax Support No Solution

It is conceivable that the independent colleges
and universities might solve their financial
problem by seeking support from tax revenues.
If they did this, however, they would lose their
distinctive character as independent institutions,
and our system of higher education would lose
one of its major elements of strength. That is
the existence in our educational system of both
independently financed and tax-supported col-
leges and universities. Each has its special con-
tribution to make to a well-balanced system
of higher education.



Business is directly dependent upon
higher education to staff its increasingly
complex and exacting operations. A key
part in this process is played by the small, in-
dependent liberal arts colleges which are the
hardest hit financially of all our institutions of
higher learning. “These,” states the Council
for Financial Aid to Education, recently formed
by a group of business leaders, “have contrib-
uted a high proportion of the intellectual, scien-
tific and religious, as well as business leader-
ship of the nation. Their programs are devoted
to the teaching of values, particularly the values
of freedom. They are a vital bulwark to our
system of free enterprise.”

Means of Providing Help

There are many means by which busi-
ness firms can extend help to our colleges
and universities. The most obvious, of course,
is to make outright grants of money either to
individual institutions or to groups of institu-
tions for such uses as the institutions think best.
Another means of help, increasingly employed
by business firms, is to establish scholarships
to pay the full cost of college or university
courses of study. Sometimes the scholarships
are open for general competition, sometimes
they are limited to employees and children of
employees of the firm granting them. Not in-
frequently those winning the scholarships spend
some part of their school vacations working in
the companies granting the scholarships.

A number of companies have recently pro-
vided for what have come to be called “scholar-
ships in reverse.” These companies pay a flat
sum to a college or university for every one of
its graduates they employ. Financing of univer-
sity research programs also offers a broad ave-
nue for financial aid to our universities by
business.

Need Two-Way Communication

Some business firms have well-developed
programs for financial aid to education. But
they are exceptional. For most companies the
problems involved are new and strange. These
companies were created with the basic purpose
to make money, not to give it away. Successful
philanthopic operations involve a whole set of

problems with which they have very little ex-
perience. Not the least of these is how to make
business a dependable source of financial aid
to education, since business has no assurance
that the profits of one year will not be losses
the next.

Considerations such as these emphasize the
wisdom of a recent Industry-College Conference
on aid to higher education by business, in mak-
ing the first of its ten conclusions that “better
communication, by direct contact, is needed for
each [industry and the colleges] to understand
the problems of the other.” At this juncture the
creation of mutual understanding is much more
important than the raising of some money and
letting it go at that. The problem of aid to edu-
cation by business has its immediate urgency,
but there is also a long-range program to be
developed on which business and the colleges
and universities must pull together in the years
ahead to find a satisfactory solution.

As stated at the outset, failure to find a sat-
isfactory solution could result in a national
disaster. This means that, to give proper heed
to their own future prosperity and the fu-
ture welfare of the nation, business firms
generally must go to work on the problem
of financial aid to higher education. They
must go to work first, to understand the
problem; second, to establish two-way
communication with our colleges and uni-
versities about it; and third, to develop a
program which pays proper heed to the
needs and capabilities of both business
and higher education.

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 text.

WM

PRESIDENT
McGRAW-HILL PUBLISHING COMPANY, INC.




IKOI5XA: coaxial output

Ruggedized X Band local  |KOI5XG- waveguide outpul

oscillator reflex klystrons

TYPICAL OPERATION
(with flat loaa)
IKCISXA and 1IKOISXG KLYSTRONS

MODE 73/4 53/4

D-.C Resonator Voluage 250 300

- . - - SRS - i D-C Cathode Current 36 47
Ruggedized Etmac 1K015XA ~ = D-C Repeller Voluage —65 —170
and 1KO15XG reflex klysirons ~ o Power Qutput 30 100
Frequency 9000 9000

Electrenic Tuning Range 55 40

Reliable X band performance through the VAST* punish- RAPID PRODUCTION—simplified design permits rapid, low
cost production.

RELIABLE PERFORMANCE —25 to 100 milliwatts power
output from 8400 to 9600mc with low power consumption—plus
Eimac 1K015X A and 1K015XG local oscillator reflex klystrons. assurance of uncompromising Eimac quality proved through 20
years of electron-power tube design and manufacture.

ment of airborae environment plus the features of single

adjustment tuning and rapid production are offered only in

*VIBRATION—withstands 10G's of continuous vibration, SINGLE TUNING —one-adjustment wning without the use of
lock nuts.
* ALTITUDE —arc-guard protection of leads eliminates possibility
of flash-ove- at extremely high altitudes. ®For further information abonut the 1KOISXA,
1K015XG or any of the complete line of
*SHOCK —withstands 100G’s of impact shock. Eimrac klystrons, including bigh power UHF-TV

amplifiers, contact our Tecknical Services department.
*TEMPERATURE — mainins frequency stability through a

temperature variation of —20° to 80°C,

EITEL-McCULLOUGH, INC.

SAN BRUNO ¢ CALIFORNIA THE WORLD'S
LARGEST MANUFACTURER OF

TRANSMITTING TUBES



Death-defying performance

You can depend on C.T.C. coils to
give a steady, star performance. They
won’t go dead despite threats of tem-
perature, climate or vibration. And for
very good reasons

The mounting stud of every C.T.C.
coil is fastened to the ceramic body in a
special way that does away with weak-
nesses of ordinary coil fastenings. This
special fastening makes C.T.C. coils
vibration-proof. What’s more, their
tightness 18 preserved in hot, cold, dry
or damp weather. All C.T.C. coils are
precision-made, of course, to meet in-
dividual specifications — and to meet,
or better, government specifications, as
well. And continuous quality control is
maintained.

As a result, you get a guaranteed elec-
tronic component custom or stand-
ard — whose performance you can de-
pend upon,

Precision-made C.T.C. components
that benefit from C.T.C. high quality
standards include terminals, terminal
boards, capacitors, swagers, hardware,
insulated terminals and coil forms. For

114

all specifications and prices, write
Cambridge Thermionic Corporation,
437 Concord Avenue, Cambridge 38,
Mass. West Coast manufacturers con-
tact: E. V. Roberts, 5068 West Wash-
ington Blvd., Los Angeles 16 and 988
Market St., San Francisco, California,

Slug Tuned Coil Data: Single layer or pie t
windings to your specifications. Forms of quality
paper base phenolic or grade L-5 silicone im-
pregnated ceramic. Mounting studs are cadmium

lated brass; ring type terminals are silver plated
gms& All units include slugs and mounting hard-
ware. One style (T'ype C) available with retaining
collars of silicone fibreglas which permit 2 to 4
terminals. Windings can be coated with resin
varnish, wax or lacquer.

CAMBRIDGE THERMIONIC CORPORATION

makers of guaranteed electronic components,
custom or standard

—

New CST-50 variable ceramic capacitor sur
range of capacitors many times its size.

only !%,;” high when mounted, is less than %* in
diameter and has an 8-32 thread mounting stud.
A tunable element of unusual design practically
eliminates losses due to air dielectric giving large
minimum to maximum capacity range (1.5 to
12MMFD).
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Nothing on the market today excels the
low priced Class B protection of Varflo Tubing and Sleeving

Flexible Varflo is solvent-, oil-, moisture-, flame-, and fungus-
resistant. Passes the NEMA heat endurance test of 15 minutes
at 225°C. Also passes 100 hours at 125°C. Will not lose
dielectric strength when subjected to severe handling, bend-
ing and twisting. Has good shelf life.

Available in Grades A-1 and B-1 tubing and Grades C-1 and
C-2 sleeving.

Let us help you with your problem. Describe it in a letter—
no cost, no obligation.

— "'—__\
.

|
u VARFLEX CORPORATION 0
| 506 W. Court St.,, Rome, N. Y. [ |
B Please send me free folder containing description and samples of [l
\ g Vorflo Tubing and Sleeving. [ ]
L e - I

! am particularly interested in insulation for
CORPORATION | ;
B 1
,/ B Name E
Makers of /n Company ¥
E'ectrical Insulating / g Stee B
Tubing and Sleeving 4 g cv Zone____State B

FREE SAMPLES...MGH Coupon Today!
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Type G V3 watt
Bradleyometer

\

High Quality Fixed Resistors

Bradleyunits are rated at an ambient tem-
perature of 70C . . . not at 40C . . .
giving them an ultra-conservative rating.
No other molded fixed resistors have such
-a margin of safety.

Type J 2 watt
Bradleyometer

High Quality Adjustable Resistors

Bradleyometers incorporate a composition
resistor molded to the resistance-rotation
curve that is specified. They are unaffected
by temperature or humidity.

The CRC 102A general purpose com-
puter, made by the Camputer Re-
search Corporation of Hawthorne,
California, is a versatile digital com-
puter consisting of a computing unit
and a control console which may be
vsed with a variety of input-output
equipment. It can perform 25 differ-
ent arithmetic and logical commands
in less than 15 milliseconds. As many
as 80 complete 3-address ecommands
can be executed per second. Such
performance demands precision and
dependability of all components.
Bradleyunit fixed resistors are
standard equipment on the CRC
102A, and many other computers,
because they are so conservatively
rated. They will operate at full rat-
ing for 1,000 hours with less than

CRC HIGH RELIABILITY COMPUTER

relies on Bradleyunit Fixed Resistors

BACK OF DIODE BOARD

showing Bradleyunit Resistors

At the left is a rear view of a portion of
the complex circuitry of the diode board
in the CRC 102A general purpose com-
puter. Several hundred.  Allen-Bradiey
Bradleyunits are visible. Their dependable
characteristics are
continvous accuracy of this computer.

necessary for the

5 per cent resistance change, be-
cause they are rated at 70C . . .
not 40C. They withstand heat and
humidity, and have high mechanical
strength.

Bradleyunits are solid molded with
their leads imbedded in the densely
compacted body of the resistor. No
wax impregnation is needed to pass
salt water immersion tests. The dif-
ferential tempering of the leads pre-
vents sharp bends near the resistor.
They are made in all standard
R.E.T. M. A, values in the Y, watt
and 2 watt ratings from 10 ohms to
22 megohms, and the 1 watt rating
from 2.7 ohms to 22 megohms.

Let us send you a complete Allen-
Bradley resistor chart.

Allen-Bradley Co., 110 W. Greenfield Ave., Milwaukee 4, Wis.

ALLEN-BRADLEY

RADIO & TELEVISION COMPONENTS
/

T~

== quaLITY =<

,

July, 1954 — ELECTRONICS



Can You afford to take a Chance

ON ANYTHING LESS THAN
BUSS QUALITY IN FUSES?

Dependable electrical protection . . . isn’t that
what you rightly expect of a fuse? For you rely
on the fuse alone to safeguard your equipment
when there is trouble in the circuit— and just as
important, a fuse should never givea “false alarm”
by blowing needlessly.

To make sure of proper operation under all
service conditions, every BUSS fuse normally used
by the Electronic Industries is tested in a sensitive
electronic device that rejects any fuse that is not
properly constructed, correctly calibrated and
right in all physical dimensions.

And there’s no need to sacrifice quality on any
type of fuse, for BUSS offers a complete line of
fuses to the Electronic Industries: — standard
type, dual-element (slow blowing), renewable and
one-time types . . . in sizes from 1/500 ampere up.

On special problems of electrical protection,
let BUSS save you engineering time and money.
Just send us your specifications and the world’s
largest fuse research laboratory and its staff of
engineers will help you in selecting the fuse best
suited to your needs — and if possible, a fuse that
is already available in local wholesalers’ stocks.

TRUSTWORTHY NAMES IN
ELECTRICAL PROTECTION

— GemssemeEraceaswe wsseassasan

BUSSMANN Mfg. Co.
(Division of McGraw Electric Co.)
Univetsity ac Jefferson, Sc. Louls 7, Mo.

Please send me bulletin SFB containing faces on
BUSS small dimension fuses and fuse holders.

Name__

Title

Company____ —

Address_

City & Zone State. _ELRC-754

“ssns

XTI IETEREIY L R R LR L L X 2N
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Avoid delivery delays...save money ... with

M P.R.MALLORY & CO.Inc Y
ALLOR Next time you design or order fine-silver

headed rivet contacts, check through the list

-
STAN DA R D of standard stock Mallory types and sizes. Out

of the 70 different sizes and stvles of contacts

that Mallory carries in stock for immediate
S T O C I{ shipment, you’ll probably find one that fits your

exact requirements.

Silver Rivet Contacts By using standard stock Mallory contacts, you

can save time and money in several ways:

SAVING: in time and cost of special designs
and tooling

QUICK SHIPMENT: orders from stock are usually
shipped within 24 hours.

SAMPLES: immediately available,
where necessary.

SMALL QUANTITIES for pilot runs and job
orders are delivered promptly.

Mallory’s contact standardization program was
the result of an intensive survey of thousands of
customer prints and usage records. From an
analysis of these, 70 sizes were selected which
match the great majority of applications for
fine-silver headed rivet contacts, in both flat
and radius-faced designs.

Dimensions, part numbers and prices of Mallory
stock contacts are listed in a new folder. Write
for vour copy today ...and use it as a “pre-
ferred list” for present and future specifications.

Special Contacts

I unusual requirements call for a contact outside
of the standard list, Mallory engineers are well
qualified to recommend a specialized contact
design. At vour service are Mallory’s wide range
of contact materials, and eflicient facilities for
manufacturing contacts and complete contact
assemblies.

Expect more ...Gel more from M Y

MALLORY

P. R. MALLORY & C€O., Inc., INDIANAPOLIS 6, INDIANA

Serving Industry with These Products:
Electromechanical —Resistors * Switches ¢ Television Tuners ¢ Vibrators

Electrochemical—Capacitors * Rectifiers * Mercury Botteries

Metallurgical —Contacts » Special Metals and Ceramics * Welding Materials
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electronics

W. W. MacDONALD, Editor

» MILITARY BUSINESS . .. A
Washington source for whose pre-
dictions we hzve considerable re-
spect says the dollar value of
electronic equipment shipped to
the military in the fiscal year be-
ginning July _ will be up about 2
percent over last year. Our in-
formant has been accurate within 1
percent on similar prognostica-
tions.

If this one is right, military busi-
ness will be up more than 2 percent
in units despite rising produc-
tion costs because the Depart-
ment of Defense is obviously
wielding a much sharper pencil on
prices than has been the custom
since Korea.

The 2-percznt figure may seem
low to some military people and
high to some government con-
tractors but it should be remem-
bered that both have fallen into
the habit of thinking in terms of
orders placed rather than orders
shipped. We'.l bet on it, even dis-
counting any increase that might
occur becausze of the worsening
international situation.

» UHF TV ... The nation’s capital
is full of suggestions for making
uhf television broadcasting pay.
There are so many suggestions,
in fact, that we refrain from fur-
ther muddying the water with
more and list instead a few things
that should be kept in mind in any
approach:

When the freeze was lifted many

ELECTRONICS — July, 1954

CROSS

TALK

applicants assumed that granting of
a station license insured financial
success in any market, of any size,
anywhere; this just isn’t so.
Competition is inherent in the
broadcasting business in this
country and should be neither
legislated in nor legislated out; it
should be fair, open competition.
People not now served, or in-
adequately served, do not care
whether they get their pictures via
vhf or uhf just so they get good
programs; frequencies are mere
numbers on a knob to the public.
More stations are needed to pro-
vide a national television service
comparable to radio. The FCC says
that most of these stations will
have to be on the ultrahigh fre-
quencies to avoid serious inter-
ference. If this is so then licensees
will come and licensees will go,
but the number of successful uhf
stations will slowly but surely in-
crease.
Where the need for a service
exists someone always finds a way
to make money supplying it.

» ENGINEER-EXECUTIVES . ..
Our Backtalk columns are freely
offered to anyone who cares to com-
ment on a recent statement by R. F.
Pearse before a technical society in
Chicago.

Said Dr. Pearse, who is sincerely
interested in developing executives
for the future: “Personality traits
common to engineers are (1) in-
sistence on always being right, (2)
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hostility toward authority, (3)
avoidance of close inter-personal
relationships and, (4) limited ef-
fectiveness in getting results
through others.”

True, in general, or not?

» ANOTHER EXTRA ... In
this issue is the second of
three editorial “extras” prom-
ised (p 129, Jan.) for 1954.

Beginning on the next page
is an article analyzing recent
trends in the design of fixed
capacitors. Similar articles
covering other basic com-
ponents such as variable
capacitors, fixed resistors,
potentiometers and trans-
formers will follow during
the year.

Electronics is primarily a
business of assembling com-
ponents made by somebody
else. Components are becom-
ing smaller, lighter, more
efficient and more reliable
under increasingly severe
conditions of shock, tempera-
ture and humidity.

Just keeping up to date is
a difficult job for engineers.
Our new article series has
been written to order to
simplify this job
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COMPONENT DESIGN TRENDS

FIXED CAPACITORS

Part I of a series that will interpret recent developments for each basic component in the

field of electronics. With capacitors, emphasis today is on temperature problems associ-

ated with use of new materials and techniques giving more capacitance in less space

Microminiature tantalum electrolytic capacitor made by GE, show-
Ing small size as compared to match head. Rating is 8 microfarads

at 4 dewv, as raquired for use in many transistorized circuits

Plastic-dielectric capacitor with glass housing, made by Carson
Electric, is half the size and weight of comparable conventional
0.1 microfarad, 1.000 dcwv oil-filled paper capacitor in background
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FIG. 1—Representative characteristics of Mylar film capacitors as
function of temperature, with paper capacitor curve for comparison
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FIG. 2—Temperature characteristics of four representative types of
impregnated paper capacitors, as obtained from published GE data
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By FRANK ROCKETT

Research and Engineeriig Division
Airborne Instruments Laboratory
Mineola, N. Y

Undergo Miniaturization

RANSISTORS, printed wiring, air-

borne electronics and guided
missiles are just a few of the rea-
sons why there is pressure on design
engineers today to squeeze their
component parts into less and less
space. But miniaturization alone
isn’t enough for most of these ap-
plications; operating temperature,
humidity, and a host of other fac-
tors also become important in vary-
ing degrees aczording to the con-
ditions of use.

Reduced size has advantages that
counteract to some extent the dif-
ficulties it introduces in capacitor
fabrication and circuit wiring. The
amount of material used is reduced;
weight is decreased. On the other
side of the ledger, the surface area
available for haat dissipation is re-
duced. As a consequence, minia-
turized equipment is being required
to operate at high temperature.
Thus, of all the recent trends in
capacitor desizn, perhaps the one
of greatest interest is the effect of
temperature.

To present data on a variety of
capacitors in & comparable manner,
characteristicc are plotted here
against temperature with an ab-
scissa extending from —60 C to
200 C. These limits seem to set
about the widest realistic tempera-
ture range over which contempo-
rary electronic equipment can nor-
mally be relied upon.

Plastic Dielectrics

Such new resins as the silicones,
stvrene-polvesters and epoxies were
developed to meet the need for
high-temperature operation. The
silicones are finding greatest use in
capacitors as sealants because they
retain their low surface leakage
even at high humidity. Styrene-
polyesters are used for supports.

One of the significant advances in
capacitor design is the development
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of a polyester dielectric film. Pro-
duced by E. I. du Pont de Nemours
& Co. under the name Mylar, this
film retains its high insulating prop-
erties from —65 C to 125 C. In
addition, the film has high mechani-
cal strength, long-term resistance
to heat and chemical inertness if
hermetically sealed and dry; the
film can be vacuum-metalized with
aluminum and thereby used in ca-
pacitors that are free of internal
voids.

Mylar (polyethylene terephthal-
ate) is used alone or as a laminate
with paper for capacitors.

In thin films, Mylar is impreg-
nated with polystyrene, silicone or
mineral oil to fill pinholes. Alterna-
tively, several thin films are lami-
nated to cover pinholes. It may well
rival paper for use as a general-
purpose dielectric where insulation
resistance, temperature coefficient
of capacitance and operating tem-
perature range are dominant fac-
tors.

Some of the characteristics of
Mylar are shown in Fig. 1. The
dissipation factor is a minimum at
about 80 C at 1,000 cps and at 1
me. At frequencies above 1 me, the
dissipation factor is relatively in-
dependent of temperature. The di-
electric constant is in the order of
3 and is relatively constant with
frequency; although the tempera-
ture coefficient of capacitance rises
rapidly above 80 C, at normal oper-
ating temperatures it is lower than
most commonly used dielectrics.
(A dielectric constant of 5 is com-
mon in chlorinated-diphenyl paper
capacitors.)

The dielectric strength, which de-
creases with increase in tempera-
ture, is a function of the thickness
of the film. For instance, a 0.25-mil
film exhibits a dielectric strength of
around 750 volts per mil; a 7-mil
film withstands an instantaneous

voltage equivalent to 2,800 volts per
mil. However, dielectric fatigue re-
sults from operation under appre-
ciable internal a-c corona. The film
is attacked in air to some extent by
corona at 300 to 400 volts rms. The
film is, therefore, used in sealed
capacitors.

For operation at high potentials,
the film should be impregnated with
oil or varnished. Capacitors can
be operated to temperatures of 125
C with no voltage derating. One
such precision capacitor, marketed
by Southern Electronics of Bur-
bank, Calif. under the trade name
of Mycon in capacitances up to 10
uf and tolerances down to 1 percent,
has rated voltages as high as 25,000
volts d-c for a temperature range of
—65 C to 125 C. The insulation re-
sistance at 25 C is 100,000 megohms
in this capacitance range; at 125 C
it is 3 megohms. The dissipation
factor of these capacitors is in the
vicinity of 0.03 percent.

A growing application for the
new film is in low-voltage units for
use with transistors. Because tran-
gistors are normally limited to
temperatures below 75 C, the ad-
vantage of the dielectric is chiefly
in reducing size; toward this objec-
tive, the producer is experimenting
with 0.1-mil film.

Considerable saving in space and
weight is made possible by a plastic
dielectric. The particular unit pic-
tured uses a cellulose-acetate dielec-
tric impregnated and filled with
silicone in a tubular construction.
The glass housing provides a long
leakage path, enabling such units to
operate at as high as 60,000 volts;
the glass housing hermetically seals
to the metallic ends.

Paper Dielectric

A conventional dielectric for fixed
capacitors has been paper. The pa-
per serves as a carrier for various
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COMPONENT DESIGN TRENDS

® Impregnating thin Mylar films with polystyrene, silicone or

mineral oil to fill pinholes

® Metallizing Mylar films in vacuum with aluminum

® Using glass housings for high-voltage sealed capacitors

¢ Impregnating paper with a solid resinous material such as Perma-
fil to boost temperature limits and reduce size

® Improving temperature ratings of metallized paper capacitors
by using a chemically inert copolymer as impregnant

* Forming electrolytics at high current density to improve energy

storage performance

types of impregnants which by
themselves may lack mechanical
stability, especially at high tem-
peratures. Among the more com-
mon impregnants are vegetable oil,
mineral oil and synthetic insulating
liquids. A more recent impregnant,
known by the GE trade name Per-
mafil, is a solid resinous material
that retains its electrical character-
istics at temperatures as high as
125 C ambient rating. Because of
this characteristic, capacitors made
with Permafil are appreciably smal-
ler than equivalent paper-die'ectric
capacitors.

A comparison of operating vol-
tages for paper capacitors with
oil-impregnated and Permafil-im-
pregnated capacitors is shown in
Fig. 2. Where alternating voltage
is present in addition to direct vol-
tage, the operating voltage deter-
mined from the curves applies to
the sum of the direct voltage and
the peak alternating voltage. How-
ever, the peak alternating voltage
should not exceed 20 percent of the
direct voltage at 60 cps or 1 percent
at 10,000 cps. That is, such units
are engineered for use primarily
as decoupling and blocking capaci-
tors. In low-frequency RC oscilla-
tors and related predominantly a-c
applications paper capacitors are
used conservatively.

Because leakage current is of
great importance in many electronic
applications, this characteristic of
capacitors is frequently used as a
measure of the quality of a capaci-
tor. Paper-dielectric capacitors im-
pregnated with Permafil have a
leakage of over 4,000 megohm-
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microfarads at 25 C, over 100
megohm-microfarads at 85 C and
over 8 megohm-microfarads at 125
C. The variation in capacitance of
these capacitors with temperature
is also shown in Fig. 2.

Where high-temperature opera-
tion is not required, Pyranol capaci-
tors can be used. Pyranol is a
liquid impregnant with high dielec-
tric constant that makes possible
smaller paper-type capacitors. At
—55 C, these capacitors lose no
more than 15 percent of their 25 C
capacitance. Thus, such capacitors
have much the same characteristics
as wax-filled capacitors of identical
size but permit operation of equip-
ment to lower temperatures.

For protection against humidity,
especially where equipment oper-
ates through a wide temperature
cycle and is thereby made to
breathe appreciably, capacitors are
hermetically sealed. A silicone
bushing provides a rugged and
permanent liquid-tight seal with
generous air strike and creepage
distance that is resistant to vibra-
tion and shock. The silicone bush-
ing permits operation at rated volt-
age under severe humidity and high
altitudes (50,000 feet). Because
the hermetic seal also prevents the
entrance of potting compound, capa-
citors so sealed can be used in potted
circuits provided the pour tempera-
ture does not exceed the peak op-
erating temperature for the capa-
citor.

Impregnated paper capacitors
should be applied with caution when
either the a-c or d-c voltage is less
than about 10 volts, because some

pressure contacts require appreci-
able current to maintain their low
resistance. Some low-voltage ca-
pacitors are made with an extended
foil or a webbed-flag tab in which a
metal strip is welded to the tab to
increase the area of contact with
the foil as much as ten times.

As with plastic-dielectric capaci-
tors, the reliability of paper capaci-
tors depends greatly on moisture-
tight seals at seams and terminals,
impregnants and other materials
that are chemically inert toward
each other and mechanical stability.

Metallized Paper

In the late '40s, metallized paper
capacitors attracted widespread in-
terest because of their compactness
and because, when electrically punc-
tured, the electrodes quickly evapo-
rated in the vicinity and thereby
prevented the formation of a short.
Experience soon indicated, how-
ever, that such capacitors were
limited to rather low temperatures
(below 65 C), partly because of
deterioration of the impregnant in
the vicinity of a point of failure.

Considerable improvement has
resulted from the use of Aerolene
as an impregnant; it is a copolymer
of a polyester and a styrene-
monomer that can be polymerized
without producing water and is
considerably more inert chemically
than conventional impregnants,
which is especially important in
metallized capacitors. Capacitors
made with Aerolene can be operated
from —55 C to 100 C without derat-
ing and up to 125 C if derated 25
percent. Their capacitance in-
creases about 0.1 vercent ner deg
C. Insulation resistance falls from
some 2,000 megohm-microfarads at
25 C to about 2 megohm-micro-
farads at 125 C.

Electrolytic Capacitors

Electrolytic capacitors, used here-
tofore chiefly for low-frequency,
low-impedance, bypass and storage
functions. now find use in applica-
tions that require hieh pulse en-
ergv storage. Examples are photo-
flash and pulsed circuits. To provide
such capacitors with reduced power
factor and leakage current, develop-
ment in Europe is directed toward
reducing impurities in the alumi-
num used for roughened electrodes.
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Two principal limitations to
aluminum electrolytic capacitors
are the formation of a secondary
stratum of aluminum oxide dielec-
tric, which is somewhat soluble in
acids, and the presence of needle-
like crystals >f iron oxide semi-
conductor projecting from the sur-
face of the aluminum anode and
occasionally extending through the
aluminum oxide dielectric. The
soluble secondary stratum of alumi-
num oxide can be kept to a mini-
mum by forming a capacitor at
high current density; the iron oxide
crystals can be minimized by using
high-purity aluminum. Such ca-
pacitors have a representative rat-
ing of 500 uf at 500 v, a space
requirement of about 0.8 cu cm per
uf, a power fzctor less than 5 per-
cent, and a leakage current less
than 0.4 ma. They use electrolytes
of high conductivity with the addi-
tion of colloids to increase their
breakdown potential. A particular
advantage of this type capacitor in
pulsed circuits is the stability of
the cathode sc that, in the event of
a sudden dis:harge, there is less
likelihood of the cathode being
formed.

The widespread use of selenium
rectifiers has placed a further re-
quirement on electrolytic capacitors.
Because of their low forward re-
sistance, seler.ium rectifiers subject
the first filter capacitor of a recti-
fier-filter network to very high
surges and ripple voltages, which
would be limited by the internal
resistance of vacuum-tube rectifiers.
Also, because the reverse imped-
ance of selen-um rectifiers tends to
decrease during periods of idleness,

high reverse current reaches the
capacitor immediately after power
is applied to a selenium rectifier
and continues until the barrier
layer is reformed. For both these
reasons, a current-limiting resistor
is often placed between a selenium
rectifier and a first filter capacitor.

In the presence of high ripple
voltages, plain cathode foil capaci-
tors tend to develop an oxide de-
posit during the negative slope of
the ripple voltage. In time this
cathode formation, by producing a
second capacitor in series with the
original anode-dielectric capacitor,
will reduce the total effective ca-
pacitance of the unit; this loss in
capacitance is most pronounced at
lower direct voltages. For such
operation, it is preferable to use
electrolytic capacitors in which both
the cathode and the anode foils are
etched and formed; that is, non-
polarized a-c electrolytic capacitors.

Tantalum Electrolytics

For units that have high capaci-
tance and are required to operate
under severe environmental condi-
tions including a temperature range
of —55 C to 200 C, tantalum electro-
lytic capacitors are commercially
available. Figure 3 presents repre-
sentative characteristics. Tantalum
electrolytics are about two-thirds
the size of equivalent aluminum
electrolytics.

Unlike aluminum electrolytic ca-
pacitors, tantalum capacitors are
affected very little by idle storage
without bias voltage. Such capaci-
tors are conservatively expected to
have a shelf life well in excess of
ten years, and may even be stored

for considerable time at tempera-
tures as high as 85 C, although such
storage results in a slightly longer
recovery to normal d-c leakage cur-
rent when the units are first placed
in service. Long service life is also
expected.

Accelerated life tests being con-
ducted by P. R. Mallory at 125 C
ambient and full rated voltage show
that tantalum electrolytics on test
for two full years are still within
the final-inspection electrical limits
for new units.

For low-voltage direct-current
applications, such as in transistor
circuits, a line of microminiature
Tantalytic capacitors (trade name
used by GE) have capacitances as
high as 8 uf and are available in
ratings up to 20 v in a case about
the size of the head of a wooden
match. As an example, a unit
inch long and % inch in diameter
provides 4 pf at 4 dewv. These ca-
pacitors employ a tantalum anode,
stably oxidized to the voltage rat-
ing, enclosed in a silvered case and
impregnated with a nonacid solu-
tion to provide a stable electrolyte.
A synthetic plug in the end of the
case is roll-crimped into place and a
solderable tin-coated nickel lead is
lap-welded externally to the project-
ing tantalum anode lead. The tin-
coated copper case is the cathode or
negative terminal. The unit is thus
hermetically sealed.

Superimposed a-c voltages on
tantalum capacitors should be small
compared to the d-c voltages, just
as for aluminum electrolytic capaci-
tors. Initial power factor of these
miniature units is about 20 percent;
the capacitance is highest in the

120 - 10,000 8000 T - - 15
L /- --ETCHED FOIL-~C 2 N | 1. PERCENT ]
K=17-- PERCEN
R \4e+%==ALUMINUM FOIL--C ] < - e
o I // {4 ALUMINUM FOIL --C g § i | J st m o
£ 100 |- 1 “TPLAINFOIL--C ] | 000 & £ 6000 _ /\ : Js X
< [ 3 € i ; 1’ =
«  r [ % Y 3 o 2 ] IR B
- ¢ \ . ] s = L ; 40 ©
o [ A | \SINTERED TANTALUM- - LEAKAGE ] 3 % wres pemcent | £
w 80 (A 1 t = L G 4000 15 I
© - é” B 3 8 "zz’ 1 =
Y Fio 58 --TANTALUM FOIL-- LEAKAGE . ] ¥ 3 dio 3
& €% ) ) | ] z S k21,500 | @
£ ool f\ __+_ = | | | 0w o 2.000{ AT O WMIL fi5 w
& F "~ ALUMINUM FOIL- - LEAKAGE 2 3 H X:6,0007]
g [ [ ] X - | | i
+ | l E & | 25 V/MIL-- 7
Y, 3 N T U S W Y Y T 1 [ ) = syl PUNS AT NS N S U B Y 11 1 -3 !
-40 o 40 80 120 160 200 40 40 80 120 160 200
TEMPERATURE IN DEG C TEMPERATURE IN DEG C

FIG. 3—Compa:ison of characteristics of aluminum and tantalum
electrolytics. Leakage curves are for 30-minute electrification
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FIG. 4—Temperature characteristics of titanate-base ceramic ca-
pacitors, from Glenco Corp. data for representative units
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COMPONENT DESIGN TRENDS

¢ Developing temperature-stable ceramic mixes using barium

titanate

® Using bentonite clay derivative as dielectric in high-voltage

capacitors

® Fabricating high-temperature units in monolithic blocks of vitri-

tied porcelain or glass

® Using synthetic dielectrics to get longer time constants than

with mica

vicinity of 25 C. Leakage current
at 25 C is about 0.2 wa per uf per
volt. These units are rated for op-
eration over a temperature range
of —20 C to 50 C, although opera-
tion is possible at lower tempera-
tures with a decrease in capaci-
tance,

Ceramic Dielectrics

The characteristics of ceramic
dielectrics can be varied over wide
ranges, although individual char-
acteristics cannot readily be varied
independently of others; even so,
capacitors using ceramic dielectrics
have been tailored to a wide variety
of applications. Some ceramics have
very high dielectric constants at
room temperature. In general,
however, the higher the dielectric
constant, the more temperature-
sensitive is the dielectric. Practi-
cally all ceramic dielectrics contain
a large portion of barium titanate,
the dielectric constant of which is
voltage-sensitive,

For circuits in which the angular
velocity or time constant must re-
main constant within narrow limits
despite wide temperature fluctua-
tions, small fixed capacitors con-
sisting essentially of a ceramic
dielectric with silver electrodes
fired on at a very high temperature
are used. The composition of the
dielectric material is varied so that
a wide range of temperature char-
acteristics is obtained. One series
of ceramic dielectrics includes tem-
perature coefficients of dielectric
constants having any predetermined
nominal value from 4100 to —1,400
parts per million per degree C.
These capacitors display a tempera-
ture coefficient of capacitance that
is definite and entirely reproducible
under normal operating conditions.
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With the silver electrodes in inti-
mate contact with the surface of
the dielectric, air spaces or wax-
filled pockets between the electrodes
and the dielectric are avoided. The
curves for K = 17 and K = 85 in
Fig. 4 are indicative of the tem-
perature - compensating character-
istics available in such capacitors.

For bypassing functions where a
capacitor is required only to present
a low a-c impedance, ceramic ca-
pacitors are usually used that have
the highest possible dielectric con-
stant, even though this may mean
considerable variation in capaci-
tance with temperature and voltage
as indicated by curves for K =
1,500 and K = 6,000 in Fig. 4. This
type of capacitor is available in a
variety of mechanical configura-
tions to facilitate use in very high
frequency circuits.

Where it is necessary to protect
ceramic capacitors from humidity
or other adverse atmospheres, they
are sometimes molded and insulated
in low-loss phenolic jackets. The
safe upper temperature of opera-
tion of such capacitors is limited
as much by the behavior of the
jacket at high temperature as by
the loss in capacitance.

Because of the considerable de-
pendence of dielectric constant on
temperature in high-K capacitors,
research at Solar Manufacturing
Co. and at Erie Resistor Corp. is
currently directed toward the de-
velopment of temperature-stable
ceramics. This work has resulted in
commercial capacitors having a
maximum change in capacitance of
10 percent from —55 C to 85 C, com-
pared to a change of 25 percent
heretofore.

By precise control of the manu-
facture of the ceramic dielectric,

starting with raw materials of high
purity, stable capaciters with a
dielectric constant approaching
1,500 are produced. Such capaci-
tors display a maximum change in
capacitance of 5 percent from —55
C to 105 C and no more than a 10
percent change from —55 C to 125
C. Insulation resistance is 10,000
megohms minimum; at 1 ke their
power factor is 1.5 percent maxi-
mum. Although a principal con-
stituent of these capacitors is
barium titanate, they have negli-
gible piezoelectric effect in this ap-
plication.

A bentonite clay derivative, de-
veloped by Aircraft-Marine Prod-
ucts as a possible mica substitute, is
thermally stable from —60 C to 200
C. Because of its high dielectric
strength (5,000 volts per mil in 1-
mil samples), it is used in high-
voltage capacitors.

Monolithic Structures

For operation at higher tempera-
tures, capacitances up to 6,800 puf
are fabricated as a monolithic rock-
like block composed of vitrified
porcelain or high-temperature glass
in which silver electrodes are im-
mersed. Although the geometry of
the capacitor is orthodox, the inti-
mate bond between the conducting
and dielectric materials improves
its environmental independence.
Figure 5 presents representative
data for monolithic capacitors.

An inert porcelain body in this
type capacitor results in unusually
stable electrical characteristics un-
der varying temperature conditions.
The temperature coefficient of ca-
pacitance is 4120+ 5 ppm per deg
C. Total change in -capacitance
from —55 C to 200 C is about 5
percent. The intimate bond be-
tween the silver and porcelain does
not disturb the thermal expansion
properties of the porcelain. There-
fore, the capacitor bodies behave
thermally as would a block of por-
celain having high thermal conduc-
tivity. The body expands and con-
tracts as a unit and no physical
creep occurs between portions of
the structure, so that the physical
and electrical properties of the ca-
pacitor retrace their characteristic
curves essentially in an absolute
fashion. Such capacitors are stable
over temperature ranges exceeding
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FIG. 5—Compariscn of temperature characteristics of monolithic
capacitors of glass (Corning) and of vitrified porcelain (Vitramon)

the limits of —&5 C to 200 C.

Because the silver electrodes of
monolithic capazitors are completely
immersed in the dielectric, corona
starting voltage is considerably
above that of units of other con-
structions and equivalent volume.
All corona mast be within the
dielectric itself since no molecular
incompatible materials exist in the
structure. Dielzctric strengths are
also entirely a function of the prop-
erties of the insulating materials.

The dissipation factor of 0.0003 at
1 me for the porcelain is maintained
through quality control of the
dielectric material. The porcelains
used in these capacitors have a loss
characteristic which displays inter-
facial polarizations similar to that
of mica. Therefore, some increase
in loss occurs at very low frequen-
cies, accompanied by a correspond-
ing increase in capacitance.

The self-rescnance of a typical
monolithic capecitor is comparable
to the inductance of a bar of copper
with the same zeometry as the ca-
pacitor body.

The vitrified block of porcelain
i8 not porous, hence these capacitors
are immune to atmospheric effects
just as are capecitors with glass or
porcelain hermetic seals. Further-
more, the entire body is homo-
geneous, and no change is brought
about by chipping off a corner or
an edge of a capacitor as long as
the chip does rot penetrate to the
electrode structure. Even so, sur-
face treatments to repel outer sur-
face contamination are commonly
used.

The porcelain

capacitor with-
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stands unusually high accelerations
(units fired in projectiles with ac-
celerations of over 40,000 g have
remained undamaged). No change
occurs in electrical properties unti!
the unit physically breaks.

For continuous operation at high
temperature, glass monolithic ca-
pacitors are also used. Structurally
they are much like the monolithic
poreelain capacitor in that the elec-
trodes are imbedded in the glass
body which serves both as dielectric
and as cover. In miniaturized cir-
cuits these capacitors provide a
relatively high capacitance-to-vol-
ume ratio; for example, & 500-volt,
150-puf capacitor has a volume of
about 0.005 cubic inch.

The Q of glass capacitors is
especially constant. It does not de-
crease markedly at low capacitances
because the case is of the same glass
as the dielectrie, nor at high capaci-
tances because the direct connection
to the foils results in low induct-
ance.

Precision Capacitors

For the stability required in a
precision calibrated capacitor, natu-
ral mica is still a preferred dielec-
tric material. For greater stability
the mica is silvered to eliminate
voids between the plates of the ca-
pacitor and the dielectric. One such
capacitor, manufactured by Leeds
& Northrup Co. for use in its decade
capacitance boxes, is hermetically
sealed, has a maximum safe operat-
ing voltage of 500 volts, a maximum
insulation resistance exceeding
5,000 megohms and a dissipation
factor less than 0.0001. The phase

FIG. 6—Frequency characteristics of representative capacitor typed
using various dielectric materials

angle, as mounted in a decade box,
of units having a capacitance in the
order of 0.1 uf and 0.01 uf is less
than 20 seconds; the phase angle of
units having capacitances in the
order of 0.001 uf is less than 40
seconds. Maximum safe current is
1 ampere rms. The temperature co-
efficient of capacitance is less than
about +0.016 percent per degree G
at normal ambient temperatures.

Capacitors using synthetic dielec-
tries can, by sacrificing temperature
stability somewhat, provide other
characteristics that in some cases
are superior to those of mica. For
exarmple, Industrial Condenser
Corp. markets under the trade name
of Stabelex D a series of capacitors
that, for pulse operation, have a
dielectric absorption which is 1/25
that of commercial mica capacitors.
For a 10-uf capacitor of this type
maintained at normal room tem-
perature and humidity, a time con-
stant as long as 200 days has been
measured. These units are hermeti-
cally sealed in a lead-coated steel
case and have glass standoff termi-
nals. Units are available with ca-
pacitances ranging from 0.05 uf to
about 10 uf at 600 decwv. They are
mannfactured to tolerances of =10
percent and as accurate as *=1 per-
cent on special order. Normal oper-
ating temperature range is from
—80 C to 75 C. The insulation re-
sistance at 25 C is 10° megohm-
microfarads. or approximately ten
times that of commercial oil capaci-
tors.

Figure 6 compares the Q of sev-
eral types of capacitors as a func-
tion of frequency.
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Equipment designed for nontechnical personnel (left) swings out on hinges for quick servicing in port (right)

Multichannel F-M Aids
Marine Communications

New communications plan for Great Lakes shipping eliminates medium-frequency inter-
ference problems by using carriers between 156.3 and 161.9 mec. Specialized mobile

equipment for shipborne use includes 8-channel switching arrangement

ARINE RADIOTELEPHONE com-
munication is now carried
out principally on medium and high-
frequency channels between 1.5 and
9 mc. The congestion on these
channels has increased to the point
where in some areas only a fraction
of the desired communication load
can be accommodated. This is par-
ticularly true on the Great Lakes
and on the Canadian west coast.
Although the greatest part of such
ship-to-ship and ship-to-shore traf-
fic is carried out over distances of
less than 50 miles the propagation
characteristics of these frequencies
is such that interference is regu-
larly experienced from ships hun-
dreds and even thousands of miles
away.
A solution to this problem lies in
the use of channels assigned to the
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vhf marine service. These channels,
particularly when frequency modu-
lation is employed, have the ad-
vantage of providing dependable,
noise-free  communication over
ranges of 50 to 100 miles without
interference from cochannel equip-
ments located appreciably beyond
line-of-sight range.

Frequencies Available

Present channel assignments are
based on a joint agreement between
the Canadian and United States
governments and are allocated on
the following basis:

(1) Frequencies from 156.3
through 157.4 me and 161.9 through
162.0 mec have been made available
for vhf marine service.

(2) Channel spacing at the pres-
ent is on a 100-ke basis with the

center of the first channel being
156.3 mc.

(3) Frequency tolerance is 0.01
percent.

Table I lists the 14 vhf channels
available for marine service'* as
well as the proposed functions of
each channel.

Equipment designed for the vhf
marine service must meet a number
of requirements not normally en-
countered in vhf land mobile serv-
ice. These basic requirements can
be enumerated as follows:

(1) Equipment must be capable
of operation on a number of altern-
ative channels, a minimum of four
being generally accepted as a reas-
onable compromise between flexi-
bility and cost.

(2) It must be possible to
change channels by means of a
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Small vessel typical of Great Lakes and Canadian west coast maritime activitles requires only small antenna atop mast

simple switching operation without
retuning.

(3) Equipment should be de-
signed to operate with the various
primary power sources encountered
on ship board. This includes 110
volts a-¢, 220 v, 110 v, 32 vand 12 v
d-c.

Equipment described below ful-
fills the needs of this maritime
service.

Transmitter

Since all transmitter frequencies
are in the range 156.3 mc to 157.4
me, the transmitter is designed to
operate over a bandwidth of 1.1 me
without retuning. Channel switch-
ing on transmit therefore requires
switching of the transmitter crys-
tals only, as indicated in Fig. 1.

The transmitter is phase-modu-
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By WILLIAM ORNSTEIN
and PETER CAHN

Canadian Marconi Co.
Montreal. Canada

lated, employing a frequency multi-
plication of 36. A 5894/AX9903
twin tetrode in the output stage
gives a power output of 25 watts
over the band. Peak deviation is
limited to =15 ke by a symmetrical
clipping circuit. High-frequency

pre-emphasis before clipping and
de-emphasis after clipping applies
modulation limiting mainly to the
higher-frequency audio components.
In a phase modulation system these
components are largely responsible
for frequency excursions beyond

Table I—Great Lakes VHF Supplemental Radiotelephone System

Channel Frequency in Mc

156.8
156.3
157.0
156.7
157.2
156.6
156.5
157.3-162.0
157.4-161.9
156.9
156.4

00 1 A 03 O NN

Function
Sefety Calling
General Intership
Second Intership (large vessels)
Third InLersh{x (smaﬁ vessels)
Coast Guard Working
Port Operations
Large Vessel Operational
Pulﬁic Correspondence—duplex
Public Correspondence—duplex
Tug Dispatch
Ferries, etc
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9903
36
OSCILLATOR AUDIO CLIPPER AUDIO AUDIO
1247 AMPL | — “eals  — aMpL
PHASE MOD Y2 12407 Y2 12807 INPUT
é"ss

FIG. 1—Block diagram of 25-watt transmitter used in vhf communications
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CLIPPER

Y, 12807
SPEECH AMPL

B+
K=X 1,000
<
S S
> >
470K < <
00! E
L
1 MODULATOR
PEAK MOD L~ ouTPuT
CONTROL I _ :
s =z
ol R-F INPUT
(1 oo
Tope 000!

Y% 12807
SPEECH AMPL

"5 12aY7
PHASE MODULATOR

FIG. 2—Detail of speech amplifier and phase modulator

rated maximum channel value.

Figure 2 illustrates the circuit
employed in the clipper and phas-
modulator stages. The use of three
double-tuned circuits in the trans-
mitter as well as a Faraday shield
in the output circuit result in all
harmonic and spurious emissions
being attenuated by more than 60
db below carrier level.

Removal of dust cover provides access
to one side of hinged unit
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Receiver channels, unlike those
of the transmitter, lie in two bands
—156.3 to 157.4 mc and 161.9 to
162.0 me. The receiver shown in
the block diagram of Fig. 8 is a
double-conversion superheterodyne
with two r-f stages and five tuned
circuits at signal frequency before
the first mixer. An oscillator-mul-
tiplier chain, which supplies an in-
Jection signal to the first mixer,
contains another four tuned circuits
that are signal-frequency depend-
ent.

Receiver Controls

To accommodate the two widely
separated frequency bands the first
three receiver stages as well as the
first oscillator-multiplier chain lo-
cated on the receiver chassis are
duplicated on a frequency control
unit chassis. Which of the two re-
ceiver r-f heads is actually used is
determined by the setting of the
channel change switch on the con-
trol frequency unit. This switch
also controls the operation of a

relay that connects the receiving
antenna to the receiver r-f head
in actual use. From the first i-f
stage onward the remainder of
the receiver circuitry is common
to all channels and is located on
the receiver chassis.

The overall receiver selectivity is
mainly determined by the lumped
i-f filter that follows the second
mixer. A minimum of gain is em-
ployed prior to the filter to reduce
spurious response and ensure
against desensitization of the early
stages by strong interfering signals
on adjacent channels. The princi-
ple followed is that of lumping the
main selectivity at one point in the
circuit at a reasonably low fre-
quency and concentrating the gain
of the receiver after this point so
that minimum amplification is
given to undesired signals. This
approach has proved effective.

Tuned Filter

The i-f filter is built into an alum-
inum casting and employs twelve
tuned circuits. Figure 4 shows the
circuit arrangement of the filter
components and Fig. 5 is a curve of
the filter passband with 6-db points
at least =17 kc¢ and 90-db points
less than =40 kc from the carrier
frequency. A high-gain broadband
i-f amplifier with three amplifier
and two limiter stages follows the
filter and feeds the diseriminator
stage, which recovers the original
modulation.

The satisfactory performance of
this receiver under conditions of
weak and fluctuating signal resulfs
in large part from careful design of
the limiter stages. The limiter cir-
cuit shown in Fig. 6 employs two
cascaded 6BN6 gated-beam tubes,
the second stage being saturated
by receiver noise when no signal
is received.

Frequency Control Unit

The crystals required for both
receiver and transmitter operation
are located on the frequency-control
unit chassis. When all eight chan-
nels are employed, a total of sixteen
crystals is required. Each crystal
oven is capable of accommodating
two crystals so that a maximum of
eight ovens may be needed. A small
trimmer capacitor is connected
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FIG. 3—Block diacram of double-conversion receiver w.th i filter
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FIG. 4—Lumped i-f filter follows second detector of vhi receiver

across each crystal for vernier fre-
quency adjustment.

This control allows for field ad-
justment of each transmitter chan-
nel to the exaet system frequency
and of each receiver channel to
the exact cen-er of the receiver
passband. Frequency stability of
+0.0005 percent from —30 to +60
C ambient temperature ensures
maintenance of this frequency ad-
justment.

The chassis also accommodates
the receiver, Arst local oscillator
and the transm.itter local oscillator,
as well as a ccmplete duplicate re-
ceiver r-f hezd. A multisection
wafer switch running two-thirds
the length of the chassis performs
all channel-chaage functions includ-
ing erystal switching.
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While the 110-volt a-¢c power sup-
ply is conventional in design, the
two vibrator-operated power sup-
piles designed for 12-volt and 32-
volt d-¢ sources embody a number
of interesting features. Heavy-
duty interrupter-type vibrators are
employed having two tandem sets of
interrupting contacts driven by a
common reed. To ensure even di-
vision of load current between the
pairs of contacts, two bifilar wound
primaries are provided on the vi-
brator transformer.

Dry-Disk Rectifiers

High-temperature selenium recti-
fiers connected in conventional
bridge ecircuits replace the vacuum
tube rectifiers in all the high-volt-
age secondary circuits. The fila-

ATTENUATION IN DB

1 11

9 4+ 1
(90 0B DOWN AYL— 38KC AND +39KC
| +

100k_L Al
alp a5 425 435 445 455 465 475 4B5 495
FREQUENCY IN KC

FIG. 5—Selectivity curve of twelve
constant-k filter sections
B4+
10K
$S|LmiTER
LIMITER b4
INPUT 6BNE QUTPUT
000! T
N—it Wi
% [
13 0.0l
METERING %

FIG. 6—Receiver limiter stages contri-
bute to better reception

ment strings in both 12-volt and
32-vplt d-¢ models are wired directly
across the primary power source
with neither side connected to chas-
sis ground, therefore leaving the
mains supply floating.

Vibrator life has been good with
no vibrator failures in the field.
Numerous laboratory tests at 50-
percent transmit duty cycle have
indicated a life expectancy of sev-
eral thousand hours. Good effic-
iency of the vibrator coupled with
its satisfactory life expectancy led
to the eventual use of the vibrator
as a standard item.

Battery drain is of vital import-
ance to owners and operators of
small vessels. For this reason a
standby-operate switch is provided
on the control panel. In the stand-
by position only the receiver and
frequency-control-unit tube fila-
ments are heated while in the oper-
ate position all heaters are ener-

gized. Crystal ovens operate in
both positions of the switeh.
REFERENCES
(1) “Communication Functions Pro-

vided for by the Great Lakes VHF-FM

Supplemental Radiotelephone System.”

Feb. 5, 1954.
(2) Communication from Controller of

Telecommunications, Department of

Transport, Ottawa, Ontario, Canada.
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in axle testing setup
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Tape

Control oscillators at desk are used to set up torque and speed data on f-m tape
recorder. Loads corresponding to oscillator signals are shown on chart recorder

Recorder Cycles

Dynamometer control system applies torque and speed loads to truck axle simulating
road operation. Frequency-modulated tape carries information for four-hour cycle
to control dynamometers through amplidyne system

DYNAMOMETER testing of truck
rear axles permits study of
axle breakdowns under conditions
simulating normal truck operation.

In earlier dynamometer testing
systems, cam-actuated switches
have been used to add or remove
resistance in the dynamometer con-
trol circuits to simulate changes in
torque and speed. These systems
permit only a few steps of control.

To duplicate more closely actual
road-test conditions a tape-recorder
controlled system has been de-
veloped and is now in use at the
testing laboratories of the Timken
Detroit Axle Division of the Rock-
well Spring and Axle Co. Speed
and torque data obtained from
actual road tests are used to make
an f-m tape recording.

In making the recording run, the
running speed of the axle is
plotted on chart paper against time
and the torque values are plotted
in a similar manner. These marked
charts are placed in chart recorders

130

and allowed to run as normal. The
operator follows the recorded lines
by varying the frequencies of two
oscillators in the tape recorder in-
put. Once recorded, the tape can be
used to repeat the four-hour test
cycle until axle breakdown occurs.

Dynamometers

A dynamometer connected to the
input of the rear axle assembly acts
as the engine and transmission.
Two output dynamometers, each
connected to an axle shaft, repre-
sent loads that may be encountered
on the road. Adjustable flywheels,
also connected to the axle shafts
simulate the inertia of a vehicle.
The setup is shown in Fig. 1.

The input and two output dyna-
mometers are direct-current ma-
chines capable of motoring or
generating as required. Their arma-
tures are connected in series with
that of a d-c generator driven by a
synchronous motor. Since the
dynamometers are connected to-

gether both electrically and mechan-
ically in pumpback, the generator
only supplies the losses of the
system and provides for accelera-
tion and deceleration. Figure 2
shows the electrical arrangement.

Because of the series connection,
armature currents in all machines
are the same. Therefore, the only
control required is for the dyna-
mometer fields so long as armature
current is regulated. Armature
current is held constant at a pre-
selected value by a regulator acting
on the field of the generator.

Each dynamometer is excited by
an amplidyne. The amplidyne is
used rather than thyratrons be-
cause forcing in both directions is
necessary. This would require two
sets of thyratrons.

Two of the control fields of the
amplidyne are connected in buck-
boost fashion in the plate circuits
of the two output tubes of a pre-
amplifier used to excite the ampli-
dyne. This permits forcing the
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Axle-test dynamometer with rear axle assembly in place. Larg

One of the tape recorder controls is in background

Truck Axle Tester

e flywheels on both axle shaits simulate inertia of vehicle under test.

By R. P. WASHBURN AND E. B. STAVELY

General Engineering Laboratory
General Electric Co.
Schenectady. N. Y.

dynamometer felds in both direc-
tions. Also on the amplidyne are
two other fields, a suicide field to
force the voltage of the machine
to zero and an anti-hunt field for
stabilizing the control system.

The input dynamometer sets the
speed of the system. Speed is
regulated directly in a closed-cycle
system. The voltage of a d-c tacho-
meter generator belted to the shaft
of the input dynamometer is com-
pared with a reference voltage set
at the desired value. The error
signal is fed to the preamplifier to
raise or lower the field current of
the dynamometer.

Torque on the test axle is con-
trolled by the two output dyna-
mometers. Here, again, an ampli-
dyne is used in conjunction with a
preamplifier. However, torque is
not regulated directly. Since arma-
ture current is held constant by the
main generator, field current is a
measure of torque.

In this case the voltage across a

ELECTRONICS — July, 1954

resistor in series with the dyna-
mometer field is a measure of field
current and is compared with a
reference voltage to obtain an error
signal.

The cycling control furnishes
two varying reference signals to
the amplidyne preamplifiers, one to
control the input dynamometer
speed and the other to control the
total torque being transmitted by
the axle assembly under test.

Recording Medium

The first item considered in the
design of the cycling control was
the recording medium. Several re-
quirements were placed on the
equipment that made standard
techniques and equipment not di-
rectly applicable. The time of one
cycle was to be four hours and the
run was to be repeated without in-
terruption an indefinite number of
times until the axle showed signs
of failure. The ability of the
cycling control to repeat the initial

Applications Engineer
GGeneral Electric Co.
Detroit, Mich.

program was not stated but it was
felt an error of =5 percent of
the maximum value should be
adequate. The type of conditions
encountered during a run and the
frequency of a change in condition
during a run would be variable
and would be made the worst
possible to test the axle thoroughly.
These requirements practically
eliminated all but magnetic tape as
a recording medium.

Amplitude recording was found
the most common system in use.
The variables encountered that
would tend to cause drift or errors
during playback with amplitude
recording are tape nonuniformity,
playback-head wear, tube aging,
speed irregularities and magnetiza-
tion of the tape head. A rough
figure of repeatability for such a
system is 20 percent, which is con-
siderably above the limit set for
the test equipment. In the best mag-
netic tapes available, amplitude-
variations reprodused are guaran-
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FIG. 2-—Closed-loop dynamometer sys-
tem showing amplidyne controls

teed only to plus or minus one-half
decibel, or about six percent.

To avoid the defects of ampli-
tude recording, the frequency-
modulation method was chosen.
The simplest system, and the one
used in the cycling control, con-
sists of a laboratory-type audio
oscillator, tape recorder and a dis-
criminator.,

A frequency-recorded test pro-
gram is made by turning the main
dial of an audio oscillator and re-
cording the excursions of frequency
about a selected value. Upon play-
back this signal is applied to a
discriminator to produce a d-¢ sig-
nal proportional to the extent of
the frequency excursion.

The discriminator output voltage
is unaffected by tape amplitude
variations. The output is affected,
however, by changes in tape speed.
In a good commercial recorder all
these speed variations are very
small. Thus, the reproduction
error on such equipment is much
smaller than the amplitude method
and repetition of signals over long
playback periods is a measure of
discriminator drift rather than
recording errors. A total error for
such a system should be on the
order of one percent of the maxi-
mum signal.

The complete cycling control con-
sists of the tape recorder and two
variable audio oscillators, one fixed
oscillator, two strip chart recorders,
a discriminator chassis and one
power supply mounted in a standard
control cabinet. The electrical ar-
rangement of the units is shown in
Fig. 3. The oscillators are used
only to make a recording for a test
run and the reversal oscillator is

used only at reversal points. The
four summing resistors supply
132

a half-volt signal to the recorder.

The magnetic-tape recorder is a
modification of an Ampex 300
broadcast and transcription record-
er. The modifications consisted of
a reversing unit to detect reversal
signals, a mechanism to change tape
direction and relays for selection
of recording and playback heads.

To avoid the possibility of a sud-
den jar to the axle during the tape
reversal on playback, the signals
at the ends of the tape are returned
to a steady condition of minimum
torque and speed before reversal.
A relay in the discriminator holds
the output constant during the time
of reversal when the output of the
recorder goes to zero.

The main playback amplifier can
be energized from the record pre-
amplifier or from either of the two
playback pickup heads. During re-
cording the latter arrangement is
advantageous since the amplidyne
signal is derived directly from the
tape as it is in repeated playback.
This assures that the record is
really on the tape and that repeated
playback will be exactly the same
as during the recorded run.

The output of the playback ampli-
fier is fed to a high-fidelity audio
amplifier to produce a low source
impedance with sufficient power for
driving the discriminators.

Discriminators

The discriminator unit consists
of two similar circuits and one com-
mon bias supply. The circuit con-
trolling dynamometer speed will be
considered first. The function of
this circuit is to receive variable
frequency signals in the 3,000 to
6,000 cycle range and convert them
into a d-c voltage ranging from

polarity was required to match the
range and polarity of the amplidyne
speed control.

Figure 4 shows the discriminator
circuit. Tubes V, through V, form
the speed control circuit. The dis-
criminator input is filtered for
signals above 2,500 cycles by a high-
pass filter. Resistor R, and potenti-
ometer R, form the impedance
matching terminations for proper
filter operation and a gain adjust-
ment. The sine-wave signal is
then doubly amplified and clipped
into square-wave pulses by tube V..
Its output is coupled to V, which is
a conventional bistable multivibra-
tor, The output is a square wave
which is differentiated by C, and R..
Resistor R, is returned to B+ in-
stead of ground.

Only the negative pulses of the
differentiated wave will be passed
by tube V.. This starts the plate
of V., downward and starts to cut
off conduction of V,,. This causes
the cathode current to decrease,
lowering the bias on V,, and caus-
ing that half to increase in conduc-
tion, further decreasing its plate
voltage. The coupling action of C,
makes this change drive itself to
completion and gives a steep posi-
tive pulse output. This leaves V.,
fully conducting and V,, cut off.

Upon termination of the above
change and its starting pulse, the
grid of V,, starts increasing its
potential through the 2-megohm
resistor returned to B4-. Capacitor
C. is also charged through this re-
sistor. These determine the time
constant for the off time of tube
Ves.

When the potential of the grid
reaches cutoff for the particular
cathode voltage, V,, starts conduct-

zero to —105 volts. The range and ing. This increases cathode cur-
SPEED
0S¢ [ amn, RREORD Srcong TO RECORD HEADS
3-6 KC
TO PLAYBACK TO SPEED
HEADS Cr'l‘APRTDAND
~——AMPLIDYNE
TORQUE PLAYBACK pLaveack| o |outeut| [oiscriM-
300-900 [ YW1 PRE AMP AMP AMP INATOR
CPS — 70 TORQUE
B CHART AND
AMPLIDYNE
REVERSAL = | RecoroER REVERSE | ==
0sC _0/ MECHANISM TIME
25 CPS REVERSE DELAY

FIG. 3—Manually controlled oscillators supply speed and torque information to
tape recordor. Discriminator separates signals on playback to control dynamometer
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FIG. 4—Discriminaior uses two similar circuits with bandpass filters to separate low-frequency torque information from speed informa-

tion recorded at a higher frequency

rent and starts cutting off V..

Another suicide action occurs
whereby the grid of V., is driven
more positive and the previous
steady-state cordition has been
resumed. The voltage excursion is
limited by the action of V... This
limits the upper voltage of the grid
of V., and thus the lowest plate volt-
age or output valtage.

The output puise width is deter-
mined by the pozential of the grid
of V,, and is controlled by a poten-
tiometer. This control sets the
cathode potential of V,, and de-
termines the critical grid voltage.

Thus, each time a full sine wave
is passed by the filter unit, there is
an output pulse. The output pulses
of constant width and amplitude
are averaged and amplified by V..
This d-c voltage i3 thus proportional
to frequency. A separate negative
power supply inereases stage gain
and provides a zero control.

The output of the speed-control
section must be a negative voltage
to ground, and full speed corre-
sponds to —105 volts to match the
manual control. Thus, the output
should be of low impedance, and be
capable of negative to ground oper-
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ation. This was accomplished by
placing the B— of the power supply
—210-volts negative to ground by
means of two glow tubes. Thus
B+ is 4190 when the power supply
is adjusted to 400 volts. The d-c
amplifier, V., is directly coupled
to the cathode-follower output, V.,
through a relay.

Reversal

The relay operates from the re-
verser unit and disconnects the
cathode-follower grid from the
amplifier tube upon tape reversal.
The grid voltage is held constant
by capacitor C, until the relay picks
up ten seconds after tape reversal
and full control signals.

Since the signal levels are held
constant just before and after re-
versals, there is no switching surge
to jar the dynamometer equipment.
A small, high-voltage, selenium
rectifier is connected from the ca-
thode-follower grid to ground to
prevent positive excursions of this
grid relative to ground, which
would cause a speed reversal.

In the torque channel the torque
signal is treated identically with the
speed signal. Here the frequency

range is greater, 300 to 900 cycles,
than the 2-to-1 speed ratio since
output voltage must be twice the
range., —105 to +105 volts relative
to ground. The additional gain is
obtained in the d-c amplifier. No
rectifier is used since positive
voltage to ground is required.

The output of the playback amp-
lifier is connected to a twin-T net-
work set to reject all frequencies
outside the 24 to 26-cycle region.
Upon receipt of a 25-cycle tone, the
signal is passed on and fires a small
thyratron tube that actuates a plate
relay causing reversal of the cap-
stan motor and the selection of the
opposite pair of recording and play-
back heads.

An additional time-delay unit has
been added to the control to prolong
the few seconds delay already built
in the reverser. This was necessary
to allow a longer time for the dis-
criminator to establish the steady
value existing prior to reversal.

The over-all accuracy of repro-
duction of the recorded values is on
the order of one percent of full-
scale values. Drift in the power
supply and discriminator seems to
account for most of the error.
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Television Flying-Spot

Picture source has resolving power in excess of 600 lines with a signal-to-noise ratio

of 35 db or more. Operation may be changed from positive to negative slides by means of

a switch in the clamp cirenit. Gamma correction compensates for ert nonlinearity

Front and rear views of flying-spot scanner emploving 5-inch projection crt
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UNDAMENTAL need in a tv

broadcasting station is for a
simple, low-cost source of picture
signal for test pattern, station iden-
tification and general station main-
tenance. The television develop-
ment laboratory and receiver fac-
tory also need a source of high-
quality picture signal. Ability to
vary the picture content, such as
by use of different slides, is very
important.

Study has shown that the opaque
scanner has an advantage over the
slide scanner in that sometimes the
material is easier to prepare. On
the other hand, the slide scanner
has many advantages. There is no
problem keeping glass-mounted
slides clean, easily stored and in
ready-reference file. The slide scan-
ner requires only one phototube in-
stead of at least two for the opaque
scanner.

The slide scanner has two to
three times the efficiency of the opa-
que scanner and as a result the
cathode-ray tube voltage in the opa-
que scanner must be two to three
times the 20 kilovolts required in
the slide scanner. The optics can
be of high quality without incur-
ring the expense required in the
opaque scanner.

The flying-spot scanner, although
somewhat more expensive than the
monoscope, compensates for this
by its ability to provide a variety of
picture signals limited only by the
number of different slides available.
The monoscope invariably is a
single-signal source.

Operation

In the block diagram of Fig. 1,
the cathode-ray-tube beam operat-
ing at 20 to 25 kilovolts scans a
rectangular raster determined by
the horizontal and vertical sean-
ning currents derived from the de-
flection and high-voltage unit.
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Slide Scanner

Negative blankiag pulses applied
to the crt grid cut off the beam dur-
ing horizontal and vertical retrace
times.

The flying spot of light is focused
by means of the objective lens onto
the test pattern or other film slide.
The spot of light, modulated by the
content of the film, is collected
through a condensing lens into a
multiplier phototube. The photo-
cathode current, of the order of 0.1
microamperes in the highlights, is
amplified to 100 microamperes at
the multiplier-ohototube anode.
The signal voltage at the anode load
is then amplified by normal video-
amplifier techniques. In the proc-
ess gamma correction is applied to
compensate for the monitor or tv
receiver picture-tube black com-
pression.

Phosphor Persistence

The projection fying-spot cathode-
ray tube phosphcr has an extremely
short persistence amounting to 1.4
microseconds for a 50-percent re-
sponse. As short as this persist-
ence is, it must be compensated for
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1
e LENS SYSTEM
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VIDEO
PRE- PROJECTICN UNIT
aAMP
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[ swircner
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VIDEQ
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FIG, 1—Flying-sp>t scanner crt beam
operates at 20 to 25 kilovolts
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By A. J. BARACKET

Federal Telecommunication Laboratories
Nutley, New Jersey
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FIG. 2—Projection unit of monochrome scanner uses video amplifiers having

a response of less than 3 db down at 12.mc. Black level is set by clamp, V:, prior
to gamma correction in the control panel circuits
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FIG. 3—Video generator uses sync insertion at output to make room for video.
Control panel video output is fed into and amplified by 6AH6 tubes V. and V,.
Tube V: amplifies blanking signal to proper level for insertion into plate circuit

of V.
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F1G. 4—Nonlinearity of picture tube
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diode in control-panel circuit (B)

to prevent excessive picture streak-
ing. The compensation consists of
a high-pass filter network effec-
tively the inverse of the low-pass
filter representing the phosphor
decay.

To provide maximum convenience
and accessibility in this equipment,
the scanner is cabinet mounted.
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FIG. 5—Gamma correction circuit (A)
and gamma corrector and phosphor lag
compensator (B)
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Other scanners intended more for
program operation than for mainte-
nance and test-pattern signal are
console mounted.

Yideo Amplification

The overall amplitude-frequency
characteristic of the video ampli-
fier yields a response of less than 3
db down at 12 me. The fall-off is
purposely made slow to give a good
phase characteristic and transient
repsonse.

Figure 2 shows the simplified
schematic of the projection unit.
Tube V., is the 1P21 multiplier
phototube selected for its inherent
low-noise and high-sensitivity char-
acteristics. Tubes V, and V, are
wideband video amplifiers ahead of
the clamped output stage. The
clamp V, sets black level prior to
gamma correction in the control
panel circuits.

The video output of the control
panel is amplified by V. and V, in
the video generator, Fig. 3. A
clamp at V. grid sets black level for
blanking insertion, in the plate cir-
cuit of V.. A cathode follower V,
drives the grids of the line-out and
monitor-out stages V. and V,. Tube
V, amplifies the blanking signal to
a level where it can be inserted in
the plate circuit of V. and clipped
by the crystal diode.

The grids of both the line output
and monitor output tubes are
clamped to limit the operating range
on the grid base of these tubes. To
further provide room for the video,

stages, V,, and V.. Tubes V,, and
V. are sync-amplifier stages and
V.. is a clamp-pulse amplifier and
driver.

Gamma Correction

The light-input versus signal-cur-
rent output of the 1P21 phototube
is linear over the range used. The
amplifiers have a good amplitude-
linearity characteristic. The ca-
thode-ray tube in a picture monitor
or television receiver, however, has
a nonlinear characteristic of high-
light brightness versus grid drive
as shown in Fig. 4A. Therefore, if
a signal from a linear device such
as a flying-spot scanner were to be
displayed without any compensa-
tion, the picture would be contrasty
with very féw tone separations in
the dark gray region. This is due
to the extreme curvature of the pic-
ture-tube characteristic near black
level.

Figure 4B shows the compensa-
tion required to overcome the pic-
ture tube nonlinearity. Use is made
of the nonlinearity of a germanium
diode in the control-panel circuit of
Fig. 5A to expand the blacks and
dark grays according to the curve
of Fig. 4B. This yields a gamma of
0.4 in the scanner to compensate for
the picture-tube gamma of 2.5.

Phosphor Lag Compensation

The resolution deterioration due
to phosphor decay is equivalent to
that caused by a low-pass filter. For
compensation, a high-pass filter is

sync is inserted in the output needed. This is obtained by use of
POSITIVE SLIDE NEGATIVE SLIDE
BLACK AREAS OPAQUE BLACK AREAS TRANSPARENT
WHITE BLACK
PHOTOT UBE
ANODE CURRENT
HIT
CRT BLKG BLACK CRT BLKg WHITE
BLANKING VOLTAGE
INSERTED AT NONE
PHOTOTUBE ANODE
BLANKING  BLACK
SIGNAL VOLTAGE WHITE
AT PREAMPLIFIER
INPUT
WHITE
BLANKING BLACK
SCANNER OUTPUT WHITE WHITE
SIGNAL, POLARITY
SWITCH IN
PROPER POSITION g aNKING BLACK  BLANKING BLANKING BLACK  BLANKING

FIG. 6—Blanking inserted for negative slide operation before and after compensa-
tion. Scanner circuits automatically compensate for departure of blanking from

black level
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Inner view of projection unit showing video preamplifiers. Unit contains 1P21 multi-
plier phototube having a photocathode current of the order of 0.1 microamperes in

the highlights
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VOLTAGE
RECTIFIER RECTlFlERF —-|D°UBLER
-500V TO PROJECTION UNIT

FIG. 7—Deflection and high-.voltage unit uses output of a 1B3 rectifier to supply 24

kv to cathode-ray tube

an RCR compansator circuit con-
sisting of C,, R, and either R. or
diode CR, in F.g. 5B.

In this circuit, the individual
losses normally caused by gamma
correction and phosphor lag com-
pensation are avoided, resulting in
only one loss.

Signal-to-Noise Ratio

The source of noise in flying-spot
scanners is primarily shot noise in
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the photocathode signal current.
Techniques have been described for
optimizing the signal-to-noise ra-
tio.! These have been used with
good success.

Positive and Negative Slides

Many of the station identifica-
tion and commercial slides are posi-
tive slides. However, a very con-
venient source of programming
material is the readily available 35-

mm double frame negative. Use of
negatives is provided for in this
scanner by means of a switch in the
clamp circuit. This feature is made
convenient by use of circuits that
automatically compensate for the
departure of blanking from black
level in a negative slide. Figure 6
shows the scanner signal from a
negative slide before and after com-
pensation.

Beam Voltage Effect

The greater the light output of
the projection crt the better is the
signal-to-noise ratio. Resolution is
also favorably affected by an in-
crease in high voltage due to the
resultant smaller spot size. With
the high efficiency of the trans-
parent-slide scanner it is not neces-
sary to go beyond 20 to 25 kilovolts
for €00-line resolution and 35-db
signal-to-noise ratio. At 20 to 25
kilovolts d-c operation in the scan-
ner, the x-ray radiation is negligible
and was measured to be far below
minimum average dosage. At much
higher beam voltages there is a
more difficult situation with respect
to high-voltage insulation and the
prevention of corona and break-
down.

In the scanner, high voltage is
obtained independently in a pulse
circuit located in the deflection
unit as shown in the block diagram
of Fig. 7.

The flying-spot scanner for 2 by
2-in. slides has the following
characteristics: beyond 600-line
resolution ; over 20-to-1 contrast ra-
tio; signal-to-noise ratio beyond 35
db; gamma correction to compen-
sate for the monitor or receiver
cathode-ray tube; ability to handle
both positive and negative slides;
adequate phosphor-lag compensa-
tion; convenient rack cabinet
mounting; excellent stability, par-
tially due to regulated high and
low-voltage supplies.

Achnowledgment is due to work
of T. M. Maxwell, Jr, and S.
DeMars on circuits and E. Galuska
and F. Numrich for chassis ar-
rangements.
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FIG. 1—Schematic of distributed amplifier. Delay-line coils are wound on threaded polystyrene rods with No. 28 wire: 0.56-uh coils have

Distributed Amplifier

Wide-band amplifier uses traveling-wave principle to obtain gain of 50 to 60 db over

a range of 5 to 100 me. Pulses with rise times as short as 4.2 X 10 " second are

faithfully reproduced. Unit has up to 8-volt output with good linearity.

CINTILLATION counters, which
S are used in nuclear-physics re-
search for detection and energy
measurement of particles, usually
do not have sufficient output to
operate scalers and coincidence cir-
cuits directly and require an inter-

L

Bottom view of amplitier showing delay lines. Shield

mediate stage of amplification. Due
to the short rise time of the signal
and the high attenuation imposed
by the associated cabling, a high-
gain, wide-band amplifier is neces-
sary.

In many laboratories, the distance

bypass capacitors, cathode resistors etc are grounded.
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between the scintillation counters
proper and the amplifiers, and be-
tween the amplifiers and the coin-
cidence and scaling circuits is con-
siderable. In the present applica-
tion, this distance is approximately
350 feet. To transmit pulses of 5 X

between the output and input lines serves as a ground plane to which
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for Nuclear Research

10" sec rise time over such dis-
tances, one of the few practical
methods is to use properly termi-
nated coaxial cables. From the
standpoint of obtaining signals of
fairly large amplitude with a
minimum of tude current, it is de-

By KURT ENSLEIN

University of Rochester
Rochester, N. Y,

sirable to use cable with the highest
possible characteristic impedance
while simultaneously satisfying the
attenuation criteria,

Though cables of large diameter
are available with 250 ohms im-
pedance, this installation uses 160-

Amplifier with cover removed. Unit’s power supply is mounted at rear. Tubes are iree
of obstructions permitting ample air circulation
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ohm cable for short runs and RG/
62-U cable of 100 ohms character-
istic impedance for long runs. Even
the 100-ohm cable has substantial
attenuation for runs of this length.
Therefore, it is not uncommon to
have all the computing -circuits
close together, with only slow in-
formation being transmitted over
long cables.

Since 160 ohms is the highest
practical cable impedance for our
purposes, a distributed amplifier
with input and output impedances
of 160 ohms was designed to work
between two such cables. Since the
signal from the counter multiplier
phototube anode is a negative pulse
and coincidence circuits and scalers
often work on negative inputs, the
amplifier must be noninverting.
This dictates an even number of
stages, if grounded cathode circuits
are used.

Finally, the questions of gain
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and maximum output amplitude re-
main. The output from scintillation
counter multiplier phototubes varies
over wide ranges. In this case, how-
ever, the quantity of interest is the
minimum amplitude for the speed
of response indicated earlier. A
good value for this is 0.05 to 0.1
volt peak. Coincidence circuits usu-
ally require inputs in the order of
3 to 5 volts. This fixes the value of
gain between 50 and 60 for the
amplifier. The maximum output
signal should not be less than about
5 volts peak.

The bandwidth criteria were de-
rived from the rise time and maxi-
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FIG. 2—Amplifier output voltage

against gain-control setting for —0.l.v,
0.06-usec input pulse

mum duration of pulses that are
expected to be passed by this ampli-
fier.

Design Data

The schematic of the amplifier is
shown in Fig. 1. Design principles
for distributed amplifiers have been
developed in the literature.* It has
been shown that minimum number
of tubes is achieved for a given gain
and a given bandwidth when the
gain per stage is 2.72, This criterion
is completely valid only when each
stage consists of the same tube
type, the tubes are operated at
their maximum gain-bandwidth
product and the gain per stage is
equal for all stages. Measurements
have shown that since the overall
bandwidth of the amplifier is only
100 me, no serious difficulty will be
encountered from input impedance
and cathode resonance problems for
the tubes used.
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The amplifier was designed so
that the average gain per stage
would be approximately 2.72. From
the design objectives, the number
of stages in this amplifier must be
even, For two stages, gain = 2.72°
= 7.4, which is too low. Four stages
give 2.72* = 54.9, which is a prac-
tical number for this purpose.

The original design was based on
the use of constant-K lines. It was
found, however, that these lines
were unduly susceptible to stray
effects such as changes in tubes and
slight errors in inductances. Since
it was desired to keep the number
of adjustments to an absolute
minimum, a design based upon
M-derived lines was developed.
While these lines are considerably
more difficult to construct initially,
experience has shown that distri-
buted amplifiers constructed with
them are tolerant of large changes
in L and C.

It was found in the amplifier
under discussion, that no change
in rise time or reflections could be
observed if an entirely different set
of tubes was inserted. As con-
structed, the amplifiers have neo
alignment adjustments and none of
the ten built to date have exhibited
any real departure from the charac-
teristics shown.

Only two types of artificial trans-
mission lines have been used, 160
ohms and 360 ohms. While a greater
gain-bandwidth product could have
been obtained by using a greater
variety of lines, the additional de-
sign time was not felt justified,
since the amplifier exceeds the
specifications as it is.

Impedance Matching

No great care has been taken in
the amplifier to match capacitances
exactly.

For example, the output capaci-
tance of the 6AH6 is 2 yuf and the
input capacitance of the 6AKS5 is
4upf. Yet both the plate line of the
first stage and the grid line of the
second stage are of the same char-
acteristic impedance. One or the
other, or both, of the lines must be
mismatched. Yet, from the practical
standpoint, the effect is negligible
as long as the velocity of propaga-
tion in respective grid and plate
lines is identical and one of the lines
is properly terminated.

Suppose the plate line of the first
stage is of characteristic imped-
ance 360 ohms and therefore prop-
erly terminated. No adverse effects
occur until the first section of the
grid line of the second stage is
encountered. A reflection is pro-
duced at this point. This reflec-
tion travels down the plate line of
the first stage. Since this line is
properly terminated, the signal is
absorbed by the termination. The
same thing happens on the second
and other grids. Here, however, a
difficulty is encountered. Suppose
a reflection is created at the fourth
grid of the second stage. This re-
flection will travel towards the left
and will be of opposite polarity than
the input signal. Since it travels
towards the left, it is amplified by
all the tubes of the second stage
only towards the left and therefore
ends in the reverse termination of
the plate line of the second stage.
The signal components that went
towards the right in the plate line
of the second stage will be out of
phase and will appear at the grids
of the third stage as separate pulses
of much smaller amplitude than the
desired signal and of opposite
polarity.

The same sort of effect will occur
between the plate line of stage 2
and the grid line of stage 3. By a
Jjudicious experimental choice of
mismatches, it is possible to cancel
the effects of the various mistermi-
nations, resulting in a clean signal.

The termination of the plate line
of the third stage is 360 ohms and
the termination of the grid line of
the fourth stage is 160 ohms. These
respective lines are of the nominal
impedances represented by their
terminations. It is to be expected,
however, that a considerable re-
flection will occur at the junction
of the two lines. This reflection will
promptly be absorbed by the re-
verse termination of the system,

FIG. 3—Input waveform to amplifier
with 1079 sec rise time and output wave-
form (bottom) with maximum gain
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FIG. 4—Frequency characteristic of amplifier in the range of 10 to 200 mc

namely the left termination for the
plate line. This is much like a
tapered line and the advantage of
greater net gain into the load holds
here also.!

Tube Types

Three types of tubes are used,
the 6AH6, 6AK5 and 6CB6. Type
6AHG6 is used as irput tube because
of its high g../I, ratio for the ab-
solute value of g, used. A high
value of g, is neeced since the first
stage operates with negative-going
signals and g, therefore decreases
with the signal. The high input
capacitance of the 6AH6 was no ob-
jection in this case, due to the
nominal 160-ohm input impedance
of the system. The low cathode
resonant frequency is no objection
either, since the maximum fre-
quency of interest is approximately
120 mec.

Since the 6AH3 has an output
capacitance of 2 upf, it was desired
to follow it by a stage with com-
parable input capacitance. The
6AKS5 fits this situation best. Since
its output capacitance is not much
different from its input capacitance,
the third stage is an iteration of
the second stage.

The problem for the last stage
was to use a tube with greater cur-
rent-handling carability than the
6AK5 to develop at least 5 volts
across 80 ohms, or approximately
63 ma of peak current. It was not
desirable that this tube have as
large an input capacitance as the
6AHG6 and the 6CB6 seemed a satis-
factory compromise.

By working the tubes well below
their ratings, and with the alter-
natively low and Figh biases needed
in the system, the choice of tubes
indicated above led to approxi-
mately 4 tubes per stage. This
number simplified construction of
the artificial transmission lines and
was not too high to exclude lining
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up the tubes in a single row ap-
proximately 17-in. long, which is
the maximum length that can be
fitted into a 19-in. rack.

The various tubes are operated
far below their maximum ratings.
Because of this, it was found un-
necessary to select tubes for any
of the amplifiers constructed. A
modification of the amplifier, de-
creasing cathode bias and increas-
ing screen voltages, was made to
run the tubes harder. The amplifier
gain was thereby increased from
36 db to 40 db.

Gain Control

To provide control over the total
gain of the amplifier, the last stage
is operated at a variable grid bias.
Figure 2 shows that the gain can
be varied over a range of approxi-
mately 24 db by this method. This
type of control is more desirable
than the type which attenuates the
signal by a potentiometer, since
the signal is not varied, but rather,
the gain of the amplifier tubes.

While it was anticipated that the
amplifiers would be operated from
a-c lines having a regulation of
better than 0.1 percent, additional
protection was provided by regu-
lating the screens of the tubes by
a glow-discharge tube. The large
cathode resistors also help.

Low-frequency compensation is
providad by the R-C combination in
the grid line of the second stage.
This is a more desirable method
than that of providing larger coup-
ling capacitors between lines, or by
connecting grids individually by
capacitors to the grid delay lines.

Power Supply

The amplifiers are operated from
a regulated a-c line, the plate supply
is therefore left unregulated and
consists of a simple choke-input
rectifier. A small amount of de-
coupling between stages was found

to be desirable, especially in the
high-gain versions of this amplifier.

The pulse performance of the
amplifier as observed on a wide-
band oscilloscope is shown in Fig.
3. The upper trace is the input to
the amplifier and the lower trace
the output at maximum gain. The
output waveform was taken with
an attenuator between the ampli-
fier ané the oscilloscope. The input
pulse for these photographs was
derived from a mercury switch
pulser, with a rise time of the
order of 10 sec. The oscilloscope
did not have as good a rise time
as this and the input pulse is there-
fore smeared out. The sweep speed
for these pictures is 10° sec per
division. The measured rise time
of the amplifier, from these pic-
tures, is 4.3 X 107 sec.

Figure 4 shows the frequency re-
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FIG. 5—Linearity curve of amplifier

sponse of the amplifier in the range
of 10 to 200 mc. Several small dis-
continuities will be noticed, but
these are relatively immaterial in-
sofar as the pulse response of the
amplifier is concerned.

Figure 5, a plot of input vs out-
put amplitude, shows that the
linearity of the unit is quite good
up to an output of approximately
8 volts. This is more than adequate
for operating scalers and coinci-
dence circuits.

This work would not have been
possible without the diligence and
experimental design efforts of
Anatol Adveenko, nor without the
support of the AEC.
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Stabilizing Color Carrier

Self-balancing phase detector achieves stabilitv by combining time gate and synchronous
detector with bipolar detector to minimize factory alignment as well as field servicing of
color reference oscillator. Circuit also includes color-kill output for monochrome reception

YNCHRONOUS DETECTORS used

for high-sensitivity phase de-
tection have suffered in past appli-
cations from phase instability pro-
duced either by supply-voltage or
gating-voltage  variations. Al-
though conventional balanced-diode
phase detectors have desirable char-
acteristics, their usable sensitivity
depends upon exactness of balance
and level of input signal.

The self-balancing phase detector
described below has proved success-
ful in prototype color television re-
ceivers wherein it serves to main-
tain the color reference oscillator
to a tolerance better than that re-
quired by perception of the ordi-
nary viewer.

Balanced Diode Detector

The principal advantage of a bal-
anced form of phase detector in a
high-quality automatic phase-con-
trol system lies in the immunity it
provides to amplitude variations in
the comparison signals. To better
understand the ultimate circuit de-
velopment the parameters control-
ling balance and the effects of un-
balance in the familiar dual-diode
phase detector are reviewed briefly.

Figure 1 illustrates a conven-
tional circuit in which the oscillator
output is applied in parallel across
the diodes and the higher-amplitude
gated burst is applied in push-pull.
In order that the output be main-
tained at zero at phase center, the
d-c voltages produced by each diode
must be equal over the required
range of signal variations.

This condition requires that the
opposite polarity burst signals be
of equal amplitudes and source im-
pedance, the diodes be of equal
efficiency as peak detectors and
that the oscillator signal have peak
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voltage symmetry about the aver-
age level, These requirements can
be most conveniently met with a
series of balancing controls., If an
exactly balanced burst transformer
proves too expensive or too low in
impedance, adjustment of the rela-
tive inductance of the two halves of
the secondary can assure a balanced
burst input. With the input signal
effectively balanced, final balance is
provided by adjustment of the rela-
tive resistance of the diode leaks.

Unbalance Conditions

Unbalance in the phase detector
will introduce a steady-state phase
error variation with burst or oscil-
lator-voltage amplitude changes,
produce asymmetrical pull-in and
impair the noise-rejection of the
system. Unbalance also restricts
the maximum usable loop gain and
hence to a large degree determines
the overall system performance. In
addition to the quality of balance,
another important limitation to the
upper sensitivity of this form of
phase detector is in the available
amplitude of input signals.

If the desired loop gain indicates
a phase detector sensitivity of 20
volts per radian, for example, an
oscillator signal of 40 volts peak-to-
peak and a substantially greater
burst signal will be required. Ob-
taining such high-amplitude signals
becomes a problem since it must be
accomplished without raising the
resonant impedance of the 3.58-mc
circuits through the use of danger-
ously high Q’s. Because of the sub-
stantial heat rise of a color receiver,
phase errors introduced by thermal
drift in these circuits must be mini-
mized through the use of low Q as
well as temperature stabilization.

This condition is particularly
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true when a typicel system employ-
ing this form of pl.ase detector may
have as many as five tuned circuits
outside the apc loop. The shielding
and layout probleras are also made
more difficult at high levels of color-
carrier frequency signals.

Synchronous Detectors

Employing a synchronous de-
tector for phase detection has cer-
tain philosophical advantages be-
sides offering the possibility of
simplification. The use of a circuit
similar to the color demodulator,
but with a d-c plate load, provides a
substantial reduction in the number
of independent 3.58-mc tuned ele-
ments, improves noise performance
at fractional signal-to-noise ratios,
solves most of the a-c balance prob-
lems and makes it possible to
achieve burst separation by direct
time-gating of the detector. With
the exception of tle last item, these
are generic advantages of syn-
chronous detectors discussed below.

While direct ccupling is a con-
venient technique in several re-
spects, it introduces a stability
problem. In such a system, varia-
tions in supply voltages, static tube
characteristics, component values
or gate pulse amplitude will gener-
ate a d-c output and contribute to
a steady-state phase error. Further
complication is introduced because
the output is referenced to the plate
supply voltage instead of ground.
While systems of this type have
been employed, it is felt that their
long-term stabilisy must be im-
proved before they can be com-
mercially successf il.

Use of a color demodulator as a
phase detector is worthy of consid-
eration since such a system retains
many of the advantages of syn-
chronous detectors and likewise in-
cludes the R-Y demodulator in the
apc loop. Like the direct-coupled
system, however, the practical diffi-
culties are severe. To separate the
demodulated burst from the color
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difference signal, an a-c coupled
time gate appears mandatory. The
a-c coupling provides freedom from
the sources of drift previously out-
lined, but introduces the require-
ment for re-establishing the phase
center reference voltage independ-
ently of color-carrier modulation.

A circuit that combines genera-
tion of a bidirectional error voltage
with time gating and d-c reinser-
tion is illustrated in Fig. 2. The
gating waveform is a single sinu-
soid generated by the ringing cir-
cuit tuned to a line-frequency har-
monic and driven by horizontal
sync. The diodes will then conduct
in sequence at blanking and burst
times and read the relative voltage
difference independently of modu-
lation. The diode and gate pulse
balance characteristics therefore
control the performance and stabil-
ity. The circuit has balance prob-
lems analogous to those of the con-
ventional balanced diode circuit
translated to a lower frequency but
with additional complications in-
volving color killing, burst suppres-
sion and the location of contrast
and chroma controls.

Self-Balancing System

The basic circuit of the self-bal-
ancing phase detector system con-
tains three functional blocks: a
time gate, a synchronous detector
and bipolar detector. The time gate,
or burst separator, is a coincidence
gate enabled during burst time. Its
output is coupled to the syn-
chronous detector through a filter
that removes the gating frequen-
cies. The plate load of the syn-
chronous detector is a low-pass fil-
ter of sufficient bandwidth to
produce a reasonable replica of the
demodulated burst envelope. By
a-c coupling to a bipolar detector,
the required bidirectional control
voltage is generated with complete
freedom from supply voltage varia-
tions. This configuration is illus-
trated by a typical circuit in Fig. 3.

Operation is based on the re-
covery of the burst envelope at the
synchronous detector plate. This
envelope will be zero when the burst
and reference voltages are in quad-
rature, but will assume a polarity
determined by the direction of any
phase deviation from quadrature
and an amplitude determined by
the magnitude of this deviation.
The bipolar detector consists of
two oppositely poled peak detectors
whose outputs are combined
through isolating resistors.

Bipolar Output

For a given phase deviation, the
diodes read the difference between
the positive and negative peaks of
the pulse train and produce a d-c
output equal to half the difference,
with the loss resulting from the re-
quired isolation. Because of the
short duty cycle of the demodulated
burst, the bipolar detector efficiency
comes close to the theoretical maxi-
mum of 50 percent. Because the
a-¢c input to the bipolar detector
vanishes at phase center, zero d-c
output is assured without requiring
a balance of tube characteristics,
signals or supply voltages.

In addition to providing inherent
static (synchronous) balance, this
configuration allows utilization of
many of the practical advantages of
the synchronous detector. These
include the immunity provided the
demodmnlated burst for a wide range
of variation in amplitude and har-
monic content of the reference c-w
and makes it feasible to provide an
electron-coupled oscillator to drive
the R-Y demodulator and the burst
demodunlator in parallel.

Inclusion of the R-Y demodulator
drive in the apc loop improves over-
all stability and use of the eco
simplifies the system through the
elimination of any buffer require-
ment. Because the gain in the sys-
tem is at burst-envelope frequen-
cies, stability is further enhanced
through the substantial reduction
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in burst level and the number of
color-carrier-frequency tuned ele-
ments. This characteristic is also
important since it makes possible
achievement of extremely high sen-
sitivities by inserting additional
amplification between the syn-
chronous and the bipolar detectors.

It is shown that amplifiers with
particular characteristics can be
employed to control the perform-
ance of the entire system. The
sensitivity of the simple system of
Fig. 3 is comparable to the bal-
anced-diode system although de-
pendent on burst amplitude.

Dynamic (asynchronous) bal-
ance is not inherent with this sys-
tem and precautions must be taken
in the design to assure acceptable
dynamic characteristics. Symme-
trical pull-in and elimination of
noise cross-modulation are achieved
without special requirements for
diode balance if the synchronous
detector is sufficiently linear. The
linearity requirements established
for the color demodulators are more
than adequate for the burst demod-
ulator.

Sensitivity

Figure 4A is a block diagram of
a self-balancing phase detector sys-
tem employing a linear voltage amp-
lifier between the synchronous and
bipolar detectors, with waveforms
indicated for asynchronous or open-
loop operation. The output of the
synchronous detector is a series of
pulses whose tips describe the sinu-
soidal beat note between the burst
and reference c-w signals. This
signal is amplified before the beat
frequency is recovered by the bi-
polar detector and attenuated in the
filter by the amount m, which is the
ratio of a-c to d-c transmission of
the filter. The sensitivity u of the
phase detector system is given by

u = OE/d¢ volts per radian.

This is the slope at phase center
of the open-circuit bipolar detector
a-c output waveform or d-c output
characteristic, the two being identi-
cal in the absence of the filter. If
the bipolar detector has an efficiency
of 50 percent, the following rela-
tion can be written in terms of E.
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the input beat note in peak-to-peak
volts.
u= (E/4)sin ¢ at ¢ =90 deg, phase center

= E /4 volts per radian

Phase detector sensitivity is
therefore a direct function of the
amplitude of beat note supplied to
the bipolar detector, Sensitivity can
be increased with equal reliability
by either increasing the conversion
gain of the synchronous detector or
by the addition of amplification to
follow it.

Cascode Demodulator

In the course of the work on a
higher-gain demodulator, a twin-
triode circuit was developed that
has characteristics particularly
suited for this application. The
circuit is an adaptation of a signal
multiplier having a configuration
resembling the cascode amplifier.

Briefly, it consists of two triodes
connected in a-c series, that is, with
the plate of the first driving the
cathode of the second and with
color-carrier and reference carrier
applied to the first and second grids
respectively. Typical circuits have
delivered up to 100 volts peak-to-
peak of linear demodulated output
with a burst input of about 6 volts.

An important feature of this con-
figuration is the use of two series
elements with a frequency-selective
intrastage coupling. This makes it
possible to employ time gating of
the burst in the first section and re-
move the gating frequency by the
intrastage selectivity before demod-
ulation is performed in the second
section. Such an operation is im-
practical in conventional pentode or
heptode demodulators because of
the difficulty in removing gating
frequencies from the space current
once introduced at the first grid.

To justify the usefulness of even
greater phase-detector sensitivity,
it is necessary to examine its role
in determining the loop perform-
ance. The following expression can
be written for the d-c¢ loop gain f.

fe = uB cycles per second

where u is the phase detector sensi-
tivity in volts per radian and B
is the reactance tube sensitivity in
cycles per volt. Gain f. has the di-
mensions of frequency and is also

the expression for the maximum
possible frequency deviation from
which the system could pull in were
it not for the gated nature of the
input. Higher values of w make
possible a design choice between
a higher loop gain or redistribution
of reactance tube and phase-detector
sengitivities for a given loop gain.

The latter is of importance in de-
termining the stability of the com-
plete system. Direct-current degen-
eration in the reactance tube pro-
duces a substantial improvement
in stability by increasing its im-
munity to tube and supply voltage
changes, but is permissible only to
the degree that the loss in loop
gain can be regained through the
use of a higher phase-detector sensi-
tivity. A sensitive, inherently bal-
anced phase detector system can
therefore contribute to the stability
of the complete system in a twofold
manner.

Phase Error

The primary function of the ape
system is to hold the phase differ-
ence between the locally generated
c-w reference signal and the syn-
chronizing burst within a pre-
scribed amount. The steady-state
phase difference 6., is determined
by the open-loop frequency devia-
tion Af between the burst and
reference c¢-w and the d-c loop gain
of the system

Af
Je

Although the phase error will
continue to decrease as the loop
gain is increased, the point of di-
minishing returns is reached when
the resulting hue distortion falls
below the perceptible level. While
a reduction in the close tolerances
to which certain components out-
side the apc loop must be held may
indicate the usefulness of higher
d-¢c loop gains than usually pro-
vided, exceedingly high loop gains
are not generally necessary to meet
the phase accuracy requirements of
a typical color television receiver.
In some monitoring or laboratory
equipment the high sensitivity may
be useful for precision applications.

A second important performance
characteristic of the ape loop is the
degree of random phase fluctuation

—sin ¢, = -
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produced in the sutput by the pres-
ence of thermal noise in the burst.
The effective integration of the de-
tected phase fluctuations by the
phase detector flter is modified by
the a-c loep gain. It is conventional
to express the effect of the loop on
noise in terms of the bandwidth f,.
of the rectangular filter that will
pass the same noise power. Rich-
man' has shown this te be

- :,r (mfe + f2)

where f. is the frequency at which
the attenuation of the filter is 3 db
less than the infinite frequency at-
tenuation. To minimize the sub-
jective effect of random phase fluc-
tuations produced by noise, it is
necessary to limit f.. to a value
where video noise will mask these
disturbances. If the noise band-
width is assigned a maximum value
and f. chosen for an optimum pass-
band shape, thz a-c loop gain mf.
must be held eonstant. Accordingly,
increasing the d-c loop gain will
have an adverse effect on noise per-
formance unless the a-c gain is re-
stored to its original value by de-
creasing the ratio of a-c to d-c
transmission of the filter.

Pull-In Time

When the synchronous character-
istics of the apc loop are designed
for minimum phase error from all
sources, the system performance is
limited by the asynchronous charac-
teristics, principally pull-in time.
The additional parameter, K, which
helps determinz pull-in time can be
expressed in terms of a-c loop gain
and the time constant, xRC, of the
shunt arm of the apc filter.

K= : (mfeX zRC)

= 0.25(mfc/f2)
The noise bandwidth expression can
now be rewrit:en as

The following expression has been
developed' for pull-in time 7T, in
terms of these parameters

~ * ( K+025 Af?
z (QKAO ( 'ﬁn'>>4ﬁs
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FIG. 4—Self-balancing phase detector
(A) using clipping amplifier (B)

This expression has been used to
determine the optimum value of K
and to demonstrate that the limit
on minimum T, for large values of
Af is approached as the d-c loop
gain is increased, provided mf, is
constant. It is the increase in pull-
in range for a given pull-in time
that constitutes one of the import-
ant reasons for seeking higher d-¢
loop gains.

Clipping Amplifier

The maximum limit on sensitiv-
ity of the systems so far deseribed
is set by the simple expression
p = E/ 4 volts per radian where,
in order to preserve asynchronous
balance, the peak-to-peak beat note
E must be linear. The maximum
limit on beat note amplitude is less
than the B-supply of the receiver.
Figure 4B is a block diagram of a
system that can achieve virtually
unlimited sensitivity by substi-

z
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FIG. S5—Cathode-coupled twin-triode

clipper has gain of twenty

tuting a symmetrically eclipping
amplifier for the linear amplifier
driving the bipolar deteector. The
dynamic balance requirements ean
be met as long as the beat note
waveform generated by the bipolar
detector is symmetrical, with no d-c
component. The sensitivity is di-
rectly proportional to the amplifica-
tion that precedes the symmetrical
clipping and is not limited by beat
note amplitude. The waveforms of
Fig. 4B illustrate another impor-
tant characteristic of this system,
the difference in a-c and d-c gains.

The d-c sensitivity, as before, is
given by the slope at phase center
of the open-circuit bipolar detector
a-c waveform or d-c characteristic.
Over a restricted phase range this
slope increases with amplification
independently of the clipping action.
The a-c or asynchronous gain is de-
termined not by the slope but by the
amplitude of the beat note and
therefore by clipping level. As
shown in Fig. 4B, the a-c to d-c
gain ratio m’ of the system can be
taken as approximately the ratio
of the amplitudes of the actual
amplifier output to the unlimited
output as given by the product of
the input amplitude and the small-
signal amplification.

The error introduced by the dif-
ferences in area for a given ampli-
tude of limited and unlimited beat
note is in the direction to increase
m/, but is sufficiently small to be
unimportant. In determining the
a-c loop gain of the system, the cas-
caded effects of m and m’ must be
considered, although some compli-
cation is introduced by the varia-
tion of m’ with level of input signal.

A typical circuit embodying the
clipping beat-note amplifier is illus-
trated in Fig. 5. A 12AT7 tube is
employed as a cathode-coupled twin-
triode clipper with a small-signal
gain of approximately twenty
times. The sensitivity of this phase
detector system is approximately
150 volts per radian with an m’ of
0.16. This circuit, employed in a
prototype color receiver, required
no phase adjustment during trans-
portation and experiments over a
period of two and a half months.
At the end of this time, the phase
error was checked and found to be
within the accuracy to which it had
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been originally adjusted to opti-
mum.

While the synchronous character-
istics of this system can be regarded
as excellent, the improvement in
asynchronous performance is sub-
ject to two limitations. First, the
actual improvement in pull-in time
over low-gain systems is somewhat
less than 50 percent. Second, the
values of d-c loop gain employed re-
quire an a-c to d-c gain ratio of
approximately 0.001 for the system.
Although no disadvantage in itself,
the high a-c attenuation accentuates
the difficulty in maintaining sym-
metrical  pull-in  characteristies
through reduction of the tolerable
d-c component generated by imper-
fect clipping symmetry. The point
of diminishing returns is reached
rapidly when improvement in over-
all system performance is sought
by very high d-c gain.

Two-Mode Systems

The d-c component generated by
asymmetry in the clipping beat-note
amplifier has been shown to be a
limiting factor in determining max-
imum usable d-c gain. It can be
turned to useful application in one
of the simpler forms of a two-mode
apc system. Two-mode systems are
of interest since they represent a
practical means for achieving very
high system performance. Several
forms of two-mode systems are
particularly suited for use with the
self-balancing phase detector.

One of the techniques for achiev-
ing different modes of operation for
the synchronous and asynchronous
operation is to employ a nonlinear
filter. Such action can be produced
by modifying the clipping beat-note
amplifier to have a deliberate asym-
metry (nonlinearity) at a given
amplitude level. If this level lies
between the amplitudes of the
thermal noise fluctuations and the
beat note a large d-c component
will be generated whenever beat
note is present. This d-c component
is unidirectional and will speed os-
cillator pull-in in one direction only,
$0 a prerequesite for this form of
two-mode device is offset frequency
operation. Offsetting the free-run-
ning oscillator frequency will as-
sure the required unidirectional fre-
quency difference but will also gen-
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erate a steady-state phase error.
The high d-c gain requirement is
retained by such a system merely to
maintain this phase error within
acceptable limits. Another limita-
tion is the ambiguity that can exist
between noise and beat-note ampli-
tudes at low signal-noise ratios.

Frequency Detection

An elegant form of two-mode de-
vice is one that employs a phase
servo to control sysnchronous per-
formance and a frequency servo to
control asynchronous performance.
Such a system can be designed
around an apc loop supplemented by
the form of beat-frequency discrim-
inator that Richman® has called the
quadricorrelator. The form of
quadricorrelator having maximum
number of degrees of freedom and
hence the highest performance em-
ploys two synchronous detectors
operating in quadrature. The pres-
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FIG. 6—Ultimate two-mode phase de-

tector with variable a-¢c gain and color
kill

ence in the self-balancing phase de-
tector system of many of the ele-
ments required for the quadricorre-
lator makes the combination appear
particularly attractive.

A complete quadricorrelator cir-
cuit was designed to obtain an eval-
uation against other forms of two-
mode systems. The circuit was
simplified by substituting a passive
filter and a dual-diode sum-and-dif-
ference detector for the summing
synchronous detector. The per-
formance advantages and mode of
operation of the resulting circuit
are closely analogous to those of the
self-balancing phase detector. Fur-

ther simplification was made pos-
sible by developing an experimental
dual demodulator tube that can, in
one envelope, perform the functions
of the two quadrature synchronous
detectors. Employment of this eir-
cuit is deferred in preference to
another described below, which pro-
vides the advantage of automatic
color killing.

Synchronization Detection

Two synchronous detectors in
quadrature can be utilized in a cir-
cuit named the d-¢ quadricorrelator
and described’ in the literature. The
so-called S detector operating in
quadrature with the phase detector
will produce a maximum d-¢ output
when the system is in synchroniza-
tion and zero d-c¢ output when syn-
chronization is lost. This change in
d-c voltage can be utilized to switch
off and on an amplifier that provides
a shunt path for the beat note
around the phase-detector filter.

The effect is to produce a variable
a-c gain, which is maximum for the
asynchronous condition facilitating
rapid pull-in and minimum for the
synchronous condition, producing
minimum noise bandwidth. A nar-
row-band filter on the output of the
S detector increases the noise im-
munity of the switching voltage.
Since the d-c output of the S
detector requires the presence of
burst, this voltage may be used to
provide automatic color killing.

Figure 6 is the schematic of a
two-mode phase-detector system
employing variable a-¢ gain and
automatic color killing. The experi-
mental dual demodulator tube is
employed to provide the quadrature
burst demodulation. Two dual di-
odes comprise the bipolar S and ¢
detectors. A linear pulse amplifier
provides a high d-c sensitivity. The
beat-note amplifier also serves the
additional function of amplifying
the color-killing voltage before ap-
plication to the chroma amplifier.
Relative complexity of the phase-
detector system is partially offset
by elimination of special buffer re-
quirements for the oscillator.
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Fluxmeter

High-sensitiv-ty instrument plots B-H curve of magnetic materials in few minutes. Ease

of operation enables unskilled operators to obtain accurate results.

Overall error in

measurement is 0.5 percent = 25 flux interlinkages per minute

By RALPH I.

DEVELOPMENT of a recording flux-

meter for tracing d-c magneti-
zation curves outmodes use of bal-
listic galvanometwers for obtaining
hysteresis loops of magnetic ma-
terials.

The fluxmeter described in this
article is similar to that developed
by Cioffi*, which employs one or two
integrators and a two-axis recorder
for tracing B-H curves directly on
standard coordinate paper. The
search coil wound on the sample re-
quires only a few turns of wire be-
cause of the gensitivity of the
instrument.

Theory of Operation

The prineiple of operation of the
fluxmeter may kest be understood
by reference to Fig. 1. Two coils
are wound on a ring sample of mag-
netic material. The primary is ex-
cited with slowly varying direct
current which cases a voltage drop
across 7,. The movement of the re-
corder pen in the X direction is
thus proportional to the current in
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the primary coil and consequently
the magnetizing force.

As shown in Fig. 1, any change of
magnetic lux in the sample will in-
duce a voltage in the secondary coil
causing a deflection in the galva-
nometer. The mirror of the galva-
nometer, which hxd previously il-
luminated two phototubes equally,
will then direct more light on one
phototube than on the other gener-
ating an error voltage in the bridge
circuit of which the phototubes
form a part. This error voltage is
amplified and fed back into the gal-
vanometer circuit through the ca-
pacitor to reduce the galvanometer
deflection. The output of the ampli-
fier, which is the integral of the
voltage induced in the secondary
coil and thus proportional to the
flux in the sample, is applied to the
Y axis of the recorder. The beha-
vior of the galvanometer coil is de-
scribed by

do
e +b g +h=g (1)

where 0 is the angular deflection of

I

CHARLES A. GUDERJAHN

the galvanometer coil, I is the mo-
ment of inertia of the coil, b is the
total mechanical and electromag-
netic damping torque, k is the
torque due to the suspension and ge
is the torque due to the voltage e
appearing across the galvanometer.

The voltage ¢ is given by

e=uv —v+ A0 2)
where v, is the voltage generated in
the secondary by a change in flux in
the sample, v, is the voltage across
R and A0 is a positive feedback volt-
age appearing across ..

If the total stray capacitance
loading the phototubes is small, for
small deflections of the galvanome-
ter the output voltage of the ampli-
fier is K9, where K is the overall
gain of the phototubes and elec-
tronic amplifier. The output im-
pedance of the amplifier is repre-
sented by 7.

If the currents are as marked in
Fig. 1

Ko = ‘i\Ta+ é, /ildt+vz (3)
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Ko =

Ts 73 1

e r‘e+ RC fv-_»dt
1 y 4
rC edt + v,

where r, is the internal galvanom-
eter resistance.
Differentiating and rearranging

v+ C(R + 1) 22 =

. dé RCr; de R
OG- e dt 1,
The voltage output of the search
coil is given by
v = N10~®de/dt )
Substituting Eq. 2 and 6 in 1 and
rearranging

e (5)

1 d?o_b_do_ka
“TTgdr T g dt g
. de -
V10~ S8+ 40 @

Differentiating Eq. 7

. ¥ a0 b a0k do
dt T g dg g de g dt
+ N 1o-s ®)

Substitution of Eq. 7 and 8 in 5
gives

RCr 1 d%*
[ P+ CR +r:)] T

)
AT RC o gy ]Y
\L - g
R I dzo
(5 +) o)
{ RC’ +C<R+ra>]
R
- +1)
k
-

N10- d‘f + C(R + r) N10-¢

L d
- C(R+r)A+ROK ¢ e

d?¢
& 9

The measured values of the con-
stants are: I/g = 1.9 x 10™; b/g

= 13 x 10%; k/g =14 x 10;

K = 4 x 10; 7, = 200 ohms
(approx.); C 10°° farad; B =
12 ohms; », = 26 ohms.

The amount of positive of feed-
back is so chosen that

(R/rs + 1)k/g — A 0 (10)
With this condition fulfilled, Eq. 9
is integrated and after substitution
of the numerical values of the con-
stants

6)(10‘5

a b +3x10

(; + 0.56

N10-%¢+2X 10 A ‘(ll‘t” +L (1)

where L is the constant of integra-
tion.

The first term in Eq. 11 is negli-
gible and the time constant of the
system is 3 x 107/0.5 = 6 x 10"
second, therefore the steady state
solution is

Ko R, \b
o=y 108[1f0+<n-1- 1>9—K]+L(12)

The amplifier output voltage K 6§
is applied to the recorder. Thus the
pen of the recorder moves propor-
tionally to the amount of flux 6 in
the sample. The constant of inte-
gration L is of no importance since
just the length of the pen trace is
measured.

Electro-Optical System

The arrangement of the galva-
nometer and optical system 1is
shown in Fig. 2. When the galva-
nometer is at balance, an equal
amount of light is focused on two
closely spaced high-vacuum photo-
tubes. A prism is not used to split
the light beam. The light source
is a filament heated by direct cur-
rent to avoid inducing 60-cycle hum
into the syvstem.

Provision is made for two inte-

Fluxmeter output is applied to electronic plotting board (above) to record B-H curve
of magnetic sample under test
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grators. The second is for use with
a magnetic potentiometer.

The galvanometer has a 7.1
mm/uwv sensitivity, eritical damping
resistance of 120 ohms, period of
7.4 seconds and coil resistance of
26 ohms.

In order to minimize thermal cur-
rents in the galvanometer circuit,
all connections are made of clean
copper lightly coated with grease
to reduce oxidation. Also, the gal-
vanometer and other connections
are thermally insulated in copper
boxes packed with cotton batting.

Amplifier

The schematic diagram of the
galvanometer and amplifier is
shown in Fig. 3.

The phototubes are arranged in
a bridge circuit with the output of
the phototube bridge near ground
potential.

The 1U4 preamplifier tube was
selected because of its low inter-
electrode capacitance and filament
voltage to avoid capacitative load-
ing of the phototubes. A relay
operated by turning on the power
supply controls the filament cur-
rent.

For the servomechanical system
to have a small time constant, it
is necessary that the output of the
amplifier to the capacitor C have a
low impedance and 7, be small. This
condition is achieved while employ-
ing miniature components by using
a type 6AH6 tube operating in its
high-transconductance region. The
range of control in the high-trans-
conductance region is extended by
using a constant-current load tube,
also a 6AH6, and by operating the
screen at a constant 150 volts above
the cathode potential.

A low-leakage capacitor is used
instead of a mutual inductance to
oppose the interlinkages of the
search coil since high-quality com-
puting-type capacitors are readily
available and less power output
from the amplifier is required.

Calibration

The total flux in the sample at
any moment is given by Eq. 12.
Neglecting the constant of integra-
tion

¢ = 1/ N(JK8) gauss (13)
where K 0 is the output voltage of
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FIG. 3—Load capacitances and leakage currents are kept io a minimum by mounting the photocells and amplifier on the same chassis

the amplifier and J is the calibra-
tion constant

J = 108RC + (R/ri + 1)(b/g)K] (14)

The last term .n the calibration
constant is about 0.5 percent of the
first, therefore a change in the gain
of the amplifier will affect J only
slightly. The values of b, ¢ and K
may easily be determined experi-
mentally and J = 1,205.

The recorder also has a variable
scale factor of G cm/volt. An ex-
ternal source of voltage is used to
adjust G so that GJ is some con-
venient number adapted to the
scale of the graph paper used. Then

¢ = (1/F)GJYK8) X (15)
(length of trace on paper)

The H axis of the recorder is

calibrated in a similar manner.

Operation

The galvanometer and optical
system must be adjusted so that
the amplifier ou-put voltage is zero
without either positive or negative
feedback. Coarse adjustment is
made by turninz the galvanometer
suspension or by moving the photo-
tube chassis while the output-drift
meter is at low sensitivity. The
galvanometer ccntrol potentiometer
is then adjusted so that the output-
drift meter reads an average of
zero at high sersitivity.

The intensity of the galvanom-
eter light is first decreased and
then the negative feedback switch
is closed. Otherwise, a high tran-
sient current will flow at the instant
the switch is closed, permanently
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altering the galvanometer suspen-
sion.

The positive-feedback potentiom-
eter is adjusted by displacing the
galvanometer to either side of zero
using the displacement switches,
then adjusting the positive-feed-
back potentiometer so there is
minimum galvanometer drift as
indicated on the output-drift meter.
The amount of positive feedback
required may be different for dis-
placements on opposite sides of zero
because of possible mismatching of
phototubes. An average of the posi-
tive-feedback potentiometer set-
tings on either side of zero is set
on the potentiometer.

Considerable galvanometer drift
will result if there is a large differ-
ence in the amount of positive feed-
back required when the galvanom-
eter is displaced on either side of
zero In this case, to minimize drift,
one of the photocells should be
shaded, or both replaced by a more
evenly matched pair. If the sys-
tem goes into oscillation, as may be
ascertained by viewing the output
of the amplifier on an oscilloscope,
the positive-feedback potentiometer
is not properly adjusted.

The recorder is then calibrated
and the hysteresis curve is traced so
slowly that a further decrease in
tracing speed does not affect the
shape of the curve. Small discon-
tinuities may appear in the re-
corded hysteresis loop due to rough
control of the magnetizing current.
A satisfactory source of current is
an autotransformer used with a

full-wave rectifier and several
stages of filtering.

Before switching off the flux-
meter, the negative feedback switch
is opened to prevent a heavy tran-
sient current from flowing in the
galvanometer suspension at the

moment of switching.

Accuracy

The degree of accuracy of the
fluxmeter depends on the accuracies
of the calibration constant, the ex-
ternal calibration voltage and the
recorder. In addition, the slow
drift of the system due to changing
thermal currents and other factors
must be considered.

The value of the calibration con-
stant may be obtained within 0.3
percent and the calibration voltage
source within 0.1 percent. The sta-
tic error of the recorder is given as
0.1 percent of full scale. By care-
fully balancing the fluxmeter, the
drift can be restricted to less than
25 flax interlinkages minute. The
overall error is then 0.5 percent
+25 flux interlinkages minute.

The sensitivity of the system is
easily controlled by adjusting the
gain of the recorder. This sensitiv-
ity may be increased to such a high
degree that the drift error, norm-
ally negligible, becomes an objec-
tionable part of the total flux
change.

REFERENCE

(1) Coiffi, Recording Fluxmeter of High
Accuracv and Sensitivity, Rev of Sci Inst,
2t, p 624, Jul 50,
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FIG. 1—Complete circuit diagrem of electronic pencil lead and crayon sorter. Solenocids operate selector fingers of classification bins.
Smallest crayons go past all three solenoids to drop into fourth bin

Photoelectric Gage Sorts

Noncontacting automatic gage measures diameters of fragile pencil leads or crayons as

they are whirled through light beam at high speed by motor-driven feed wheel and sorts

into four groups differing in diameter by steps of 0.002 inch or even 0.0001 inch

UTOMATIC GAGING coupled with

telemetric controls must rely
largely on noncontact measurement
because of the time element and the
need for long life, trouble-free per-
formance and minimum mainte-
nance.

A pencil sorter is one example of
rapid automatic gaging. The prob-
lem is to classify pencil crayons or
leads according to diameter. These
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crayons are eventually encased in
the usual wooden holder. For proper
bond and writing qualities, the in-
sert and holder must have a certain
relationship. If the slot in the
holder is too large with respect to
crayon, the binder may ooze out or
may not properly retain the insert;
if too small, the crayon may break
or be crushed. It is therefore desir-
able fo group the c¢rayons into

several sizes and match the ap-
propriate holder to crayon size. The
specifications required classifying
into four categories differing by
0.002 inch. Several nominal dia-
meters are involved, of which 0.160
ineh is typieal.

Operation of Sorter

With the automatic sorter, the
operator has only to fill the hopper
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Machine with cover raised. showing crayon input hopper and feed wheel drive
motor at right erd of table

Pencil Crayons

By CARL A. VOSSBERG

Chief Engineer
Southeastern Electronic Laboratories
Division of The Electron-Machine Corp.
Umatilla, Florida

with pencil crayons or leads and
push the start button. A mechan-
ical agitator k=2eps the crayons in
motion to prevent jamming in the
hopper. The crayons, picked up one
at a time by a motor-driven feed
wheel, pass the measuring position
at the rate of better than 200 per
minute. While in motion they are
individually measured by an optical-
electronic noncontacting gage. The

ELECTRONICS -— July, 1954

information is stored to allow time
and space for appropriately classi-
fying into one of four categories by
means of extending selector fingers.
Tolerance limits are adjustable.

When a particular crayon has
traversed the selector positions and
dropped into its correct bin, the
gage is automatically reset in readi-
ness for measuring the next crayon
and the cycle is repeated.

The feed wheel has two sets of
eight pickup hooks. These are ac-
tually standard stainless steel rivets
embedded in narrow wheels with
the heads protruding. Normally a
crayon is picked up by a pair of
these hooks. A short or broken
crayon will either drop down unob-
trusively through the reject slot,
be picked up by one hook and then

‘slide into the reject slot, or be

thrown back to a small recirculat-
ing pile of crayons for another
attempt to get on the feed wheel.

If a erayon gets onto a hook on
one side, and a later hook on the
other side so that it is crosswise, it
is dumped back into the recirculat-
ing stack by a deflection plate situ-
ated between the feed wheels. Thus
all crayons are properly aligned for
measurement. The efficiency of
feed is high, so that only about 1
percent of the hooks are free of
crayons.

Classifying Mechanism

As the crayon or lead approaches
the measuring station all selectors
are reset and closed. It passes a
beam of light for only an instant,
but this is sufficient for the elec-
tronic gage to determine its size.
If it is below the lowest limit, the
crayon passes all the selectors and
drops into the fourth classification
bin. If it is within the next larger
classification the third pair of
selector fingers is actuated by a
solenoid and remains open until the
pencil has had time to pass through
and on to the bin containing that
size. A similar action drops still
larger crayons into the appropriate
bins for the next two larger sizes.

Resetting of selectors is accom-
plished by a modified Ford breaker
and distributor assembly on the feed
wheel shaft, opening the thyratron
circuits in the electronic classifier.

When the first crayon reaches the
measuring station after start-up, a
hold relay is actuated and the ma-
chine becomes self-running. Should
the feed stop for any reason, the
relay opens, thereby stopping the
feed motor. As a safety precaution
a clutch is used between motor drive
and feed wheel.

The removable optical aperture in
front of a multiplier phototube com-
prises two slits centered at the edges
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of the shadow cast by the smallest
crayon. The larger the crayon the
less light transmitted to the photo-
tube from a lamp and condensing
lens source.

To stabilize the electronic system
and allow for aging of lamp, photo-
tube and other components, the sig-
nal developed when no erayon blocks
the beam is automatically regulated
to a reference value. Thus, in effect
it is a change in the crayon signal
from that reference setting that ac-
tuates the controlling elements, in-
dependently of the conversion gain.
This results in excellent stability,
requiring no resetting of controls.

Circuit Operation

The basic circuits are given in
Fig. 1. The phototube signal out-
put is fed to the grid of cathode
follower V., which is an impedance
converter. The crayon signal is a
positive pulse, the peak value being
a function of crayon diameter,
which may trigger one or more trig-
ger tubes as V,, V, and V.. The level
at which triggering will occur is
determined by the cathode circuit
controls of the trigger tubes.
Trigger tube V., will transmit a
pulse to thyratron V, thus actuating
the selector solenoid in its plate
circuit, which in turn opens flippers
associated with that solenoid to
accept the crayon.

The smallest category of crayon
will not develop sufficient signal to
trigger any of the discriminators.
The next size larger will trigger one
discriminator, the next will trigger
two stages and the largest diameter
will actuate all three disecriminators
and corresponding thyratrons,

Upon completion of the cycle the
breaker will open all thyratrons,
releasing the selectors and again
closing the cireuit in readiness for
the next signal. The standard eight-
point automobile breaker had to be
adjusted for minimum open time,
since the entire sequence must take
place between two adjacent crayons.

The diameter is measured prac-
tically instantaneously. To shorten
the operate time for the flipper sole-
noids, a capacitor in each circuit is
charged to full supply voltage and
then allowed to discharge through
solenoid and thyratron. The value of
this capacitor is 5 uf each for two
stages and 7 uf for the flipper sole-
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noid nearest the measuring station.

A 1,000-cps generator cemprising
V. Vi and multivibrator V., sup-
plies power for the lamp to ensure
constant unmodulated light. The
dynode supply voltage is also de-
rived from this generator. A
doubler circuit, employing V,, for
rectifying the 1,000-cps signal, sup-
plies the dynodes with a d-c¢ voltage
whose value is a function of the im-
pedance of V5. This in turn depends
on its grid bias.

Loading pencil crayons into machine for
sorting into four different diameter cate-
gories

The signal level with no crayon
is a minimum and, if less than the
reference positive bias on the grid
of V., capacitor C will discharge on
these negative pulses. The greater
the minimum phototube signal, the
lower the voltage across C and the
more negative the bias on V,,, which
lowers the dynode supply voltage to
correct for the initial change. The
gain of the system is such that the
minimum voltage (maximum light
signal) level is automatically regu-
lated to a precise degree correspond-
ing to a signal output nearly equal
to the reference. Voltage for the
dynodes then remains independent
of the crayons, being solely
governed by the unobstructed light-
beam intensity resulting in photo-
tube output. Blocking half of the
light beam has no perceptible effect

on performance since dynode volt~
ages automatically increase to offset
the loss in light signal. All couplings
are direct, from phototube output
to regulating and control tube.

A start switch, paralleling the
contacts of the relay in the plate cir-
cuit of V,, operates the feed motor.
As soon as the first crayon passes
the measuring station, the a-c signal
is detected by V, and the resultant
d-c positive voltage applied to the
relay tube section, operating the
relay. The feed then is self-running
until a prescribed interval without
signals, either because of an empty
hopper or improper feeding, allows
the developed detected voltage to
drop off to open the relay, thus stop~
ping the feed. A pilot lamp is used
to indicate such action.

A typical electronic power supply
regulator is used, employing two
5R4GY rectifiers, two 6AST’s, a
6SL7 and a 5651 reference tube.
Tube heaters are unregulated since
the automatic gain control can
effectively accommodate relatively
slow changes in tube characteristics
and the like. Even so, the signal out-
put from the phototube is substan-
tial as compared to possible discrim-
inator variations, the limits being
about 20 and 150 volts.

Conclusions

An impressive demonstration is
to select pencil crayons according to
size, with each classification a dif-
ferent color. Then by filling the hop-
per with these assorted colored pen-
cils it would appear that the
machine is a perfect color separa-
tor.

No difficulty was experienced
sorting into four categories each
differing by only 0.0001 inch. The
apparent discrimination can be
very much enhanced by narrow-
ing the slits.

Applications for classifying on
the fly without contact by using the
foregoing principles are numerous.
For example, nails, screws, rings,
washers, disks, cartridges, shells,
flints and even transparent glass
rods, vials and syringes are adapt-
able. The latter, because of optical
divergence, are relatively opaque
when inspected at a reasonable dis-
tance.

The mechanical system was de-
signed by E. D. HafTner.
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TV Station Monitor

Picture and waveform oscilloscopes show tv broadecast control operator the condition of

output signals from studio or equipment as well as incoming signals from networks.

Circuit= provide pulse cross with vertical sweep expansion to check sync generator

By H. E. THOMAS and E. STEIN

TELEVlSlON MONITORS must be
capable of rapidly measuring
the video level and picture quality
of any signal that may be encoun-
tered in the facilities of small or
large tv stations. For example, it
may be necessary to monitor a video
signal that does not contain synec
pulses, such as the output of an
iconoscope film chain to which sync
is added at the master control point.

In addition, rapid pushbutton
switching of the signal input, such
as may be encountered in preview
operatien, requires that the tv
monitor accept and function rapidly
with a minimum of operator control
to measure input signals with a
wide range of characteristies.

Input signais from which the
monitor must be capable of operat-
ing include composite video, video
and blanking only (without sync)
and remote or network signals with
degraded syne.

Automatic Sync

In monitoring a composite video
signal, it is desirable to use the
sync pulse ccntained therein for
synchronizing the monitor sweep
circuits, as in 2 home receiver oper-
ating from an off-the-air signal.
However, to monitor a signal that
does not contain sync information,
such as a signal originating at an
iconoscope film chain, synchroniza-
tion at the monitor must be pro-
vided by driving pulses from the
syne generatcr, which trigger the
deflection circaits.

An electronic switching circuit
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Federal Telecommunication Laboratories
International Tel. & Tel. Corp.
Nutley, N. J.

shown in Fig. 1 selects the mode of
synchronization automatically.

In the absence of sync on the
input video signal, a pulse-width
diseriminator circuit functions to
gate in cutoff bias on the sync con-
trol tube and to permit driving
pulses to continue synchronization

PULSE WIDTH
DISCRIMINATORL Y250V S0V,
Via
SYNC CON-
TROL TUBE
94K

SYNC
100,
ofy SIGNAL

l&;_] aoon
ol a} FILTERED

+150V

18 0-C BIAS FOR SYNC-
CONTROL TUBE

FIG. 1—Automatic sync selector circuit
takes composite or camera signals
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VIDEO SIGNAL CONTAINING SYNC
‘1: 6.4 uSEC
nnn fr‘F_r“]__r“L
1 Liogsec Jd Loopsec
8 )
VIDEO SIGNAL CONTAINING NO SYNC

FIG. 2—Waveforms encountered at
points A and B in circuit of Fig. 1

of the monitor deflection circuits.
When sync pulses are present in the
video signal, the driving pulses, al-
though available, are blocked. When
it is desired to synchronize on driv-
ing pulses regardless of the char-
acter of the input video signal, a
mannal switch effectively immo-
bilizes the automatic circuit by ap-
plying cutoff bias to the grids of
appropriate sections of the syne
selector stages.

As shown in Fig. 1, the video
signal has been passed through a
sync separator tube, which clips the
tops of the pulse peaks in its grid
cirecnit. When the video signal con-
tains syne, the pulses appearing in
the plate of the sync separator
stage will have the same width as
the syne pulses from which they are
derived, approximately 5 micro-
seconds (Fig. 2A). When the video
signal contains no sync, the pulses
appearing in the plate of the syne
separator stage will have the same
width as the blanking pulses from
which they are derived, approxi-
maiely 10 microseconds (Fig. 2B).
Clipping here takes place in the
setup region.

Delay Technique

These pulses are fed to the grid
of the pulse width discriminator
V.., which contains a delay line of
3.2 usec in its plate circuit; the
sending end is properly terminated
while the receiving end is open-cir-
cuited. Pulses arriving at point A
in Fig. 1 add directly to their
echoes that have been delayed 6.4
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usec by virtue of travel to and
reflection from the open-circuited
receiving end of the delay line.

Resulting waveforms occurring
at point B are shown in Fig. 2C
for a signal with sync pulses and
for a signal without sync pulses in
Fig. 2D.

For a narrow 5-microsecond
pulse, the reflection appears as a
similar pulse delayed 6.4 psec be-
hind the original. This pulse train,
when applied to the grid of bias
generator tube, V,,, a grounded
plate-negative cathode stage nor-
mally biased below cutoff, is of in-
sufficient amplitude to cause plate-
current conduction.

Under this condition, the d-¢ out-
put of the bias generator, which is
coupled directly to the control grid
of the sync control tube V., is sub-
stantially zero or ground potential.
Thus, sync signals present at this
point are amplified by the sync con-
trol tube and passed to the deflec-
tion synchronizing circuits.

In the case of the wider 10-psec
blanking pulse, the reflected pulse
is superimposed upon the initiating
pulse as shown in Fig. 2D. The re-
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FIG. 3—Pulse cross display circuit

sultant pulse train, with almost
twice the peak-to-peak amplitude of
that developed by the narrow pulses,
causes V., to conduct and lower its
plate voltage. Under this condition,
the filtered d-¢ output of the bias
generator is sufficientlv negative
(about 18 volts) to bias the sync
control tube beyond cutoff and pre-
vent the passage of sync informa-
tion through it to the deflection
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synchronizing circuits.

Thus, in the presence of sync
pulses on the video signal, the sync
control tube passes this sync infor-
mation, while for a signal without
sync pulses, this tube is biased be-
yond cutoff. In the latter case, it
i8 now necessary to gate in driving
pulses to the sync circuits to main-
tain svnchronization.

Generator Sync

Gating action is controlled by
svnc control tube V, through its
shift in d-c screen potential under
the two conditions of control grid
bias. With substantially zero bias
when sync is present in the video
signal V., conducts fully, causing
the screen voltage to drop by virtue
of the /R drop in the screen resis-
tor. This drop is coupled to the
control grids of the horizontal and
vertical drive amplifier tubes, caus-
ing them to be biased beyond cutoff
and preventing drive pulses from
being passed to the deflection syn-
chronizing circuits.

When there is no sync in the
video signal, the sync control tube
is biased beyond cutoff, raising its
screen potential to the static volt-
age divider value. The higher
screen potential applied to control
grids of the drive amplifier tubes
causes them to conduct and pass
the amplified drive signals to the
deflection synchronizing circuits.

A unique feature of the monitor

is its ability to check accurately the
timing waveforms of the sync gen-
erator by means of pulse-cross pres-
entations. Periodic observation and
adjustment of the sync generator
pulse output is necessary in any
tv station. The monitor pulse-cross
display permits these measure-
ments to be made accurately and
at a moment’s notice.

A three-position switch permits
selection of normal, pulse-cross and
expanded pulse-cross presentations.
The regular pulse-cross presenta-
tion displays the entire blanking
region, both horizontal and vertical.

Pulse-Cross Displays

The expanded pulse cross pres-
entation enlarges the vertical
blanking interval about five times,
permitting critical and accurate ex-
amination of the timing in this re-
gion. The relative timing and
shape of the front porch, back
porch, sync pulse, equalizer pulse,
vertical serration, number of equal-
izer pulses, number of vertical ser-
rations—all these can be readily
determined from this display.

In the pulse-cross position, the
start of the horizontal sweep is de-
layed by approximately 66 percent
in relation to the horizontal synce
pulse in the video signal to permit
the observation of all vertical equal-
izer pulses as well as the horizontal
blanking interval. The start of the
vertical sweep is delayed by approx-
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FIG. 4—Flywheel sync control similar to that used in television receivers
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D-C CONTROL VOLTAGE

FIG. S5—Back-porch clamping circuit
allows switching between composite
and camera signals without adjusting
black level

imately 50 percent in relation to the
vertical sync pulse in the video
signal. These delays are achieved
by the use of horizontal and vertical
multivibrator circuits running syn-
chronously. In order that details in
the blanking intervals may be ob-
served with good contrast, the video
signal on the grid of the picture
tube is inverted. Thus, white repre-
sents sync top level, gray represents
pedestal level and black represents
white level.

Expanded Blanking

Expansion of the vertical blank-
ing interval is accomplished by the
circuit shown in Fig. 3. In the ex-
pand position, the charging capaci-
tance in the plate circuit of the
vertical sawtooth generator is effec-
tively reduced by the addition of a
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small series capacitor that increases
the slope of the generated sawtooth
approximately five times. At the
same time, the bias of the vertical
output stage is reduced by shorting
out some of the cathode resistance
in order to center the display on the
central and linear portion of the
vertical scanning cycle.

Flywheel Sync

Greater synchronization stability
in the presence of noisy or degraded
syne, such as may be present in a
remote signal under marginal con-
ditions, is assured by a horizontal
flywheel sync eircuit. The circuit,
which can be switched in, is a modi-
fied version of the synchro-guide
arrangement widely used in tv re-
ceivers. It is shown in Fig. 4.

Black level fixed reference is
maintained over wide variations in
video signal content and level by
line-to-line back-porch clamping.
This eliminates the need for fre-
quent adjustment of the brightness
control, otherwise necessary with a
conventional d-c restorer circuit.
Back-porch clamping is ideal in
monitor operations where many
different video signals may be
sampled in rapid succession.

For instance, in going from a
composite video signal that contains
sync information to a signal con-
taining video and blanking only, the
d-c restorer, which restores on sync
pulse tips in the one case and to
the pedestal level in the other,

e =

EQUALIZER
PULSES (68)

LI T T

e

K PULEES INFIRST F
B PULSES N INTE bLl_t.:' FIELD

Expanded pulse cross permits counting significant pulses from sync

would give a shift in black level of
approximately 30 percent. The
back-poreh clamper keeps black level
fixed for the two signals.

Back-Porch Clamp

The clamp drive pulses are de-
rived from either the trailing edge
of the separated sync pulses or the
trailing edge of the horizontal drive
pulses, depending only on whether
or not sync pulses are present in
the video input signal. The circuit
needs no adjustment and operates
automatically for all types of input
signals, the only requirement being
that the pulse width of horizontal
drive be less than the pulse width of
horizontal blanking by at least 2
microseconds for satisfactory ped-
estal clamping of a video signal
without sync pulses.

The clamper circuit of Fig. 5
consists of a dual diode driven from
the low-impedance center-tapped
winding on a blocking oscillator
transformer.

The clamp drive pulses, of an-
proximately 2 microseconds width,
trigger the blocking oscillator,
which operates as a slave circuit
normally biased to cutoff.

Trigger pulses are obtained by
differentiation and amplification of
either sync or horizontal drive
pulses as described above. Separate
amplifiers gate in either of the two
different trigger sources, depending
on the bias conditions at the sync
control tube.
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Four-Channel FSK

New frequency-shift keyer adapts any class-C radiotelegraph transmitter to multichannel
operation. Overall frequency spread of only 3.85 ke provides four channels including
keying sidebands. Transmitter driver uses heterodyne system rather than frequency

multiplication to select assigned carriers from 4 to 24 mc

REQUENCY-SHIFT generation of

a new form described below
allows multiple frequency-shift
channels from a single radio trans-
mitter while at the same time per-
mitting an exciter of reduced size
and cost. This development was
carried out primarily to obtain ad-
ditional channels by use of two or
more frequency-shifted carriers
passing through a single linear
amplifier. The new type of fre-
quency-shift excitation resulting
can be applied to any class-C tele-
graph transmitter for ordinary
single-channel working. The em-
bodiment of the new generation and
multichanneling scheme has been

Driver stage is mounted in transmitter (left). Panoramic distortion-
measuring equipment on dolly can be wheeled to required location
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given the name Polyplex.

In the Polyplex system delineated
in Fig. 1 all component circuits have
been reduced to the essentials neces-
sary for maximum stability and
overall effectiveness in radiotele-
graphy. In effect this system is a
composite of single-sideband as well
as frequency-shift techniques. Fun-
damentally, these two methods are
the same. Frequency-shift keying is
the telegraphic counterpart of
single-sideband suppressed-carrier
as applied to telephony. At present,
four frequency-shifted channels are
derived from the system, using
standard radiotelegraph transmit-
ters of 7.5-kw and 30-kw class-C

rating in which the final and pen-
ultimate amplifiers have been con-
verted to linear operation. Terminal
equipment associated with these
transmitters to produce four chan-
nels is less expensive than that
formerly required for single-
channel frequency-shift keying.

Exciter Unit

Generation of the frequency-
shifted carriers is accomplished in
exciter units of the type shown in
Fig. 2. Carrier shift is obtained by
means of reactance-tube frequency-
modulation of a 200-ke oscillator of
the series-tuned LC type. The

modulating and oscillating func-

Group of five exciters (two dials) and combining units (two for
each exciter) provides four channels on each of five transmitters
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Adds Radio Circuits

By CHRISTOPHER BUFF

Projec: Engineer
Mackay Radio and Telegraph Co.
International Tel. & Tel. Corp.
New York, N. Y.

tions for each carrier are combined
in one tube, a type 6SN7. Consider-
able effort was =xpended in obtain-
ing a very pure 200-kc waveform so
that two or mare oscillators could
be combined without producing in-
termodulation cistortion. As a re-
sult, total harmonic distortion in
each oscillator is less than 1 percent.

A high degree of frequency
stability without temperature-con-
trolled ovens 1is required. The
present design shows a maximum
drift of about ten cycles for a
temperature variation from 20 to
50 deg C over a 24-hour period.
Compensating capacitors are em-
ployed to offset frequency varia-
tions owing to temperature. How-
ever, no attempt is made completely
to neutralize this effect because this
leads to jumpiness in oscillator
frequency and nonuniformity in
production.

By using a heterodyning process
to obtain final cutput frequencies in
the 4 to 26-mc range, rather than
the usual frequency multiplication,
total drift on 26 mc is essentially
the same as on 200 ke, plus the
small drift of the associated high-
frequency crystals.

Each 200-ke reactance-tube oscil-
lator section is followed by its own
class-A triode amplifier and then
coupled into a common tuned-plate
circuit, which is transformed to a
70-ohm output impedance for feed-
ing a coaxial line to the transmitter
at a level of 1 10 2 volts. This source
actuates the driver chassis located
in the radio transmitter.

The Twinplex® method of keying,
which permits two channels from
each of the two carriers produced
by one exciter, is used to obtain a
total of four channels. A combiner
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FIG. 1—Block diagram shows interconnections for four-channel Polyplex system
used commercially. Eight channels shown can be used if bandwidth permits

circuit is shown in Fig. 3. Band-
width permitting, it is possible to
paralle] two exciter outputs on the
coaxial line for a total of eight
channels.

Figure 4 shows the frequency
spectrum for four-channel opera-
tion. Using Twinplex keying on
each carrier, effective power is
doubled over that existing for con-
ventional mark-space keying of
separate channels because for the
same number of channels the avail-
able transmitter power is spread
over only half the number of car-
riers.

For making the equivalent of the
two-tone test to check overall trans-
mitter distortion, both oscillators
of this exciter are placed on mark-
mark condition and this produces
two equal-level carriers at the out-
put, 2,150 cycles apart.

Transmitter Driver

As in other types of radiotele-
graph transmitters in which crystal
oscillator, buffer, keying stage and
frequency multipliers are mounted
on a single chassis, the Poly-
plex driver is similarly assembled.
The basic driver comprises two bal-
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FIG. 2—Exciter combines four inputs to driver
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Driver stage transposes 200-kc keying
frequencies into range from 4 to 26 mc
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FIG. 3—Twinplex combiner feeds two
signals to exciter (Fig. 2)

anced modulators, two crystal os-
cillators and a linear push-pull out-
put amplifier suitable for driving
the type 4-250 penultimate stage of
the transmitter. These features are
shown in Fig. 5. The first balanced
modulator is fixed tuned at 2 me
which is the high-frequency side-
band resulting from the mixing of
an associated 1,800-kc crystal oscil-
lator and the 200-kc signals coming
in on the coaxial line from the
exciter.

The 2-me output is fed in push-
pull to the grids of a second bal-
anced modulator that mav be
switched and tuned over the range
from 4 to 24 me. The low-frequency
sideband is chosen throughout this
range as the final output frequency.
This sideband results from the
2-mc signals mixing with harmon-
ics of a high-frequency crystal oscil-
lator operating on a fundamental
range of 3 to 6.5 me and always
utilizing either the second or fourth
harmonic of the crystal. A feature
of this circuit is the use of double-
tuned highly selective circuits in the
crystal multiplier output.

This precaution results in at least
50-db attenuation of all but the de-
sired second or fourth harmonic to
which the circuit is tuned. A small
peaking trimmer is used on the
second tuned circuit to permit opti-
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{rum

mum selectivity throughout the
range. The extra tuned circuit
eliminates the need for using vari-
ous odd harmonics of the crystal to
prevent spurious outputs from the
second balanced modulator. For
example, if 14-me output is desired
it should be the resultant of the
fourth harmonic of 4-me¢ minus
2-mec. However, if adequate multi-
plier selectivity is not provided,
14-me may also be produced by the
third harmonic of 4-mec plus 2-mec.
Both 14-mc frequencies would be
radiated, one spurious.

Neutralizing Voltage

Following the second balanced
modulator is a push-pull linear
amplifier utilizing type 6146
tetrodes operating class A. Output
from one side is capacitively
coupled to the parallel 4-250 stage

in the transmitter, which is oper-
ated class AB. Output from the
other side provides a 180-degree
out-of-phase neutralizing voltage
for the 4-250’s.

In the design of the driver rapid
frequency change is provided with-
out introducing distortion. All
biases and driver levels are preset
to the best possible compromise be-
tween distortion and output over
the entire range from 4 to 24 me.
A single drive-level control on this
unit, which is in the 200-kc input
circuit from the coaxial line, serves
to adjust the operating output level
of the complete transmitter.

The maximum distortion prod-
ucts during a two-tone test are
35-db or more below the main signal
at the output of the 6146 stage for
a drive level sufficient to operate the
transmitter to at least 17-kw peak
power output. The transmitter fina)
output shows the distortion 28 to 30
db down.

In the driver all facilities asso-
ciated with other types of radio-
telegraph operation have been in-
corporated. It is possible to operate
on-off keying, with class B or C
operation of the transmitter,
through the same unit. Likewise,
straight frequency-shift with class-
C operation may be used. When two
carriers are required to provide
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additional channels, the drive level
to the transmitter is reduced by
means of a front-panel control until
linear operation results in all stages
of the transmitter.

Distortion products under linear
operation are observed on a pano-
ramic type presentation so that re-
sults are immediately evident. This
feature permits rapid tuneup and
changeover from class-C to linear
operation. The driver character-
istics are also suitable for single-
sideband telephony when associated
with suitable voice frequency term-
inal equipment.

Receiving Equipment

Multichannel reception is carried
out on a dual-diversity basis. For
four-channel operation two identi-
cal receiver bays are used, one for
channels A/B and one for channels
C/D. Each pair of radio receivers
is controlled by an external high-
frequency crystal or variable-fre-
quency oscillator of high stability
tuned specifically to receive one of
the two pairs of zhannels. By using
separate high-fraquency oscillators
tuned in this manner, the same
audio frequencies result from each
pair of receiver sutputs and this in
turn allows identical filters to be
used in the frequency-shift conver-
sion equipment following. This con-
version equipment is the same as
that previously used for Twinplex
operation empleying filter center
frequencies of 1,950, 2,350, 2,750
and 3,150 cyvcles.

Radio receivers are Hammarlund
SP-400 and SP-600 tvpes especially
modified for optimum performance
on fsk telegraph operation. In one
model the 6K7 first r-f stage has
been replaced with a 12AT7 in a
cascode circuit (Fig. 6) for im-
proved signal-to-noise ratio over the
whole 4 to 26-mc range. Above
20 me a 10-db improvement over
the original cirzuit is obtained as
shown in Fig. 7
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FIG. 7—Improvement in signal-roise for
receiver using cascode r-f

The antenna input is converted
to 50-ohm impedance for unbal-
anced coaxial cable. A broad-band
4 to 26-mec balanced-to-unbalanced
transformer couples the low-im-
pedance coaxial line to the antenna
feedpoint. These transformers are
made for various balanced input
impedances such as 1,000, 500, 200,
100 and 50 ohms. The output im-
pedance is 50 ohms unbalanced in
each case and the transformer loss
is held to within 1-db over the 4 to
26-mc range.

The Polyplex system is closely
akin to single-sideband working
and precautions must be taken in
the receiver as well as in the trans-
mitter to minimize nonlinearity and
consequent intermodulation in all
stages. The distortion is carefully
checked with two-frequency input
varied over a wide range of levels—
about 60 db—as would normally be
encountered in  high-frequency
propagation. It was found, in the
SP-400 receiver, that the main
factors in achieving a low value of
distortion are the application of the
proper amount of ave and cathode
bias on the 12AT7 first r-f stage
and the injection of a sufficiently
strong intermediate oscillator sig-
nal at the plate of the third i-f
stage.

In the original receiver there was
also considerable overdrive, with
strong signals, of the third i-f
stage, which caused blocking of the
second detector and mutilation of
the signals. This condition was
remedied by changing the third i-f
tube from a 6SK7 to a 6SJ7 with
considerably reduced plate and
screen voltages.

The intermediate-frequency oscil-
lator or bfo acts as the reinserted
carrier and for best results it
should be at least 10-db above the
signal level at the point of mixing.
The rather simple expedient of us-
ing a 1.8-millihenry peaking coil in
series with the bfo signal line to

the third i-f mixing point proved
effective in raising the injected
467.5-ke bfo voltage from 10 to 50
volts, or about 14-db. This voltage
gain is realized through an imped-
ance transformation.

If the local carrier oscillator is
not much stronger than the signal
the detector output will contain dis-
tortion products of importance in
the form of difference frequencies
between the two or more signal car-
riers present. When these differ-
ence frequency components fall
within the desired signaling bands,
mutilation of the signals usually
results.

When a Polyplex signal is picked
up on a communications receiver in
which the aforementioned design
principles have not been properly
applied, spurious frequencies on
either side of the main signal may
be noticed in the receiver output.
The spurious effect will increase as
the r-f or, in some cases, the i-f
gain is increased. With multi-
channel operation, as in single-side-
band working, the receiver must be
given consideration equal to that
afforded the transmitter with re-
spect to effects of distortion and
intermodulation, especially at maxi-
mum gain settings. These are
points often overlooked in the de-
sign of standard communications
receivers.

System Operation

The present Polyplex system was
based on the use of existing Twin-
plex filtering and conversion equip-
ment to reduce obsolescence.
Development of a new receiver-con-
verter designed specifically for the
system will allow transmitted band-
width to be cut in half. Further
development also continues in the
transmitter proper towards greatly
increased power output under linear
operation with the same number of
stages.

The Mackay radio circuit between
New York and Tangier has been
operated on a Polyplex basis for
more than a year. A four-channel
multiplex may be operated on each
of these four Polyplex channels in
the fature.

REFERENCE
(1) C. Buff, Twinplex and Twinmode

Radiotelegraph Systems, Electrical Com-
munication, p 20, Mar. 1952.
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FIG. 1—Schematic diagrams of clutch.actuated distributed transducar (A) and analogous distributed amplifier (B)

Distributed Transducer

Nonresonant magnetostrictive devii

frequencies. Possible applications include study of elastic properties of materials,

quency-modulated sonar and ultrasonic cutting tools

RAVELING WAVEs of ultrasonic

energy can be set up in a long
magnetostrictive rod by a dis-
tributed amplifier similar to those
used in wide-band r-f service.

The distributed amplifier consists
of eight stages of amplification
bridged between an input delay line
and a distributed plate load—exci-
tation coils spaced along the mag-
netostrictive rod.

The distributed ultrasonic trans-
ducer was developed as the result of
an investigation of magnetic-fluid
clutches which entailed a search for
a satisfactory method for employ-
ing magnetic clutches in the trans-
mission of large amounts of power
at cycling speeds in the ultrasonic
range.

A small magnetic cluteh could be
built to operate at ultrasonic speeds
but a large one would not behave
as a rigid body and the transmis-
sion of large amounts of power
would not be ordinarily possible.

A solution to the problem was
suggested by the distributed elee-
tronic amplifier. In such an ampli-
fier a large amount of power can be
handled by several low-power
stages ganged by delay lines so
that their inputs and outputs are in
paralle] without their input and
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output impedances shunting.

If a mechanical analog of the
electronic  distributed amplifier
could be built, it would have consid-
erable advantages for generation of
mechanical oscillations of high am-
plitudes. Figure 1A illustrates such
a distributed mechanical trans-
ducer. Several small magnetic
clutches actuated by a distributed
amplifier are arranged to produce
torsional oscillation of high fre-
quency and high power. For com-
parison, Fig. 1B shows a. typical
distributed amplifier in which elec-
trical power is transferred to a load
by traveling-wave action.

Magnetostrictive Transducer

To study the principles involved
in the distributed magnetic cluteh,
a distributed amplifier was devised
to set up traveling waves of ultra-
sonic energy in a magnetostrictive
rod. The resulting lengthening and
shortening of the rod could then be
changed back into electrical energy,
and fidelity and efficiency of elec-
tromechanical energy conversion
studied. Other means for produe-
ing traveling ultrasonic waves such
as piezoelectric erystals could also
have been employed.

The first model of the magneto-

‘e sets up high-energy traveling waves at ultrasonic

fre-

strictive transducer utilized thyra-
trons to pulse the excitation coils.
Fixed time delays were inserted be-
tween the thyratrons to delay the
input signal by the correct amount,
Interstage delays were each indi-
vidually adjustable and made equal
to the transit time of the elastic
wave traveling down the output rod.

The basic operation of a dis-
tributed amplifier can be under-
stood with reference to Fig. 1B.
Pulses are fed into the output by
each stage and travel in both diree-
tions. Pulses traveling toward the
left are absorbed in the resistor
shown to prevent reflections and
resulting interference.

For the same reason, a frictional
termination must be supplied for
the free end of the magnetostrictive
rod. In practice, however, it has
proved difficult to devise suech a
termination since there is apparent-
ly no simple way in which mechani-
cal vibration can be totally, or
nearly totally, absorbed.

Final Circuit

The device shown in Fig. 2 is an
improved version of the magneto-
strictive transducer. In this model,
push-pull 6L6’s are used to pulse
the output line and the input elec-
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FIG. 2.—Above (lft) and below (right) chassls views of {-m magnetostrictive transducer showing exciting coils and delay line

for Ulirasonic Power

By JACOB RABINOW™

Rabinow Engineering Co.
Washington, D. C.

SIGNAL INPUT
+300V

+150V To BAR
+300V " TERMINATION

Q005 MAGN ETIC BlAS

llh

= 100K’

K*X1,000

- SECOND STAGE =

(] - H

[ MAGNETOSTRICTION BAR- .
PIEZOELECTRIC TRANSDUCER 1

_L ? EIGHT STAGES AS ABOVE
ouTPUT

FIG. 3—Magnetostriction
showing delay lines

amplifier

trical delay line is so constructed
that its propagation velocity
matches that of the output bar. To
measure the output of the trans-
ducer, a piezoelectric crystal is at-
tached to the output end of the rod.
A circuit diagram of a typical
amplifier stage is shown in Fig. 3.

In the final tests, the piezoelectric
transducer was replaced by a mu-
tual-inductance r-f transducer de-
veloped at NBS.» This transducer
measures displacement of the end
of the bar without coming in con-
tact with it and is believed to give

* Formerly Technical Advisor, Diamond

Ordnance Fuze Laboratories.
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and

MAURICE APSTEIN

Associate Technical Director
Diamond Ordnance Fuze Laboratories

Washington, D. C.

a more correct indication of the
bar’s motion. Considerable effort
was spent on the development of a
suitable termination for the unused
end of the bar. Best results were
obtained by the friction termination
shown in Fig. 4. It consists of
small permanent magnets placed
against the bar and a cylindrical
weight clamped to the end of the
bar as shown. By adjusting the
clamping force, reflections from
this end of the bar can be kept to
a sufficiently low value.

The great advantage of a dis-
tributed transducer is that it is
inherently not a resonant device.

FIG. 4—Termination for end of output bar.
with clamped weight act as friction device to reduce reflections

Because the oscillations in the out-
put member are excited in a space-
distributed system, the mechanical
length of the bar has no effect on
the frequency of oscillation. This
should be contrasted with an oscil-
lating system where the physical
constants of the system determine
the period of oscillation so that the
buildup of amplitude is created by
successive impulses arriving in time
phase with the natural oscillation of
such a system. Another inherent
and very great advantage of a dis-
tributed network is that the heat
dissipation and, therefore, the en-
ergy that can be delivered to the

Alnico magnets taped to bar in conjunction
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device is much greater than that
of an equivalent resonant device
operated at the same frequency, be-
cause the dimensions of the former
can be so much greater.

To test the wide-band character-
istics of the transducer, a fre-
quency-modulated oscillator was
built to feed the input electrical
delay line and a special output-de-
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FIG. 5—Frequency-modulated oscillator for transducer. Frequencies for positions
1, 2, 3 and 4 of the frequency switch are 10.4, 20, 13 and 27 ke respectively
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FIG. 7—Frequency-modulated signals transmitted by magnetosirictive transducer.
Top row of waveforms are inputs from f-m oscillator modulator. Bottom row of wave-
forms are outputs from discriminator. The frequencies from left to right are 500, 1,000
and 1,500 cps. An f-m carrier frequency of 27 ke with @ maximum frequency devia-

tion of *15 percent was used
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tector network was designed to
measure the output. The circuit
diagrams of these devices are
shown in Fig. 5 and 6. With these
two units coupled to the magneto-
strictive transducer, voice frequen-
cies were transmitted over the
network. Overall performance is
shown in Fig. 7.

In later work, tests were made to
compare the relative effectiveness
of rods and tubes. Because of skin
effects at high frequencies, magne-
tostriction takes place only near
the surface of the transducer.
Tubes with wall thicknesses of &
inch showed an increase in output
as compared to rods. Thinner tubes
should show still higher efficiencies.

Applications

High-energy ultrasonic vibra-
tions are now being employed in the
drilling of ceramics, glass and other
hard materials. The broadband
characteristics of such transducers
may have wide applications in mili-
tary applications of ultrasonics.
The ability to maintain a high-en-
ergy traveling wave through long
lengths of material is of importance
to the study of physical properties
of the materials. The stress-strain
relationships obtained with steady
application of forces do not hold for
pulses of short duration. The rate
at which pulses travel through a
physical body is one of the clues to
the elastic properties of the body
and it has been difficult in the past
to obtain pulses of high energy
traveling for appreciable distances
through test specimens. The ability
to produce longitudinal or torsional
oscillations of very large amplitude
should also prove useful in the test-
ing of materials, both in fatigue
testing of the materials themselves
and in inducing vibrations in de-
vices attached to the transducers.

The author thanks Ernest Codier
who designed and built the two
models of the distributed trans-
ducer and electronic equipment,
Herbert Curchack who developed
the friction termination and did
much of the experimental and theo-
retical work and Israel Rotkin for
his supervision and advice.
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FIG. 1—Block diagram of complete noise generator with voltage regulator portion shown in detail

Stabilized Noise Source
for Air-Weapons Design

Signal simulates radar noise. air turbulence and circuit noise for design of air weapons

by electronic analog. Output of thyratron noise source is voltage regulated and filtered

to provide uniform noise signal from 0 to 35 cps

ECENT YEARS have seen striking
R advances in the design of
guided missiles and other aerial
weapons systems. With these ad-
vances has come an increasing
awareness o> the importance of
noise and other statistical consider-
ations in modern complex aerial
guidance and control systems.
Faced with the fact that the noise
is, due to thz nature of its origin,
almost fundamentally unavoidable
the system designer is forced to
build his system to live with the
noise and yet give optimum per-
formance.

Noise Generator

In the design and analysis of com-
plex systems, simulation has come
to be a key tool. It has become pos-
sible, furthermore, to inject or sim-
ulate the va~ious random quantities
appropriate to such studies. Radar
noise, air turbulence, manufactur-
ing irregulerities and circuit noise

ELECTRONICS — July, 1954
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Layout of stabilized noise generator illustrates how shield cans are utilized to avoid
- spurious pickup
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are examples of statistical inputs
that may be electronically gener-
ated and supplied to simulation
equipment. This article describes a
noise generator that can be used
with electronic analog computers as
the basic source of noise and other
random quantities. It is a pre-
cision device designed to provide for
accurate, quantitative system simu-
lation.

The frequency spectrum of the
noise generator output is uniform
from d-c to 35 cps, which more than
covers the range useful for most
simulator applications. Thus it pro-
duces white noise for frequencies
below 35 eps.

The probability distribution of
the output voltage amplitude is
Gaussian or normal,' which is the
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FIG. 4—Output circuit includes chopper, R-C filter and metering circuit

desired distribution for most uses.
Other distributions can be obtained
through the use of auxiliary appa-
ratus.

A Dblock diagram of the noise
generator is given in Fig. 1. The
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primary source of noise is a type
5727 thyratron. The output level
of the noise from the gas tube
varies with heater voltage and en-
velope temperature and in addition
appears to vary due to changes in
cathode emission. Since these vari-
ations are at low frequencies it is
possible to use a regulator to com-
pensate for them. The bandwidth
of noise accepted by the regulator
must be sufficiently wide to permit
averaging of the noise level and yet
allow for a reasonably short time
constant for the regulating action.
The noise supplied to the regulator
extends from about 30 ¢ps to 3 ke.

Regulator

The regulator circuit is indicated
on the block diagram. The noise is
passed through a variable-gain pen-
tode, amplified and half-wave recti-
fied. The rectified noise is com-
pared with a reference battery and
the difference averaged by the inte-
grator circuit. This is equivalent
to first averaging the rectified noise
and then comparing this average
with the battery reference.

If the average noise amplitude is
greater than the battery voltage the
gain of the variable-gain pentode is
reduced. If the noise is less, the
gain is raised. Thus the output of
the regulator is noise whose aver-
age amplitude is constant and
whose spectrum extends from 30
¢ps to 3 ke.

Due to the nature of the gas tube
the amplitude probability distribu-
tion at this point is nearly Gaussian.
Some distortion is introduced by
the slightly nonlinear character of
the variable-gain pentode.

A complete schematic of the reg-
ulator appears in Fig. 2. The meter
indicates the bias on the type 5749

July, 1954 — ELECTRONICS



g 100 =
::\\\\\\\\\\\\'L_" o
AL AEREERERANRERY § o //
= At L L1 Wy A lal, B e
* IR M) g
3 | 1‘36vo'u's W H o 1 ~-MEASURED
wl]-] k-oooesec/ [ | || 2 \VALUES
ST 1] - -~ B
TIME IN SECONOS W o L L
(a) g e -8 0 8 16
o E= OUTPUT VOLTAGE LEVEL IN VOLTS
i8)
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variable-gain pentode and is a
measure of the noise level at the
input to the regulator. This indica-
tion allows adjustment of the noise
input level such that the regulator
will operate in the proper region.
This adjustment however, is not
critical and ordinarily requires no
attention,

The spectral d2nsity of the regu-
lator output is uniform in the
center of the 80-cps to 3-kc band.
A portion of this spectrum is se-
lected by the filter whose transmis-
sion characteristic is given in Fig.
3A. Thus the output of the filter is
centered at 400 cps and has a band-
width of approximately 100 cps. A
degree of adjustment of the fre-
quency response shown is afforded
by the variable resistances in the
filter circuit. Stabilized toroids and
capacitors are used.

Noise Detection

After amplification by a feedback
amplifier the noise is detected by a
standard 400-cps electromechanical
chopper, Fig. 4. The chopper multi-
plies the noise voltage alternately
by plus one and minus one. This
multiplication by a square wave re-
sults in frequency components con-
sisting of sums and differences of
the noise frecuencies and the
chopper frequen:y and its various
harmonics.

Thus there 1is low-frequency
noise (a compoment at either 395
cps or 405 cps in the amplifier out-
put will yield a 5-cps noise compon-
ent at the chopper output) and noise
centered at 800 cps, 1,200 cps, 1,600
cps ete. For a perfectly symmetri-
cal chopper only the odd harmonics
of 400 cps would be present. The
R-C filter which follows the chopper
effectively eliminates the high-fre-
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gency components, leaving the low-
frequency noise.

If there were no R-C filter the
spectrum of the low-frequency por-
tion of the output would be as
shown in Fig. 3B. The R-C filter,
whose gain is shown in Fig. 3C,
modifies the spectrum of Fig. 3B to
give the output spectrum shown in
Fig. 8D. Thus the doubly peaked
gain characteristic shown in Fig.
3A was chosen for the filter at the
output of the regulator.

The two filters compensate such
that the resulting output spectrum
is essentially uniform or flat. Meas-
urements show that this arrange-
ment gives a spectrum flat within
0.1 db from d-c to 35 cps.

The frequency shifting procedure
insures a uniform spectrum at fre-
quencies less than 1 c¢ps which is not
commonly obtainable due to power-
supply noise at these low frequen-
cies.

In addition the noise spectrum
falls off rapidly above 40 cps. This
is a desirable feature inasmuch as
the useful dynamic range of the out-
put is not decreased by the presence
of useless high-frequeney compon-
ents.

Electronic means can be used for
the detection process. However, the
electromechanical chopper has the
advantage that it does not introduce
any d-c offset in the output. This
is often an important factor in sim-
ulation work.

A standard panel meter is filled
with heavy silicone fluid to give a
mechanical time constant of several
minutes. Such heavy smoothing is
needed to average the output volt-
age since the frequencies involved
are so low. Since the noise ampli-
tude is stabilized by a regulator, the
output meter serves merely as a

monitoring device during operation.

The portion of a strip chart re-
produced in Fig. 5A constitutes a
typical recorded sample of the noise
generator output. The amplitude
distribution at the regulator output
is not perfectly Gaussian. However,
since the noise bandwidth at this
point is many times wider than the
bandwidth of the filter the ampli-
tude distribution at the output of
this filter is insignificantly different
from Gaussian. The final output of
the noise generator is Gaussian,
therefore, since the circuit is linear
following this filter.

System Performance

Accurate measurements have
been made of the output amplitude
distribution. A result of such a
measurement, showing the cumula-
tive probability distribution, is
given in Fig. 56B. This curve ex-
tends to a voltage level that is twice
the standard deviation of the out-
put (approximately 10 volts).
However, measurements show that
the distribution is accurately nor-
mal to values in excess of four
times the standard deviation, which
is more than sufficient for almost
all simulation work. The differ-
ences between the actual measured
values and the ideal curve are with-
in the experimental error.

Reasonable precautions are exer-
cised in construction to insure that
any 400-cps fields do not induce
voltages in the low-level circuits,
since such signals would result in
a d-c offset in the output. An inter-
leaved shield can is placed over the
chopper for this reason.
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Tape Recorder Stores

High-speed, 409,200-character output of computer is used for feeding at slower rate a

tape-punch unit or electric typewriter. System can be used for handling teletype

messages or telemetering data for processing or storage

ELECTRONIC computing machines
now operate so fast that elec-
tric typewriters and other conven-
tional data-printing devices cannot
keep up with them.

The magnetic tape input-output
equipment to be described is de-
signed for use with a large-scale
data-processing computer. It serves
as a buffer between this high-speed
computer and slow-speed printers.

The equipment consists of an out-
put recorder, tape-to-punch reader
and input reader, Fig. 1. The output
recorder stores output data from
the computer on magnetic tape.
This tape can be transferred to the
tape-to-punch reader which plays
back the data to a punch or an elec-
tric typewriter. If further process-
ing of the data is required, the out-
put recorder tap> can be trans-
ferred to the input reader, which
reads the data back into the
computer.

Recording Technique

Saturation-pulse recording of the
magnetic tape is used in the output
recorder. The d-c erase head located
ahead of the recording-head as-
sembly erases any previously re-
corded information and uniformly
biases the tape to saturation of one
polarity. Pulses are then recorded
to saturation in the other polarity.
Pulses are recorded in six 0.025-
inch parallel tracks at a pulse
density of 40 pulses per inch. Six
tracks were chosen because the out-
put from the computer is a parallel
five-level binary code. The extra
track is available for locating or
control,

Pulse density of 40 pulses per
inch was chosen to combat the
effects of dropouts due to irregulari-
ties in the tape surface and to

166

By CURTIS W. FRITZE

Engineering Research Associates
Division of Remington Rand Inc.
St. Paul, Minnesota

allow playback at the relatively low
playback speeds of the tape-to-
punch recorder. The low playback
speed and surface irregularities on
the tape impose a practical lower
limit to the amount of energy which
must be stored in each of the
magnetized marks on the tape. The
use of narrow tracks made it de-
sirable to record longer marks on
the tape to store sufficient energy
for low-speed playback.

Using these parameters, one
seven-inch reel of magnetic tape
can store 576,000 six-level binary
characters at a density of 960 bits
per square inch, providing adequate
storage for the entire load of in-
formation.

The recording speed of the out-
put recorder is 15 inches per second
or 600 six-level characters per
second. This is determined by the
maximum rate at which informa-
tion can be taken continuously from

NORMAL
COMPUTER
INPUT DEVICE

COMPUTER

INPUT-QUTPUT
EQUIPMENT

INPUT OuTPUT
READER RECORDER
B TAPE - TO-PUNCH
TYPEWRITER READER

FIG. 1—Functional relationship of units
of buffer storage medium

the magnetic-drum memory of the
computer. With an operational rate
of 600 characters per second, the
entire memory of the computer,
409,200 characters, can be com-
pletely transferred in approximately
15 minutes.

The input reader affords two
playback speeds, 7.5 inches per
second and 3.75 inches per second,
300 and 150 characters per second
respectively. The tape-to-punch
reader plays back at a tape speed
up to 0.327 inch per second or 13.1
characters per second. The rate is
determined by the output mechan-
ism selected, punched paper tape or
typewriter. This unit is under
a-synchronous control of the output
mechanism. It normally stops be-
tween characters on the tape until
the mechanism receives a has-
written signal, whereupon the tape
starts moving again.

Tape-Handling Mechanisms

All three units use modified
Ampex 400 series tape-handling
mechanisms. The tape-handler for
the output recorder was modified
to allow normal operation or to be
started and stopped. The capstan
drive motor was removed from the
tape-to-punch reader tape-handler
and replaced with an electromechan-
ical clutch allowing start and stop
of the capstan to be controlled
electrically. The capstan clutch was
driven by a gear motor at a speed
of 25 rpm to provide a tape speed
of 0.327 inch per second. The idler
flywheel was also removed and re-
placed with a driven wheel to pro-
vide faster acceleration of the tape.

Output Recorder

The output recorder is controlled
by the computer. The tape is started
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Output recorder and tape-to-punch reader shown from left-to-right.
Pulses are recorded in six paraliel tracks

in motion upon receipt of informa-
tion from the computer, and the in-
formation is recorded as soon as
the tape is up to speed. The tape
continues in motion until no infor-
mation pulses have been received
for more than 0.25 second then
stops until receipt of the next block
of information.

After recording a character, the
output recorder sends a has-written
pulse back to the computer to re-
quest the next character. Record-
ing rate of the output recorder is
600 characters per second. One
character equals six information
pulses in parallel.

Initiate-Write Pulse

Figure 2 is a block diagram of
the output recorder. When power
is first turned on, the buffer stor-
age flip-flops and the gate flip-flop
in the control section are set to the
nonoperating position by the de-
layed ground return from the power
supply. The first six information
pulses are received, one at a time,
from the computer. These pulses
pass through the recirculation
switch to the three-winding (one
primary and two secondary) pulse
transformers. When an informa-
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Buffer storage unit in servicing position. All three units are similar

in construction and appearance

tion pulse is received in any chan-
nel an initiate-write pulse is sent
from one secondary winding to
the write gate where it is blocked.
No writing can occur at this time.
These information pulses trigger
the buffer storage flip-flops through
the other transformer winding.

Write Gate

When a buffer storage flip-flop is
triggered, the thyratron gate writer
in that channel is enabled, and the
position line becomes positive. This
positive condition is detected by the
tape-drive detector. The tape drive
flip-flop is triggered, and the tape
drive starts. After a delay of ap-
proximately 1 second produced by
the gate delay, the write gate is
enabled by the artificial initiate-
write pulse which sets the gate flip-
flop. This pulse also passes through
the write delav to the write gate.
Since the write gate is now open,
the artificial initiate-write pulse
is passed to the thyratron-gate
writers as a write pulse. Each
thyratron which has been enabled
by an information pulse will fire,
causing the corresponding head to
record a pulse on the magnetic tape.

After the initial information

character has been written, the
gate-delay circuit does not func-
tion. Thus, as long as information
continues to arrive from the com-
puter, the position line will remain
positive and the write gate will be
enabled. The initiate-write pulses
can pass through the write-delay
circuit and write gate. The write-
delay circuit produces a delay be-
fore each writing operation allow-
ing the buffer storage flip-flops to
set up and enable the thyratrons.

Has-Written Pulse

Each time a character is written,
the buffer storage flip-flops are re-
set by a pulse from the thyratron
writer, and the position line be-
comes negative. The has-written
circuit detects this change and
generates a delayed has-written
pulse, which is sent to the com-
puter. When the computer receives
a has-written pulse, another infor-
mation character is sent to the out-
put recorder. When information no
longer arrives, the position line be-
comes negative and the tape drive
flip-flop is reset. This condition,
after sufficient delay to allow for
short gaps in the blocks of infor-
mation, stops the tape drive and dis-
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FIG. 2-—Output recorder employs malfunction detector circuit to
stop tape drive when recorder fails to operate properly

ables the recorder write gate.

The delay after receiving infor-
mation and before writing, plus
the delay introduced after writing
and before transmitting the has-
written pulse back to the computer,
affords a means of controlling the
recording rate. The initial delay in
writing also resynchronizes the
parallel pulses to insure parallel re-
cording of the pulses on the six
recording tracks.

The recirculation switch and test-
pulse generator make up a testing
circuit for testing the operation of
the output recorder. If the recir-
culation switch is in operate posi-
tion, information pulses pass
through as described. If the switch
is in single-pulse position, pulses
originating in the test-pulse gener-
ator are passed through the switch
to the information levels selected
for testing. Test tape with pulses
in any of the six levels may also
be made in this manner.

A malfunction-detector circuit
indicates when the output recorder
is not operating properly. Any time
the position line fails to receive a
negative signal during a two-second
period, the malfunction-detector
circuit stops tape drive.

Tape-to-Punch Reader

The tape-to-punch reader shown
in Fig. 3 reads information re-
corded by the output recorder and
plays it back to a typewriter or
paper-tape punch for recording.

The information pulses are read,
one character at a time, from the
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magnetic tape by the playback
heads. After a character has been
read, the tape is stopped by the
electromechanical capstan clutch
until receipt of a has-written pulse
from the punch or typewriter,
whereupon the tape is started and
the next character read. Thus the
playback speed is determined by the
punch or typewriter up to the
maximum speed of 13.1 characters
per second. An interlock is provided
to allow continuous tape motion in
event the output mechanism is cap-
able of operating at higher speeds
than the reader.

The playback-order switch de-
termines the order in which infor-
mation pulses are to be read, re-
versed or as recorded. This allows
the tape to be played back without
rewinding. These information
pulses are amplified by plug-in pre-
amplifiers and are transmitted to
the gating and delay circuits. When
the first information pulse of a
character arrives at a gating and
delay circuit, that circuit produces
an initiate-sync pulse, which is sent
to the control section. If the out-
put mechanism has completed the
preceding writing operation, it pro-
duces a has-written pulse, which
sets the interlock flip-flop, and the
sync gate is enabled, allowing an
initiate-sync pulse to pass. This
pulse is delayed, shaped, and trans-
mitted back to the gating and delay
circuits as a sync pulse. All of the
information pulses temporarily
stored in the gating and delay cir-
cuits are simultaneously sent to the

FIG. 3—Tape-to-punch reader has interlock for continuous tape
motion should output mechanism operate faster than reader

typewriter translator adapter or to
the tape punch when the sync pulse
enables the gating and delay cir-
cuits.

Figure 4 illustrates the method
of resynchronizing the pulses from
the six levels by means of mono-
stable-multivibrator gating circuits.
The time constant of each multi-
vibrator is slightly longer than half
the period between pulses. The pulse
from each of the playback heads
triggers its multivibrator., Thus
through using the initiate-sync
pulse to form a sync pulse by delay-
ing and re-shaping, the outputs
from all six levels on the tape are re-
synchronized to allow for tape
skew or slight head misalignment.
This sync pulse also provides a
means of obtaining a timing pulse
without requiring a separate timing
track to be recorded on the tape.

Multivibrator Gating Circuit

The gating circuit used for re-
synchronizing is shown in Fig. 5.
The circuit consists of a cathode-
coupled monostable multivibrator
with a gating diode inserted in
series with the plate load of the
normally conducting side of the
multivibrator. When triggered,
normally cut-off V,, conducts and
Vs is cut off for a period of time
determined by R and C.

The positive-going pulse at the
plate of V,, is differentiated and
triggers a sync delay and then a
sync generator as shown by the
waveforms of Fig. 4. The positive
synchronizing pulse, thus generated
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when any one or more of the gating
multivibrators has been triggered,
is applied across the series diode
through a series capacitor and re-
sistor. If the multivibrator has been
triggered the diode is not conduct-
ing and the pulse is capacitor
coupled to the input of the thyra-
tron stage. If the multivibrator has
not been triggered, the pulse will
be short-circuited by the current
drawn through the multivibrator
and the sync pulse will not be
transmitted to the thyratron cir-
cuit,

The interlock flip-flop of Fig. 8
is set by the sync pulse, enabling
the interlock gete and disabling the
synchronizing gate to prevent gen-
eration of false synchronizing
pulses.

The synchronizing pulse is also
transmitted to the stop delay where
it is delayed tc allow time for com-
pleting the reading operation be-
fore stopping the tape.

If the output mechanism is cap-
able of accepting information as
fast as it is available from the
tape, the interlock flip-flop, in con-
junction with the has-written sig-
nal, provides a means of constant
tape motion. If a has-written pulse
is received Defore the tape is
stopped, the interlock flip-flop is set
to disable the interlock gate and
block the stop signal to the electro-
magnetic clutch of the tape-hand-
ling mechanism and the tape con-
tinues in constant motion. If the
output mechanism is not capable
of accepting tae information as fast
as it is availsble from the tape the
interlock gate will remain enabled.
Then a stop signal from the stop-
delay will be applied through the
start-stop flip-flop to the tape hand-
ling mechanism.

The problem of providing enough
amplification of the played-back
signal from the tape was solved by
utilizing plug-in preamplifiers de-
signed to prcvide a gain of 8,000 in
a single pentode stage at frequen-
cies from 2 to 2,000 cps'. Heads
were connecled through a subsonic
matching transformer to the input
of the plug-in preamplifiers. Thus
a signal of approximately 2 micro-
volts at the heads was stepped up
10 times by the transformer and
8,000 times by the preamplifiers to
provide an output of over one volt
by one stage of amplification.

ELECTRONICS — July, 1954

CHANNEL | | . i _
'
i
CHANNEL 6 i |
FIRST TO READ |
A SIGNAL [}
TRIGGER | —— l L
DELAY ! I l, -
+
TRIGGER | —
SYNC PULSE l n——
QUTPUT . - L
CHAP‘JNEL 1 [
]
]
Hl
]
ouTPUT I
CHANNEL 6

FIG. 4—Timing chart illustrates resyn-
chronizing of pulses from six levels us.
ing monostable multivibrator gate

TO

THYRATRON

46aL5

00! 10K FROM SYNC
' GENERATOR

ark +50V PULSE

TO STAGES 2-6

“NVie LIOOupF
22

e
'_.O_I_Tn?ggea
I0KZ 100K PULSE

+ 4

kc%

FROM =
PREAMP

] [FRO
STAGES
2-6

FIG. 5—Multivibrator gating circuit for
resynchronizing played-back signals
from magnetic tape

The input reader unit sends
recorded information back to the
computer. The playback-order
switch determines which channel of
the information section a pulse is
to enter. These information pulses
are then amplified and transmitted
to the gating and delay circuits.

The first information pulse of a
character to arrive at a gating and
delay circuit produces a synchro-
nized input pulse which is sent to
the control section. This synchro-
nizer input pulse is delayed, shaped,
and transmitted back to the gating
and delay circuits to synchronize the
simultaneous insertion of a charac-
ter into the computer. This circuit
is similar to that of the tape-to-
punch reader in operation.

The input-information pulses to
the computer are 30 volt, 250 micro-
second pulses. To provide a timing
pulse, the synchronizer output also
branches off in the control section
and is delayed, shaped and sent to

the computer with each character
for synchronizing the input portion
of the computer.

Test Results

Tapes recorded by the output re-
corder were used as input pulse
sources for final testing of the tape-
to-punch reader. A ten-to-one sig-
nal-to-noise ratio was observed at
the output of the preamplifiers
when the typewriter was not in op-
eration.

With the typewriter in operation,
the signal-to-noise ratio was ap-
proximately five-to-one. However,
the circuits are normally disabled
during typing thus minimizing the
effect of interference. No trouble
was experienced with typewriter
operation when characters were
typed out as recorded by the output
reccrder.

In the input reader signal-to-
noise ratio at the output of the pre-
amplifiers was found to be approxi-
mately twenty-to-one.

Final tests were conducted with
the computer by recording data on
the output recorder, re-entering the
data into the computer, again re-
cording it on the output recorder
and finally typing out the informa-
tion by means of the tape-to-punch
reader. Satisfactory results were
obtained.

Applications

Although the equipment was built
for use with a specific computer, it
might find many uses with other
high-speed data processing systems
or data transmission systems. For
example, it may find application for
storing radio-teletype messages
sent at high speed for printing out
at a later time. Telemetering data
might also be recorded in a similar
manner.

The equipment was developed for
the Office of Naval Research at the
suggestion of Engineering Research
Associates Division of Remington
Rand Inc.

The author wishes to express his
thanks to the many persons who
aided in the design and construc-
tion of this equipment, including H.
L. Daniels, R. R. Ritter, B. F.
Swezey and W. 0. Edstrom.
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Monochrome I-F Strip

Techniques for extending

chrominance information.

for color with a minimum of wiring changes

ITH THE ADVENT of 24 and
W27-inch black and white pic-
ture tube sizes, more attention was
paid by some designers to the better
picture quality attainable by more
fully utilizing the bandwidth capa-
bilities of the transmitted signal by
using wider bandwidth i-f ampli-
fiers. A method will be shown of
adapting a such monochrome i-f
amplifier strip, flat to about 3.5
me, for color television.

As shown in Fig. 1, the main dif-
ference between a 6-mc color chan-
nel and the corresponding mono-
chrome channel is the addition of a
chrominance subcarrier at 3.58 mc,
with chrominance sidebands extend-
ing from approximately 2.3 me to
4.2 me.

For most present-day mono-
chrome i-f amplifiers, the band-
width at 6 db down from the flat
top of the response is between 3
and 3.5 mc. This means the re-
sponse to the chrominance subcar-
rier and its upper sidebands is down
appreciably from the flat top of the
i-f response curve. Such ampli-
fiers are not suitable for color tele-
vision because of this narrower
response.

Beat Frequency

A further requirement for the
color i-f system, which is in conflict
with the requirement for greater
bandwidth, is the need for greater
attenuation at the 4.5-me sound-car-
rier frequency, or 41.25 me in terms
of intermediate frequency. One
reason this greater attenuation is
needed is the 900-ke beat frequency
produced, mainly in the second de-
tector, by the difference between the
sound-carrier and the chrominance-
subcarrier frequencies.
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bandwidth of 3.5-mc¢ monochrome receiver i-f strips to pass

Outboard-mounting conversion unit described adapts i-f strip
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Although, the beat is an f-m
effect since the sound carrier is
frequency modulated, a definite re-
duction in beat visibility was at-
tained by making the average beat
frequency an odd multiple of half-
line frequency.* The present 20 to
30 db rejection at 41.25 me in mono-
chrome receivers appears sufficient
to reduce the beat to a negligible
level.

A further attempt to reduce this
beat-frequency interference was
made by reducing the maximum
sound-carrier amplitude to 70 per-
cent of the picture-carrier ampli-
tude. However, path differences and
reflections may vary this ratio con-
siderably.

Sound-Carrier Attenuation

Another reason for requiring
greater attenuation at the sound-
carrier frequency has to do with
only the color receiver. While at-
tenuation can be at 4.5 me in the
chrominance band-pass circuits,

1—Idealized transmission characteristic showing relative carrier frequencies

considerably more rejection is re-
quired in the i-f section before de-
tection than is present in a mono-
chrome receiver. The 4.5-mc beat
note is amplitude modulated to some
extent with the luminance informa-
tion and the sidebands resulting
from this modulation can cause
crosstalk in the chrominance sig-
nal even though the 4.5-me carrier
has been attenuated.

Since the depth of luminance
amplitude modulation of the 4.5-
me sound signal is a function of the
relative levels of sound and picture
signals, the more sound-carrier at-
tenuation in the i-f relative to pic-
ture carrier, the lower will be the
relative importance of the ampli-
tude-modulated sidebands of the
4.5-mc signal.® Sufficient attenua-
tion must be added at 8.58 me and
4.5 mc in the video section of the
color receiver to eliminate any dot
patterns.

The necessary sound-carrier at-
tenuation in the i-f section of the
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Conversion for Color

By PHILIP S. STEINBERG

Senior Engineer
Television and Radio Division
Raytheon Manufacturing Company
Chicago, Illinois

Modification unit mounts on chassis near intercarrier-detector. Unit includes an i stage, video detector and cathode follower output

color receiver has been found to be
45 to 50 db with respect to the curve
top, with the lower figure applying
to a crystal detector as compared to
a thermionic detector. Because of
its better linearity with a few volts
output and the elimination of a
filament a crystal detector lowers
the effect of the 900-kc beat.

To avoid sacrificing sound sensi-
tivity, the 41.25-me sound attenua-
tion at the 4 5-mec i-f takeoff point
must be maintained at the 20 to
30 db figure, as with monochrome
receivers. Thais requires the ar-
rangement shown in Fig. 2, where
the sound is taken off and further
attenuation is added at 41.25 mc
before the video frequencies are
taken out. Separate detectors are
required for sound and video fre-
quencies.

Converted I-F Strip

The schematic of a monochrome
i-f amplifier adapted for color is
shown in Fig. 3. The original mono-
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chrome i-f strip had only four 6CB6
stages, with the output from the
CK706 crystal detector fed from
the 4th i-f stage giving sound, syn-
chronizing and video circuit input
voltages. In addition, there were
15,000-ohms and 10 uuf in parallel
across the primary of the detector
input transformer.

To adapt the i-f strip for color,
it was necessary to remove these
two components and take off
from the secondary of the detector
input transformer. The signal is
coupled through the 22-uuf capaci-

INPUT FROM TUNER VIDEO
ouTPUT
‘o égDED
UND
STRIP AT TENUATION
e a1.25 MC
INTERCARRIER
COLOR I-F
SOUND TAKE OFF ouTPUT

FIG. 2—Block diagram showing sep-
arate color i-f, sound and video takeofis

tance to the grid of the 6CL6 5th i-f
stage in the added outboard unit.

The 22-puf capacitance, in con-
junction with the input admittance
of the 6CL6 at 40 mec and stray and

wiring capacitances to ground,
gives the same loading as the re-
moved resistor and capacitor.

Therefore, i-f response up to this
point is not changed.

Filter Characteristics

The 6CL6 drives a band-pass
filter with a bridged-T section to
give high attenuation at the 41.25-
me sound carrier and a sharp corner
frequency as shown in Fig. 4.

There is a valley at the midband
frequencies to secure some exten-
sion in bandwidth at the higher
video frequencies. The peak at
41.65 mc corresponds to a 4.12-me
video frequency, which is about
the upper limit for chrominance
sidebands. This peaking may be
aoverdone because it results in some
loss of gain and makes the 6CL6
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FIG. 3—Standard intercarrier i-f amplitier adapted tor color. Conversion is made by taking signal from secondary of intercarrier sound
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FIG. 4—Response obtained through 5th
i-f stage shown in Fig. 3

more subject to overload. Also, a
slight tuning adjustment must be
made in other parts of the i-f strip
to give an overall flat response.
The position of the video earrier
at 6 db below the flat top on the
overall curve is maintained by ad-
justment of the staggered i-f coil,
which is tuned close to the video
carrier frequency of 45.75 me.
The erystal video detector drives
a 6AH6 cathode follower. This is
due to the color-set design, which
attempted to utilize as much of the

monochome set as possible. This
was feasible because of the multi-
unit type of monochrome set used,
which includes r-f/i-f, deflection
and high-voltage sections.

Since synchronizing, sound and
deflection circuits are nearly iden-
tical for color and monochrome sets,
only the high-voltage rectifier of
the monochrome set was not uti-
lized.

The color circuits were all
located on a separate chassis driven
with video through coaxial line
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FIG. 5—Normalized responses at sound and
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video i-f outputs

FIG. 6—Receiver response for encoded chrominance information
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FIG. 7—Typica. monochrome receiver
tuner response

from the 6AH®6 cathode follower on
the r-f/i-f chassis.

Gain

The overall gain of the 5th i-f and
cathode follower is 7 to 10 db as
compared to the sound and sync
takeoff (also previous monochrome
video takeoff} resulting in about
six-volts peak-to-peak video to drive
the color chassis. There is about
3 db attenuation across the 22-uuf
6CL6 input coupling capacitance. If
this attenuation were not present,
it would be necessary to cut the in-
put to the 6CL6 by readjusting the
age level to keep the video output
down to the proper level. This
would complicate the compatible
aspect of the design. In addition,
since the gain-bandwidth product of
the 4th i-f stage is given by g../2aC,
where g, is the transconductance
of the tube and C is the total tuned
circuit capacitance, it is necessary,
to maintain the proper overall
response, that C not be increased.

The photographs show external
and internal! views of the added
color modification unit. The input
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is taken from the secondary of the
sound detector input transformer,
which is available under the cover
enclosing the intercarrier sound de-
tector erystal, by coaxial line
through a hole in the cover. The
output jack is located at the lower
right beneath the 6AH6 cathode
follower. The power plug, which
feeds B+ and filament voltages to
the unit from the color chassis is
located above the 6AH6. The 6CL6
is the tube on top. The side con-
taining the input socket and the
cover were made removable to facil-
itate servicing and construction.
Both are held in place by twisted
metal tabs. The can is perforated as
a cooling aid.

Output Response

Normalized response curves of
the outputs at the sound and video
detectors are shown in Fig. 5. The
sound detector output is actually
negative but is shown positive for
comparison. The color subcarrier
is located at the corner of the curve
with the highest chrominance side-
bands about 7 db down with respect
to the curve top. The wider band-
width at the video output is due to
the peaking in the 5th i-f stage.

If upper and lower sidebands are
not equal in amplitude for the over-
all chrominance channel, color cross-
talk ocecurs, resulting in picture con-
tamination. The crosstalk is due to
the quadrature type of encoding
and decoding used for the color in-
formation.* To bring the upper
chrominance sidebands up to the
same level as the lower sidebands,

the video color information may be
passed through a band-pass ampli-
fier having the type of response
shown in Fig. 6. Some chrominance
ringing occurs due to this peaking.
Therefore, it is advisable to use as
little peaking as necessary.

System Response

With respect to the overall re-
sponse, a word should be said about
tuners. It does no good to take
great pains to secure an i-f re-
sponse flat to =3 db tolerance only
to find there is a 3 to 6 db tilt or
vallev in the tuner frequency re-
sponse. A typical tuner response
showing these effects is shown in
Fig. 7.

It is quite likely that tuner toler-
ances will have to be tightened to
the order of =1 db for satisfactory
color information. Antennas also
may have to be held to this flatness
tolerance . A result of the subcar-
rier being too far down on the
overall response is loss of synchro-
nization of the color subcarrier
reference oscillator in the receiver,
with resultant loss of all color
information.
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eedback in Junction

By D. W. GADE

Assistant Professor of Electrical Engineering

Towa State College
Ames, Towa

Table I-—-Summary of Network Coefficients

Cocflicient

Mesh-derived

Grounded Base

Grounded Emniitter Grounded Collector

5 mesh mesh
6  mesh nodal
7  nodal mesh
8 nodal nodal

(I"!l'n +!ng"22
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Table II—Network Coefficients for Cascaded Pairs
Individual
Transistor Network Coelflicient *
Representation
Mesh-derived resultant
1st Tran- 2nd Tran-
sistor sistor ri T ra1 raz
1 ! I rur'a+r’ rar' rar’'n r'rry
mesh mesh T ’ " 7 " 7 "o
r’u4-ris r'ur'y r'u+rin rury
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* Single primes designate network cocflicients of the first transistor. Double
primes designate the network coefficients of the second transistor.
r and g are given in Fig. 5.

Definitions of
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ARIATION of circuit properties
v with feedback is of considerable
importance in transistor circuits.
Analysis of several single-stage
transistor feedback circuits shows
that matched input and output im-
pedance, sensitivity and circuit
gains can be controlled to a large
extent by feedback techniques.’

The analysis of transistor cir-
cuits by use of four-parameter
equivalent circuits®® can be simpli-
fied if the full versatility of these
equivalent circuits is utilized. When
feedback' or biasing® elements are
present in each stage, these ele-
ments and the transistor equivalent
circuit can be incorporated. The
result is one four-parameter equiva-
lent circuit to replace each stage.
If transistors are cascaded, adja-
cent single-stage equivalent circuits
can be incorporated into one two-
stage equivalent circuit. This proc-
ess may be repeated until the com-
plete amplifier is represented by one
four-parameter equivalent circuit.
Feedback between stages presents
no additional problem if the feed-
back paths do not cross.

Equivalent Circuits

In analyzing linear operation of
junction transistors, two types of
equivalent circuits are particularly
useful: a mesh-derived circuit tak-
ing the form of a T and a nodal-
derived circuit in the form of a =.
The general forms of these two
equivalent circuits are shown in
Fig. 1. They are applicable at fre-
quencies for which the effects of
reactive elements are negligible.

Equivalent circuits of this type
can be used for any transistor con-
nection. Figure 2 shows the speci-
fic equivalent circuits for each con-
nection. To reduce the number of
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Transistor Circuits

Series and parallel feedback circuits for a single stage are reduced to a four-parameter

equivalent circuit for analysis. Cascaded transistor stages reduced in a similar manner

result in either mesh or nodal-derived equivalent circuits

parameters, each equivalent circuit
is written in terms of grounded-
base parameters. Table I summar-
izes the network coefficients for
each circuit of Fig. 2.

Feedback Circuits

Feedback circuits’ may be studied
by means of the expression for re-
turn difference’. Using the most
general transistor representations
of Fig. 1, the return difference for
7, in the mesh-derived case is

A

F=7

Yol
(Rg+ri+m)(r:+r;s+Ri)

in terms of the equivalent circuit
parameters, or

1
1 M

ria(ra — ri2)
(Rg + ru (ree + Rp) — Tl;‘ (2)
in terms of the aetwork coefficients.
In Eq. 1, A is the circuit determi-
nant and A° is zhe circuit determi-
nant with r, set to zero.
The determinant can now be

e 1

N\ T
VwA—
»~

AA
o
~
&

L

FIG. 1—Mesh-derived (A) and nodal-
derived (B) equivalent circuits for junc-
tion transistors

FIG. 2—Equivalent circuits for various
transistor connections in mesh and
nodal derived forms
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written in the form

A (Ro + i + r)(r: + 15 + Ru) .
- ra(r2 + ro) 3}
Here R, is included in the circuit
determinant to provide a more use-
ful measure of sensitivity. This is
equivalent to defining voltage gain
as
A, =5 (4)
when computing the sensitivity
directly.

1t is evident from Eq. 2 that the
transistor is inherently a feedback
device depending to a large extent
upon the coefficient 7, Further-
more, any additions to the circuit
which change the r,. -coefficient
change feedback. In this paper,
additions of this kind are called
added feedback.

Figure 3A illustrates three feed-
back circuits which control directly,
but not independently, the r,. coeffic-
ient.

Feedback in
termed series-added

these circuits is
feedback.

Mesh-derived equivalent circuits are
used because series feedback is
most easily handled by mesh equa-
tions.

Nodal Derived Circuits

For the nodal-derived case, the
return difference for g, is

Gr2(gn — gr2)
4 Gy + gu)gn + G2) — gif° (5)

Here G, is included in the circuit
determinant. This means that when
sensitivity is computed directly,
current gain must be defined as

(6

quation 5 shows that feedback
can be controlled by controlling the
g coefficient.

The circuits of Fig. 3B illustrate
three feedback circuits which con-
trol the g.. coefficient. Feedback
in these circuits is termed parallel-
added feedback since feedback ele-
ments are placed in parallel with
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FIG. 3—Network coefficients for series (A)
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the equivalent-circuit parameters.
Parallel feedback is most easily
handled by nodal equations.

General Circuit Equations

In terms of the network coeffic-
ients, useful mesh-derived equiva-
lent circuit equations are

R = ru(r-.»-_, + RL) = f;-_n'gl-

T + IfL (7)
_ (Ro + ridras — rory
ler - Rn + ™ (8)
E_ _ Vz»lRL i
4, By rulre + Rr) — rory’ )
_ I Ta
A== P e, (10)
and
A, = AA; (11)

For the nodal-derived equivalent
circuit these equations are

6 s gulgz + GL) — gugn

g2+ G ! (12)
_ (G + gu)g= — giogu
G, = G, +gu (13)
_ l‘;'.' _ Gu1
.~ E, g2 + GL' (1)
1, g'.'lGL
=== . —,
] I gulge: + Gr) — gngs’ (L)
and
Ap = AvAi (16)

Input impedance R; or conduct-
ance G, is measured at the input
terminals of the transistor. The
output impedance R, or conductance
G, is measured at the output termi-
nals. Voltage gain A, and current
gain A, in both cases are the gains
from input to output terminals.

When feedback is added to single-
stage transistor circuits these gen-
eral circuit equations may still be
used providing the proper network
coeflicients, shown in Fig. 3, are
used. The latter definitions are dif-
ferent from the definition of gain
used in conjunction with the cal-
culation of return difference.

Variation of circuit properties
with feedback is shown by the
curves of Fig. 4. These curves
illustrate the variation of input im-
pedance, output impedance, power

FIG. 4—Variations of circuit properties
with feedback in grounded-base series (A)
grounded-base parallel {B), grounded-emit-
ter series (C) and grounded-emitter paral-
lel (D) circuits. Dashed line indicates nega-
tive feedback
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EXCLUSIVE

QUANTITY PRODUCTION
OF LOW LOSS MICA
COMPONENTS

« « » a CINCH feature, and one con-
tributing to the choice of CINCH
electronic components as STANDARD

Finest molding machines
and equipment operatec
under most experienced
guidance and engineerirg
supervision with adequcte
and unequaled facilities has
advanced CINCH to the fore-
most produzer of low loss
Mica compcnents in produc-
tion quantity.

Miniaturized Micro Connectors that save space, weigh
less and are more efficient . . . 14, 21, 34 ond 50
contacts available in low loss material for chassis
mounting applications.

Centrally located plants at Chi-
cago, Shelbyville, Indiana ond
St. Louis.

Molded general purpose connectors from
three to fifty contacts available in low loss
mica for chassis mounting or assembled with
cap for cable applications, terminals gold or
silver plated.

CINCH experience indicated in the wide varie-
ty of designs and materials assures you the
connector for your purpose

ot e g el CONSULT CINCH

everywhere

CINCH MANUFACTURING CORPORATION

1026 South Homan Ave., Chicago 24, lllinois

Subsidiary of United-Carr Fastener Corporation, Cambridge, Mass.




gain and return difference for a
typical junction transistor under
matched conditions. Curves for both
grounded-base and grounded-
emitter operation are given.

The curves of Fig. 4A and'4B
pertain to the grounded-base feed-
back circuits of Fig. 3 with the one
exception that only positive added
feedback can be obtained in the cir-
cuits using no transformers. A
one-to-onpe transformer was as-
sumed for the other circuits.

Variation of input and output
impedance for series feedback is
considerably different than that for
parallel feedback, as ean be seen
from the curves. In addition,
power gain tends to decrease for
both positive and negative feedback
and return difference can be raised
by use of circuits with transform-
ers.

The curves of Fig. 4C and D per-
tain to the grounded-emitter feed-
back circuits of Fig. 3 with the
exception that only negative added
feedback can be.obtained from the
circuits not using transformers.

In these .¢ases, the grounded-
emitter circuit becomes unstable
when the added feedback is positive.
The variation of input impedance,

output impedance, power gain and -

returrr difference for negative feed-

back is similar to that of the
grounded-base connection.

Multiple Feedback

When both . series and parallel
feedback are present in the same
stage, an additional ¢ircuit equation
is normally required. This is true
regardless of whether the transistor
representation is of the mesh-de-
rived or of the nodal-derived tvpe.
However, it is possible to modify
the equivalent circuit so that an
additional ecircuit equation is not
necessary.

Figure 5A illustrates a single-
stage circuit with both series and
parallel added feedback. To analyze
this circuit, three equations would
normally be required, However, if
the transistor is represented by a
mesh-derived equivalent circuit, the
modified circuit of Fig. 5B can be
used. If the transistor is repre-
sented by a nodal-derived equivalent
circuit, the modified circuit of Fig.
5C can be used. In either case,
two equations are sufficient.
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Cascaded transistor circuits can
be analyzed by a method of circuit
reduetion of active networks. Using
this method va four-parameter
equivalent circuit may be found to
replace two transistors. This com-
posite equivalent circuit can be of
the mesh-derived or nodal-derived
tvpe. Except for values of the
parameters it is identical to the
single-stage equivalent circuits of
Fig. 1. i

Repeated application of this
method produces one four-param-
eter equivalent circuit to replace a

e N
TRANSISTOR
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L P o
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FIG. “‘5~Single-stage circuit with series
and parallel added feedback (A), mesh-
derived equivalent circuit (B) and nodal-
derived equivalent circuit (C)
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FIG. 6—Three-stage transistor circuit
with both series and parallel feedback

‘ascaded transistor circuit of any
number of stages.

Active Networks

Table IT contains the information
necessary for reducing active net-
works. This material was obtained
by matrix methods. Two stages may
be combined regardless of the type
of equivalent circuit used for each
transistor and the resulting equiva-

®

lent circuit may be either of the
mesh-derived or nodal-derived type.

To illustrate the use of this
method on a three-stage transistor
circuit containing both series and
parallel feedback, Fig. 6 is shown.

Let the first stage be represented
by a nodal-derived equivalent cir-
cuit. Then, G, may be directly
added to the network coefficients of
this circuit. ILet the second and
third stages be represented by a
mesh-derived equivalent circuit.
Resistance R, may then be added
directly to the third stage. The last
two stages can now be combined by
use of the relationships of Table
II, line 5. This resultant two-stage
equivalent circuit is of the nodal-
derived type. Therefore G. may be
added directly. Now, the equivalent
circuit of the first stage with G,
included ean be combined with the
two-stage equivalent circuit with
G. and R, included, resulting in a
three-stage equivalent  eircuit,
which may be of either the mesh or
nodal-derived type.

If the three-stage equivalent cir-
cuit is obtained by use of the rela-
tionships of Table II, line 4, a
mesh-derived circuit results. The
conductance G, may now be added
to this circuit by the method illus-
trated in Fig. 5B, and R, may be
added directly.

If the three-stage equivalent cir-
cuit is obtained by use of the rela-
tionships of Table ILting 8, a nodal-
derived circuit rresults. Here, R,
may be added to the circuit by the
method illustrated in Fig. 5C, and
G. may be added directly.

Regardless of the method used,
the circuit of Fig. 6 can be reduced
to one active network defined by
four parameters. This is appli®able
to cascaded circuits in general,
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SILVERLYTIC" CAPACITORS

New Ratings ...

” | Smaller Sizes

Mallory Silverlvtic Capacitors are now available in the ratings and sizes
listed belcw. They are ideal for transistor circuitry and other applications
requiring miniaturized components.

N\
\\ For extreme temperatures and wide range of ratings: Tvpe TAP
/ tantalum anode Silverlytics of the polarized type are capable of
* operating from —55° C to +85° C. Case measures 76" in diameter
! bv 32" long. These units exhibit extremely low DC leakage current

and are noted for their long operating and shel( life. Thev are available
in ratings from 2 mfd. at 100 volts to 30 mfd. at 6 volts.

For moderate range of temperatures and ratings: Tvpe ALA Silverlvtics
with aluminum anode structure cover ratings from 4 mfd. at 1 volis

to | mfd. at 10 volts. .. are also available in fractional capacities at
Expect More... 10 volis. Their case size is the same as Tvpe TAP. Their temperature
range is from —30° C to +65° C. Lower in cost than Tvpe TAP, these
Get More g : +65 .Lo er in co than Tvpe TAP, th
umits have excellent characteristics within the temperature range
from specified.
M LT L XL Y For comiplete specifications, prices and technical infermation, write or
ALLOR call Mallorv todav.

Parts distributors in all major cities stock Mallory standard componerts for your convenience.

Serving Industry with These Products: P.R.HALLORYECO..IN:.

Electromechanical-—Resistors ¢ Switches ¢ Television Tuners ¢ Vibrators
Electrochemical — Capacitors * Rectifiers ¢ Mercury Batteries

Metallurgical—Caniacts * Special Metals and Ceramics * Welding Materials

*Trade Mark P. R, MALLORY & CC., Inc., INDIANAPOLIS 6, INDIANA
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Metal Foil Used to Shield Laboratory Equipment

By ALEXANDER FINLAY

Buattelle Memorial Institute
Columbus, Ohio

J

Foil shielding can be quickly applied to equipment in making laboratory tests

WHEN large or irregularly shaped
objects must be electrostatically
shielded in the laboratory, mechan-
ical difficulties are sometimes seri-
ous. Many square feet of shielding,
capable of being formed into any
conceivable shape can be obtained
from a roll of aluminum foil.
Heavy-duty freezer wrap provides
excellent electrical and mechanical
properties.

In cases where the foil might
make an accidental electrical con-
nection to part of the system being
shielded insulation is necessary.
Ordinary cellulose tape is often
quite satisfactory for this purpose.
This shielding system is not suit-
able for any permanent set-up but
it does provide a tool for the re-
search laboratory, which often re-
sults in a saving of time and effort.

Vacuum-Tube Voltmeter for Impulse Measurements
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By RICHARD F. BLAKE

Equipment Research Branch
Naval Research Laboratory
Washington, D. C.

To MEET A NEED for a means of
measuring peak values of transient
waveforms, the impulse vacuum-
tube voltmeter shown in the dia-
gram has been developed. Stability

Impulse volimeter holds transient peak
vollage reading. Decay rate is about
ten scale divisions per minute

and accuracy of the instrument are
equivalent to those of a conventional
vtvm. Response time is 150 psec
permitting use on a variety of wave-
forms. On waves with a shorter
duration than 150 psec the instru-
ment will no longer record absolute
value but will give relative readings
between waveforms of the same
shape.

The holding circuit uses a high-
impedance vacuum-tube voltmeter
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Measure Difference In

with
The Q METER
= Type 190-A

In Designing Tened Circuils the effect on Q of adcing capacitors,
iron cores, Jr resistors must frequently be determined. The Q
of the separate components is also often needed. These measure-
ments made on Q Meters formerly available required the use of
a small diffe-ence between two large () values in verious formulz.
This led to larze errors. The Q Meter Type 190-A reads the
difference bztween the Q of a reference circuit and the Q of this
circuit wher ne-v components are added. The scale that indicates
this Differential Q has a sensitivity 4 times as great as the scale

BOONTON
RADIO CORPORATION

which reads Q. The accuracy and ease with which Differential Q SINGLE, EASY-TO-READ METER

can be read is greatly improved by use of the 190-4 Q Meter. WITH PARALLAX CORRECTION
The Q Meter Type 190-A has a “Lo Q" scale which reads Q FOR ALL FUNCTIONS

down to a value of 5. The internal resonating capacitor is directly ® Q indicating voltmeter: 50 to 400.

read and has a vernier arrangement for accurate reading of .
capacitance. The dial rotates approximately 10 times in covering Mulliply @ scale: 0.3 15 3.0

the capacitance range. All readings are made on a single meter ® A differential Q scale for accurately in-
corrected for parallax. dicating the difference in Q between two

tast circuits.
SPECIFICATIONS cirev

FREQUENCY COVERAGE: 20 mc to 260 mc. Continuously Variable in Four Ranges. ® Additional accurate expdnded scale for
FREQUENCY ACCURACY: Calibrated to = 1%. measuring low values of Q.
RANGE ORQIMEASUREMENTS: 15 to1 1220: ® A counter type resonating capacitor dial
RANGE OF DIFFERENTIAL Q MEASUREMENTS: O to 100. for im proved settin g a nd readin g
ACCURACY OF Q MEASUREMENTS: Circuit Q of 400 read directly on meter can accuracy.
be determined %o accuracy of = 5% to 100 mc¢ and to = 12% to 260 me.
INTERNAL RESONATING CAPACITANCE RANGE: 7.5 mmf to 100 mmf (direct ® Regulated power supply for increased
reading) calibrated in 0.1 mmf increments. stability and accuracy.
A N : = 0. f N 5.3 B 3
CELRACKTOR FESCIRATIIG CARACITRR = gg ::, :: gg ::: ® Careful design to minimize instrument
% 0.5 mmf to 100 mmf loading of circuit under test.
POWER SUPPLY: 90-130 volts—60 cps (internally regulated). Power Consumption—

55 watts,
( Specifications subject to chonge without notice)

PRICE: $625.00 F.O.B. Factory

P, 1
BOONTON ‘RADIO |
BOONTON - N-J- U-SA- c‘yjd”fa‘[&%’( |

A
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design. To achieve fast response
a crystal-diode short time-constant
circuit is used to stretch the dura-
tion of the applied signal before
feeding it to the storage capacitor.
When the transient is applied to the
capacitor its output attempts to go
positive causing the 6AL5 diode to
conduet until the 0.015-uf storage
capacitor is charged negatively to
a voltage equal to the positive peak

of the applied voltage. When the
transient returns to zero the volt-
age of the storage capacitor is ap-
plied to the grid of the 6C4 in the
metering circuit.

The metering circuit is limited
in the amount of negative voltage
it can measure by tube cutoff. To
increase the range, a positive bias
is inserted in the cathode of the
diode. The grid signal then goes

Mobile TV Control Room

Swiss mohile television unit recently compieted by British Marconi includes control
console. Sound controls are in the right foreground. Producer’s program controls

are at left.

Behind are three monitor scopes

Series Capacitors Multiply Battery Voltage

A COMMON METHOD of building up
a high voltage has been to charge
capacitors in parallel and discharge
them in series. Capacitors oper-
ated thus will produce a terminal
voltage equal to the battery voltage
times the number of capacitors in
series.

To obtain 6,000 volts from a 100-
volt battery would require 6,000,100
or 60 capacitors. It is evident that
such a large number of capacitors
is not practical from the standpoint
of cost, bulk and resulting capaci-
tance.

The method to Re described pro-
duces 6,400 volts using only six
series capacitors with a 100-volt
battery. Any voltage from 100 to
100,000 volts or more can be built
up. There is no top limit of voltage

182

By J. M. REED

National Schools
Inglewood, Calif,

Battery-operaled

high-voltage
produces 2,880-volt output from 90.volt
source

supply

negative with respect to the bias
rather than with respect to the
zero value.

The instrument is calibrated by
applying a known step voltage to
the input and adjusting the 100,-
000-ohm resistor in the metering
circuit for the proper indication.
A three-position switch provides
scale sensitivities of 30, 100 and
300 volts.

Oscilloscope Shows
Denture Strain

Research in detection of strain in ill-
fitting dentures is being carried on by
Edinburgh Hospital and School in Scot-
land. Strain gage connected by wire to
oscilloscope gives visible indication of
defects, Permanent record can be ob-
tained by photographing oscilloscope
display

except the voltage break-down of
the dielectric.

The six capacitors are arranged
so that the first has twice the capac-
itance of the second, the second is
twice the capacitance of the third
and so on. The first capacitor is
charged to 100 volts by the battery.

This capacitor is then placed in
series with the battery and the com-
bination charges the second capaci-
tor to a voltage somewhat less than
200 volts. If the first capacitor is
recharged several times and dis-
charged in series with the battery,
the second capacitor will eventually
obtain a charge of 200 volts.

These two capacitors and the
battery are now placed in series and
used to charge a third capacitor.
This capacitor will take a charge

July, 1954 — ELECTRONICS



how to stop an h-blast

WANTED: a camera to stop the action of
a nuclear explosion at a pre-selected
microsecond, with high quality image-
definition . .. that was the problem
handed by the AEC and its Los Alamos
Scientific Laboratory to the Boston firm
of Edgerton, Germeshausen & Grier,
Inc. EG&G solved it by inventing the
non-mechanical Rapatronic shutter . . .
cmploying the Faraday Effect of mag-
netically rotating the plane of polarized
light as it traverses an optical element
.and relying on HELIPOT™* precision
potentiometers and DUODIAL™® turns-
counting dials for sensitivity setting and
calibration.
A light-pulse from the blast falls on a
photocell . . . generates a signal that
passes through a variable time-delay to
trigger a condenser-discharge circuit...
releasing energy which surges through
a coil wound around a lead-glass lens.
The resulting magnetic field rotates po-
larized light from the blast as it passes
through the lens. . . effecting a one-
microsecond exposure.

ELECTRONICS — July, 1954

Sensitivity of the photocell circuit is
controlled by a standard-linearity
Model A 10-turn HELIPOT, calibrated
with a Model RB puobpiaL. Time-delay
from photocell pick-up to shutter oper-
ation . . . continuously variable from 0
to 100 microseconds . .. is controlled
by a Model A 10-turn HELIPOT of 0.1%
linearity, calibrated with a Model W10
DUODIAL.

The coil of the HELIPOT is wound with
more than 10,000 turns of resistance
wire . .. the pUODIAL is settable to a

XX XX XX XXX

UL

fraction of any of its thousand scale-
divisions . . . and the Rapatronic shut-
ter can be tripped at any preselected
fraction of a microsecond.

For complete details of this and other
HELIPOT applications, write for Data
File 701.

Il

MODEL A HELIPOT

W10 DUODIAL

e I I p 0 t first in precision potentiometers

Helipot Corporation/South Pasadena, California
Engineering representatives in principal cities
a division of BECKMAN INSTRUMENTS, INC. s

T M.REG,
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0 DETERMINE resistance to the most severe dripping water, spray
Tor rain conditions likely to be encountered for the type craft
for which the system is designed, a Raytheon Mariners Pathfinder
model 1500 radar indicator-receiver and antenna-transmitter is
shown subjected to a water spray test.

Navigation under adverse weather conditions, one of the prime
benefits of commercial radar, can only be accomplished by total
exclusion of water entry into the unit enclosure or by controlling
the degree and area of such entry and subsequent path of any flow.

The spray rack shown comprises tiers of horizontal half-inch pipes
spaced six inches, closed at one end and individually connected at
the other end through gate valves to a vertical manifold. This
assembly is mounted on an angle-iron frame, castered for portability
and adjustment. The manifold is connected through a flexible
rubber hose to a wall faucet.

A row of holes was drilled along the length of each pipe one inch
apart, using a 64 drill. These horizontal sections of pipe are only
made hand tight, thereby allowing control, by rotation of the pipe,
of the angle of contact of the spray with the specimen undergoing
test. Pressure is adjustable at the inlet to the system, up to full
main pressure of 80 psi. This rack will produce a simulated rain-
fall over an approximate six-foot-square area in excess of 10 inches
an hour.

An allied test involves subjecting the unit to a fog produced by
water fog head designed for fire protection installations. This is a
Rockwood Sprinkler Co. type L-12A, installed on a one-inch pipe
operating under a dynamic pressure of 40 psi at the foghead. The
unit under test is mounted directly below the fog head, which is
10 feet 6 inches above the floor level.

somewhat less than 400 volts but
after several rechargings wil] attain
exactly that value,
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This process of charging an addi-
tional capacitor to a voltage double
the previous one is continued as

/ ROTR - Commg

CONTACTS
v 7 ST /A
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FIG. 1-—Switch’'ng unit us~d to build up
90-volt battery output to 2,860 volts
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-

‘___Lco_uutcrous
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FIG. 2—Rolor unit (A) wired as shown
in (B) is used to connect capacitor across
battery potential and then connect
charged capacitor in series with battery
ard next capacitor to be charged

often as desired. Each capacitor
added to the series hook-up doubles
the available voltage. With the six-
series capacitor, the voltage of a
10J-volt battery is built up to 6,400
volts. The addition of another ca-
pacitor would double this voltage to
12.800 volts. The terminal or final
voltage obtainable is given by

E. 2" E,

where E, = final terminal voltage,
N number of series capacitors,
b battery or starting voltage.

The capacitors can be of any
value so long as they keep an ap-
proximate ratio of two-to-one. The
final voltage from a system of this
sort ean be used to charge a much
larger capacitor where higher
power is needed.

For example, the series combina-
tion could be used to charge a 30 uf
or larger capacitor even though the
total capacitance of all the series
capacitors is less than 1 uf. Once
the storage capacitor reaches term-
inal voltage, the charge and dis-
charge currents die out reducing

July, 1954 — ELECTRONICS



COLOR
TV...

Sample K-TRANS
for color television
are available now

MASS PRODUCERS OF / UTOMATIC

R A T I O N

ELECTRONIC COMPONENTS \\ c/lr{,ll./l/v(/lc’-'ll6’."2/”//1’6'

L
65 GOU/ERNEUR ST,, NEWARK 4, N.J




)LWW

‘ AMPHENOL

]
]
|

AMERICAN PHENOLIC CORPORATION

chicago 50,illinois

| e P

ELECTRONS AT WORK (continued)

the battery drain to that owing to
leakage in the dielectric.

This system is being used to
operate a 900-volt Geiger tube from
a single 673-volt battery and a
2,200-volt strobe-flash bulb from a
300 volt battery.

The switching of the capacitors
in the proper sequence is done by
turning a small hand-cranked rotor.

About five seconds are required
to crank the voltage up to the final
value, depending upon the output
voltage wanted and the capacitance
of the final storage capacitor across
the output. Figure 1 shows the
general construction of the rotary
switch. The frame is wood or hard
fiber. The rotor is wood or plastic.
Spring contacts are made from
brass spring ribbon, #-inch wide by
0.03 in. thick.

Spring contacts slide over the
heads of small escutcheon pins to
make contacts. The wiring is done
on the rotor with -inch wide alum-
inum foil. The escutcheon pins
make contact when driven through
the foil. After the wiring is com-
pleted, plastic tape is laid over the
aluminum foil wiring to insulate it
and prevent damage. Rotors wired
with printed circuit techniques
should be satisfactory.

It is essential that there be very
low leakage between spring con-
tacts. Formica strips having low
leakage were used to clamp the
springs. Springs were cemented in
place with sealing wax. A grooved
plastic strip would be more serv-
icable.

Contact Spacing

As the voltage gets higher toward
one end of the rotor, the spring con-
tacts should be more widely spaced
to prevent arc-over,

The rotor is wired as shown in
Fig. 2. The sequence is shown to
obtain 2,880 volts from a 90-volt
battery. For other voltages, the
rotor would be divided into a differ-
ent number of equal parts.

Since the first few capacitors in
the sequence usually operate at low
voltage, they can be electrolytics.
Paper or mica units are needed for
the last few capacitors where the
voltage exceeds 400 volts.

The principle outlined here can

be applied to any source of low d-c
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Specify Bridgeport Phosphor Bronze®

Y OB

to make better spring parts...

o,/ S ¥

for longer service life in switches,

7 S

relays and other electronic equipment

Bridgeport Phosphor Bronze (Alloys 35 and 36) has excellent resiliency, high
flexural strength, good conductivity with superior corrosion resistance and
ability to resist wear.

To use these advantages of Bridgeport Phosphor Bronze for your appli-
cations, contact your local Bridgeport Sales Office. Our technical service is
always available to help you with your metals or methods problems.

4 I
Bridgeport Metats with PBPRIDGEPORT BRASS
High 1.Q. (Inrer Ounlity)

for economical fabrication
and improvec products.
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Centralab is your No. 1 volume
source for custom ceramics

Everyone knows there’s more to producing fine ceramics
than turning a crank. Centralab’s modern facilities, how-
ever, make volume ceramic production almost as easy.
That’s why delivery schedules on standard or custom Steatite
components are so exceptionally fine!

BASIC MATERIALS uae 9 gugeie 3 I, g S
TO CHOOSE FROM Body 302 Sody 401 Body 452 Body 501
Grade (JAN-1-10) L-5 L-3 L-4 L-2 : 4
Dielectric Constant 576 623 8.99 591 %0
Power Factor (ot 1 Megocyele) | L0012 .0048 0014 .0090
Loss Factor (ot 1 Megoacycle) 0069 0299 0126 .0535
Dielectric Strength (Volts per Mil) 265 228 210 260
Coefficient of Linear Expansion:
20-200° C. 7.0x104 1 2.1x104 | 3.8x10¢| 4.6x10¢
20-400° C. 7.4x10% 2.7x10% | 4.3x10¢| 5.1x10¢
20-600° C. 7.9x10% | 3.1x10¢ | 47x10¢| 5.7x10¢
Moisture Absorption (%) 0-0.010 | 0-0.010 | 0-0.010 | 0-0.010
Apparent Specific Gravity 2.69 2.65 3.68 2.53
Modulus of Rupture  (Ibs/sa. in) | 19,000 17,000 20,000 13,300
Compressive Strength (Ibs/sq. in) | 70,000 95,000 82,200 71,400
Impact Strength (ft. 1bs/sq. in.) 1.95 1.80 221 1.55

® Industry’s leading staff of
ceramic specialists plans
with you — from powder to
finished product.

¢ Complete mechanized oper-
ations including mixing,
molding, drilling, tapping,
pressing and metallizing.

Write today for complete data. Stand-

ard items are available at your local
(CRL) distributor — see Catalog 29

® 100% “in process” quality
control at every step.

A Division of Globe-Union Inc.
914-G E. Keefe Avenue ® Milwaukee 1, Wisconsin
In Canada: 804 Mt. Pleasant Road, Torente, Ontario

2 les

el
ELECTRONIC  CIRCUITS

VARABLE
BE3ISTORS

CERAMIC
CAPACITORS

A
INSULATORS

Industry’s greatest source of standard and special
electronic components

ELECTRONS AT WORK (continued)
voltage where it is desired to boost
this voltage for metering purposes
or to obtain high-voltage dis-
charges.

TV Avalanches

A SWEDISHI ENGINEER making a
four-nation tour arranged by the
International Labor Organization,
an agency associated with the
United Nations, will study hazards
of blasting operations in France,
Germany, Canada and U.S.A.

Among problems to be investi-
gated are those of premature deto-
nation resulting from lightning
and atmospheric electricity. Al-
though Swedish experience with ra-
dio has shown no hazard from this
source, precautions in the United
States have been standardized for
police, road maintenance and other
cars using two-way radio.

While Sweden has no television
broadcasting at present, authorities
are anxious to ascertain the possible
danger of such transmissions prior
to establishment of television ser-
vice.

According to a recent release
from ILO, it has been suggested
that radio signals from police cars
can set off mountain avalanches.

Transistor Pulse Supply

By T. A. PRUGH AND J. W. KELLER

Diamond Ordnance Fuze Laboratories
Washington, D. C.

SIMILAR to a single-transistor bi-
stable switching circuit, a thyra-
tron-type switch uses, instead of
added base resistance a large choke
coil. Similarly, a choke coil supplies
the bias for the collector. This cir-
cuit operates as if the transistor is
merely a switch in series with the
two capacitors C, C, and the load
resistance, When the switch is
open, there is a difference in poten-
tial of about 20 volts between the
emitter and collector. When the
switch closes, this difference is
transferred to the load.

The output pulse amplitude of
this circuit is

Va = (Ea - Ec) - Iru'

where

E. = d-c bias on emitter

E. = d-c bias on collector

I = peak current
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New Sub-Miniature Relay

APPLICABLE TO
PRINTED CIRCUITS

- ?‘
¥y,

)

- T
ACTUAL
SIZE
: 1
l | ALLIED TYPE KH RELAY
ELECTRICAL SPECIFICATIONS: | weighs .32 oz. -

M| has | ity fot
CONTACLTS: Maximum of double pole rated at .25 | il T

amperes at 26.5 volts DC or 115 volts AC resistive

v RF switching

COIL: Sensitivity —nominal 1.0 watts, maximum 0.3
watts
Resistance—up to 1500 ohms
Voltage—up: to 40 volts DC

TEMPERATURE: Minus 60° C to plus 125° C
VIBRATION: 10G up to 500 cycles
SHOCK: 50G plus (operating)

SPEED OF OPERATION: 1.5 millisecond at
nominal voltage direct from battery supply
ond 1 millisecond with series resistance

ALTITUDE: 70,000 feet or 1.3 inches of mercury

TERMINAL TYPES: Printed circuit, solder terminals
and plug-in

CAPACITY: N, O. contact to case 0.85 mmf

Write for catalog sheet giving complete information

@) ALLIED CONTROL ®

ALLIED CONTROL COMPANY, INC., 2 BAST END AVENUE, NEW YORK 21,N.Y, AR



Controls for Electronic,
= L] Refrigeration, In-

ESSEX WIRE CORPORATION Communication and

190

APPLICATION

Meeting Commercial and Government Requirements

OPEN TYPE. Circuit switching — power and dynamotor
loads — plate circuit— low capacitance.

HERMETICALLY SEALED. Stud or bushing mounting —
solder or plug-in headers — circuit switching— power—
low loss applications.

TRANSPARENT PLASTIC COVER. Most R-B-M relays

now available in low cost transparent plastic cover.

OTHER PRODUCTS: Motor starting relays and overload protectors
for refrigeration, appliance and general purpose motors. Industrial
contactors and across-the-line starters. NEMA size 1 and smaller.
Low cost general purpose relays. Low voltage D.C. manual and
magnetic devices.

Let R-B-M engineering and production facilities serve you.
Contact us immediately—Phone 5121

dustrial, Appliance,

Logansport, Indiana Automotive Industries

ELECTRONS AT WORK (continued)

internal resistance from
emitter to collector
The pulse time constant if the
choke coils are large is
I (R ) (CC./C, + C.)
The resistance encountered
via the emitter and collector, is
dependent upon the current ampli-
tude in the same way as the for-
ward resistance of a diode. Conse-

INPUIn—\_ 1689

o T = i,
d.iAK | e
1008 05K |
1 -

+10v v

FIG. 1—Thyratron.type switch using
transistor acis {o break circuit in series
with two capacitors and load resistance

quently the internal impedance of
this circuit becomes quite low for
small load resistances. For a peak
current of 7 amperes, 7., has been
observed to be less than 5 ohms.

Figure 2A shows the output
pulse when L, and L, are large. It
exhibits the simple RC decay where
the peak voltage is the supply volt-
age minus the internal drop.

If L, is chosen smaller than
normal the simple RC decay is in-
terrupted by premature cutoff of
the switch as shown in Fig. 2B and
only part of the total pulse is avail-

+20V

-20V

1000 4 SEC E
L NORMAL, L,LOW

(c) J

FIG. 2—Output pulse shape determined
by suitable values of inductance
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4 ‘Depmclcc@(?a Selutions

TO HERMETIC SEALING PROBLEMS..

eRMETICALLY”
= H ED
SEAL

E-1..HEAD. 3 AR
- £3
QUARTERS FOR AD- r?:'?'e oss M5 itie L
HERMETICALLY-SEALED - CoMPRESS‘ON od bsomelg- ord, © il 2 loring
MULTIPLE HEADERS, 8 : ; cr'uggu ‘“des"::'.ve ‘:‘°;|::
the
OCTAL PLUG-INS, TER- mulF;ip' ot g,e:ncyk
=]

MINALS, COLOR CODED el developmeiswnce o  the above

sed res ny © roday*

ratu? % pulletins:

TERMINALS, END SEALS

*PATENT PENDING
ALL RIGHTS RESERVED

DIVISION OF AMPEREX
ELECTRONICS CORPORATION

ELECTRICAL INDUSTRIES

44 SUMMER AVENUE, NEWARK 4, NEW JERSEY



UubIo
ATTENUATORS

OVER 200 BASIC TYPES 'II'O CHOOSE FROM

Do audio attenuator problems cost you money?
Chances are Shallcross has a model to match
your specifications exactly—and at moderate cost.

Shallcross attenuators are made in over 200
basic types. Each type can be supplied with a
choice of attennation characteristics . . . with a
positive detent mechanism . . . and in numerous
input and output impedances. Where calibration
must be extremely accurate, Shallcross precision
wire-wound resistors are used. For less critical
applications, models with high grade composi-
tion resistors can be supplied—often at lower
cost.

A complete description of all Shallcross
attenuators — mountings, characteristics, and
circuits is yours for the asking in Bulletin L-4A.
SHALLCROSS MFG. CO., 522 Pusey Avenue,

/(Iollingdale, Penna.

) tities of
/ ES! Small quant ot o or

IVER sition re!
Shallcross P\ dders without
L

o -.-::diately available. '
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ELECTRONS AT WORK (continued)

able. The size of this inductance is
dictated by the largest R, encount-
ered.

If L, is chosen too small, the
output pulse takes on the flavor of
an LC rather than an RC decay as
seen in Fig. 2C. Similarly, the size
of L, must be selected on the basis
of the largest load resistance en-
countered. Inductances in the
neighborhood of one-half henry are
adequate if 1,000 ohms is the maxi-
mum load resistance. Of course
other pulse shapes may be desired
in which case L, and L. would be
chosen differently.

Two different methods of trig-
gering this switch have been used.
A negative pulse can be applied to
the base with instant triggering ac-
tion, or the two resistances R, and
R., that provide the small negative
bias for the emitter can be removed
and this bias supplied by the input
circuit. Triggering action is then
accomplished when the level of bias
is raised to a potential close to the
base potential.

The single stage described has an
adequate performance in the tem-
perature range of interest except
for its peak amplitude, which is too
small.  With supply voltages of

10 and + 10, the output is limited
to about 18 volts. A peak voltage
of several times the supply voltage
is needed.

This large amplitude can be ob-
tained by simply connecting three
of the stages in series as shown in
Fig. 3. Only the first stage need be
triggered and this triggering can
be done as already mentioned for a
single stage. Subsequent stages are
triggered by the positive pulse on
their emitters received from the
preceding stages.

The behavior of output-pulse
amplitude as a function of temper-
ature is shown in Fig. 4.

The output voltage of the three
stages is

INPUT c,

1

¢ ¢,
| % ;Il glllt
T [

-10y

FIG. 3-—-Multiple-stage circuit furnishing
output pulse almost three times the sup-
ply voltage amplitude
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§ i CAPILLARY ACTION
FEEDS OIL TO
MOVING PARTS

One secret of the lasting accuracy of a Telechron timing motor is

Lubrication is only part of the Telechron motor story. Lightwaight its exclusive sealed-in system of lubrication.
T e e e wodtun prtirepos. SADGTaiT Each Telechron motor carries just the right amount of oil, locked-in
of the field from the rotor results in cooler operation and longer life. against dirt and dust. The oil is drawn up the spaces between bearings
and capillary plates by the same free-flowing process that pulls water
up the hollow stem of a plant—or a glass tube. Bearings are constantly
covered with a thin coating of oil

This way the oil lasts the life of the motor—which, with a Telechron
timing motor, can be for years and years

Write for complete catalog and full mformation on our Application
Engineering Service. Telachron Department, General Electric Companyr
47 Homer Avenue, Ashland, Mass.

SSelechion

The accurate, dependable, Inexpensive Telechron Synchronous Motor
is the heart of timing you see everywhere in clock-radios, washers
and dryers; in hea ing controls, refrigerator defrosters and air condi- MARK OF TIMING LEADERSHIP
tioners in industrial time switches, recorders and instrumentation.

ELECTRONICS — July, 1954
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L y uartz Crystals

mec Coy Precision ©

deliver the A

You can expect the same precision performance from both
the MC¢Coy M-1 and the M-20 “MCMite,"” although the “M¢Mite”
is only 1/5th as big. Both crystals are produced up to 110 mc on
the 5th overtone. The fact that these two crystals perform equally
well in meeting widely varied job specs illustrates the versatility
of M€Coy design and production facilities. Whatever you need in
quartz crystals, MCCoy either makes them or can develop them
for you. Send for free catalog today on the M¢Coy line of high
quality, precision-made quartz crystals.

M-20 ‘“McMite’” is a sub-miniature hermetically sealed
unit, adaptable to multi-channel design for communica-
tions and frequency control equipment. Can be wired into
a sub-miniature selector switch assembly or soldered to a
printed circuit terminal board.

M-1 is an hermetically sealed, plated crystal preferred
when fundamentals below 5 mc¢ are desired. Easily inter-
changeable, it plugs into a standard socket. Meets gov-
ernment specification MIL-C-3098A and

CAA-R-916; also ARINC No. 401,

194

meCoy LN L

Phone 376 and 377

licencee under patents of
Western Electric Company

ELECTRONS AT WORK (continued)

V. = 3(E, — E.) 31Ir
and the decay time is
T (R, + 3r..
C.C.CC,

CCC, + CLL. + C.CC, + CC.C,
Transistor Performance

The application of the switch cir-
cuit just discussed occasionally calls
for current amplitudes considerably

o
<

L,
/

"

-
=

PULSE AMPLITUDE IN ¥OLTS

o
~=

S

m 5 60 10 &
TEMPERATURE 1N DEGREES CENTIGAADE

FIG. 4—Output pulse amplitude of
three-stage circuit as function of temper-
ature

above known ratings of the transis-
tors. For this reason it was felt
that some qualitative data should be
obtained on the capabilities of tran-
sistors in this circuit. The collector
characteristic curves of Fig. 5 show
the gradual and typical deteriora-

AFTER 2 PULSES AFTER 8400 PULSES

FIG. 5—Change in transistor collector
characteristics due to various numbers
of pulses

tion of a type 1689 transistor used
in a two-stage switch delivering a
40-volt pulse across a ‘47-ohm re-
sistor. The peak current is about
0.8 amp. The circuit'is still in
fairly good working order after
8,000 pulses although it is clear
that alpha and r, are decreasing
and /., is increasing. The point of
unsatisfactory operation has not
been determined with the small
sample of about 15 used in this ex-

July, 1954 — ELECTRONICS



When the job calls for a Class B

Composite Insulation...Use

“ABOGLAS

® Varnished ccnvas and duck
® Varnished silk and special rayon

®* Varnished—5ilicone coated

Fiberglas
® Varnished papers—rope and kraft
® Slot cell comainations, Aboglas®

Natvar Products
® Varnished ccmbric—cloth and tape
[

* Varnished-lacquered tubing and
sleeving

Et

o NATVAR, corronsro

* Extruded vinyl tubing and tape I
* Styroflex® flexible polystyrene tape

* Extruded identification markers

Ask for Catalog No. 22

ol |

ELECTRONICS -— July, 1954
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IT'S TOUGH

Suitable for heavy duty equip-
ment which is subject ta abuse
ard averlaads in normal service.
Stability and resistance to break-
down proven in actual service
under extremely adverse condi-
tions eof hept, moisture, abrasive
dust, oil and grease.

IT’S FLEXIBLE

Can be folded, and conforms eas-
- ily to irregular surfaces—without
application aof heat. It is free
from the objectionable flaking
characteristic of mica products,

IT'S ECONOMICAL

Saves time because it is so clean
- and easy to handle, and costs
1 ) considerably less than mica ¢com-
binations and other suitable
Class B insulations.

ABOGLAS was developed at the suggestion of a large eastern repair shop to
answer lheir need for a |1ig|1 gra(le Class B insulating material which would
effect substantial reductions in the cost of material and labor. It has proven
highly successful in such applications as: Coil support on armature windings
and rotors...Cushion between top and bottom coils...Cushion and ground
insulation on field and rotor coils...Insulation under leads on armature coils

Phase insulation on mush wound stators.. .Layer and ground insulation on
dry—lype transformers.

It is available in two thicknesses: .025”-.027" with minimum dielectric break-
down strength of 12,000 volts: and .050”-.054" with a strength of 19.000 volts.

When the job calls for insulation with good physical and electrical properties,
it will pay you to use Natvar flexible insulations. They are depen(lal)ly uni-
orm no matter when or where purchased, and are available either from your
wholesaler's stock or direct from our own.

FORMERLY THE NATIONAL YARNISHED PROODUCTS CORPORATION
TELEPHONE CABLE ADDRESS
RAHWAY 7-8800 NATVAR: RAHWAY, N, J,

201 RANDOLPH AVENUE © WOODBRIDGE, NEW JERSEY
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..production’s really sold on ‘em—and they'te priced right!”
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AVERY ADHESIVE LABEL CORP,, Custom Div. 131

117 Liberty Street, New York 6 ¢ 608 S. Dcarborn Street, Chicago 5
1616S. California Ave., Monrovia, Calif. » Offices in other principal cities

Name__

Company ; =

e

DPlease send case histories

),

.
2

=7%
..-P’"l

-
r——
{

Plant ... department, .. or individual — everyone’s sold on Avery Pressure-Sensitive Labeling.

Here's why:

@ Countless hand operations are eliminated ...one simple motion and they’re on to stay —
without moistening! Avery Kum-Kleen Labels are fed, either one-at-a-time from an auto-

\&m
SPECIFICALLY SPEAKING..., ' ‘f’ L
from precision parts
to promotion labeling . .. -

Constant inspection and careful quality control pro-
vide the extremely fine finish and extreme accuracy
on precision gages made by the Size Control Com-
pany. And Avery Labels list the conditions that help
provide absolutely accurate inspection. They stick
instantly —and stay stuck —yet peel off easily with-
out damage to closely machined surfaces.

Laid right on the handle, an Avery Label carries
important specifications and data to help reduce
customers’ i,'aging costs. They help locate the right
gage quickly . tell how to use it...and point out
temf)erature limitations and conditions of guaran-
teed accuracy.

Size Control doesn't overlook the sales possibilities,
either. A Kum-Kleen Label on each gage identifies
and merchandises it, even after it’s removed from
the package!

D Have the Avery Label

and free samples man call

Address. ’ . —_5

Our Business Is —m——m = = = S

matic dispenser, or from sheets for in-
dividual labeling,.

@ Production line speed means Avery
Labels work on every labeling job faster,
more efficiently and more economically.
They fit into any production line, at
any speed.

® Clean, easy application even on hard-
to-label surfaces. Self-Adhesive Avery
Kum-Kleen Labels stick tight to any
clean, smooth surface...they wont dry
out, curl or pop off. And they stay neat
and attractive—even under temperature
and humidity extremes.

@ Low cost Avery Dispensers — either
manual or electric—assure dependable
labeling and top efficiency for every la-
beling job. Write today for details—
case histories and free samples of Avery
Pressure-Sensitive Labeling!

FREE—Iabel analysis service!

Avery lobeling specialists,
experienced with the require-
ments and labeling problems
of many industries, are at
your service to heip you de-
velop improved, low-cost self-
adhesive labeling methods.
No obligation...write today|
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ELECTRONS AT WORK (continued)

periment. Often the end came
rather suddenly with a complete
collapse in alpha, which, inciden-
tally was occasionally recoverable.

If the pulse emplitude is reduced
to 0.4 amp, only a small percentage
of transistors will be affected by
pulses numbering in the million. If
reduced to 0.2 amp no failure of a
transistor has been recorded. In
terms of load for a three stage
switch, if the load resistance is
greater than 250 ohms, a long and
useful life can He expected from the
average 1689 znd at least 5 pulses
could be expe:ted into 10 or 20
ohms,

Credit is dve E. Harrison who
obtained most of the data for this

paper.

Spectrophctometer Shows
CRT Displays

ABSORPTION CURVES, diffuse reflect-
ance curves and emission spectra
from various saurces can be studied
with a cathode-ray display spectro-
photometer that scans and plots the
interval from 400 to 700 millimi-
crons in 1/180 second at a repetition
rate of 60 spectra per second.

For convent-onal use, the spectro-
photometer operates on optical prin-
ciples with compensation such that
the multiplier phototube output is
constant for =1l wavelengths when
no sample is inserted in the beam.
A scanning mirror sweeps the im-
age of the speztrum plane from the
telescope across an exit slit to the
multiplier phctocathode.

Figure 1 is a diagram of the scan-

LINE
CURRENT WAVE

60CPS /

SELENIUM l !
RECTIFIERS \h)
\ v L}
\ ‘
] o P L -wiror
J

\ j'E 7(

ARMATURE

4
i
ELECTRO-,
MAGNETS/

Here's the answer to those
"*next-to-impossible”
precision cutting

operations

INDUSTRIAL“AJRBRASJVE” UNIT

A unique concept of cutting
by means of gas-propelled abrasive

IT'S THE ELECTRONIC INDUSTRY’S NEWEST HIGH PRECISION PRODUCTION TOOL!

The S.S.White Industrial “Airbrasive” Unit’s cutting action provides manu-
facturers of small electronic components with a high-speed, economical
method of doing precision cutting and surface film removal on a mass pro-
duction basis.

For instance, here are some of the jobs being performed by the “Airbrasive”
Unit:

® Forming spiral bands on deposited carbon resistors

® Cutting germanium

® Shaping fragile crystals

® Trimming resistance elements on printed circuits

There are many other operations, especially on hard, brittle materials on
which the “Airbrasive” process can be used advantageously. The best way to
find out is to try the process on your own work.

We'll be glad to conduct tests on samples of your
own choosing and advise you as to the suitability

e of the Unit for your needs. Call or write today.

demonstrated that

the “Airbrasive’” Unit will
(TN ITERUETE IR TTIECICR I BULLETIN 5307 bas full details and
accomplish by previously information on the Industrial " Airbra-
k";::t':':;::':" sive” Unit. Also send for reprint of
problem? article om an interesting production
) application as described in a leading

electronics publication.

oNe -.
m:Mkmnusmmt DIVISION

FIG. 1—Special magnetically deflected
mirror and lina current wave
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DENTAL MEG. €O. Dept. EB, 10 East 40th St.
@ NEW YORK 16, N. Y.
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West Coast Division: 8568 W. WASHINGTON BLVD.
CULVER CITY, CALIF. [
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ELECTRONS AT WORK (continued)
ning mirror. It consists of a soft
iron armature pivoted at its center
which carries the mirror and a pair
of electromagnets. Angular dis-
placement of the mirror with re-
spect to time is constant over

substantial portion of its swing.
The rectifier arrangement allows
one magnet to pull the mirror to
one extreme position and energizes
the other magnet during the sub-
sequent half cycle. The mirror thus
scans the spectrum over the exit slit
twice per cycle. Motion in only

one direction is used, however, to
avoid hysteresis difficulties. Mirror
amplitude is adjusted to scan the
interval

desired linearly during

Reflectance illuminator unit

1/180th of a second.

The pentagrid converter tube at
lower left of Fig. 2 obtains a sine-
wave signal from the mirror line.
The network shifts this sine wave
90 deg so the potential wave applied
to grid 3 agrees in phase with the
current wave through the magnets
and the instantaneous displacement
of the mirror. Inverse feedback
and plate saturation distort the por-
tion of sine wave occurring during

ELECTRONIC
VOLTAGE
== —H POWER
15 a—— oot aﬁusnvomse
N5y -
60CPS s

GAIN

““TEXCITER
LAMP

VERTICAL

DIRECT-
COUPLED
AMPLIFIER

MODULATOR AND

B 1= BLANKING SIGNAL
MIRROR
T L[ GENERATOR

] 1 HoRI-

T ZONTAL

L] aMPLIFIER
|
CRT

£ 11

*

FIG. 2—Simplified diagram shows inter-
connection of parts
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A BIG SURPRISE
IN A SMALL PACKAGE

WEIGHS ONLY 2-6 LBS. The most portable truly high fdelity tape recorder

ever built.

Frequency response is 30 to 15,000 cycles at 715 in/sec;
signal-to-noise ratio over 55 d>; and every machine
is tested to meet or exceed specifications.

PERFORMS LIKE
A TRUE AMPEX

M4

For recording, editing, dubbing and broadcasting,

SERVES ALL BROAD- it's a full time troublefree machine. Major components
CASTING NEEDS have been ' life tested” for an equivalent of 10 years’
normal use.
COSTS LESS THAN It's simpler and lighter, but it’s all Ampex

—and stil. the best.

ANY AMPEX BEFORE

‘ | For futt
v description and
\ specifications,
write today
10 Depr. E-1695.

934 CHARTER STREET * REpwoODp City, CALIFORNIA

Distributors in principal cities (listed in the “yellow pages” under “Recording Equipment”);
distributed in Canada by the Canadian General Electric Company
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A NEW SUPER mm:u
NE COR
Ny  MICROPHO

(v a Newly Developed Textile

An Outstonding = ides the Desired Properties o

Shielding Mute_!in\ Which Provi

ger Service

rd Having

oved Flexibility .« ¢

Life and lmpr

Lon

SEMI-CONDUCTING TEXTILE WRAP — This is a completely new cable design in which
a close semi-conducting textile wrap and a stranded flexible drain wire replace the con-
ventional braided copper shield. Conductors are cadmium copper for improved flex life.
This cable is not subject to damage by twisting and by the pressure of heavy equipment
running over it. There is no danger of the shield breaking as a result of continued flexing.

MORE FLEXIBLE — This cable exhibits substantially greater flexibility and resists kinking.
The use of the textile shield removes the objectional stiffness inherent in the copper
shielded construction.

IMPROVED SHIELDING EFFECTIVENESS — Tests show that the shielding effectiveness is
improved in this new construction because the ability of the semi-conducting textile wrap
to absorb and drain off electrostatic interference is better than that of a braided copper
shield. Also, it is easier to get full coverage with the wrap.

LIGHT WEIGHT — The cord is lighter in weight, handles easily, can be coiled and
reeled easily without kinking.

LONGER SERVICE LIFE — It remains quiet longer. Noisy circuits caused by intermittent
opens with movement of the cable are non-existent in this new construction. Also, the
possibility of broken shield strands piercing the insulation is eliminated. Longer service
life is assured for this cord because it will not fail until the conductor breaks.

TOUGH BROWN NEOPRENE JACKET — The cord is furnished with a brown neoprene
jacket, as recommended by RETMA. The Whitney Blake neoprene jacket, perfected on
flexible cords and telephone wires, is tough and resistant to wear. It will withstand
abrasion from rough surfaces and crushing action caused by equipment running over it.
It will withstand oil, grease, perspiration, sunlight and acid fumes.

Well Built Wires Since 1899

© 1954

<2¥ WHITNEY BLAKE COMPANY

New Haven 14, Connecticut
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ELECTRONS AT WORK (continued)

the useful sweep interval of the
mirror to an approximation of the
optical dispersion curve of the
instrument.

A small correction is mixed with
this through grid 1 and its network
to obtain precise agreement Dbe-
tween the potential-time curve of
the waveshaper and the wavelength-
displacement curve of the spectrom-
eter. The scanning mirror, makes
this possible since it interprets
wavelength in terms of time. Wave-
shaper output is fed to the horizon-
tal amplifier of the indicator and
the cathode-ray tube spot is thus
moved nonlinearly with respect to
time such that the output of the de-
tector, which is proportional to in-
tensity, is plotted against a linear
wavelength scale.

The detector output circuit con-
stants are chosen to give a high-
frequency cutoff determined by the
length of time required to scan the
spectral image of the entrance slit
across the exit slit for any one
wavelength. This works out to 50,-
000 cps for the 7-millimicron slit
used in absorption work and 15,000

Oscillogram made with recording cam-
era shows three traces. Sample curve is
didymium filter

cps for the 20-millimicron slit used
in reflectance work.

Direct-coupled amplifiers must be
used to maintain the zero-light in-
dication coincident with scale zero.
The high-frequency limit is ad-
justed in the multiplier circuit to
use minimum total bandwidth and
assure maximum signal-to-noise
ratio. The modulator and blanking
generator develop a dual-purpose
waveform from the same sine wave
applied to the mirror and scanning-
wave generator.

The first function is to blank the
cathode-ray tube during the unused
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TRANSFERRED
LBS X 1000

" BP0

FUEL REMAINING

How AVIEN manages “filling stations”
at 30,000 feet

During In-Flight Refueling, the tanker crew always
has to do two jobs. They must fly a heavy aircraft in
dangerous prcximity to another plane.

Simultaneously, they must be concerned with reports
of the quantity of fuel being transferred — based upon
flowmeter resadings and mental computations of the
IFR operator.

Now, AVIEN has put the computations where they
belong —on the fuel gage itself. Here is how it works:

The AVIEN IFR GAGE is set for the amount of
fuel to be transferred. When the fuel transfer pointer
reaches this pre-set marker; a warning light or buzzer
is activated — or a switch automatically cuts off the
fuel transfer.

The gage face can be quickly cleared and re-set for
subsequent refuelings. At the same time, total fuel
remaining for transfer is constantly indicated.

This AVIEN achievement is simpler, more accurate,
more compact than any previous system. It obviously

ELECTRONICS — July, 1954

is safer because it relieves the IFR crew of a distract-
ing concern. They know the computations always are
correct, and control of fuel transfer is made automatic.

Every month, AVIEN produces over 10,000 major
instrument components for the Aviation industry.
They have been specified for more than fifty different
aircraft models.

When you have a fuel gage or a fuel management
problem, you'll find it pays to consider AVIEN'S
special engineering abilities and imagination.

e
{
N

W snCiNEERING 1N DEPTH—

V/IEN

8615 NORTHERN BLVD.. WOODSIOE 77, M.V
AIRCRAFY AND INDUSTRIAL INSTRUMENTATION
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The Worldi Finedl
Communication

VIBRATORS

CERAMIC STACK SPACERS

featuring:

Va” DIAMETER POWER CONTACTS /‘; o
/r\\ ',_@- £
DRIVER-TYPE COIL CONSTRUCTION NS
SPECIAL REED HINGE and WIRING ) -
7] POLICE

POWER CAPABILITY UP TO 15 AMPERES
COMPLETE LINE OF REPLACEMENT

FOR AUTOMOTIVE, HOUSEHOLD and

L5 ZR0N
N7,
="

@ VIBRATORS

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-
tor design aond research, development and
manvufacturing.

ATR pioneered in the vibrator field,

PREE = Just off the Press!
1954 ATR VIBRATOR

MASTER MANUAL - ! MO

COMMERCIAL

See your jabler or wrcte factory today

§or camplele information

Luality Products Simece 1937
SAINT PAUL 1, MINNESOTA—U. S. A.
Ji

American TeLevision & Rapio Co.

ELECTRONS AT WORK (continued)
portion of the total operating cycle.
The second function is to increase
the spot intensity as it moves across
the screen with ever-increasing
velocity so that the trace brightness
will be reasonably constant over the
entire scale. The net result of
these interactions between optical,
mechanical and electrical design is
a plot of spectra that is rigorous
within the reading accuracy of the
instrument.

'

l MODULATION

(UNBLA

(F) —— s lqﬁL_N‘Kfo)
i

o LT ]

]
BLANKED

FIG. 3-—Waveforms described in text

Figure 3 gives the waveform rela-
tionships on a one-cycle time base.
The upper curve is the line potential
wave. The center third of the in-
terval is the active time of the in-
strument. The second waveform
(B) is the line-current wave for
the mirror magnets, — 90 deg out of
phase. The next (C) is the dis-
placement curve of the mirror with
respect to the same time base. The
next waveform (D) is the phase-
shifted potential wave applied to
the scanning waveshaper input,
which comes out as the horizontal
scanning wave (E) and has the
same shape as the instrument dis-
persion curve.

The sixth wave (F) is the
blanker output, showing how the
indicator is cut off during the un-
used portion of the cycle and how
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Whether they are interested in existing applica-
tions of your products or new applications which
even you do not know about, the readers of
ELECTRONICS represent the purchasing power
of the electronic market. They are the key buying
men of the industry; the designers, engineers and
specifiers who make up the selected circulation of
ELECTRONICS.

These men endorse the editorial excellence of
ELECTRONICS by paying for it. They keep abreast
of new developments in circuitry, components and
instrumentation through the editorial content of
ELECTRONICS and rely on it for the technical

information they must have. They consistently use
ELECTRONICS.

These same men are the designers of electronic
products. Therefore, ELECTRONICS is also an
effective market research medium. By describing
your products in its sales pages, you reach these men
who because of their new design needs will uncover
new applications for your products — applications
undreamed of by the manufacturer himself.

You reach the buying part of the electronic
market, today and for the future, when you get
your product in front of the more than 34,000
selected subscriber-readers of ELECTRONICS.

New Worlds. ... by telling your product story in. ...

electronics @

A McGRAW-HILL PUBLICATION 330 West 42nd Street, New
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the solution to your

SPRING PROBLEMS =

Is in our Files

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

the job at the lowest possible cost.

FREE LENGTH.
e

DESIGN FORM
_é ACTIVE COILS \DEFLECIIW LLATION

SPRING
PROBLEM
SOLUTIONS

FCN——

o

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.

. P RECI1S1 ON

A T R
R SR Bs Al

&

i Ly K L e -

The Finest Light Springs and Wireforms of Every Type and Material
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ELECTRONS AT WORK (continued)

the spot intensity is increased
roughly with spot velocity. The last
waveform (G) shows the output
wave of the multiplier when no
sample is in the beam.

The reflectance illuminator is
shown in the photograph. The three
exciter lamps and their lens assem-
blies are arranged at 120 degrees
from each other in the horizontal
plane and illuminate the pickup
area at 45 degrees in the vertical
plane. Energy diffusely reflected
from a surface placed over the pick-
up area is reflected by the first sur-
face mirror through the collector
at the left and into the other unit.

The oscillogram was made with a
recording camera. It shows three
traces,—the full-scale trace with
nothing in the beam, the sample
curve (in this case a didymium fil-
ter) and the zero trace with the
beam shuttered. The whole process
requires about a second. The in-
strument plots its own white-light
error and records it for reference.

Resolving power of the instru-
ment varies with wavelength since
the slit widths are constant through
the scanning cyvcle. The average for
transmission work is about 6 milli-
microns and for reflectance about
20 millimicrons. Accuracy is one
percent of full scale.

Information concerning the in-
strument has been furnished by
American Optical Co., Instrument
Division, Buffalo, N. Y. and is simi-
lar in some respects to that pre-
sented by R. C. Beitz in the Journal
of the Optical Society of America.

Electronic Juggler

By CHARLES WHALEY AND
SIDNEY GODET
Reeves Instrument Corp.

Subsidiary of Claude Neon Inc.
New York, N. Y.
THE ELECTRONIC JUGGLER is an
application of electroservomechan-
isms simulating the human one-
finger broomstick balancing act.
The broomstick is essentially an
inverted pendulum swinging freely
to and fro under the combined
action of gravity and momentum.
In the electronic unit the broom-
stick is a 3-foot brass tube with
a light source and batteries located
in a container on the upper end.
The lower end of the tube, a pivot
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inside story

of the

BLUE-POINT

PAT. PEND.

how astron builds

CAPACITORS

with “real quality”

Finest all-purpose molded plastic paper tubulars ever made —
impervious, attractive shell and seal give positive moisture, heat
protection in hot and humid climates . . . completely revolutionary
BLUE-POINT seal for dependability, vibration resistance, firmly secured
lead-wires . .. continuous operation at 85°C without derating...new
solid thermosetting impregnant insures high capacitance stability, low
power factor and high insulation resistance over entire —40°C to +85°C
temperature range . .. seal and shell are unaffected by hot soldering
irons ... New ASTRON concepts of capacitor design produce the
individually tested BLUE-PQINT.

Increase your design versatility.
Write today for bulletin AB-208 for free technical information.

Export Dnvuuon Rocke Internation Corp.
13 E 40hSI.,NYC i?
In Canada: Charles W, Pointon STRO
Alcina Ave., Toronto 10.

Cc O R P O R A T 285 GRANT AVENUE, EAST NEWARK, N. J.
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New Lion “Hi-Strength” fastener completely assembled. Cutaway shows the beveled

counter sink. Beveling substantially increases the area over wiich stress is distributed.

NOW?!? Shear strength twice
that of any other fastener!

New Lion *Hi-Strength” design fills every need for parts
that must be fastened, taken apart, buttoned tight quickly

Here‘s a new and better answer to your
problem of metal-to-metal fastening
where high shear stress and vibration
are factors.

It's the Lion “Hi-Strength” fastener,
combining speedy quarter-turn open-
ing and closing with a shear strength of
4750 lbs!

This “Hi-Strength™ fastener is re-
markably strong because shear load is
distributed evenly over the area of the
fastened parts. The secret lies in the
beveled counter sink in the sheet and
the put. It’s the same high shear prin-

LI

ciple used for years by the automotive |

industry for wheel lugs.

In addition to high shear strength, its |

tensile strength is 3000 Ibs. Sheet sepa-
ration is zero up to 4750 Ibs. Misalign-
ment is as much as .125 with high shear
qualities. Regardless of the number of

times it's opened or closed, there is no |

wear. It cannot be overtorqued (up to
3750 Ibs.). It cannot be fastened incor-
rectly. It is no larger than a standard
No. 5!

To test it yourself, write for a free
mounted working sample. Just drop us
a line on your company letterhead.

FASTENER, |INC. I
500 Main St., Honeoye Falls, N.Y.

In Canada: A. T. R. Armstrong Co., 50 St. Clair Ave. West, Toronto
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ELECTRONS AT WORK (continued)

FINGER

WUSCLE %? | A

“Tweton

%

Juggler duplicates human act of balanc-
ing stick on tip of finger. Labeling zhows
human functions duplicated by servo
system

point, sits on a finger as shown in
the diagram. The finger is on a
ball bearing riding on a glass
plate, thereby minimizing friction.
The finger is cupped on top to sup-
port the broomstick.

Light falls on two sets of photo-
tubes located in a frame 9 inches
above the end of the stick. The
phototubes provide 2z and ¥ (rec-
tangular co-ordinate) position error
data.

The error from the phototubes
due to the falling of the broom-
stick is amplified, shaped and
summed in with the feel error from
a potentiometer connected to the
servo drive by means of a system
of d-c amplifiers and R-C networks.

A servo amplifier converts the
d-c signals into a-c and provides
power to drive a 10-watt two-phase
servomotor. The motor drives a
system of gears and linkages that
positions the finger in response to
the phototube and feel errors. A
d-c tachometer provides a stabiliza-
tion signal to the servo amplifier.

The approximate equation of the
broomstick pendulum in a single
plane is

T = u—u) M
where u = position of top of broomstick
v = g)gziltion of bottom of broom-

= acceleration of gravity
= length of broomstick

-~

The control system performance
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NEW

VSWR -

-
I
<

TEST
SET

SPECIFICATIONS

1.05-1.3+5%
1.3-2.0+5%
2.0-3.0+10%
3.0-10.0 uncalibrated

8.5—-9.6 kmc

RG52/U (1 x % waveguide) or
RG51/U (1% x % waveguide)
through accessory adapter

Length 19%in.
width 12in.
Height 10% in.

35 Ibs.

105-125 volts
50-1000 cycles
75 watts

VSWR Ranges

Freq. Range

Waveguide
Connection

Cimensions

Weight

Fower
Fequirements

For further information write Special Electronic Sales Department

ELECTRONICS — suly, 1954

Model 539 VSWR Test Set consists of removable indi-
cator unit (top) and power supply (bottom) fitted in
compact aluminum cembination carrying case.

-

o |
w

.

e
V",

for rapid and accurate check
of X-Band Radars

® Now available is the Sperry Microline* Model
539, VSWR Field Test Set, designed for accurate
measurement of the voltage standing-wave ratio
of X-band radar equipment during installation,
maintengnce and repair. This compact portable
test set > also ideal for use in production and
laboratory testing.

= Model 539 is a direct-reading reflectometer-type
instrumet which consists of a klystron oscillator,
high dirzctivity directional coupler, detector,
amplifier and indicator, power supply and modu-
lator. Calibration is accomplished with a reference
mis-match.

® The simplicity of adjustment and operation of
the test =et make it extremely useful for accurate
measurements over the entire range. It is particu-
larly userul in adjusting a standing-wave ratio since
the meter gives a continuous indication. Indicator
unit can be easily connected to the equipment to
be tested with a thumbscrew-operated clamp.

® This test set is approved by the military as the
AN/UPM-12 meeting all the requirements of
Sgecification MIL-T-945A.

®T.M. REG. U.5. PAT. OFF.

For corvenience in fi2ld work, the microwave indi-
cator uvit can be easily remowved from carrying case.

SPERR

CLEVELAND - NEW ORLEANS - BROOKLYN - LOS ANGELES » SAN FRANCISCO - SEATTLE
IN CANADA — SPERRY GYROSCOPE COMPANY OF CANADA, LIMITED, MONTREAL, QUEBEC

GYROSCOPE COMPANY

DIVISION OF THE SPERRY CORPORATION
GREAT NECK, NEW YORK
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ANOTHER PROBLEM SOLVED by m/bl/lar kivef

internally
blm Feed and se s continuously

r bushing
threaded should_‘; terminal clips usijng
; eed riveting

variable SP
machine that can be paced

to match increasing‘dex-
n
i of operator 1
e kpieceS.

positioning wor

colution

lica-

TUBULAR'S Machine style gt;Rg; App

i i table wl
tion of indexlng ‘
stations. Controls 1ntgrlockedence
to provide proper setting sequ y
and range of speeds 4 ?o 20%129
minute conveniently adjusta P

Pg‘Send for complete data line :,i';c
Perma-Nuts adapted to Automa

Insertion with TUBULAR'S R;Z];:]LAR
Setting MachinesS. Contact

RIVET, Dept.E.

, & sTup COMPANY
WOLLASTON 70, MASSACHUSETTS

BRANCH OFFICES: Buffalo, Chicago, Dallas, Detroit, indianapolis,
‘h_sm Nashville, New York City, Philadelphia, San Francisco, St. Louls

208

ELECTRONS AT WORK (continued)

is given by

du
)
dt

! {

where ¢ and b are constants, and
Eq. 2 is instrumented for each of
the two control planes by the brain,
which is a standard computer unit.
Combination of Egq. 1 and Eq. 2
gives the system performance equa-
tion

du bg \ du ,

de ( l ) dt (a[g> 0 &

Although Eq. 1 gives rise to in-
stability (broomstick falls over),
Eq. 3 gives rise to stable operation,
where a controls the restoring force,
and b controls the system damping.

The electronic juggler is stable
in operation. In holding the light
source in a practically fixed posi-
tion, the finger moves about =1
inch from its equilibrium position.
If the broomstick is manually ro-
tated in either direction, it sustains
the rotation.

The system recovers satisfac-
torily from momentary interruption
of the light beam. The system is
critical to any restriction and re-
acts violently if constrained. No
dynamic measurements have been
made, but it is apparent that the
electronic juggler is a much better
performer than a person attempt-
ing to balance a pole on his finger.

Graphical Solution of
Pgower Transfer Problems

By A. C. MACPHERSON

National Bureaw of Standards
Washington, D. C.

USE OF A MODIFIED Smith chart per-
mits a graphical solution to the
problem of power transfer from a
generator of complex reflection co-
efficient S, to a load of complex re-
flection coefficient S;. In this
method it is assumed that the wave-
guide or coaxial outputs of the
generator and load have identical
cross sections and that only the
dominant mode is present at these
outputs. If the generator is matched
(S¢ = 0) the power delivered is
proportional to 1 S.|". When the
generator is not matched, however,
the power delivered is proportional
to (1 — |S.|*) R, where R is a real
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MINIATURE SIZE

[ 4

SHAFT ROTATION

INFINITE RESOLUTION

plus “ZERQ PHASE SHIFT”

Infinite Resolution

. . of the unique deposited metal resistance element
embedied in Type RFT Metlfilm Trimmer Potentiometer
is available over a wide resistance range. 9000° of
adjustment, the equivalent of 25 turns of the adjust-
ment screw on which sliding contact rides, permits
voltage settings to be set and maintained with ex-
treme precision.

Diminutive Size

. .. lapproximately %" square end surface), permits
stacking seven units in a square inch of panel area.
Idecl for trimming adjustments in computers, analyzers,
telemeter and airborne electronic equipment.

Rugged construction insures dependability despite
wide changes in ambient temperature and extreme
conditions of salt spray, humidity and vibration.

TIC accumulative Handbook and Catalog on preci-
sion potentiometers available at $2.00

Far furthar details write:

SPECIFICATIONS
Electrical

Resistance Range: 50-25,000 ohms

Total Resistanie Tolerance: + 109,

Independent Linearity: =+ 5% of total resistance

Resolution: Infinite

Power Rating: 1/, watt at 40°C, V, watt at 125°C.
per JAN-R-19 test specification.

Ambient Temperature Range: — 65°C to 4~ 125°C.
Temperature Coefficient of Resistance Element:
.000250/°C {nominal)

Dielectric Test: 500 volts DC between all leads, shaft
and mounting eyelets for 5 seconds
without flashover or breakdown.

Mechanical

Resistance Element: Metal film deposited on inert base.
Mechanical Retation: 26 complete turns (nominal).

Usable Mechanical Rotation: 90% minimum of slider
travel is on resistance
element.

End Stops: Will withstand 1 inch pound maximum

applied torq&e.

Vibration: Exceeds exacting requirements of MIL-E-5272a.

TecunoLocy INSTRUMENT CORP.

533 Main Street, Acton, Mass.

COlonial 3-7711

West Coast Eng'r'g. Facility 731 No. LaBrea Ave., Hollywood, Calif. Whitney 0108
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OUR BUSINESS
IS |
ELECTRICAL |
PORCELAIN |

+ o o its application |
XX deSign
. « « manufacture

e« o and assembly

“Radio Specialties” identifies a large and busy
department at Lapp. Through it, we have de-
signed and built, in large volume, hundreds of
parts for hundreds of specialized electronic re-
quirements. Our skill is in our knowledge of the capabilities,
and limitations, of ceramic insulation . . . in engineering
ingenuity to meet specified requirements . . . and in efficient
production. If you have requirement for insulating parts
and associated sub-assemblies, we may be able to show you
how they can be made most economically, to perform most
efficiently. Write Lapp Insulator Co., Inc., Radio Specialties
Division, 227 Sumner St., Le Roy, N. Y.

ELECTRONS AT WORK continued)

/025 /

Smith chart for graphical solution of
power transter problems

number which depends on S = S,S..
The accompanying modified Smith
chart gives a graphical solution for
R. The vector S is drawn on the
chart with its origin at the center.
The terminus of S will then lie on
the proper contour of constant R
and can be read off. For example if
S 08exp (j=/6), R =4

The chart is particularly useful
in studying variation of power de-
livered to a terminating impedance
through a lossless line the length of
which is varied. In this case the

Wireless TV Camera

Rush-hour crowds at Waterloo Station.
London, are televised by British Broad.
casting Corporation’s roving-eye cam-
era. The small truck equipped with tele-
vislon sound and picture transmitters
sends program material over the air to
a nearby pickup point. The directional
transmitting antenna atop the truck
maintains a constant bearing, controlled
by a gyrocompass, once it has been
aimed at the receiving location
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SCINFLEX assures P

LOW MAINTENANCE BECAUSE ELECTRICAL

IT PERMITS SIMPLICITY CONNECTOR |[&

=
MONEY CAN ;
BUY!

When operating conditions demand an
electrical zonnector that will stand up
under the most rugged requirements,
always choose Bendix Scinflex Electrical
Connectors. The insert material, an ex-
clusive Bendix development, is one of
our contributions to the electrical con-
nector industry. The dielectric strength
remains well above requirements within
the tempzrature range of —G7°F to
+275°F. It makes possible a design in-
creasing resistance to flashover and
creepage. It withstands maximum con-
ditions of current and voltage without
breakdown. But that is only part of the
story. It’s also the reason why they are
vibration-proof and moisture-proof. So,
naturally, it pays to specify Bendix
Scinflex Connectors and get this extra
protection. Our sales department will
be glad tc furnish complete information
on request.

® Moisture-Proof ¢ Radio Quiet ® Single Picce Inserts ©
Vibration-Proof ® Light Weight @ High Insulation Resistance
® High Resistance to Fuels and Oils ® Fungus Resistant
e Easy Assembly and Disassembly e Fewer Parts than
any other Conmector @ No additional solder required.

SCINFLEX SCINTILLA DIVISION of ?eﬂa’//'r

ELECTR'CAL i Export Sales: Bendix International Division, 205 €. 42nd Street, New York 17, N. Y,

FACTORY BRANCH OFFICES: 117 E. Providencia Ave., Burbank, Calif. ® Stephenson
Bldg., 6560 Coss Ave., Detroit 2, Michigan ® 512 West Ave., Jenkintown, Pa. ®

Co N N ECTORS Brouwer Bldg., 176 W. Wisconsin Avenus, Milwaukee, Wisconsin ® American Bulld-
ing, 4 South Main St., Dayton 2, Ohio ® 8401 Cedor Springs Road, Dallos 19, Texas
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Why has G-V in

3 Years Become the

Preferred Supplier of

Delivered

over 250

contracts.

Only G-V offers complete
technical data and helpful
engineering cooperation on

THERMAL TIME DELAY RELAYS.

Thomal, Time
Deloy Kelowa!

Because G-V OCTAL &
MINIATURE RELAYS have been...

adopted as production components
by hundreds of principal producers
of electronic, electrical and

aviation equipment.

for use on

Government

Write for bulletin and help with
your particular problems.

G-V CONTROLS INC.

24 Hollywood Plaza
East Orange, New Jersey

Greatly expanded production fa-
cilities assure prompt deliveries.

G-V ENGINEERING OFFERS
R NEW APPROACH TO
THERMAL RELAY DESIGN

¢ Stainless steel mechanism
welded into a single integral
structure and supported at
both ends for unequalled re-
sistance to vibration and
shock

¢ Heater built inside expand-
ing member for maximum ef-
ficiency and protection

¢ Rolling contact action for
positive operation

o Easy adjustability where
desired

* Precise operation never be-
fore available in thermal
relays

¢ Time ranges: 3 seconds to
5 minutes

e Hermetically sealed in
metal shell

¢ Heater voltages up to 230
volts

e Fully temperature compen-
sated

e Suitable for military and
industrial use

¢ Unequalled for ruggedness
and precision

U. S. ond Foreign-Patents Pending

ELECTRONS AT WORK (continued)

factor 1 S.|* is constant and can
be ignored.

For example, determine variation
in power transferred from a
generator of |S;| = 0.6 to a load of
S.| 0.5 as the line length be-
tween the generator and load is
varied. Varying the line length is
equivalent to varying the phase of
S. which is in turn equivalent to
varying the phase of S. Since (S| =
S.| |Se¢| = 0.3, we consider a vector
of length 0.3 whose phase varies
from 0 to 360 degrees. By noting
the R contours which the terminus
of the vector touches as it rotates
we obtain the variation of power
transfer. In this case maximum
power is proportional to approxi-
mately 2 (1 S.]?) and the
minimum is proportional to ap-
proximately 0.6 (1 S.I?). For
minimum variation, it is important
to have |S| as small as possible.

Tritium Battery

USING TRITIUM, a constituent of the
hydrogen bomb as the source of ini-
tial power, a new nuclear battery
produces up to one microwatt of
power.

The beta rays given off are said
by Tracerlab, developers of the
unit, to be practically harmless.

The battery produces up to 400
volts at relatively low current
values. Optimum useful life of 18

-}

BIMETALLIC RADIOACTIVE
/ELECTRODE NEDIUN
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]
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I
AU e Wi
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Rty RN
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FIG. 1—Atomic battery developed for
the U. S. Signal Corps provides up to
400 volts at 0.01 to 1.0 microwatt of
power
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Whether you order 1 or 1,000,000
you can rely on C-D electrolytics.

The consistent demand for C-D, year after
year, by the country’s leading manufacturers
is proof of the uniform quality of C-D
ELECTROLYTICS. Whatever your ELECTROLYTIC
requirement you will find that
Cornell-Dubilier’s consistent dependability is
unmatched in the field—even to the new, real
small (miniature) ELECTROLYTICS.

Engineering samples sent on request. For your
special design and application problems, use
our Technical Advisory Service. Write to:

Cornell-Dubilier Electric Corp., Dept. K-74
South Plainfield, New Jersey.

THERE ARE MORE C-D CAPACITORS IN USE TODAY THAN ANY OTHER MAKE

CORNELL
DUBILIE

PLANTS IN SOUTH PLAINFIELD. N J.. NEW BEDFORD. WORCESTER AND CAMBRIDGE. MASS.; PROVIDENCE AND HOPE VALLEY. R I
INDIAMAPOLIS. IND.; FUQUAY SPRINGS AND SANFORD. N C. AND SUBSIDIARY, THE RADIART CORPORATION CLEVELAND. OMIO

acidon

-
] ". y y ) l l‘ 32
N\~ & L
K AL G
POTORS CAPACITORS VIBRATORS CONVERTERS
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fast, accurate

measurement

CEC Type 1-117 Vibration Meter

Accommodating up to 3 plug-in, high-
pass filters for the elimination of un-
wanted low-frequency interference, the
new CEC 1-117 Vibration Meter is
unexcelled for production-line or lub-
oratory measurement of vibratory dis-
placement or velocity. Rugged, accurate
and reliable, the instrument is suitable
both for field operation and rack-
mounted service. Input signals from
self-generating pickups, either attached
to, or held against the vibrating struc-

ture, are amplified and read on a large,
calibrated meter. For wave form analy-
sis the meter output can be fed to a
cathode-ray oscilloscope or a recording
oscillograph. For continuous monitor-
ing the CEC [-117 can be used to acti-
vate warning devices or to cut off the
power, thus preventing vibration dam-
age. For vibratory velocity, displace-
ment and frequency determination
investigate CEC'’s 1-117. Write for CEC
Bulletin 1538-X4.

ACCESSORY PLUG-IN HIGH-PASS FILTERS, individually
selected or removed from circuit by d4-position
switch, cut off at 30, 70, and 110 cps, make the 1-117
ideal for applications where unwanted low fre-
quency vibration interferes with the desired signal.

INDIVIDUAL QUICK DISCONNECTS Locking type con-
nectors are provided for the four input channels.
Jacks facilitate connection of output to recording
oscillograph or external meter. Storage space for
power cable recessed into rear panel.

Consolidated Engineering :::::c vy

CORPORATION

300 North Sierra Madre Villa, Pasadena 15, California

Sales and Service through CEC INSTRUMENTS, INC., a subsidiary with offices in
Pasadena, Atlanta, Chicago, Dallas, Detroit, New York, Philadelphia, Washington, D. C.
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ELECTRON5 AT WORK (continued)

Tritum battery cells may have useful
life up to 30 years depending on design

years is claimed during which time
a constant circuit voltage would be
generated, although the current
would gradually decrease at a
known rate.

The cylinder shown in Fig. 1 is
smaller than a conventional flash-
light battery. It is filled with the
radioactive medium that surrounds
pairs of metal plates having differ-
ent surface electrical characteris-
tiecs. These serve to attract the
radioactivated current thus produc-
ing useful external current. The
current reaching the plates delivers
a voltage in proportion to the differ-
ence in the surface electrical char-
acteristics of the plates. The prin-
ciple involved is essentially one of
ionization.

Self-Keyed Transistor
Oscillator

By FRANK C. ALEXANDER, JR.

Gulf Research and Devolpment Co.
Pittsburgh, Pa.

A PERIODICALLY KEYED audio oscil-
lator was required for an unat-
tended beacon device. Minimum
battery drain and simple circuits
were prime design objectives.

The basic circuit developed is
shown in the circuit diagram. The
Clapp-oscillator configuration pro-
vides a stable carrier frequency.
The prf is controlled by C; and duty
eycle is adjusted with R,.

The 1N91 diode clamps the
emitter negative swing to ground
and charges timing capacitor C,,
which cuts off the transistor. Dis-
charge occurs slowly through small
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From “The House of Resistors™
come these outstanding

mlnlaturlzed

.AND NOW WITH SWITCH

Factory-attached S.P.S.T.
switches for both Series

48 and 49. Multipole decked
switch assemblies

available. Single and dual
units, with or without
switch. Sturdy—yet tiny!

Series 48 (%’ dia.)
composition-efement con-
trols. 500 ohms to

5 megohms, linear; 2500
ohms to 2.5 megohms, §
non-linear. Stendard toler-
ances: 100,000 ohms

and under, plLs/minus 10%;
above, 20%. 0.2 watt
rating. e Series 49 {34” dia.)
wire-wound cantrols.

10 ohms to 10,000 ohms;
special, 1 to 20 ohms,
10,000 to 20,000 ohms,
Standard tolerances:
plus/minus 5%; special,
1%. 1.5 watt rating;
special, 2 wat.

D 4

.

CSNOSNANICTE b [ and .
( I regarding your control
and resistor requirements for miniaturized assemblies.

Write for engineering data. Let us quote.

CONTROLS and RESISTORS

CLAROSTAT MFG. CO., INC.. DOVER, NEW HAMPSHIRE

*Trade-mark In Canada: CANADIAN MARCONI CO,, Ltd., Toronto, Ont.
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5-250 MMFD.
12-500 MMFD, 100 - 5000 MMWFD.

/// = s ’l/)uzﬁ//ﬁr/é{y

7 WIDER CAPACITY RANGES )

q for 10 KV Operation I
a

\
S\ £
) \\\\\\ / ',/
/\ /
e~ A\ LT ;\
e = /’/

— ———

= B

These Wide Range Vacuum Variables
Rated at7.5t0 15 KV. and 60 to 125 amps.
are now in Produchpn

UCSXF

10 - 1000 MMFD.
20-1500 MMFD,
50 - 2300 MMFD.

Additional plates have been added to the UCS, VMMC, and
UCSX series to give wider capacity ranges, with the same
movement and with little change in the over-all length.

216

Write us for information regarding your own Capacitor problem.
Literature mailed on request.

f/IIII/I

=RADIO

CLECTEONIC COMPONINIS

JENNINGS RADIO MFG. CORP. 970 McLAUGHLIN AVE.
POST OFFICE BOX 1278 o« SAN JOSE 8, CALIFORNIA

ELECTRONS AT WORK continued)

ok 2 {2
100X

/"v\'/\ woLT
WAVEFORM AT Cg
KEYED SIGNAL |
AT COLLECTOR D 'r' ‘[—I‘

Transistor oscillator provides prf from
100 per second up to 2 per minute

cutoff conductance until oscillation
conditions again obtain. The cycle
then repeats.

The inductors have Q’s of 30 at
1 kec. They are wound on small
Ferroxcube pot cores.

Carrier frequencies of 2 mega-
cycles have been achieved with this
circuit using TI-201 npn transis-
tors. Pulse repetition frequency is
adjustable from 100 per second to
2 per minute by varying C;. To use
npn transistors the polarity of the
battery, diode and electrolytic
capacitor should be reversed.

REFERENCES

(1) R. L. Wallace, Jr, and W. I
Pietenpol, Some Circuit Properties and Ap-
plications of n-p-n Transistors, Proc
IRE. 39, p 753, July 1951

(2) Peter G. Suizer, Junction Transistor
Circuit Applications, ELECTRONICS, 26, No.
8, p 171, Aug. 1953

Phototransistor
Card Reader

USING PHOTOTRANSISTORS to detect
markings, a 118-channel eard
reader is now in operation for auto-
matic handling of toll telephone
calls. Using the phototransistor in
conjunction with a transistor am-
plifier as shown in the diagram the
unit has made 28,000,000 laboratory
test readings with negligible fail-
ures.

The phototransistor is illumi-
nated by a light beam modulated at
400 cps when a card punch hole
passes over the reader. The light
acts as the emitter of the photo-
transistor, which has a collector im-
pedance of about 10,000 ohms. This
impedance is reduced to approxi-
mately 3,000 ohms by the illumina-
tion. The a-c signal from the photo-
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Virtually every project in the electronics
manufacturing field tnvolves operations within the
scope of the D. E. Makepeace Company. As specialists,
Makepeace is able to supply electronic assemblies for
components which meet the most exacting specifications.

WAVEGUIDE TUBING AND MICROWAVE ASSEMBLIES

Leng experience in the manufacture of precision drawn
waveguide tubing, enables Makepeace to meet tolerances
much tighter than specified in MIL-T-85-B. This precision is
maintained in the production of components such as rotary
jo'nts, crystal mixers, antenna feeds, and many specialized
assemblies to meet various requirements.

Wz shall be glad to confer with you on the design and
manufacture of prototypes and production runs. OQur excep-
tional testing facilities are at your disposal.

Because Makepeace pioseered in the producticn of solid
and laminated precious metal slip rings, a range of sizes
and special alloys is available to meet almost any require-
ment for space, weight, electrical noise, torque, or power
handling capability.

In addition to the rings and brushes themselves, Make:
peace has utilized its experience in this field in the design
and manufacture of complete self contained ring and brush
assemblies. The design of such a unit often poses unusual
problems. The Makepeace engineering group having met
many of these problems, can plan and manufacture a unit
to meet your specifications. Before such an assembly is
shipped, it is checked out and completely tested for electri-
COLLECTOR RINGS AND BRUSHES cal noise, voltage breakdown, impedance matching, power
handling capability, and other test specifications as required.

electronic assemblies and components by

PRECISION RECTANGULAR WAVEGUIDE TUBING
MICROWAVE COMPONENTS o MICROWAVE

TRANSMISSION ASSEMBLIES o ELECTRICAL CONTACY
MATERIAL o FORMED ELECTRICAL CONTACTS
CROSSBAR WELDED CONTACTS o SLIP RING AND
SLIP RING ASSEMBLIES » BRUSH ASSEMBLIES
PRECIOUS #AETALS CLAD TO BASE METALS
ST i e D. E. MAKEPEACE COMPANY
Division of Union Plate and Wire Co.

Attleboro, Mass.
Sales Offices: New York » Chicago « Los Angeles » Columbus
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ELECTRONS AT WORK (continued

[ J [ 4 t
Transistor amplifier boosts signal from
phototransistor to irigger cold.cathode

TEL*INSTRUMENT | tube

transistor is then applied to the
transistor amplifier.

The amplifier is a conventional
common-base circuit having a volt-
age gain of 40 to 100. The ampli-
fier output triggers a cold-cathode
gas tube operating a relay.

This information has been ab-
stracted from an article “Transis-
tors in 4A Toll Crossbar Switching”
by P. Mallery, appearing in Elec-
trical Engineering, Feb. 1954,

D eevc-m
N7 ANTENNA
AN
ANTENNA
‘Ivj} SOCKET
N oam
\_J ost-er
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i 13 5
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Years of experience as specialists
i TV instrumentation . . . modern

qualitr production facilities . . . painstaking
an.d care in manufacture ... all
erformario contribute to making this Portable Transceiver
per. li ] ;e Color TV studio equipment the | Circuit
at realistic

very finest obtainable . . . and Circuit of the portable transceiver
described previously (p 204, Electronics,
at reasonable cost.

pl'lces May 1954) is shown above. Stewart-
WRITE FOR FULL DETAILS

Warner Electric, manufacturers of the

Portafone, emphasize that the equip-

ment is furnished as a unit and is de-

signed mechanically as well as elec-

L trically to comply with FCC frequency

Tblfﬂs’rume”’ Coolttc' I tolerances with service by a licensed

operator. Amateur or other equip-

[ 728 GARDEN ST., CARLSTADT, NEW JERSEY ments based solely upon the circuit

diagram are not likely to meet require-
ments for the Citizens Radio band

(Continued on page 220)
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NEW HORIZONS IN ENGINEERING

-

When products are undefined
but performance can be specified

.. . the Special Products Division of I-T-E may be helpful. RADAR ANTENNA SYSTEMS
S . design, development and fabrication
We don’t claim to solve all development probiems to meet per- JET ENGINES
formance specifications, but we may have the answer you’re looking ::"E“:’:‘g;‘;""“":'lz"s"”“ CgmpZreats
g =) o A
for. Our record in helping with unusual and advanced developments design, development and fabrication of
.. . . . equipment to operate on advanced theories
is impressive. Our current projects range from design, development CULDHD: MiSSILES
and fabrication of Radar Antenna Systems to equipment (0 operate advoneed 1bratiniy fechniqves
. s 3 TITANIUM
on advanced Thermodynamic theories. Whether your problem is proven welding, forging, forming, splaning
N o s techniques with this hord-to-wark metal
new development —or fabrication with new and hard-to-work AR
alloys-youw’ll want to know how this unique organization can combining spinning and drawing 1o an almost
limitless variety of designs in a wide range
help you. aof metals

Send for Publication SP-100 ET today.
TECHNOLOGY

ABLLITY SPECIAL PRODUCTS DIVISION

FACILITIES 1-T-E CIRCUIT BREAKER COMPANY
601 E. Erie Avenve o Philadelphia 34, Pa.

5P102 Progress through Problem Solutions
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SPECIALISTS IN
FIXED PAPER

CAPACITORS

"\ SINCE 1925
North Chicogo, lllinais, U.S. A. " B SOUTHERN AFFILIATE
- =i MICROFARADS, INC.
Dape: A - ®  WESSON, mISS.
- -
o
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ELECTRONS AT WORK continued

PERTINENT PATENTS

By NormMaAN L. CHALFIN
Hughes Aircraft Co
Cul City, Calil

INFORMATION concerning fabrica-
tion and use of transistors occupies
a large part of technical publication
This same interest and activity is
reflected in patents issued. This
month’s selection summarizes in-
formation on three such patents.

Transducer
Patent 2,666,861 for a trans-
ducer has been issued to R. D.
Campbell, assignor to Reed Re-
search, Inc. of Washington, D. C.

The circuit of this device is

POINT-CONTACT
SIST( D
A g .

B

FIG. 1—Transducer changes varying
voltage to pulse signal

shown in Fig. 1 and is designed to
convert a voltage of varying am-
plitude into a pulse signal having
a repetition rate directly propor-
tional to the applied voltage.

The operation of the circuit is
fairly simple and may be followed
with reference to Fig. 2. As a
voltage is gradually increased from
the value O to A no appreciable

CURRENT

VOLTAGE

FIG. 2—Operation of circuit of Fig. 1

change in current occurs through
the transistor body and little charge
appears across the capacitor. When
the voltage value A is reached a
sudden current surge occurs and the
capacitor is rapidly charged and
the voltage across the transistor is
diminished to the value indicated at
B in Fig. 2 at which time conduec-
tion ceases.

Voltage from the source continues
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Bomac

We invite your in-
quiries regarding
B ENGINEERING
B DEVELOPMENT
B PRODUCTION

ELECTRONICS — fuly, 1954

/.s)omac Laboratories. Onc.

BEVERLY,

GAS SWITCHING TUBES - DIODES - HYDROGEN THYRATRONS - DUPLLXERS - MAGNETRONS
MODULATORS |

MASSACHUSETTS

REFERENCE CAVITIES

Bomac has developed a line of high-precision
Rzference Cavities covering six different frequencies.
Essentially, Bomac cavities are fixed-frequency,
vacuum-sealed, transmission-type tubes. They are
vsed primarily as frequency determining references,
and frequency stabilizers in radar beacon applications.
The performance and stability of Bomac Reference
Cavities over a wide range of temperatures is far
superior to many other commercial cavities. Stability
of the resonant frequency is maintained under severe
conditions of shock and vibration by a unique cushion-
ing arrangement that prevents excessive movement of

the tube within the block.

RESONANT FREQUENCY (mc) 9280 + 0.5mc
VIBRATION 10 G's + 0.1 mc¢
SHOCK 50 G's + 0.1 me
AVERAGE Q 2100
INSERTION LOSS 40db~ 6.0db
TEMPERATURE COMPENSATION

Room Temp. to 160°C + 03 me

Room Temp. to 0°C + 0.3 me

Room Temp. to —355°C + 1.0mc
ATMOSPHERIC PRESSURE

To 45 psi (abs.) + 0.15 me

To 5in. hg. (abs.) + 0,15 me
ALTITUDE RATING 50,000 fi. (max.)

CAVITIES FOR OTHER FREQUENCIES

1022 — 9250 mc 6040 — 9308 mc
1024 — 9310 me 6041 — 9312 mc
5846 — 9280 mc

MATCHED CAVITIES — For special applications, matched
cavities are now available. We invite your inquiries
regarding special applications for our reference
cavities.

Catalog on request.

Write (on your com-

pany letterhead)

Dept. E-7 BOMAC
Laboratories, Inc. |
Beverly, Mass.
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Now for the first time

...a Magnecorder

under $300

the new M30

professional
tape recorder

The M30 Magnecorder is the first tape
recorder to offer you professional
quality at so low a price. The accepted
leader in tape recording the world
around, Magnecorders are used by
more engineers than all other
professional tape recorders combined.

complete in one case

The M30 Magnecorder is mounted in a handy
portable case, with high fidelity output for
external amplifier. Model M33, slightly higher,
includes power output stage and integral

PM speaker. Your dealer is listed under
“Recorders” in the classified telephone directory.

Maognecord,/inc

225 WEST OHIO STREET, DEPT. E.7
CHICAGO 10, ILL:

222

NEW
LOWER PRICES
ON STANDARD
MAGNECORDERS

See your dealer for
new reduced prices
on PT6 and PT63
gear.

ELECTRONS AT WORK (continued)

»
SHORTING SWITCH

3
T

WAV
CENERATOR
1

ppp—
s
;x

FIG. 3—Circuit used to form semicon-
ductor

to increase, however, and when the
difference between the charge across
the capacitor and the added voltage
from the source again equals a value
A, across the transistor, sharp con-
duction occurs, repeating the se-
quence described above. This con-
tinues as long as there is an increase
in the source voltage. The resultant,
therefore, is a series of pulses that
has a repetition frequency deter-
mined by the amplitude of voltage
applied from the source.

Primarily, a circuit of the type
shown has utility in analog-to-
digital conversion of data to com-
puters. The recovery time of the
transducer is short enough and the
voltage steps small enough vastly
to increase the accuracy and speed
of this device over the prior art.
Values indicated in the patent dis-
closure suggest recovery times of
less than 1 microsecond and voltage
increments of less than 0.1 volt.

Forming Transistors

From England comes a device
connected in similar fashion to the
device described in the Campbell
patent.

A U. S. patent 2,653,374 has been
granted K. A. Matthews and C. D.
White of London, England, assign-
ors to International Standard Elec-
tric Company of New York; for an
“Electric Semiconductor.”

The invention herein disclosed is
actually a means or method of elec-

CURRENT

VOLTAGE

FIG. 4—Linear curve shown by dashed
line
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IS THE DATA VALID?

he moment an oscillograph is taken out of the laboratory for air-
craft flight testing, vehicle road tests, or any application where
vibration and dynamic g forces are present, the “‘balance” of its gal-
vanometers —the measure of their response to gravitational force —
becomes all-important. An unbalanced galvanometer can cause deflec-
tions—under only moderate g-loadings—large enough to distort a data
trace and make accurate record interpretation impossible. It can show
deflections even when no data signol is present.

Miller Instruments’ improved galvenometers are supplied at no extra
cost with balance so closely controfled that trace deflection is within
0.010” per g in elements of less than 300 cps natural frequency and
within 0.001“ per g for higher frequencies. The unique open construction
allows balancing to be the final operation before shipment. No subse-
quent assembly steps disturb the balance achieved. Trace deflection due
to g forces displacing the suspension is negligible.

Sound basic concept and extreme care in manufacturing and testing
make Miller Galvanometers unequelled not only in their balance but
also in their control of sensitivity, linearity and stability. Inaccuracies
have been literally *‘designed out The unusual fineness of the traces
they produce have long been the standard in oscillographic recording.

Available with natural frequencies from 35 to 3200 cps and a wide
range of sensitivities, Miller Galvanometers are described in detailed
literature, which will be sent on request.

WY MILLER INSTRUMENTS, INC.
CUSTOM INSTRUMENT DESIGNERS AND MANUFACTURERS

325 N, HALSTEAD AVENUE * PASADENA 8. CALIF. » RYAN 1-6317
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ELECTRONS AT WORK (continued)

L | Mu lTI' ('0 60) trically forming crystal triodes (as
®

they are termed in the specifica-

' tion) to eliminate the nonlinearity

c H A N N E l of characteristic response generally
attributed to transistors.

The heavy curve of Fig. 4 shows
the normal input volts vs output
current characteristic of transistor
units, When treated with a high-
current sawtooth wave applied be-
tween emitter and collector as
et shown in Fig. 3, the semiconductor
ShL RS | i is formed to develop the linear

' ' i characteristic curve shown in the
RECORDING i = dashed line of Fig. 4.

OSCILLOGRAPHS il : If, after a first shot of the high
(Model 700) ] current sawtooth energy is applied,
by closing shorting the switch
shown to increase the current in
the collector output circuit, the loop
of the solid curve has not been
eliminated, a second and a third
shot will finally bring the response

: : . : to the linear curve sought.
i g . Note that in the circuit of Fig.
AMPLIFIER SYSTEMS il ; ot AAAT-N it 3 the base of the transistor is un-
(Model 119) : connected. The energy is applied
only in the emitter-collector path.

BFa TR

AN A
EPAVAVAVAY

Transistor Amplifiers

A number of “Transistor Ampli-
fier Circuits” is the subject of U. S.
Patent 2,652,460 awarded R. L.
Wallace, Jr. of Plainfield, N. J. and

BRIDGE BALANCE UNITS g . 2l 9 ¢ ) assigned by the inventor to the Bell
o Yooy i Telephone Laboratories of New
(Model 82-6) B : 7% - IR B York.

The importance of the present in-
vention lies primarily in its setting
forth the duality between transistor
amplifiers and vacuum-tube ampli-
fiers and the means whereby the

o . A operation and characteristics of
oo d’éSl ﬂed for flxed or mOblle the former may be predicted as
- . | the characteristics and operation of
relay rack mounting the latter are now predicted.
In particular the specification of
Write for complete details on the instruments the Wallace patent presents the

shown above, as well as Heiland galvanometers

and portable recording oscillographs. B egr0vaus

et

20TH ANNIVERSARY

IN MA

2

0
15
s|

i)

13 2200
,A(B-T’W <
% 0 400 60 o020 B

e, IN VOLTS o 0 A

() (8)

Heiland Research Corporation

FIG. 5—Plate circuit curves for vacuum
triode (A) and type A transistor collector
curves (B)

130 East Fifth Avenue * Denver 9, Colorade
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ELECTRONS AT WORK (continued)

various points of departure from
which the ana.ogous operation of
vacuum tube and transistor am-
plifiers may be compared.

In Fig. 5A there is shown a
typical family of plate circuit char-
acteristic curves for a vacuum tube
and beside it Fig. 5B shows a family
of collector circuit characteristic
curves of a type of transistor suit-

‘e:,_ f ’
1f_>‘ + o Y
+ a2 +32 R .
e 1Y ‘..;)E,“ e 'L
i e ;
AIwp = 2
2
% w ()]
e e ey -f, et h iy =le
& ety et
fy-en,es leo 'y e
'z"p 'Z' <k
R;-rzlll
Ry r /R,
L 'zcl

FIG. 6—Duality shown by tube (A) and
transistor (B) and accompanying equa-
tions

able for amrlifier service. The
analogy in this respect is clear from
these curves.

In Fig. 6A aad 6B a vacuum-tube
triode amplifier and a transistor
amplifier are shown side by side to
illustrate their duality. The defin-
ing equations of each are set forth
beneath to show the operating con-
ditions of the two. The equations
of the transistor circuit (B) are
the transforms of those for the
amplifier circuit of (A). The tran-
sistor circuit (B) satisfies the

mm_‘l'l v i 'ty
. D 1w,
oy :'3 % ’.Ié* Y ;"\
f s ‘e.! uTRyT
CRCTR LR 'l,-n'!‘l"a‘I
) ®
€ ¢ eg-lize, s 0 b -ig=-Y20
CGeegelnes t by ingeVy0
& ey-egr tyo ieg-1ey
27 - egi-egr 2 1eg* ey
foim 1 gt ~Coi 010 - G2t @
W igmtg e ez ey
G zey e, 0 ¢ g +iye0
G- ten- g0 Vg i
Wy ey rey Wy ~ig=ier
1" &1 = Cp2 e e et
it =i et ewe-tg-om
gt tenreq -

FIG. 7—Duality in push-pull amplifiers

shown by equaions
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\J  Ability to
handle the

Stone's Accurate
Fabrications

Small diameter spiral wound paper tube manufacturing is an
exacting business. There are many points along the way where
a minor misstep may ruin the entire job.

Naturally, some jobs are tougher than others.

Stone has the ability to handle the toughest jobs with speed and
economy. Reason: long experience and large volume.

Hi-dielectric strength and close tolerances are important features
of Stone tubes of kraft, fish paper, and plastic films.

Low moisture absorption and good dimensional stability qualities
are pointed up in Stonized, our phenolic impregnated spiral tube.

We would like to have onc of our conveniently located repre-
sentatives call on you. Write or phone us today.

srnnEPAPER TUBE (CO.

AFFILIATED WITH

STONIZED PRODUCTS CO. INC.

900-922 Franklin Street, N.E., Washington 17, D. C.
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~WAVELINE

MICROWAVE NOISE SOURCE

model 220Q 2600 to 26,000 mcs.

level 16.0 db above KTB at 290°K
independent of operating temperature

-

The WAVELINE Model 2200 microwave noise source—gas noise
tube in combination with its Waveguide mount and power unit
—provides a random noise squrce of known output level in the
frequency range from 2,600 to 26,000 MCS. Throughout this

range it also functions as an untuned termination.

The noise power of 16.0 db =0.5 db above KTB at 290°K is
available without warm-up time —and is completely independ-
ent of operating temperature.

The gas noise tube provides an average VSWR over the fre-
quency range of the tube of approximately 1.07; maximum is
approximately 1.13. Insertion loss of the unlighted tube is
negligible; maximum inserted VSWR is 1.17. Full VSWR plots
for active and inactive tube conditions are supplied with the unit.

MODEL 2200 POWER SUPPLY AND CABLES........ $150.00

To find out how the Model 2200 can work effectively for you,
contact WAVELINE today.

©nn

JWAVELINE

INC. CALDWELL. NEW JERSEY
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ELECTRONS AT WORK continued

transformation equations, shown
below it, which make one circuit
the dual of the other.

A vacuum-tube class-B push-pull
amplifier shown in Fig. 7TA has the
operative relationships shown in
the equations below it. Similarly,
the push-pull class-B transistor ani-
plifier, shown in Fig. 7B, is the dual
of the circuit of 7A with its oper-
ative relationships in the equations
below.

To obtain the high efficiency
corresponding to class-B operation,
the emitters of two transistors are
biased toward high emitter current
and the collectors toward high col-
lector current so that collector cur-
rent is cut off during approximately
one half of each cycle. These bias
conditions are shown in the curves
of Fig. 8.

In the diagram of Fig. 8 the fam-
ily of curves for one transistor ara
plotted back to back with those for
the other transistor. A signal an-
plied to the transistor circuit of
Fig. 7B results in a current and
voltage swing corresponding to the

FIG. 8—Family of curves plotted back-.
to-back for push-pull transistors

load line shown in Fig. 8 while in
the absence of signal the collector
voltages are both small compared
to their values at the peaks of their
swings.

To avoid distortion that would
result from utilization of the highl
nonlinear parts of their character-
istics, which lie immediately adja-
cent to the current axis, the bias
currents may be selected to locate
the quiescent conditions of the two

July, 1954 — ELECTRONICS



ELECTRONS AT WORFK (continued) ‘

transistors approximately at points
P-P’ on the curves of Fig. 8.
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FIG. 9—Variation:s of the push-pull class
B amplifier circuit

Figure 9 shows variations of the
push-pull class B amplifier circuitry
to provide simplifications of the
power supply requirements.

i

FIG. 10—Cascade of amplifiers employ-
ing common POwa3r source

l—'m =

Fig. 10 shows a cascade of am-
plifiers employing a common power
source. Each stage of the amvlifier
may be operated either class B or
even class C. Bias currents for the
emitters may be obtained from
choke coils and resistors in the com-
mon power source circuits.

More gain is obtained with the
cascaded amplifier. The duality
principle calls “or feeding the col-
lector current putput from a pre-
ceding stage to the emitter of the
succeeding stage. When each stage
must be tuned, the duality principfe
calls for series-tuned rather than
parallel-tuned circuits as may be
seen in Fig. 10. In coupling from
stage to stage, as shown, the trans-
former windings are adjusted to
give the proper impedance trans-
formation, as required in transistor
circuits.

ELECTRONICS — July, 1954
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FOR UNLIMITED CONTROL
APPLICATIONS...

Compact, rugged, commercial and indus-
trial type relay capable of handling heavy
contact loads with low coil power require-
ments. Its double break contacts provide
a large gap to extinguish the arcing asso-
ciated with heavy loads. Insulation and
spacing meets (UL) requirements for
industrial control equipment. Contact life
exceeds requirements for (UL)
Temperature Indicating and Regulating
equipment.

Standard coils are vacuum varnish
impregnated. Multiple mounting holes in
bracket allows relay to be mounted from
above or below mounting surface as
required.

OPERATING CHARACTERISTICS

CONTACTS: SPST—Normally Open
Double Break.

CONTACT RATING: Resistive & Inductive
30/20 AMP,, 115/230 V.A.C.
1%2/3 H.P. 115/230 V.A.C.

COIL: Continuous Duty—A.C. 8.5 V.A,,
60 Cycle. Inrush 14.0 V.A,, 60 Cycle.

OPERATING VOLTAGE RANGE:
+10%, —15% A.C.
+10%, —20% D.C.

MAXIMUM COIL VOLTAGE: 600 V.A.C.,
230 vV.D.C.

WEIGHT: 6.5 oz.

DIMENSIONS: Length 3%,
Height, 174", Width 1%".
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Unusual opportunities in research, design and development for engineers!
Submit resume of qualifications and experience.
For BETTER CONTROLS THROUGH BETTER RELAYS — Specify LEACH

o p—
e

I
-

LEACH RELAY €O.

5915 AVALON BOULEVARD * LOS ANGEIES 3, CALIFORNIA
Representatives in Principal Cities of U.S .ond Canoda
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Automatic Fabrication

NEW TYPES of resistor cards and a
machine that fabricates the cards
automatically serve to eliminate
screw machine, drill press and
riveting operations to achieve a
tenfold reduction in fabrication
time at Hewlett-Packard Co. Palo
Alto, Calif. The designer is R. M.
Kingman.

The resistor-card machine per-
forms three basic operations. [t
stamps a flat lug out of silver-
plated brass ribbon, punches a hole
in a phenolic board, and mounts
the lug in the hole. The machine
can also punch a number of large
holes that can be used to mount the
resistor card in an instrument.

The silver-plated brass ribbon
mounts on a spool at the back of the
machine and is fed between a punch
and die that forms lugs. A phe-

Two-Contact Test Prod for Germanium
Diodes

Driving Trimmer Screws in Printed I.F
Transformers

Tube Inspection Program for Airborne
Eqaipment

Metal Embossing Machine Makes Iden-
tification Tags

Auiomatic Solderer .................. 252

Hanging Baffles Reduce Punch Press

Noise .................cccuuie... 253
Drilling Holes for Taps in Precision
Potentiometers .................... 254

OTHER DEPARTMENTS
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{  New Products ......... 258
: Plants and People....... 302
New Books ............ 338
Backtalk ............... 345

of Resistor Terminal Cards

nolic board or card, previously cut to
desired size. is manually inserted
into a traveling carriage at the top
of the machine. This carriage car-
ries the phenolic board past a punch
and die in a stepping or indexing
motion similar to that of a type-
writer carriage. As the Lvard
moves through the macnine, the
punch stamps out small round holes
along the edge of the board.

Into each hole the ribbon feed
mechanism inserts a stamped lug,
leaving the shank of the lug pro-
truding from the back side of the
board. A crimping punch crimps
the shank, which is then set by a
small automatic hammer, thus
mounting the lug securely to the
card.

The machine continues this oper-
ation along one complete side of the

>

;’/ M{:’h X

Automatic resistor card machine, which makes its own terminals from ribbon at
rear and inserts them in holes punched one by one in plastic card

228

card, after which the card is manu-
ally inverted and the process con-
tinued along the opposite edge. A
separate punch and die are included
in the machine so that mounting
holes for the card itself can be
punched at desired points along the
card. A disabling cam prevents the
insertion of lugs in these mounting
holes.

Lugs are mounted at a rate in ex-
cess of 130 per minute. A typical
resistor card having 10 pairs of
lugs can be completely fabricated in
about 15 seconds. Costwise, the ma-
chine-made resistor card amounts
to only 1/7 to 1/10 the cost of con-
ventional cards and at the same
time frees valuable machine shop
facilities.

The machine-made resistor card
also has a number of advantages

Details of new resistor card. showing
how terminals are punched and staked
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Yes, you can make one false note and be

all washed up .. . with the name you’ve spent
years building, quickly consigned to
oblivion. We at Kester know the importance
of consistency . . . make sure that the

solder alloy and especially the flux formula
never varies, never changes. Kester never

experiments at the expense of the solder user!

For best results in efficient, economical soldering,
remember this Soldes Trio: 44" Resin, “Resin-Five’’ and
Plastic Rosin—all made by KESTER ... Key Name

in Flux-Core Solder for More Than 50 Years.

SOLDER COMPANY

4204 WRIGHTWOOD AVENUE, CHICAGO 39, ILLINOIS
NEWARK 5, NEW JERSEY » BRANTFORD, CANADA
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that improve the equipment in
which it is used. The lugs are thin
in the direction of resistor strain,
so that danger of damage to re-
sistors during and after wiring is
minimized. Also, it is not neces-
sary to wrap the resistor lead
around the lug. The lead simply
drops into the slot at the top of the
lug. After the resistor is soldered
into place, the excess lead is cut off.
Leads connecting to the resistor
card are inserted through the round
hole at the bottom of the lug and
soldered without wrapping. The
mechanical joint formed by solder-
ing is good. Completely fabricated
resistor cards with components
mounted thereon do not show weak-
ness when subjected to military
type vibration and shock tests in
finished equipment. The simplicity
of wiring also reduces labor costs
required for wiring in components.
Since neither the resistor lead
nor connecting wire is wrapped
around the lug, an otherwise diffi-
cult servicing problem becomes
easy. Any component can be dis-
connected by heating the terminal
and lifting the lead out of the slot.
Connecting wires can be removed
by pulling the wire out of the round
hole after the lug has been heated.

Wire Spool Rack

USE OF THE PROPER lead wire for tap
connections on precision potentio-
meters is facilitated by a coded
spool-holding rack at Helipot Corp.,
South Pasadena, California. Each
of the many alloys and weights of
wire is assigned a code number. The
50-peg dispenser holds these wires
on individually numbered spools.

Spool rack alongside tap welding setup

230

Elasticized-Edge Plastic For Tote Boxes

STANDARDIZED SIZES of boxes for
parts and finished components stack
and tote with a minimum of incon-
venience at Helipet Corp., South
Pasadena, Calif. A clear plastic

cover with elasticized edges pro-
tects contents and keeps them
visible. Tickets attached to the box
identify contents when boxes are
stacked.

Felt-Padded Boxes Hold X-Ray Tubes

INEXPENSIVE wood boxes having
felt-padded semi-circular cutouts
in the end serve as supports for
Amperex type 3000M rotating-
anode x-ray tubes during final as-
sembly. Two styles of racks are
used in the Hicksville, N. Y. plant
of the firm, one for individual tubes
and one for a batch of six tubes.
The racks are used to hold the

tubes during the final operations of
placing spaghetti tubing and nylon
caps on the leads at one end, and
cementing a cork protective band
around the glass envelope at the
other end. For the cementing
operating, a cork strip is coated
with GE No. 1286 Glyptal cement
and the strip is wrapped around
the tube. A simple metal band
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T;F%LW .
exclusive

much longer scale
PL (clear plastic) panel meters

visibility
unlimited

Entire dial face encased in
transparent non-breakable plastic.
Entire dial is exposed to viewing.

Y &7 light unobstructed

. < Full natural lighting from top, sides and bottom.

Burton browne advertising

G-t No bezel or case rim interrupts the light from any angle.

readability extended

10 2
TR Full open face on round meters allows much longer scale than conventional

oc
IC RO A MBERE S

types for guicker easler readings from much greater distances.

interchangeability—universal

Longer scale length, yet the mounting makes it readily interchangeable
with all conventional round meters of the same size. The panel
space occupied is exactly the same.

appearance revolutionized

L These handsome modern streamlined Triplett PL Panel Meters

: ,‘--3 with clear plastic fronts will make an amazing improvement in the appearance

y ‘ 4 of your equipment panels in addition to contributing greatly

& ,'4; "}i to reading accuracy. An additional advantage is the unbreakable crystal,
A5 Write for full information on Triplett PL Panel Meters.
et Available for immediate delivery in 2" and 3" round types and 4"
square types. 2" and 3" square types will be available soon.

TRIPLETT ELECTRICAL INSTRUMENT COMPANY BLUFFTON, OHIO



Final Approach to an Easy Touch-Down

Properties of Synthane

In addition to those mentioned in the text, Synthane
hos the following important properties:

Chemical resistance. Synthone te-
sists most acids ond olkolis in
A\B moderate concentrations. It is also
resistant to carrosive atmospheres.

Low moisture absorption. Most
glodu of Synthane are highly

ture resistant, Special grodes
are ovailoble for opplications
where obsorption must be ot o
minimum.

=]

|||

Thermosetting. Synthane will hold
its shape under elevated temper-
atures. it cannot be reheoted and
reshaped; once formed it is per-

o
—
—

t. (f post-forming is essen-
tiol, special grodes are available.)

} Availability. in oddition to more
than 33 grades of sheets, Synthane
is olso supplied in many grodes of
rods, tubes ond special shapes.
Molded-faminoted and molded-
macerated parts are also monu-
factured. A complete fabricating
service is available.

o,

L0
=3
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® A major problem in aircraft design
since the very beginning has been proper
landing gear. The Wright brothers used
rigid, sled-like runners. For many years
shock cord —giant-sized rubber bands—
took up the load. As planes grew larger
and landing speeds climbed, the modern
air-oil shock strut was developed. An
important component in the largest land-
ing gear struts now made is Synthane—a
laminated plastic.

The pistons used in shock struts must
be tough, mechanically strong, shock-
resistant, machinable, light in weight,
impervious to oil, long-wearing and
non-scoring. They must bond securely
to aluminum cores. Dimensional stabil-

Our 25th Year

SYNTHANE CORPORATION, OAKS, PA.

ity is necessary over a wide range of
operating temperatures. Synthane sup-
plies all of these needed properties.
There are hundreds of applications
chemical and
More than 33
different grades of this versatile lamin-
ated plastic help to fulfil a variety of
specifications. If you have need of a
material with many different properties

for Synthane’s electrical,
mechanical properties.

in combination, Synthane may be your
Our catalog supplies full in-
formation about Synthane sheets, rods
tubes, and fabricated parts. To get your

answer.

copy, please write us. Synthane Corpora-
tion, 12 River Road, Oaks, Pennsylvania.

SYNTHANE\

LAMINATED l_.' PLASTICS
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PRODUCTION TECHNIQUES {continued)

tightened arcund the strip holds
it in place until the cement
has set with the aid of heat from
a 259-watt infrared lamp. This
lamp is in a sccket mounted on a
board resting ¢n top of the work-

bench back, a heavy metal weight
being used on the board to counter-
balance the weight of the lamp.
This simple arrangement permits
swinging the lamp to any desired
position or moving it.

Vacuum Cup Positions Domes on Speakers

Method of using 7acuum-actuated tool for picking up paper dome and placing it in
precise position on loudspeaker diaphragm. Projecting studs on handle of tool tit into
slot in bracket just under operator’s right wrist to determine positlion of deme

THE PROBLEM of cementing seven
sound-diffusing cones on the dia-
phragm of the RCA type LC1A 15-
inch high-fidelity loudspeaker was
solved in the firm’s Camden plant by
devising a vacium-actuated posi-
tioning tool tha- works in conjunc-
tion with an angle-mounted rotating
fixture supporting the entire loud-
speaker. So perfect is the resulting
fit of elliptic-based domes to the
conical inside surface of the dia-
phragm that cement flows under
the edges by capillary action to give
perfect anchoring, with no gaps to
cause rattles.

The first step is trimming the
edges of the domes so they will be
parallel to the surface of the dia-
phragm when installed. The domes
are molded from paper pulp to a
thickness of akout 0.015 inch in
much the same way as loudspeaker
diaphragms are made, and come
from the vendor with a surplus

ELECTRONICS — July, 1954

flange. Each such dome in turn
is placed in an arbor-press fixture
having a contoured recess, and the
press is operated by hand to bring
a mating plunger down into the
dome. The top of the fixture and
the top of the plunger are then in
correct alignment to serve as guides
for trimming. The operator simply
holds a razor blade over the flange
and spins the fixture to cut off the
surplus paper. Fixture and plunger
are designed to permit this rotation.
A razor-blade holder is used, and
blades are changed frequently.

For the second step, the operator
places a loudspeaker in a large
metal holding fixture mounted at an
angle on a support that rests on the
bench and rotates in a horizontal
plane. Spaced around the flange of
the fixture are seven supports for
the dome-positioning tools, each
with its pivot slot spaced a different
distance out from the center of the

| [SYNTSHANJE]
A

laminated
plastics at work

In chemical applications
Synthane’s chemical-resistant properties,
smooth surface, ond durability are voluable
to the photogrophic industry. Synthane
components are used in preparing ond
developing sensitive films.

k- o]

In electrical applications
Numerous insulating parts made of Synthane
are used in radio ond TV sets. Synthane
supplies dielectric strength, the ability to
1esist elevated temperatures and excellent
insulotion resistance,

TR s

L
g
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Where many properties
are needed Synthane is o favored

bose material for printed circuits. It has
chemicol resistance to resist etching acids,
dielectric strength, dimensional stability
and it bonds securely with copper foil.

What's your PROBLEM ?
MAIL COUPON FOR FREE FOLDER

I Our 25th Year

| SYNTHANE CORPORATION |

12 River Road, Oaks, Pa. ]

I Please send me your free falder describing ad- |

I vantages, properties, uses and kinds af Synthane
plastics.

Name_

Title______

Address_

|
|
|
Compony I
|
|
’



PRODUCTION TECHNIQUES (continucd)
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YOUR EQUIPMENT?

S/zecé,/«, SIMPLEST, MOST COMPACT

AMPERITE
pelAY RELAYS

Provide delays ranging from 2 to 120 seconds. Applying cement around domes with
e Actuated by a heater, they operate on A.C., D.C.. or hypodermic syringe while weighted

Pulsating Current. tools hold the sever domes in position.
Entire fixture rotates to bring domes into
working position

® Hermetically sealed. Not affected by altitude, mois-
ture, or other climate changes.

® Circuits: SPST only — normally open or normally

A dosef:' h tatic Delay Rel loudspeaker. This serves to place
mperite ermostatic Delay Relays are compen- el e .

sated for ambient temperature changes from —55° to t}.]e domes on a spira ‘ath?' than a

+-70°C. Heaters consume approximately 2 W, and may circle, to break up standing-wave

be operated continuously. The units are most compact, patterns.

rugged, explosion-proof, Jong-lived, and — inexpensive!

The operator picks up a trimmed
TYPES: Standard Radio Octal, and 9-Pin Miniature.

dome with a master positioning tool
STANDARD MINIATURE PROBLEM? Send for Bulletin No. TR-81 that is equipped with a vacuum cup.
Vacuum is provided by a vacuum
pump driven by a quarter-horse-

° Amperite Regulators are designed to keep the
current in a circuit avtomatically regulated at
a definite value (for example, 0.5 amp).

® For currents of 60 ma. to 5 amps. Operates on A.C., D.C.,
Pulsating Current.

@ Hermetically sealed, light, compact, and most inexpensive,

VOLTAGE OF 24V ! WITH AMPERITE
| BATTERY & CHARGER = VOLTAGE VARIES
VARIES APPROX 1 ONLY

T9 BULB

(]
Maximum Wattage Dissipation: T6%2L—5W. T9—10W.

Amperite Regulators are the simplest, most effective method
for obtaining automatic regulation of current or voltage. Her-
metically sealed, they are not affected by changes in altitude,
ambient temperature (—55° to +90°C), or humidity. Rugged; |
no moving parts; changed as easily as a radio tube,

Write for 4-page Technical Bulletin No. AB-51 Altet plackicrdcine i goinc. opeaior
hangs vacuum tool out of the way on
the overhead support bracket and

MPERITE CO. Inc., 561 Broadway, New York 12, N. Y. olaces a weighted arm on the dome fo

In Canada: Atlas Radio Corp., Ltd., 560 King St. W, Toronto 2B i Nold 1 ik, pasiitG. ¥degurh pume &, W

foreground oa bench
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PRODUCTION TECHNIQUES (continucd)

power electric mmtor, located on the
bench alongside the work position.
A foot switch eantrols the motor to
start and release vacuum as desired.
The vacuum lifter prevents de-
formation of the dome such as
might occur if picked up with
the fingers, and serves to keep the
dome clean as well as position it.
Assemlly Procedure

Dome positioning is done simply
by placing the lifting tool in the
bracket nearest the operator and

Type of wood fuxiure used for holding
loudspeaker vertically during assembly
of spider, inner tweeter and other com-
ponents. Wood carrying case with han-
dle serves for traxsporting and protect-
ing circular corrugated spiders with
attached voice «¢oils. Finished loud.
speakers can pe seen on table in
toreground

bringing it fcorward to press the
dome gently against the diaphragm.
The vacuum pump is then stopped
to release vacuum, the tool is lifted
up carefully so as not to disturb the
dome, and a plain weighted tool of
similar shape i3 put in place to hold
that dome in pasition. The loud-
speaker is then rotated one-seventh
of a turn and the procedure is re-
peated for the next dome.

When all seven domes are in posi
tion, the operator takes a hypo

ELECTRONICS — July, 1954
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When better performance depends on unexcelled timing
components, it pays to look to HAYDON*. Engineers
can rely on HAYDON Timing Motors and Timing Devices
to give products precise, exacting control of Time to

better serve the user.

Whether it's product diversification or refinement, your
HAYDON Timing Engineer can provide complete engi-
neering information. Write for his name now.

A SUBSIDIARY OF GENERAL TIME CORP.

HAYDON

AT TORRINGTON

HEADQUARTERS FOR . y
TIMING HAYDON Manufacturing Company, Inc.  :
2431 ELM STREET, TORRINGTON, CONN. :
- [J Put me in touch with the Haydon Timing Engineer. :
: 0O Send me cotalog, “’Electric Timing Devices'’. :
. NAME ]
: TITLE :
I COMPANY_ P
. €O. ADDRESS :
*Trade Mark Reg. : <y ZIONE__STATE_____
U. S. Patent Office ---------------------------------------’
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PRODUCTION TECHNIQUES (continued)

syringe filled with an air-dry lac-
quer-type cement and runs it around
each dome in turn, to flow cement
under the edges of the domes by
capillary action. The edges of the
domes serve as guides for speeding
up application of cement. After
this dries, the weighted holding
tools are removed and a second coat
of cement is applied to form a fillet
around each dome.

Although the diaphragm appears
to have corrugations, it is actually
smooth on the inner side so that a
good fit to the domes can be ob-
tained. The effect of corrugations
is achieved by molding to give vari-
ations in the thickness of the dia-
phragm.

Use of Turret Press for
Short Chassis Runs

THE FLEXIBILITY of the Wieder-
mann turret press has proved
highly advantageous for chassis
and other metal punching work as-
sociated with production runs of
from 100 to 500 a month in the
Palo Alto, Calif. plant of Hewlett-
Packard Co. Shorter runs can be
most economically handled on in-
dividual punch presses; more would
justify a die set.

This machine has 20 different
punches which can be operated in
any Changes in the

sequence.

Using turret press with template for
punching total of 147 holes of 17 dif-
ferent sizes in chassis blank for dis.
tortion analyzer. All holes made with
one punch are tied together with colored
lines on template, coded to color keys
over punches in press

July, 1954 — ELECTRONICS



PRODUCTION TECHNIQUES (continued)

master template can be made in 3
minutes simply by plugging up the
old holes and punching new ones.
At present, some 75 different tem-
plates are in active use.

Broken-Back Preheater
for Tube Sealers

HIGHER production rates are ob-
tained in sealing radio tube mounts
by replacing the slower circular
preheater with a new conveyorized
oven developed in the New York
City Radio Tuoe Division head-
quarters of S3ylvania Electric
Products, Inc. The conveyor has a
rather sharp bend in the middle to
conserve space, and from this comes

New preheatling conveyor, with sealing
machine in background

:3}.-.: 3

7

72,

PR

>

955,

27

2

e

Method of loadiag tubes on conveyor
upside down
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can you put TIME

to work
at 400 r:ycles.?

AVAVAVAVAVAVAVAVAVAVAYA

?

at 60 cycles !

If time is an element in the operation of your product or
process, be sure to call in your factery-trained HAYDON*
Sales Engineer. HAYDON Timing Motors utilize time, control

time, master time . . . precisely, quietly . . . bettering perform-

ance and opening new horizons fo product and process use.

Put time to work now by writing for the name of your

HAYDON timing specialist, and for the cutalog, “Electric

Timing Motors.”

&)

limag waters =

*Trademark Reg. U.S. Patent Office

HAYDON

AT TORRINGTON

HAYDON Manufacturing Company, Inc. ;

HEADQUARTERS FOR

/ T ’ M ’ " G 2430 ELM STRZET, TORRINGTON, CONN. [
3 Send me the nome of my HAYDON Soles Engineer ,'
: [ Send me the catalog, “Eleckric Timing Mofors’ :
¢ NAME g
4 POSITION !
s COMPANY !
" CO. ADDRESS N
s ciry ZOMNE STATE ~ ¥,
-
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HEREITIS...

The World’s Finest Dynamic Strain Analysis Equipment ...

All the features you have ever dreamed o/conyem@fly
packed in one small unit.. v

238

6,

.
8 or 12 channels complete in one unit for airborne,

mobile or laboratory applications.

Carrier-type amplifiers (response 0-1500 cps) . . . or

Wide-band amplifiers (response 2-6000 ¢ps).

AND THINIK of all these features:

0 Interchangeable amplifiers, carrier or wide-band covering

@ O 000060

range of 0-6000 cps

Unbelievable insensitivity to shock or vibration

The most convenient arrangement of controls you ever saw
Highly accurate and stabilized

Internal carrier power supply

Automatic calibration, with different value of strain in each
channel if desired, just by pressing a button!

Output current swing of 200 millimeters, no more galvanometer
troubles

Indicator for balance and strain on each channel

The World’s Leader in Both Engineering and Craftsmanship
Ask for Bulletin No. 3FIK

See for yourself —call, write or wire

4208

TRUMENT COMPANY

315 SO. CLARKSON STREET » DENVER 10, COLORADO

PRODUCTION TECHNIQUES (continued)

the descriptive broken-back termin-
ology.

The conveyor operator places
tube mounts in bulbs upside down
and inserts the pump-off tubulation
in a block which is bolted to the
bicycle chain that serves as the
conveyor. This chain transports
each tube assembly through the
preheater, which uses an electric
heating element.

The output end of the conveyor is
only about 4 inches from the right
hand of the sealing machine oper-
ator. He takes the preheated
envelopes off the conveyor and in-
serts them into his bulb sealing
machine.

Display Board Teaches
Safety Wiring Techniques

A MODEL safety wiring board, de-
signed primarily to prevent mechan-
ical failures on airborne radar an-
tennas because of dislodged screws,
has been developed by Dalmo Vic-
tor Co., San Carlos, California.
The unit illustrates common
wiring and break-out faults as well
as the correct method of providing
a locking action for the screws. It

Examples of Incorrect wiring on board

July, 1954 — ELECTRONICS



PRODUCTION TECHNIQUES continued

also designates the correct gage
wire to be used on screws of vary-
ing sizes.

The boards were designed by
Peter Chang, assemblyman, and
have been installed throughout the
company’s assembly areas. They
are proving an excellent aid in
training new personnel.

Machining Contact Fingers
for UHF Cavities

FABRICATION TIME on ultrahigh-
frequency contazts was cut by 80
percent and a oetter product ob-
tained through development of an
ingenious machining operation by
Hewlett-Packard, Palo Alto, Calif.

Formerly it had been customary
to hog the contact out of a solid
slug of beryllium copper. This pro-
cedure resulted in only a reason-
ably satisfactory contact; fabrica-
tion cost was aigh and life ex-
pectancy short.

In the search for a better pro-
duct, production engineers first
bonded a solid silver overlay to the
ends of the contact fingers to
lengthen the life of the contacts.
While this gave excellent perform-
ance, fabrication costs were still
high.

After long study, a completely
different fabrication process was

Beryllium copper strip 0.006 in. thick
and 1%z in. wide is formed into cylinder
on rolling mill. Fciming strip into cyl
inder makes the chape rigid, permits
edging with silver ring. Silver wire
could not be soldered to flat strip of
this material withoat buckling

ELECTRONICS — July, 1954

HIGH INSULATION RESISTANCE

over

500 times greater than
ordinary
commercial oil capacitors

precision
circuitry
in:

Diathermy Equipment
Rectifiers

Pulse Generators and
Triggering Devices
Countless Other
Industrial and
Electronic applications

Whether your capacitor

requirements are new, unusual

or standard, let Industrial Condenser
Corporation’s specialized engineering staff
recommend the right capacitors to meet
your specific needs. For important finger-
tip data on capacitor performance, char-
acteristics and applications, send for
Catalog 1117. You need this information.

3249 North California Avenue

Outstanding

Operating Characteristics

‘Insulation resist-

ance at -+20° C.
after three minutes
charge: 900,000
megohm micro-
farads

Insulation resist-
ance at +75° C.:

78,000 megohm
microfarads

Insulation resist-
ance at —75° C.:
In excess of one

million megohm
microfarads

Change in capaci-
tance from -25°
C. to —80° C

+0.76%

Self time constant
of 10 mfd. capoci-
tor: 4800 hours

Q at 50 kilocycles:
10,000

Power Factor ot |
ke: 0.00025

Chicago 18, lllinois
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SPURS L4 HELICALS L4 WORM AND WORM GEARS L4 STRAIGHT BEVELS
LEAD SCREWS @ RATCHETS @ CLUSTER GEARS @ RACKS o INTERNALS o QDD SHAPES

1021 PARMELE STREET, ROCKFORD, ILLINOIS

BASE METAL WIRES . . . Very small
diameter — for filaments, thermo-
couples, resistance units.

PRECIOUS METAL WIRES . .

Produced in Platinum, Gold, alloys

and pure metals — small diameter
. Platinum alloy resistance wires.

COATED WIRES . . . Comprising
an extensive range of electroplated
grid wires . . . Enamel insylated
wires for precision resistors and
potentiometers.

We invite your inquiry regarding

vnusual problems or specifications
. Write for latest List of Products.

SlGMUND COHN CORP 121 So. Columbus Avenue « Mount Vernon. N.Y.
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PRODUCTION TECHNIQUES (continued)

Silver ring is sized on mandrel as is
shown here, before being placed on cyl-
inder. Silver overlay bonded on ends
of conlact fingers lengthens life of con-
tacts, gives excellent performance

Brass ring is slipped inside of cylinder
and first silver ring is placed on outside.
Workman places brass ring to aid in

brazing operation. In the oven the
asbestos pad retards the melt of the
bottom ring. Placing the ring slightly
closer to top than to bottom draws heat
away from top, evens the melt

worked out. Instead of hogging out
a solid slug, the process now starts
with a strip of beryllium copper
sheet. This is rolled into a cylinder
and a silver ring slipped over each
end. The rings are then brazed to
the sheet in a furnace.

After brazing, the rings are cut
at the joint in the cylinder and re-
opened to a flat strip. Fingers are
formed from the strips by grouping
eight strips in a packing fixture and
slotting the whole pack with a saw

July, 1954 — ELECTRONICS



Vacvum Equipment Dept.

Another

CVC's inline 3luminizing sys-
tem in operation at Sylvania
Eleciric Produsts, Inc. plant in
Seneca Falls, N. Y.

first in cutting

TV tube processing costs

Here is an inline vacuum system capable of aluminizing
TV tubes with the same efficiency and high production
rates as the famous inline exhaust systems pioneered
by CVC.

Similar to the exhaust system, individual aluminizing
units move around an oval track. One revolution com-
pletes the aluminizing cycle. Each cart is completely self-
contained with mechanical and diffusion pumps, valves,
power pickups, and controls for automatic operation.
The operator need only load and unload tubes and
replenish the aluminum on the filaments.

This new CVC system can handle any size TV tube
currently produced. Interchangeable diffusion pump jet
assemblies permit easy adaptation to the higher vacuums

probably required for color TV tube aluminizing. The
system is available with or without valves.

For smaller scale operations, CVC offers an integrated
system of one to six individual pumping units with com-
mon roughing manifold and individual holding pumps.
Timing devices control cycling automatically and permit
one operatot to handle all systems.

CVC's vast expetience 1n designing inline exhaust sys-
tems makes these units trouble-free and economical in
operation. We will be pleased to give you the details on
specifications, costs, and deliveries. Consolidated Vacu-
um Corporation, Rochester 3, N. Y. (a subsidiary of
Consolidated Enginecring Corporation, Pasadena, Cali-
fornia).

Consolidated Vacuum Corporation

e

Rochester 3, N. Y.

designers and manufacturers of high vacuum equipment
SALES OFFICES: PALO ALTO, CALIF. * CHIZAGO, ILL. * CAMDEN, N. J. * NEW YORK, N. Y. * BOSTON, MASS,
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Conceived Over 10 Years Ago by McGraw-Hill Editors

Research in the science of feed-back systems during
World War II brought a new dimension to the art of
instrumentation and control for business and industrial
processes and machinery.

Out of this development a new engineering art—the
design and application of closed-loop control systems —
has grown. It can provide a new level of productivity
for American business and industry.

Since 1944, McGraw-Hill has been conducting a series
of market analys2s to determine editorial scope, circu-
lation and advertising potentials for a magazine serving
this field. The mcst recent of these studies, conducted
early in 1953, indicated a strong current need for such
a magazine among design engineers and technically
trained management men in a broad range of industries.

Accordingly, in January, 1954, the first pilot issue of
CONTROL ENGINEERING was published. Field surveys
indicated an enthusiastic reception on the part of the
men it was desigied to serve. Many letters were also
received praising its editorial scope and usefulness.
Strong advertisinz support was voiced by leading man-
ufacturers of instruments and control devices.

How CONTROL ENGINEERING Will Serve You

1. Every issue of CONTROL ENGINEERING will show you
how instrumentation and automatic controls are being
applied in your own and related industries. It will de-
scribe new methols as they are developed. It will de-
scribe them in terms you can use.

2. CONTROL ENGINEERING will serve as a shop and lab-
oratory manual fillad with down-to-earth, praétical data.
It will aid you as a management man interested in in-
creased productior;, improved-quality and lower costs.
It will aid you as an engineer interested in the methods
and equipment recuired to attain these goals.

An Editorial Statf of Recognized Ability Will Bring You Current
Facts And Informatior On Instrumentation and Automatic Control
CONTROL ENGINEERING's Editorial Staff provides a
unique pool of background expertness in all phases of
modern control technology. At its command are the
resources of McGraw-Hill’s national and international
business-news-gathering facilities and technical serv-
ices.

System-Engineering
Associate Editor William E. Vannah, a specialist in the

Please enter my Charter Subscription to Control Engineering starting with Vol. 1, No. 1 in September, 1954
at the low pre-publization price checked below. It is understood that | will be billed after | receive my first issve.

The:e rates are for U. S. and possessions only. Other rates on request,

:l 3 yz2ars $5

NAME —

HOME ADDRESS.

() ) R IONE___

COMPANY
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posiTiON : -

- TYPE OF BUSINESS -
(FORM MUST BE FILLED IN COMPLETELY TO INSURE PROMPT ENTRY OF YOUR SUBSCRIPTION)

function of instrumentation in plant dynamics and
contemporary instrument and system design, was asso-
ciated for the past five years with the Research and
Development Division of Foxboro Instrument Company.

Mathematician-Editor

George A. W, Boehm, formerly science editor of News-
week, a mathematician and specialist in interpreting
current technical developments, has been appointed
Managing Editor of CONTROL ENGINEERING.

Servo-Technology

Associate Editor Byron K. Ledgerwood, formerly an
editor of Product Engineering, specialized in reporting
on servomechanisms in machine and system design.

Process Control

Business Editor Lloyd E. Slater, former Industry Man-
ager at Minneapolis-Honeywell and Associate Editor
of Food Engineering, specialized in development and
application of automatic controls in processing.
Computer-Engineering

Assistant Editor Edward J. Kompass, formerly with

The de Florez Company, Inc., is skilled in the design
and development of digital computer technology.

Consulting Editors

Supplementing its working Staff, CONTROL ENGINEER-
ING will draw upon the advice and experience of a
Board of Consulting Editors comprised of four out-
standing authorities in the field.

Subjects Like These Will Be Covered Regularly

—Analog Computers for Machine Control
—Automatic Gaging and Weighing Controls
—Automatic Selection and Transfer Methods
—Electrical, Electronic and Mechanical Controls
—Indexing and Recording Equipment
—Instrumentation Inspection Equipment
—Magnetic Tape Operating and Inspection Methods
—Punch Card Operating Equipment

—Servo Systems . .. and many more

Become A Charter Subscriber to Control Engineering Today

Charter subscriptions to CONTROL ENGINEERING are
limited to top management, production management,
engineering management and to control, design and
processing engineers in manufacturing, processing and
allied industries. These subscriptions are available in
advance of publication at the low price of $3 for 1 year,
$4 for 2 years, or $5 for 3 years. Simply fill out and mail
the coupon and we will send you a memo bill after you
receive your first issue of CONTROL ENGINEERING.

l 1 year $3

— STATE — B
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THIS FELLOW IS TRAINED IN YOUR BUSINESS. His
main duty is to travel the country — and world
— penetrating the plants, laboratories and man-
agement councils . . . reporting back to you every
significant innovation in technology, selling tac-
tics, management strategy. He functions as your
all-seeing, all-hearing, all-reporting business com-

munications systemn.

THE MAN WE MEAN IS A COMPOSITE of the edi-
torial staff of this magazine. For, obviously, no
one individual could ever accomplish such a vast
business news job. It’s the result of many quali-
fied men of diversified and specialized talents.

AND, THERE'S ANOTHER SIDE TO THIS ““COMPOSITE
MAN,” another complete news service which com-

plements the editorial section of this magazine —

the advertising pages. It’s been said that in a
business publication the editorial pages tell “how
they do_it”—“they” being all the industry’s front
line of innovators and improvers — and the ad-
vertising pages tell “with what.”” Each issue un-
folds an industrial exposition before you—giving
a ready panorama of up-to-date tools, materials,
equipment.

SUCH A “MAN" IS ON YOUR PAYROLL. Be sure to

“listen” regularly and carefully to the practical
business information he gathers.

MeGRAW-HIZL Lmm
=T FOR BUSINESS
NN

97 &
). i

McGRAW-RILL PUBLIGATIONS
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PRODUCTION TEGHNIQUES (continued)

M Available Now! vour personAL copy
OF THIS INFORMATIVE NEW CATALOG —

Cybnders are coated with flux and sil-
ver rings and silver solder wire posi-
tioned om either end

Asgsembled rings are brazed about 60
sec in an oveo heated to 1,450 F, then
quenched

——

Write today
on your company letterhead

THE NEW WESCO AC CATALOG is off the
press—request your copy now. The cata-
log gives design information to help you
order the right solenoid for your appli- {f you specify DC
cation. It gives engineering drawings, aiherf, Releanii
‘ solenoid performance charts, wortk and

NOTICE:

tor your company,

. you will find
temperature curves in easy to follow form. )
the WesCo DC solenoid
Since the WesCo trademark is on AC catalog helpful. The
solenoids used everywhere, you can be pages are filled with
sure the WesCo catalog gives you real easy to read informa-
help on your solenoid problems. A re- | tionto help you choose
quest on your company letterhead brings the right solenoid, Sent
Bress ring is knocked out with series of your AC catalog prompdy. Write today. E only to requests on

short, sharp blews. This is a critical
operation: the annealed copper crum.
ples H hit too hard

company letterhead.

attachment rigged on a horizontal
mill, first on one edge, then the
other. Afterward, each strip is
put through a special roller that
gives the necessary set to the fing- | ATV I3 NI VX3 @114 U \W T TTLTT X
ers to insure good contact.

The contact itself is formed by
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i PRODUCTION TECHNIQUES (comtinued]

EW®

TUBE ACCESSORIES
and ELECTRONIC HARDWARE

“'Ventilator'’ shields not only improve ‘‘hot"
tube performance by dissipating heat but are
the most economical shields in Methode's ex-
tensive line. Easily handled and compression
fitted to ground terminals on Methode lami-
nated or printed circuit sockets, shields are .
available in lengths of 1-11/16" or 2-1/16" Silver rings are cut ot unjoined seam of
with one standard diameter which fits either copper sirip with in snips

seven or nine pin tubes. Available with tin or
black oxide finish.

Molded phenolic plugs, with seven pins, 45°
apart on .375" centers, mate with economi-
cal standard miniature sockets. Designed to
save space and competitive in price with bulky
wafer pin plates, these units are ideal for base
dassemblies on plug-in components or quick-
disconnect harness assemblies. Plugs are avail-
able with or without vinyl caps or mounting
saddles. General purpose or mica phenolic
insulators with cadmium plated brass pins are
standard.

For high voltage tubes these corona caps and
socket combinations for both octal and noval
sizes feature generously rolled outer surfaces. Silver rings are rolled flat with solid
Assemblies are designed for screw mounting metal rolling pin

to condenser studs or stand offs and are avail-
able with general purpose black or low loss
mica phenolic insulators. Noval caps available
with 1-5/16" or 1-1/2" major rim diameter.
Qctal units have insulating fibre liners.

“Wire Wrap'' sockets have terminals adapted
for high speed solderless attachment of leads
at considerable savings in assembly and in-
spection time. Miniature seven and nine pin
units available in both laminated and molded
types.

-'\..
i : F
" ™ S

Eight of the strips are grouped together,
two by two, in a packing fixture. The
| whole pack is slotted top and bottom
| by @ saw attachment rigged on @ hori-
Geared to produce Plastic ond Metal Electronic Components | zontal mill

METHODE Manufacturing Corp.

2021 West Churchill Street * Chicago 47, lllinois
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PRODUCTION TECHNIQUES (continued)

Each strip is cut longitudinally, then
trimmed to size and put through another
roller to shape it for assembly into a
simple brass ring. Various types of
contacts are made from the basic
strips after this cutting operation

A conventional Delta drill press was
adapted to lap Inner and outer surfaces
of contact fingers with simultaneous ro-
tary and up-and'down motion. Recipro-
cating unit below table gives oscillatory
up-and-down motion to specially fabr}
cated carborundum wheel

ELECTRONICS — July, 1954

NYLON JACKETED WIRES

TY LEAD-IN WIRES

LACQUERED WIRES

SHIELDED WIRES & CABLES

—_— ——

INSTRUMENT WIRES

s i — =

COAXIAL CABLES

e

UL LISTED APPLIANCE WIRES
FOR 80 C, 90 C AND 105 C

SPECIAL WIRES & CABLES
TO SPECIFICATIONS




PRODUCTION TECHNIQUES (continued)

WHICH OF THESE CHARACTERISTICS
ARE ESSENTIALS
ON YOUR REMOTE CONTROL JOBS?

Accuracy . . . High Load Capacity ...

... Adaptability . . . Freedom from
Trouble. .. Long Life. .. Flexi-
bility ... these are some of the
qualities of ACCO TRU-LAY PUSH-PULL
FLEXIBLE CONTROLS that have made
it possible to improve the operation
of literally hundreds of mechanical
products (list on request). Full de-
scription of this versatile REMOTE
CONTROL i8 given in our DATA FILE
available for your further study.

ACCURACY is inherent in the basic
design, and in the standards of qual-
ity and precise dimension that con-
trol the manufacture of TRU-LAY
PUSH-PULL CONTROLS. These are
precision products, not gadgets.

VERSATILITY of this fine remote
control can best be illustrated by
citing some of the jobs it handles
well . . . HOT jobs on jets and indus-
trial furnaces...coLb jobs down
to —70