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saves design and production time, and 
eliminates costly alignment operations.

The first ready-to-use, 
prealigned i-f ampli
fier, complete with 
electron tubes and 

components (right). It

Printed Circuit 
I-F Amplifier 

printed circuit

ELECTRONIC

(Below) Bottom view of the new i-f am
plifier showing the printed circuit con
nections. The unit employs printed cir
cuit i-f transformers, coils, and traps, 
three 6BC6 tubes, and a crystal diode 
mounted on a plastic panel measuring 
less than 9" long by less than 2" wide
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WHY DOES G-V 
Produce More Miniature 

Tkwi Tune

p—^7 Than All Other 
Manufacturers 

! I 11 Combined?

Because G-VREMTS
- have been

G-V ENGINEERING OFFERS 
A 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
• Easy adjustability where 
desired
• Precise operation never be
fore available in thermal 
relays
• Time ranges: 3 seconds to 
5 minutes
• Hermetically sealed in 
metal shell
• Heater voltages up to 230 
volts
• Fully temperature compen
sated
• Suitable for military and 
industrial use
• Unequalled for ruggedness 
and precision
U. S. ond Foreign Patents Ponding

tion component by scores

of electronic equipment. 

Delivered for use on 
over 150 Government 
contracts.
In successful field use

engineering cooperation on 
THERMAL TIME DELAY RELAYS.

Rapidly expanding production facilities assure prompt deliveries.
Write for bulletin and help with your particular problems.

G-V CONTROLS INC.

CIRCLE ED-2 ON READER-SERVICE CARD FOR MORE INFORMATION
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Editorial
Two articles which certainly are “must readii 

for engineers, engineering executives, and person ie| 
people who hire engineers have recently come to «»ur 
attention. Both deal with problems perennially int ‘r- 
esting to engineers and are especially important in 
these days of “engineer shortage”.

“What Scientists Look for in Their Jobs” by Ther
esa R. Shapiro is the title of one of these articles and 
it appears in the June 1953 issue of the Scientific 1 
Monthly. It is one of a group of studies conducied 
for the U. S. Bureau of Labor Statistics as part of < 
its continuing program of studies of scientific per-J 
sonnel. Although the study is based on interviews ( 
with 407 men physicists, biologists, and chemists all ; 
of whom held doctorates, the findings might very 
well apply to engineers. Among the questions asked 
of the group were why they voluntarily left a job. 
why they selected a particular job offer in preference 
Io another, and why they preferred to remain on a 
particular job despite opportunities existing else
where. In answering these, the most important con
siderations governing the decision made were the in
terest of the work, the earnings and opportunities for 
advancement it provided, and the working conditions j 
on the job. The men were most interested in attack
ing a challenging research problem, preferably in J 
their own specialty, and in making a contribution to fl 
knowledge or to humanity.

The other article appears in the Newsletter of the 
IRE Professional Group on Engineering Management 
(No. 4, June 15, 1953), and is titled “Engineers and 
Education : A Pattern and Prognosis”, by Ellis F. 
King. Tn trying to evaluate the attributes of an en
gineering education, it was decided to survey the 
work habits, educational background, and technical 
needs of some of the successful engineers in industry.

The results of the survey’ were quite revealing. 
Among other things it turns out that 53% of these 
men have B. S. degrees, 18% have Ph.D.’s, 9% have 
M. S. degrees, and 20% have no formal degrees. To 
keep 
men 
time 
on a

abreast of current technical developments the 
took extension or college level work (3% on a 
basis), read current technical literature (119 
time basis), attended technical sessions (7% on 

a time basis), and the remaining 79% w’as listed as 
“other” (which included such activities as on-the-job 
activity, conferences, consultation, company’ seminars, 
etc.). The most important outside activity listed a' 
having play’ed an important role in the individual' 
achievements was membership or active participatioi 
in a professional society’ (76% reported this as tb 
most important).

Many other interesting data about scientists anti 
engineers are presented in these two articles. They 
are very’ worth while reading. The more we learn 
about the men who make up the electronic industries 
the faster and healthier will these industries grew

ELECTRONIC DESIGN • August 1953
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Tube Techniques Conference . . . Papers are being 
solicited by the Sub Panel on Tube Techniques of the 
(’onimittee on Electronics (an agency of the De
partment of Defense) for presentation at the first 
National Conference on Tube Techniques to be held 
October 13, 14, and 15, 1953 in the auditorium of the 
Western Inion Telegraph Company in New York 
City. Electron tube making techniques, processing, 
and materials are the general fields that will be cov
ered, and in particular, papers on cathodes, phos
phors, vacuum techniques, glass-to-metal seals, insu
lation, ceramic field, welding, brazing, chemical 
cleaning and processing, getters, new’ tube designs 
i (‘suiting from new techniques, etc. are desired.

Material to be presented can be of a fundamental 
or applied nature, and all subject matter should be 
unclassified. All papers and abstracts can be sent to 
Dr. Harold Jacobs, Thermionics Branch, Evans Sig
nal Laboratory, Belmar, N. J. Titles to be presented 
should be sent in as soon as possible, and abstracts by 
September 15, 1953, so that they may be made avail
able for distribution at the conference. It is planned 
to publish a proceedings of the conference.
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lustries 
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Wire-Wrapping Tool ... A wire-wrapping tool, 
jointly developed by Bell Telephone Laboratories and 
Western Electric Co., produces without the use of 
solder, a gas-tight joint between terminal lug and 
the connecting wire in the assembly of electrical, 
electronic, and electromechanical equipments. It is a 
hand held gun, air or electrically operated, that has 
a rotating spindle with an axial opening that receives 
the wire terminal and a smaller axial opening into 
which the skinned end of the connecting wire is in
serted. The gun rotates its spindle, which shoots the 
wire around the terminal in a tight helix, making a 
firm mechanical metal-to-metal joint.

Rectangular terminals, having sharp edges are 
wrapped with about six turns of wire without the 
application of heat. Contact pressure in the finished 
connection is at least 15,000psi which produces an 
indentation at each of the four terminal corners that 
requires a 10 lb force to strip. Although Western 
FDectric Company does not plan on producing the 
tool, it will be made commercially available to radio, 

I V, communications, and other electronic manufac- 
uiang companies through licensed manufacturers.
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ADRAD ... A machine for converting voltage data 
into numerical form used by automatic digital com
puters handles 50 variables with an accuracy of one 
part in a thousand and saves thousands of man-hours 
of computing. Known as “ADRAD” (Automatic 
Digital Recorder for Analog Data), it was developed 
by Arthur D. Little, Inc., (30 Memorial Drive, Cam
bridge. Mass.). It records numbers in typewritten 
form for easy reference, at the same time preparing a 
punched tape for use in automatic computing, and 
the data can be transmitted over a Teletype system to 
distant computers.

Circuit Checkers . . . High speed, reliable, automatic 
circuit checkers that are used to detect wiring dis
crepancies and reduce test time to a minimum have 
been developed by Federal Telephone and Radio 
Corp, of Clifton, N .1. A typical unit can be used to 
thoroughly check 44 complex circuits in less than 
three minutes and comparatively unskilled personnel 
doing the job. The tester automatically checks cir
cuits for transposition, continuity, ground, and proper 
value of resistance. In case of trouble, it clearly in
dicates the location of the fault.

Standard circuit checkers can automatically test 
up to 100 circuits, and facilities for larger numbers 
can be provided.

The testers can be simply adapted to check many 
types of equipments such as signal installations, tele
phone switchboards, communications receivers and 

readings are relayed automatically to business ma
chines or “IBM” units by the Type ETS-7 Electronic 
Totalizing Seale (Industrial Electronic Engineers, 
3973 Lankershim Blvd., North Hollywood, Calif.). 
The device controls conveyor, monorail, or hopper de
livery across scales; and records weight readings as 
fast as one unit per second. Weights are itemized, 
subtotaled and totaled as desired and printed auto
matically on tape or business forms. Information also 
can be stored, subtracted, multiplied, or extended in 
any manner to perform a wide range of functions.

Commercial Calculator . . . The IBM Magnetic 
Drum Calculator recently announced by Interna
tional Business Machines (590 Madison Ave., New 
York 22, N. Y.) combines one of the memory devices 
and the stored program concept of the company’s 
large “701” machine with the high speed reading 
capacity in conventional punched card equipment to 
provide a powerful commercial and engineering data 
processing machine. In addition to its accounting and 
computing applications, this commercial electronic 
decimal calculator will also serve to familiarize busi
ness and industry with the stored program principles 
fundamental to electronic data processing equipment.

A numeric decimal machine, it has up to 20,000 

ponents, an input and output unit, and a converter, 
and occupies approximately the same area as two 
ordinary office desks and a filing cabinet. All the cal
culator’s arithmetic operations are controlled through 
a program which may be entered either automatically 
from punched cards or manually from the operator’s 
console and stored in the form of magnetized spots 
on a 12" x 4"diam drum rotating at 13,000rpm. The 
arithmetic unit operates at electronic speeds and has 
an input rate of 200 punched cards/min and a sep
arate output of 100 cards/min.

“Dacron” Insulation . . . High degradation by heat, 
low moisture pickup, resistance to chemicals, and 
great stretch resistance and strength are character
istics that make “Dacron’’ polyester fiber (manufac
tured by E. I. Du Pont Co., Wilmington, Del.) an 
excellent possibility for many types of electrical insu
lation. It is now’ undergoing wide commercial evalu
ation as a cover for dry transformer conductors. It 
can be made tougher than asbestos and is easy to 
apply as an insulating cover. In the manufacturing 
process, “Dacron” yarn is being twisted for insulat
ing purposes by such firms as Cheney Bros., of Newr 
York, and sold by them to such wire manufacturers 
as Kinnecott Cable Co., and Phelps Dodge Corp. 
“Orlon” acrylic fiber, another textile product, also is 
being used as an insulating material. In 75, 100, and 
150-denier weights it is being used mainly as an in
sulation for magnet wire. It winds more readily 
than some other materials, and it resists weathering 
and outdoor exposure to acid gases in the air.

Information Please • . . Readers desiring further 
information on the items reviewed in this depart
ment should send their requests directly to the organ
ization involved. Mention of the subject and the issue 
of Electronic Design in which the item appeared 
will help obtain a speedy response.



Electron Tube Ratings 
and the Equipment Designer

A. L. Wilson
Product Development Laboratories, 

Sylvania Electric Products Inc.
Kew Gardens, N. Y. /

IN the field of electronic equipment the electron 
tube necessarily has a major role. Its successful 

operation in fulfilling this role is determined largely 
by the thoroughness of the work done by the equip
ment designer and the tube manufacturer.

The manufacturer has his major requirements 
spelled out for him in the form of an inspection speci
fication which lists in detail all the tests the tubes 
must pass. How well he does his job is very directly 
affected by the activity of the production and quality 
control departments in the plant. For government 
use the tubes are also required to pass the inspection 
of an inspector attached to one of the military 
services.

In recent years the tube manufacturers have devel
oped tubes for more reliable operation as the services 
and more complex equipment demanded. Numerous 
surveys and customer contacts have pointed out as 
never before that failure to attain the required relia
bility has too often been the result of misuse of tubes 
because of the lack of understanding of tube specifi
cations and ratings on the part of the circuit de
signer. This kind of information is not usually 
offered to the student designer in the present-day 
university curriculum. Instead, he must often learn 
it in the field of bitter experience, and early miscon
ceptions of tube usage are often not corrected. When 
applied in equipment design demanding high relia
bility, the results are unsatisfactory.

The most complete information on tubes available 
to the circuit designer is to be found in the recent 
brochures and manuals now being published for re
liable type tubes. These contain limits which are 
used in the tubes acceptance specification for all 
characteristics tested by the manufacturer, plus 
curves and application recommendations on circuits 
and environmental conditions. The manufacturer’s 
recommendations on such things as operating limits, 
mounting methods for best temperature conditions, 
and a discussion of individual tube characteristics 
are contained therein. The designer will find these 

6

useful in familiarizing himself in a general way with 
that particular line of tubes. It is imperative that he 
follow these recommendations to the fullest extent 
possible to attain dependable circuit operation.

For most tube types, however, the best information 
at hand the designer can use is contained in the JAN 
or MIL-E-1B specification. It is recognized that these 
specifications do not ordinarily contain as much in
formation as the designer would like. However, the 
MIL E-1B specification is an acceptance specification 
for the tube manufacturer. When used by the circuit 
designer in conjunction with the Basic MIL-E-1B, 
which defines the tests made and mechanical require
ments, plus whatever drawings may apply, he can 
acquire an appreciation for the limitations of a type.

Possibly the most prevalent misuse of tubes is the 
violation of maximum ratings. In most other fields of 
engineering the designer reduces the possibility of 
failure by using safety factors with so much success 
that the collapse of a bridge becomes a news item of 
national interest. The electronic designer, on the 
other hand, often exceeds the tube maximum ratings 
with little consideration for the tube’s ability to with
stand such treatment for a period of time. Electron 
tube manufacturers in the MIL-E-1B specifications 
for more recent reliable type tubes have felt it neces
sary to insert a note of warning against exceeding 
maximum tube ratings.

JAN or MIL-E-1B specifications carry at the top 
of the sheet a row of absolute maximum ratings. 
These include such ratings as the voltages, current 
drains, dissipation levels, and operating temperature 
intended as limiting values. They are not necessarily 
test conditions for the manufacturer but are included 
specifically for the use of the circuit designer. They 
are recommended guides, based on the manufactur
er’s experience and data, for values which should not 
be exceeded if satisfactory performance is expected.

The designer should know that it is then his re
sponsibility to set the operating conditions of his 
circuit at a point below these values such that varia

tions from tube to tube and condition fluctuations 
such as line voltage and load variations will not re
sult in operation of any tube in that circuit beyond 
these values. All maximum ratings are not necessarily 
attainable simultaneously. In fact, it is seldom, if a 
number of different types are examined, that such 
will be the case.

The probable length of time of satisfactory opera
tion of a tube if these ratings are exceeded is de
pendent on the degree to which they are surpassed. 
Individual tubes operated at some point beyond the f 
absolute maximums may give satisfactory perform- 11 
ance for a period that will be sufficient in certain 
relatively short lived applications and not have satis
factory life under the same conditions in an appli
cation requiring long life. The amount by which any 
of the maximum ratings are exceeded, if the designer 
insists, should be the result of his judgment in rela
tion to the life requirement. He should recognize that 
surpassing certain ratings will mean an accelerated 
but steady reduction in tube performance while 
others, such as control-grid voltage or heater-to- 
cathode voltage, will mean sudden tube and circuit 
failures. The information on reduction in life when 
ratings are exceeded may not be readily available on 
a specific type, and the manufacturer is usually 
adamant in his recommendation against it. At or 
below these rating points, deterioration still exists, 
but in a degree not too serious to most classes of 
tube users. However, those tube users having com
plex or unusual tube usages may find it highly de
sirable to apply an additional safety factor and keep 
well below the absolute maximum ratings. It is gener
ally wiser for the designer to err on the conservative 
side, if in doubt.

The designer should definitely be aware that no two 
tubes of a given type are alike. Like characteristics of 
all other manufactured articles, a specific tube char
acteristic such as plate current varies from tube to 
tube.

The specification shows the limits within which
ELECTRONIC DESIGN • August 1953
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circuits have been developed with a few random 
vibes of a given type. At a later date serious difficul- 
: ies arose in production when the circuit was not pro- 
(iucing sufficient output in many equipments. It was 
then learned that the design was not capable of satis
factory performance with near limit tubes which 
were encountered in large shipments. It should be 
¡minted out, in addition, that the characteristics on 
the specification are the only ones the manufacturer 
controls. The designer should attempt to make his 
circuit insensitive to variations in other characteris
tics which are not in the specification and not 
checked in production.

For a large quantity of tubes each characteristic 
has a typical distribution which will usually be nor
mally distributed, or bell shaped. (A few’ are J 
shaped, where the values tend to crowd around some 
limiting point such as zero.) If the manufacturing 
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the minimum Sm value as 6000/unhos and the maxi
mum at 8000. The center value in this case would be 
assumed at 7000ju.mhos. Any tube can have a value 
for Sm which will fall between these values, but if a 
large group of tubes were tested it would be found 
that the majority had Sm values close to 7000. The 
number of times higher and lower values were found 

values which will fall below and above these limits 
since the curve does not cut off at these points. This 
is actually the case, and the MIL-E-1B specification 
gives an indication of the percentage of tubes which 
may lie in these outside specification regions by the 
presence of asterisks, other symbols, or the lack 
thereof in front of the characteristic.

A discussion of the statistical sampling plans and 
acceptable quality limits the production lots must 
meet is a field in itself and not pertinent to the sub
ject of this article. Let it suffice to state that certain 
characteristics are read on every tube while others, 
because of their secondary nature, economic factors, 
or the destructive nature of the test, are checked on 
a sample from the lot. For those who may be inter
ested, these plans and the acceptable quality levels 
can be found by reference to the basic section of 
MIL-E-1B and the Inspection Instructions for Elec
t con Tubes.

It is, of course, impossible for the tube specifica- 
'ion writer to specify test conditions which will be 

e same as the many operating conditions the tube 
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will encounter in all applications. Each tube is in
tended to satisfy some general requirement such as 
an audio amplifier, oscillator, or power output tube. 
The testing conditions are therefore set at an operat
ing point which is representative of these require
ments and so approximates the majority of the oper
ating conditions. The limits on the specification can 
be used by the designer as indications of probable 
characteristic spreads he will encounter at his some
what modified conditions for large group of tubes. 
Since the application conditions may vary consider
ably from the manufacturer’s testing conditions, he 
cannot give assurance of the same spreads, as defined 
by his characteristic limits, at the application condi
tion. It behooves the designer to investigate the 
ability of limit tubes to meet his conditions satisfac
torily before the design is final.

Present trends in circuit design have increased the 
designer’s problems by imposing more severe environ
mental conditions. To a greater extent than hereto
fore, he is required to meet higher standards of 
dependability at higher temperatures and more 
severe mechanical conditions. It means that tubes as 
well as other components must be designed for de
pendable operation to meet these conditions, and 
much effort has been expended in that direction.

The designer should know the environment by 
measurements. He can then often reduce the effect 
of the environment imposed. In the mechanical field 
his chassis and component mountings should be such 
as to reduce the g-levels of vibration and shock. The 
frequency of vibration and its high amplitude har
monics should be checked and adjusted, if possible, 
so that the resonant frequencies of the tube struc
tures are avoided. He should be familiar with the 
iniormation available on the tube’s ability to with
stand steady state stresses.

Again the performance of a particular tube type 
under certain conditions may be indicated by the 
MIL-E-1B conditions for vibration, fatigue, resonant 
frequency, and shock tests specified.

Vibration noise output is usually tested at a fixed 
frequency, amplitude, and electrical conditions. This 
test is run only long enough to read the noise level 
and is not a fatigue test. The limit specified on the 
MIL-E-1B specification is the maximum noise per
mitted. If this value is lOOmv rms, it indicates ap
proximately 20 or 25mv rms. The distribution of this 
noise in tubes is not symmetrical. It has a peak to the 
left of center and slopes less steeply to the right ; i.e., 
highly skewed to the right, and a small percentage 
produce noise outputs at the maximum limit. If the 
specification limit is higher than lOOmv it is to be 
assumed that the average noise is proportionately 
higher also.

The information to be derived from this test by the 
designer will probably be limited, since his applica
tion frequency may not be near the test frequency, 
or he may be concerned about a range of frequencies.

A comparison of the noise outputs of tube types will 
help him select the type which he would logically 
expect to perform best in his application. He would 
find it informative in this respect to test a number 
of tubes at the conditions to be encountered. The 
circuit should, of course, be made as insensitive to 
noise as possible.

The shock test is conducted on a specified shock 
machine which has inherent shock wave and time 
characteristics. Most often, the tubes are tested at 
50()G’s with a time-to-peak acceleration of one milli
second. During test, the manufacturer checks for 
shorts between elements but does not call instantane
ous shorts failures. The tubes must meet certain elec
trical limits afterward. The designer can use the 
specified shock test as an indicator of operation in his 
circuit after avoiding resonant frequencies and re
ducing the shock transferred.

The effects of temperature should be reduced as 
much as possible by ventilation, position of the tube 
with respect to other components, methods of shield
ing, and the efficiency of heat conduction from the 
tube to the chassis. As ambient operating tempera
ture is raised, the failure rate of tubes increases 
exponentially. Hence, reliability is highest with the 
most conservative temperature obtainable. Many ac
ceptance life tests on production lots of tubes are now’ 
conducted at elevated ambient temperatures. The al
lowable failures in these tests are being constantly 
better defined, so the designer is given more specific 
information about life expectations.

One facet of circuit design which is too often not 
utilized and whose importance is gaining wider rec
ognition, is in the application of statistics. The trend 
to higher reliability is coincident with more complex 
equipment requiring many more tubes. The demands 
of complexity appreciably reduce the probability that 
reliability will be obtained, since the probability of 
no failures in the equipment is one minus the failure 
rate of one tube raised to the power of the number of 
tubes, if they have the same failure rate. Expressed 
mathematically, Fo=(l — r)N. It is apparent that 
even if the designer adheres to all the best practices 
of reliable design, success can be beyond his reach 
because of equipment complexity. Information of rate 
of failure of tubes during life is being collected by 
manufacturers and more specific data will be obtain
able. For other tube characteristics the specified 
acceptance quality limits will indicate information 
on failures.

An appreciation and knowledge of the laws of 
probability can be directly applied to the problems 
of reliability. The designer who acquaints himself 
with this engineering tool will learn that its proper 
use can point out the reasons for not attaining relia
bility and will increase his design efficiency. Without 
it he may find himself unable to fix responsibility for 
poor performance or, perhaps, learn too late that his 
work was inadequate.



PRICE — Specializing in Teflon 
has produced operating econo
mies permitting Ethylene to pio
neer in lower prices.

DEVELOPMENT—Ethylene 
offers engineering experience to 
help solve your problems.

Send for 1 
’W illustrated | 
V Catalog 54 1 
■ Including stock 
|¿and price IlstsJ

QUALITY— Up to date on in
strumentation and process control 
insures maximum quality.

VARIETY- Ethylene stocks di
mensions close to your finished size 
—saving material.

ACCURACY— Close tolerances 
are available as standard practice 
in large or small quantities.

TEFLON «nCDUCTS

AOLDED RODS, TUBES AND SPECIAL S 

ED OR HIGH TENSILE SHEETS AND MOI 

.CHINED COMPONENTS AND FILLED PRO

DELIVERY—Ethylene keeps a 
large stock of most items, others 
are usually available in a week 
or two.

If Zou Usi "TEFLON”:..
I

ETHYLENE

245 Broad St • Summit, New Jersey

JR 
“Pioneers and Specialists in TEFLON products"
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"Cellular" Electronic 
Construction

SPR 
BlO

RINTED electronic circuits in which 
conducting patterns etched on plas

tics take the place of conventional wiring 
have come into fairly wide use. For the 
problem of connecting components and 
tubes to the printed sheets several solu
tions have been offered. However, the di
versity of these solutions and their ina-

Fig. I. Individual molded cells containing com
ponents are easily inserted into the circuit.

bility to gain widespread acceptance 
indicates that the optimum answer has 
not yet been found.

In a novel approach to the problem cur
rently being investigated by the National 
Bureau of Standards, small 3-contact 
molded blocks or cells, each containing 
one or two circuit elements—resistors, 
capacitors, inductors—are pressed against 
the etched circuit pattern by means of 
springs that are extensions of the tube 
socket contacts. No soldering is needed. 
This experimental technique is one of a 
number under study at the Bureau in a 
program, sponsored by the Navy Bureau 

of Aeronautics, for improving construc
tion and maintenance of electronic equip
ment. Proposed by Dr. P. J. Selgin of the 
NBS engineering electronics laboratory, 
the cellular assembly method has several 
features that could prove advantageous.

The individual molded cells (shown in 
Fig. 1), are about 7Z8" high x 1/2" wide 
x 1/4" thick. Each has three contacts, one 
on the top and two on the bottom. The 
cells are grouped together in “building 
blocks,” each comprising two tubes and 
twelve cells held in a compact bundle by 
means of a suitable frame. The top surface 
of the block consists of a spring assembly 
containing the tube sockets and the nec
essary spring contacts (Fig. 2). When the J 
block is fastened to the printed base plate 
by means of screws, springs in the spring 
assembly' apply substantial pressure to the 
top terminal of each cell and hold the two 
bottom terminals firmly in contact with 
the printed circuit pattern. Positive and 
noise-free electrical connection is further 
assured by the application of a thin film 
of grease to the cell contacts.

The two-tube block is considered an op
timum-sized subassembly' in the NBS sys
tem. Any number of the blocks can be 
mounted on a suitably-printed base plate 
of sufficient area. Potentially inexpensive, 
they’ are compact (about 2-1/4" x 1" x 
1-3/16", exclusive of tubes) and are easy 
to store and to handle. They' are extremely 
rugged, and as long as a block is secured 
to the base plate none of the cells can 
vibrate or shake loose.

A noteworthy' feature of the technique 
is the achievement of quick replaceability 
—of both blocks and cells—without the 
use of plugs or connectors. I f conventional 
“plug-in” assemblies were made as small 
as these blocks, the plugs would add sub
stantially to both size and cost. The elimi
nation of both soldering labor and multi
ple connectors results in a double saving.

In case of trouble, an entire block can 
be easily removed for repair or replac-
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Fig. 2. Drawing showing details of the cellular assembly method.

nient, simply by loosening the screws that 
hold it to the base plate. Either on the 
spot or after return to the factory or serv
ice laboratory, defective blocks can be 
repaired by replacing faulty cells. Each 
cell is identified by suitable markings.

An important aspect of the use of three- 
terminal cells is the fact that positive 
pressure can be maintained at three points, 
and only three points, by a single spring. 
Fortunately, in the great majority of elec
tronic circuits no more than two circuit 
elements need be connected electrically to 
a single tube electrode. A three-terminal 
cell, therefore, besides being easy to hold 
under firm spring pressure, will in general 
provide enough electrical contacts for the 
elements associated with any tube pin. Ex

ceptional cases can be taken care of in 
the NBS system by providing for a spare 
cell not connected to the tube pins. It is 
also possible to provide for three-terminal 
cells of double or triple the standard thick
ness to accommodate oversized elements.

An experimental 9-tube cellular circuit 
shown in Fig. 3 appears to confirm the 
practical possibilities of this type of con
struction. For convenience, the limited 
number of cells needed were formed at 
room temperature using a casting resin, al
though this is not the best material. For 
quantity production, cells could be molded 
in phenolic by the process now in wide use 
for making resistors and capacitors. The 
components would be spotwelded together 
and to the terminal tabs before molding.

Fig. 3. A nine-lube working unit made by the cellular construction method.

H ECTRONIC DESIGN • August 1953



FOR FASTER, MORE ACCURATE 
MEASUREMENT OF...

YOU CAN READ THE 
ANSWER DIRECTLY 

ACCURATELY AND EASILY 
without computation or interpolation on 
this Potter Megacycle Frequency-Time 
Counter. For maximum versatility, com
plete reliability, and proved performance, 
this unique instrument is outstanding. One 
compact unit provides the means for these 
basic tests.

and

DIRECT FREQUENCY from 0 to one 
megacycle.

PERIOD for one or ten cycles of the 
unknown.

TIME INTERVAL from 30 micro
seconds to 1,000,000 seconds.

FREQUENCY RATIO for two un
known frequencies.

TOTAL COUNT from 1 to 10*.
RPM with an accuracy of it 1 rpm at 

any speed.
TIMING in increments of 10 or 100 

usee; 1, 10, or 100 millisecs; or 1 sec.

Use it, too, as an accurate secondary 
frequency standard with outputs of
100, 10 and 1 kc; 100, 10,1 and .1 cps.

OPTIONAL FEATURES
such as additional decades, mechanical registers, preamplifiers, and 1 me crystal 
for interval resolutions to one usee, further increase the utility of the Model 850.

Only Potter Instruments offer a choice of the famous Potter 1-2-4-8 four lamp 
readout for maximum reliability and readability or the 0-9 ten lamp readout for 
direct digital indication. Adjustable display time for either indication provides auto- 

• matic or manual reset after the reading period.
As accessory equipment the Potter Instrument Company can also supply high speed 

printers and digital magnetic tape handlers for recording the digital information.
If you are now using awkward, time-consuming methods of measurement, you can 

save time and money by putting this universal measuring instrument into your 
program now. Like every Potter product, the Model 850 is the industry standard, 
and is always specified wherever results are important. For complete information 
and our recommendations on your specific laboratory or production problem, write 
to Department 8-F, the Potter Instrument Co., Inc., Great Neck, New York.

Visit the Potter Exhibit at the Wescon (San Fran. Aug. 19-21) 
and Instrument Show (Chicago Sept. 21-25)

POTTER INSTRUMENT CO., INC.
1 15 CUTTER MILL ROAD GREAT NECK, N. Y.
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AND APPLICATION

How to apply

Scientific and Engineering Staß

10

Culver
City, 
Los Angeles 
County, 
California

FOR RESEARCH.

DEVELOPMENT

Write today, giving 
details of qualifica
tions and experience. 
Assurance is re
quired that reloca
tion of the applicant 
will not cause dis
ruption of an urgent 
military project.

SUBMINIATURIZATION

TECHNIQUES

Hughes
RESEARCH

AND DEVELOPMENT 
LABORATORIES

Miniaturization
Engineers

Significant advancements 
tn the fields of guided missiles, 
airborne electronic systems 
and commercial electronic 
computers are requiring 
further applications of 
miniaturization techniques 
in the Hughes Advanced 
Electronics Laboratory. 
Positions are open for engineers 
qualified in this work.

THE COMPANY

Hughes Research and Development Labora
tories, located in Southern California, form 
one of the nation’s leading electronics organ
izations. The personnel are presently engaged 
in the development and production of ad
vanced electronic systems and devices.

Techniques involved are those dealing with 
printed and etched circuits, encapsulation, 
plastics, metallurgy, dip-soldering, spot-weld

ment activities are concerned with plug-in 
units, auto-assembly techniques, potted units, 
new wiring methods, electromechanical de

vices, hardware and production techniques. 
These techniques are used to achieve com
pactness, reliability, ease of manutacture, 
serviceability and interchangeability.

Engineers who enjoy a variety of develop- 

and imaginations in these activity areas. New 
semiconductor components are opening new 
avenues of miniaturization and are certain to 
have widespread application commercially 
in the next few years. Hughes engineers will 
have full benefit of working experience in 
this fundamental development.
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Fig. I. At the top is the "Inductronic” d-c amplifier which employs no chopper for con
verting low level d-c to a-c for amplification. The circuits shown below indicate the wide 
range of applications possible with this versatile amplifier.
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NEWHughes Diodes
STANDARDhave set
OF

RELIABILITY

Reliability in a germanium diode is

)1

© 1953, H.A.C.

it 1953

Hughes

con- 
wide

freedom from the two major causes of diode 
failure—moisture penetration of the 
diode envelope, and electrical instability 
under extreme operating conditions.

In addition to RTMA types, HUGHES 

DIODES are also supplied loo per cent 
factory-tested to special customer specifications.

CIRCLE ED-7 ON READER-SERVICE CARD FOR MORE INFORMATION

A
LECTRONIC designers dealing with low-level 
d-c potentials in measurement or control equip

ment applications will appreciate the versatility, 
stability, sensitivity, and accuracy of the Model 1411 

■ Inductronic” D-C Amplifier. A development of Wes
ton Electrical Instrument Corp. (Newark 5, N. J.), 
it operates in conjunction with various types of 
transducers (thermocouples, bolometers, resistance 
thermometers, photocells, etc.), and employs no 
• chopper” for converting the low level d-c to a-c for 
amplification. The unit is shown in Fig. 1 (top).

Essentially, the device is an automatic potenti
ometer type, wherein an output current is main
tained in balance against the input potential or cur
rent through a network of precision resistors. Heart 
of the instrument is a special converter which con
sists of a standard “Alnico” magnet assembly, with 
the pivoted movable coil structure having torqueless 
conducting filaments in place of the normally heavy 
restoring springs used in d-c instruments.

The movable coil is suspended in the magnetic 
field produced by the permanent magnet. This field 
also has a 200kc component furnished by an elec
tronic oscillator. A d-c input causes the coil to deflect 
and couple to the 200kc flux, the degree of couple 
being proportional to the d-c input to the coil. The 
output of the coil is picked up and amplified by an 
oscillator-amplifier-discriniinator circuit, and the d-c 
output current is fed back to the input through a 
range determining network of resistors to complete 
the potentiometer circuit.

Several ways in which the amplifier can be used 
are shown in Fig. I. When required, the d-c feedback 
loop can include reactance for integration, differen
tiation, and damping functions. Many combinations 
of L, C, RL, RC, and RLC feedback networks are 
practical because of the high speed and high resolu
tion sensitivity of the amplifier system. For example, 
the system operating with the usual resistive range 
standard may have a response time constant of a 
small fraction of a second, but by the addition of 
reactance cau be slowed down to a response time 
constant of several minutes.

The amplifier range determining network can be 
designed to present negative resistance to the source. 
In such instances, the amplifier is actually delivering 
energy to the input source. By applying a standard 
cell to the amplifier input it is possible to produce 
a precision standard reference current or potential 
equal to the accuracy of the standard cell. Another 
application shows a network designed to increase 
the response of a d-c instrument beyond the response 
period of the instrument itself.

Range of the amplifier is determined by inter
changeable plug-in range standards. Normal mini- 
nium ranges for industrial applications are lmv and 
20p,amp; and for laboratory service, are 100/av and 
2/iamp. Output of the unit is bidirectional, normally 
0 — Ima or 500 — 0 — 500p,amp into a maximum 
output burden of 5000 ohms (5v).
ELECTRONIC DESIGN • August 1953
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hughes GERMANIUM DIODES are designed 
to prevent such failures through two 
exclusive features:

1. Fusion Sealing—The glass-to-metal 
seal, proved in billions of vacuum tubes, 
is incorporated to full advantage in 
diode manufacture by the Hughes-de
veloped process of fusion sealing at high 
temperature. The result is a rigid one- 
piece glass envelope making moisture 
penetration impossible.

2. 100% Testing—One hundred per cent 
testing insures the satisfactory operation 
of HUGHES DIODES under adverse condi
tions of moisture, temperature, vibra-

tion and severe shock. Hughes testing 
procedures invite instabilities to occur 
prior to shipment and assure rejection 
of every defective diode. Each HUGHES 

DIODE is humidity-cycled, temperature- 
cycled, JAN shock-tested, and electri
cally tested under vibration.

Reliability of HUGHES DIODES has been 
proved in airborne military electronic 
equipment for navigation, fire control 
and guided missiles. The same high 
standard required for these uses is your 
insurance against costly shutdowns, high 
maintenance expense and time losses.

Specify HUGHES DIODES wherever re
liability is essential.

HUGHES GERMANIUM DIODE ELECTRICAL SPECIFICATIONS AT 25° C.

Description
RTMA 
Type

Test 
Peak 

Inverse 
Voltage* 
(volts)

Maximum 
Inverse 

Working 
Voltage 
(volts)

Minimum 
Forward 
Current 
@ +1 V 

(ma)

Maximum 
Inverse 
Current 

(mi)

High 1N55B 190 150 5.0 0.500 @ -150 v
Peak 1N68A 130 100 3.0 0.625 @ -100 v

1N67A 100 80 4.0 0.005 @ -5 v; 0.050 @ -50 vK^^a a —■ - a. i '
Back 1N99 100 80 10.0 0.005 ® -5 v; 0.050^ -50 v

Resistance IN 100 100 80 20.0 0.005®-5 v; 0.050"®-50 v

1N89 100 80 3.5 0.008 @-5v; 0.100 @ -50 v—I—■ ■ _■! KI — BMK i a^M ^^a, mm *^a ^^a
Back 1N97 100 80 10.0 0.008®-5 v; 0.100® -50 v

Resistance 1N98 100 80 20.0 0.008®-5 v; 0.100®-50 v

High 1N116 75 60 5.0 0.100 @-50 v
Back 1N117 75 60 10.0 0.100 ®-50 v

Resistance 1N118 75 60 20.0 0.100 @ -50 v
1N90 75 60 5.0 0.800 @ -50 v

General 
Purpose 1N95 75 60 10.0 0.800 @ -50 v

1N96 75 60 20.0 0.800 @ -50 v
1N126” 75 60 5.0 0.050®-10 v; 0.850 @-50 v

JAN lN127t 125 100 3.0 C.025 @ —10 v; 0.300 @-50 vTypes
1N1281 50 40 3.0 0.010 @-10 v

’That voltage at which dynamic resistance is zero under specified conditions. Each Hughes Diode is 
subjected to a voltage rising linearly at 90 volts per second.
’’Formerly 1N69A. t Formerly 1N70A. t Formerly 1N81 A.

.098'

actual 

size

Address 
inquiries 

to
Dept. D
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VECO Analysis Cells 
provide new efficiency 
for instrumentation • Distinguished from other sensing 

elements by extreme variations of 
electrical resistance with relatively 

minute thermal changes—approved 
and accepted by Government 

Agencies.

wide range of resistance 
values—or can be produced 

in quantity to your exacting 
specifications.

NEW APPLICATION! Veco Thermistor, 
new Westinghouse electric range as the

VECO Analysis Cells utilize 
VECO THERMISTORS. Ana
lyzing and reference elements 
are Sealed in Glass—Unaffected 
by corrosive gasses or liquids.

measurement or control 
today!

protection • radar power measurement • 
volume limiting • gas analysis • tempera

ture control • time dela'y • voltage regula
tion, as well as for any other new or unusual

VECO Thermistors 
are made in the forms of 

Beads, Rods, Discs, and 
Washers — Stocked in a

Available with any type of 
reference gas sealed in, if 
desired . . . new high-pres
sure seal withstands 1,000 
psi . .. flow pipes easily 
connected . . .

Thermistors
Analysis Cells 

Combustion Analyzers 
Varistors

A request on business 
stationery will bring the 

VECO DATA BOOK

51A101, is used In the 
vital sensing device in the

Electronic Eye’* thermostat that controls cooking temperatures.

Springfield Road, Union, New Jersey 
Telephone: UNionvillo 2-7150

tiny W 
beads 
solve 

problems 
in Measure

ment and Con
trol of thermal, 

electronic and 
physical energy!

Victory’s staff of engineers and physi
cists are ready to recommend the proper 

VECO Thermistor for • vacuum mano
metry • oscillator stabilization • temper

ature measurement • flow measurement 
• temperature compensation • surge

g;as. analysis • com 
Bustion study — for 
chemical research, 
hospital and col
lege laboratories, 
food storage pro
tection — cells 
designed and 
manufactured 
to your spe
cific require
ments.

THERMISTORS

ANALYSIS CELLS



Microwave Secondary 

Frequency Standard

ELECTRONIC designers having need 
for an instrument that is capable of 

generating accurate test signals over a 
range of 50Mc to about ll,000Mc will be 
interested in the Model 100 Microwave
Secondary Frequency Standard which em
ploys no frequency tuning. (See Fig. 1). 
This relatively inexpensive instrument 
delivers to the 50 ohm input of a typical 
micro wave receiver an uninterrupted, 
simultaneous series of c-w signals spaced 
every lOOMc and 200Mc over its complete 
frequency range, and a 50Mc marker out- 
put useful to about 9000Me.

These signals are all delivered simulta
neously without any frequency tuning. 
The only variable adjustment is an output 
level control on the front panel. Identifi
cation of signals in any 200Mc sector is 
accomplished by comparing their relative 
amplitudes (the 200Mc amplitude is 

greater than the lOOMc amplitude which 
in turn is greater than the 50Mc ampli
tude).

The instrument is provided with a rug
gedized, hermetically sealed meter, and is 
designed to insure high stability and 
trouble-free service over a wide range of 
environmental conditions. Input require
ments are 115v ±10%, 50/1750cy, 60w; 
and output c-w power ranges from 
— lOdbm at lOOOMc to about —60dbm at 
10,000Mc (0dbm = lmw).

Used in conjunction with a suitable 
microwave receiver and an auxiliary sig
nal generator, the Model 100 permits rapid 
easy frequency measurements over its 
range with an accuracy of ±0.005%. It 
can perform the function of expensive 
primary standards and establish standard 
frequencies. Other typical applications in
clude the calibration of standard signal
generators, the calibration and alignment 
of receivers, and for providing markers 
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"Minicube" 

Subminiature Blower
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SPOT cooling of compactly constructed 
electronic equipment always is a diffi

cult problem because there rarely is space 
enough to accommodate the usual sized 
cooling devices. Electronic designers there
fore will welcome news of the “Minicube” 
Subminiature Blower (Fig. 1), a centri
fugal type unit whose entire assembly in
cluding the motor is housed in a 1" cube 
weighing less than I oz. It is manufactured 
by Sanders Associates, Inc., Nashua, N. II.

Despite its small size, the unit delivers 
3cu ft/min at a velocity of 50ft/sec. Heart 
of the blower is a tiny hysteresis 22,- 
OOOrpm motor which normally is 2-phase, 
but can be operated on 3-phase, or single 
phase with a phase shifting capacitor. 
Standard motors are furnished with a 
6.3v, 400cy, 3w motor or a 26v, 400cy, 
4w motor. Motors also are available for 
other voltages and frequencies. Absence of 
brushes eliminates electrical noise.

The unit has provisions for universal 
mounting. Standard models have three 
tapped mounting holes in the base, and for 
other requirements, holes can be drilled 
and tapped in the top, back or sides of the 
blower. The “Minicube” can be used in 
hermetically sealed equipment for heat 
transfer to or from the case. Mounted on 
the inside it affords efficient heat transfer 
to the case. Mounted on the outside, it can 
be used to remove heat from the case. 
Cooling tubes such as klystrons is another 
typical application as shown in Fig. 1. 
Note the small size of the unit compared 
with the tube.

Standard models operate over a tem
perature range of —55°C to —|—85°C and 
have an expected life of lOOOhr.

The miniature size, light weight, and 
versatile mounting capabilities of the unit 
make it widely adaptable for solving 
many difficult cooling problems.

Fig. I. A typical appli
cation of the "Mini
cube" Subminiature 
Blower (above) is for 
cooling klystrons (left).
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TRANSFORMERS a 
for TRANSISTOR - 
CIRCUITS... W

If you are having space prob
lems with your transistor cir
cuitry, consider these Stancor 
transformers as a means of 
solving your difficulties.

T*---------------- 1 

»HOM

In addition to the units shown 
below, special transistor trans
formers, designed and built to your 
specifications by Stancor engineers, 
can be supplied in quantities of five 
or more.

These five Stancor ultra-miniature transformers, designed especially 

for transistor applications, are available through your local Stancor 

distributor. The smallest weighs 0.07 ounce and measures x x 
3/s". The largest weighs only 0 10 ounce and measures x 3/«w x 3/«*.

No*
Application

Pri.
Imp.

Sec. 
Imp.

Pri.
DC Re*.

Sec.
DC Re*.

UM-110 Interstage 20,000 1,000 1675 285
UM-1 1 1 Output or matching 1,000 50/60 120 9.0
UM-112 High imp. mic. input 200,000 1,000 4000 195
UM-113 Interstage 20,000 1,000 1350 205
UM-1 14 Output or matching 500 50/60 70 9.0

Write for Stancor Bulletin 462R listing complete data 
and performance curves on these units.

W CHICAGO STANDARD TRANSFORMER CORPORATION
/ 3 576 ELSTON AVENUE • CHICAGO 18, ILLINOIS

EXPORT SALES: Roburn Agencies, Inc., 39 Warren Street, New York 7, N. Y.

CIRCLE ED-9 ON READER-SERVICF CARD FOR MORE INFORMATION
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Co., Dept. ED.

E

WPERITEi
THERMOSTATIC g" f At/f*
DELAY RELAYS

BALLAST-REGULATORS

a Type 1N64 crystal on a panel 
1-15/16" wide. All wiring on the 
to provide a high degree of uni
minimize stray capacitances and

or d-c. Boston Insulated 
ED, 65 Bay St., Boston,

ance 
ments. 
gedly 
with a

6CB6 tubes and 
8-25/32" long x 
panel is printed 
formity and to 
their variations. measure- 

It is rug- 
constructed 
7" dial for

i
1

voltage rating of lOOOv a-c 
Wire and Cable Co., Dept. 
Mass.

for hard usage and is provided 
reading ease.
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For the most effective solution use the

SIMPLEST, MOST COMPACT 
MOST ECONOMICAL 
HERMETICALLY SEALED

Volt-Ohm-Microammeter
With 100,000 ohms/v Sensitivity

scale deflection. Simpson Electric 
5200 W. Kinzie St., Chicago 44, Ill.
CIRCLE ED-13 ON READER-SERVICE CARD FOR

ELECTRONIC DESIGN

Miniature Hook-Up Wire
Shielded, High Temperature Type

The Type SRPF (SN) Shielded Hook-Up Wire has 
been developed for electronic and low-current elec
trical applications. Of miniature size, it has a high-

-----

What is your Delay or Regulating Problem?

©

c 3

STANDARD

Provide delays ranging from 2 
to 120 seconds.

Actuated by a heater, they operate 
on A.C., D.C., or Pulsating Current. 
Hermetically sealed. Not affected by 
altitude, moisture, or other climate 
changes.
Circuits: SPST only—normally open 
or normally closed.

Amperite Thermostatic Delay Relays
are compensated for am
bient temperature changes 
from —55' to ¿-70 C. 
Heaters consume approxi
mately 2 W. and may be 
operated continuously. The 
units are most compact, 
rugged, explosion-proof, 
long-lived, and — very in
expensive!
TYPES- Standard Radio 
Octal, and 9-Pin Miniature.

PROBLEM? Send for Bulletin

2120

tAMPERITE
REGULATOR

A mperite Regulators are designed to 
keep the current in a circuit auto
matically regulated at a definite value 
(for example, 0.5 amp).

• For currents of 60 ma. to 5 amps. 
Operates on A.C., D.C., or Pulsating 
Current.

• Hermetically sealed, light, compact, 
and most inexpensive

VOLTAGE OF 24V ’
BATTERY A CHARGER | VOLTAGE VARIES

VARIES APPROX J ONLY

50% ; 2%

Rf 
MINIATURE

No TR 8I

Prealigned I-F Amplifier
Has Printed Circuit Components

Shown here (and on the front cover) is the Type 
207El prealigned, tandem 40Mc I-F Amplifier which 
conies complete with electron tubes and printed cir
cuit components. It is intended to help TV set de
signers save design time, reduce production time 
by eliminating complex assembly and alignment oper
ations, and to provide high efficiency i-f amplifier 
operation.

The unit employs printed circuit transformers, 
coils, and traps arranged in tandem, with three Type

T9 8ULB

W“1
t6|l

Maximum Wattage Dissipation: 
T6>/2L—5W. T9—10W.

Amperite Regulators are the simplest, 
most effective method for obtaining 
automatic regulation of current or volt-

CIRCLE ED-10 ON READER-SERVICE CARD FOR MORE INFORMATION 
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Designed to operate with a diode load resistance 
of 5600 ohms, the amplifier is intended for TV sets 
which utilize intercarrier-sound systems having pic
ture i-f and sound carriers of 45.75Mc and 41.75Me 
respectively. When used with a cascade type tuner, 
a voltage of only 6.5/i.v at midband is required at the 
input of the tuner to provide a d-c voltage increase 
of Iv at the output of the amplifier. Radio Corp, of 
zlmerica, RCA Victor Div., Dept. ED, Harrison, N. J. 

temperature thermoplastic insulation with shield and 
nylon braid covering.

The wire has a high degree of workability and dura 
bility. The insulation is readily stripped and will not 
creep back during soldering. It is free from wrinkles 
after bending. Features include resistance to abrasion, 
flame, fungus, and solvent.

Insulation resistance is 10,000 megohms per 1000' 
at room temperature. The relatively low capacity of 
the wire is stable over the entire temperature rating, 
which is —55CC to -¿-150°C. Additional features in
clude a continuous ambient rating of 125°C, and a

Featuring 3 3 
ranges and a 100,
000 ohms/v sensi
tivity, the Model 
269 Volt-Ohm-Mi
croammeter can be 
used in place of 
vacuum tube volt
meters for many 
voltage and resist

The d-c voltage ranges (100,000 ohms/v) include 
0-1.6v, 8v, 40v, 160v, 400v, 1600v, and 4000v. The a-c 
voltage ranges (5000 ohms/v) include 0-3v, 8v, 40v. 
160v, and 800v.

Also provided are six resistance ranges from 
0 — 2000 ohms (18 ohm center) to 0 — 200 megohms 
(1.8 megohm center) ; four a-f output voltage ranges; 
four volume level (db) ranges; and seven current 
ranges from 0 — 16/iamp to 0 — 16amp. Measure 
ment accuracy is 3% (d-c) and 5% (a-c) of full
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Capable of with
standing more than 
15kv, these High 
Voltage Insulated 
Couplings have 
been designed for 
use in high quality 
civilian, army, 
navy, and air force
electronic 

went. These units effect major economies by 
ating milling operations and are applicable 
standard potentiometer with slotted shafts.
sions and mechanical arrangement of the 
shown above. Jan Hardware Mfg. Co., 
EI), 25-30 163rd St., Flushing 58, N. Y.

CIRCLE ED-14 ON READER-SERVICE CARD FOR MORE

Tetrode and Pentode Transistors 
Permit Simplified Circuitry

Two new point contact 
transistors, a “tetrode” 
and “pentode”, have been 
added to the company’s 
line. Because these units 
have more elements than 
conventional types, they 
can serve as replacements 
for the conventional tri
ode transistors on a one- 
for-two or one-for-three 
basis in some circuit ap
plications.

Basically, the units are

CATWHISKERS

GERMAMUM 
crystal

provisions for extra inputs, the tetrode having two 
inputs and the pentode three inputs. This permits 
controlling the switching action of the transistor 
from either two or three sources, as well as allowing 
mixing of two or three signals with the use of only 
one transistor. In this way circuit simplifications can 
be effected and more compact equipment can be built.

The tetrode unit (Type 3N21) is designed pri
marily for switching and also finds use in mixer or 
modulator applications. Maximum ratings include 
— 60v collector voltage, lOOmw collector dissipa
tion, — 50v emitter voltage on either emitter, 30mw 
emitter dissipation (either emitter), and an ambient 
temperature of 50°C. For switching applications, the 
unit has a rise time of 0.2ju.sec and a turn-off time of 
0.5^sec. Ratings for the pentode unit are the same 
except that one more input is provided. Sylvania 
Electric Products, Ine., Dept. ED, 1740 Broadway, 
New York 19, N. Y.
CIRCLE ED-15 ON READER-SERVICE CARD FOR MORE INFORMATION 
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ELECTRONS, INCORPORATED
127 Sussex Avenue
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Hollow Shaft Differential 
For Adding and Subtracting

con- 
pro
the 
and

Laboratory Radiation Monitor
Provides Visual and/or Aural Indication

The Model 1800 
Laboratory Radia
tion Monitor is a 
general purpose 
count rate meter 
with provision for 
a visual and/or 
aural indication. A 
front panel con
trol permits selec
tion of five differ
ent meter ranges: 
300, 1000, 3000, 
10,000, and 30,000 
counts per minute.

Extremely low noise level and longer life with sustained high ac
* curacy result from improved windings and wiper design. These 

improvements also pennit higher rotational speeds with minimum of wear.

Jr Higher resolution (0.05% at 2,000 turns) and close functional 
" tolerances (linear ±0.25%; non-linear 0.35% with 3:1 slope ra

tio in high resistance ranges) give higher point-to-point tracking qualities.

Standard electrical functional angle is 320 deg. nominal with ORV 
, tolerance of ±5% in resistance range from 800 to 40,000 ohms.

Electrical functional angle of 350 deg. nominal with ORV tolerance of ±3% 
in resistance ranges of 50 to 45,000 ohms can be supplied on special order.

Greater flexibility—For non-linear functions as many as 13 taps 
■ can be provided by adding extra terminal boards.

All the desirable qualities of the well-known Type 746 unit, includ- 
w ing easy and more accurate phasing, ganging up to 20 units on a 

single shaft, all metal precision-machined housing and shaft, low torque, etc., 
are included in the Type 756.

I1 nil information about the entire line of Fairchild Precision Potentiometers, 
including specifications of the Type 756 unit and how we can help solve 
your potentiometer problems, is available for the asking. Write to Poten
tiometer Division, Fairchild Camera and Instrument Corporation, Park Ave
nue, Hicksville, Long Island, New York. Department 140-39N.

BEAD CHAIN ’ mfg. co. 
58 Mountain Grove St., Bridgeport 5, Conn. 

Manufacturers of BEAD CHAIN—the kinkless 
chain of a thousand uses, for pull and retain
ing chains and other industrial uses; plumbing, 
electrical, jewelry, fishing tackle and novelty 
products.

If you need small tubular metal parts 
like these in large VOLUME, Bead 
Chain’s MULTI-SWAGE Process can 
mean important savings to you.

Much Cheaper Than Solid Pins
Many prominent users of solid pins for 
electronic and mechanical purposes 
have cut costs by switching to Multi
Swaged tubular pins . . . without sacri
ficing strength or accuracy.

Typical Applications—
As terminals, contacts, bearing pins, 
stop pins, male-female connections, etc., 
in a wide variety of products such as 
Business Machines, Ventilator Louvres, 
Toys, Radio and Television Apparatus, 
Terminal-boards, Electric Shavers, 
Phonograph Pickups, etc.

Send part ( up to K" dia. and to Iy<£ 
length) and your specs for a quotation 
or write for DATA BULLETIN.

TYPE 756-
Fairchild's latest single-turn 

PRECISION POTENTIOMETER
Gives you all these advantages...

This Hollo w 
Shaft Differential 
has been designed 
for high accuracy 
in additive and 

f subtractive analog
computer opera 

y tions. It has spe-
■ cial applications

in angular or an
gular velocity 
sums and differ

ences, and sequence operations. Features include low 
inertia (0.0745 oz-in2), minimum backlash (0.10' 
max), and low weight (1-1/4 oz).

The versatility of the hollow shaft design permits 
the axial positioning of the differential on the shaft. 
11 also facilitates easy installation or removal of the 
unit from the shaft without differential or instru
ment disassembly. Librascope, Inc., Dept. ED, 1607 
Elower St., Glendale, Calif.

Specifications include an accuracy of about ±5%, 
power requirements of 117v ±10% and 35w, dimen
sions of 6-1/2" x 6-1/2" x 10-1/4", and a net weight 
of about 8 lb. Berkeley Scientific Div., Beckman 
Instruments, Inc., Dept. ED, 2200 Wright Ave., 
Richmond, Calif.
CIRCLE ED-21 ON READER-SERVICE CARD FOR MORE INFORMATION
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Sb sÉCbÎjB Aural volume

vided, and 
instrument may be obtained with a G-M tube 
probe.

thanks to
MULTI-SWAGE

Important
SAVINGS

Io VOLUME users 
ot small parts



Miniaturized Variable Resistor
ohms

temperature range

QUALITY

CIRCLE ED-23 ON READER-SERVICE CARD FOR MORE INFORMATION

Position Indicator
Accurate Basic Sensing Element

or

on meteron

tion

IRCLE ED-24 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE ED-25 ON READER-SERVICE CARD FOR MORE INFORMATION
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65 Minia- 
Variable

Type 
turized

TYPE 275 VSWR AMPLIFIER - 
Featuring high gain; A.G.C. to maintain 
output constant for slow variation in 
r-f power source; low input noise level 
of 0.03 microvolts; wide VSWR ranges 
of f:1.3; 1:3. 3:10. 10:30. and 30:100; 
greater accuracy because VSWR scale

Characteristics include

TYPE 250-A BROADBAND PROBE - Frequency 
range of I to 12.4 Kmc/s; two tuning knobs permit 
precise adjustment for maximum power transfer from 
the probe tip to the crystal or bolometer detector; 
third knob controls depth of probe tip insertion.

SLOTTED SECTIONS—The mechanical and electrical 
design of PRD slotted sections emphasizes these im
portant features: Instrument accuracy assured indef
initely by virtue of three bearing carriage suspension 
to minimize wear; waveguide section machined from 
solid aluminum alloy stock, to avoid warpage no 
castings are used.

RESEARCH 
DEVELOPMENT COMPANY* Inc

you test 
the best'

static friction of 0.03 oz-in nominal
temperature range of —67°F to -1-200°F; and a 
iot or moment of inertia of 0.04 oz-in sq. Doelcam 
< orp. Dept. ED, Soldiers Field Rd., Boston 35, Mass.

55 JOHNSON STREET. BROOKLYN I, NEW YORK 
WESTERN SALES OFFICE:

741’/, NO. SEWARD ST., HOLLYWOOD 38, CALIF.

With Resistance Range From 100 
to 5 Megohms

and perfected as a standard military component for 
use in gyro instruments and computers, the instru
ment is now finding wide application in the indus
trial fields of process control, data transmission, 
measurement of mechanical variables, and analog 
«•mnputation.

Features of the instrument include true linear 
output, extreme resolution, lowr operating torque, 
exceptional sensitivity (up to 7v/degree at 400cy), 
reliability, and versatility. Characteristics include 
a linearity of ±1/2% to 7°, ±1% to 10°; a residual 
null not exceeding signal equivalent to 0.01° rota-

equipment, and all other military communications 
under conditions ranging from extreme cold or ex- 
l renie altitudes to extreme heat.

A feature of the unit is its ability to remain stable 
during severe temperature and humidity changes.

WRITE FOR 
NEW CATALOG । 
Address re
quests for your 
copy of the 
new catalog to 
Department 
D-7 — no obli
gation.

—55°C to -|-150oC (aridity to saturation ranges), a 
3 4"diam, a wattage and voltage rating of l/2w at 
70°C derated to zero load at 150°C with maximum 
safe operating voltage across end terminals of 350v, 
and a resistance range of 100 ohms to 5 megohms. 
Chicago Telephone Supply Corp., Dept. ED, Elk
hart, Ind.

Resistor has been 
designed for use 
in jet and other 
planes, guided mis
siles, tanks, ships, 
portable or mobile

This “Microsyn” 
Position Indicator 
is a small electro
mechanical signal 
generator which 
transforms angu
lar displacement 
accurately into an 
electrical signal 
for measurement 
of any mechanical 
variable. Tested

PRD offers a complete line of test equipment 
for precise measurements in the Microwave region. 

This equipment, the finest obtainable anywhere, 
includes Frequency Measuring Devices, Signal 

Sources and Receivers, Attenuators and Terminations, 
Impedance Measurement and Transformation 

Devices, Detection and Power Measurement 
Equipment, Bolometers and Accessories.



New Products

Magnetic Material
Has High Coercive Force

“Cromag”, a ceramic Permanent 
Magnet Material, features magnetic 
and physical potentials applicable in 
numerous fields. It requires no criti
cal raw materials and is therefore not 
limited in quantity.

Lightweight and magnetically 
hard, the material has very high 
coercive force and at the same time 
has a suitable residual induction to 
cover a wide variety of applications. 
Its stability makes it useful in high 
demagnetizing fields. In high fre
quency applications it shows a very 
low and minimum proximity effect 
on associated circuitry.

This powdered material is fabri
cated by powder metallurgy methods 
adaptable to pressing in a wide vari
ety of intricate shapes with no ma
chining necessary. In addition, it can 
be supplied in long rods, tubes, 
square, rectangular, or other shapes. 
Henry L. Crowley & Co., Inc., Dept. 
ED, West Orange, N. J.

CIRCLE ED-26 ON READER-SERVICE CARD

Rosin Flux
Insulates as it Bonds

Insulation characteristics compar
able to polyethylene have been com
bined with fast “take” in the 
“Lonco” Insulating Rosin Flux. This 
flux is devoid of any free acid and 
is completely noncorrosive. These fea
tures make the material especially 
useful in the dip tinning of printed 
circuits and in the elimination of 
breakdown due to corrosion in the

ALLIED CONTROL’S

>/ SIZE CUT 66%

VZ WEIGHT CUT 48%

V RELIABILITY DOUBLED 

y/ WRIGHT FIELD APPROVED

soldering of delicate 
ents.

Another feature is 
resistance to high

u-h-f compon-

the material’s 
temperatures,

which enables it to withstand pro
longed application of heat in solder
ing through badly oxidized copper 
surfaces and hard-to-bond metals and 
alloys, such as cadmium, nickel, and 
nichrome steel. London Chemical Co., 
Inc., Dept. E12, 325 W. 32nd St., 
Chicago 16, Ill.

Designed to withstand a shock of 50G, these new Allied 
Control double-throw miniature relays were developed 
to meet the rigid requirements of U.S.A.F. Specifica
tions MIL-R-5757A.
Known as the Allied MH series, this new line of relays 
consists of the 6-pole MH-18, the 4-pole MH-12, and 
the 2-pole MH-6. Contacts are rated at 2 amps resis
tive or 1 amp inductive at 28 volts D. C.
The high performance of these relays has been achieved

in an extremely compact, unitized construction and 
parallels the most recent advances in airborne equip
ment design. The “actual size” photographs shown 
above highlight the 66% savings in overall size, the 
48% savings in weight and the 30% reduction in 
chassis area.
For detailed specifications and drawings of these new 
relays, contact your local Allied Control Representa
tive or write us fur Bulletin 1002.

CIRCLE ED-28 ON « ¡-SERVI
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50 G MINIATURE RELAY

Vibration Resistant: ]5G'.s vibration to 500 cycle.

8 ON M -SERVICE CARD FOR MORE INFORMATION
CIRCLE ED-30 ON READER-SERVICE CARD

Wide Ambient Temperature Range: 55° C to 85 C standard—65 C to 125°C MHB-lype

Operating Shock: no contact chatter to over 50G

ELECTRONIC DESIGN • August 1953

Gasket Material 
Radio and TV Shield

Plastic Tubing
For Low Temperatures

“Airflex” No. 6904 is a clear Plas
tic Tubing developed for use in mili
tary and commercial aircraft, guided 
missiles, and airborne electronic 
equipment insulation applications.

Approved under the new specifica
tion MIL-1-7444A (USAF), this ma
terial is especially adaptable for use 
on equipment operating at extremely 
low temperatures and can be widely 
applied as both primary and secon
dary insulation.

In addition, the material is fungus 
resistant. It can be used as wire 
harness sheathing, as a wiring con
duit where abrasion resistance is 
needed, and as a fluid drain or trans
fer medium. Irvington Varnish and 
Insulator Co., Fibron Div., Dept. ED, 
Irvington, N. J.

High Altitude: seal-tested to 70,000 feet

Dependable Operation: life expectancy oj over 1 million operutions at rated load 

High Speed: operale-lo-make time under 8 ms. 

release-lo-make time under 4 ms. 
release-to-break time under 2 ms.

A highly conductive Gasketing Ma
terial has been developed for shield
ing radio and TV equipment It is 
said to be effective even under diffi
cult conditions of high receiver sen
sitivity and low signal strength.

The material consists of aluminum 
wire screening whose interstices are 
filled with neoprene. Both surfaces 
of the material are buffed to insure 
uniform gage and smoothness, and 
to expose the aluminum wire so that 
it will make good electrical contact 
with the flanges.

The gasketing is intended pri
marily for mounting electrical equip
ment in automobiles and aircraft, 
and for general use in radio, TV, and 
other electronic equipment. The good 
electrical conductivity of the alumi
num wire permits static electricity to 
drain through the gasket.

Additional features of the material 
include dimensional stability and re
sistance to deterioration. It can be 
supplied either in the form of cut 
gaskets or as uncut sheets 19" long 
x 15" wide, and 0.02" thick. Vulcan
ized Rubber & Plastics Co., Dept. 
ED, Morrisville, Pa.

CIRCLE ED-29 ON READER-SERVICE CARD

Standard Mounting Plug-In Mounting With Socket

Flush Ring Mounting

Thru-Chassis Mounting--Terminal Up

Thru-Chassis Mounting —Terminals Down

Flush Mounting—2 Studs at 5/8 Centers



New Products
Variable Inductors

MAGNETIC AMPLIFIERS For Video Peaking in

CIRCLE

UNION CITY 9, NEW JERSEY UNion 6-5400904-6 TWENTY-THIRD ST,
CIRCI

CIRCLE ED-32 ON READER-SERVICE CARD FOR MORE INFORMATION
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Three TV Con 
trols, Types 4WK, 
4WS, and HV, 
have been added 
to the company’s 
line. Type 4WK, 
a universal, 4w,

Potentiometer Controls
Designed for TV Applications

/r* * .

This series of va
riable, slug-tuned 
Inductors, both so
le n o i d and pi 
wound, are espe
cially suited for 
use as video peak
ing inductors in 
amplifiers where 
electrical perform
ance, miniaturiza
tion, and reliabil
ity are essential, 

standard values.
Designated as the Series IT-123CS (solenoid) and 

the Series IT-123CP (pi), these units are wound 
on forms of Series FM-3001 black nylon with slugs 
of “Pyroferric” P-4399. Design center induction 
range for solenoid types is 1 to lOO^h and for pi 
windings 100 to 20,000/di. Industrial Television Ine., 
Dept. ED, 359 Lexington Ave., Clifton, N. J.
CIRCLE ED-33 ON READER-SERVICE CARD FOR MORE INFORMATION

wire wound eon- > 
trol especially 
designed for TV 
service, comes 
equipped with a knurled, flatted, and grooved master 
shaft to fit most knob requirements without modifica
tion, except for cutting to required length. Specifica
tions include a l-3/4"diam, 11/16" depth behind 
panel, a 1/4" bushing, and a shaft length of 3".

Type 4WS is identical to Type 4WK except that 
it comes equipped with a short, knurled, slotted shaft 
5/8" long. Type HV is a 2w carbon-element, high- 
voltage unit for use in TV receivers using picture 
tubes requiring electrostatic focus. It also comes 
equipped with a knob master shaft, and its specifica
tions include a 2-ll/64"diam, a depth behind panel 
of 25/32", a bushing of 1/4", and a shaft length of 
3". International Resistance Co., Dept. ED, 401 N. 
Broad St., Philadelphia 8, Pa.
CIRCLE ED-34 ON READER-SERVICE CARD FOR MORE INFORMATION
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Diode Tester
With Minimum of Operations

,PIKE

ELIZABETH 3, N. J.NORTH AVENUE
CIRCLE ED-39 ON READER-SERVICE CARD FOR MORE INFORMATION

CIRCLE ED-35 ON READER-SERVICE CARD FOR MORE INFORMATION

DIAMOND
CIRCLE ED-37 ON READER-SERVICE CARD FOR MORE INFORMATION

RELAYS
Meter Shunt Box

The newly improved MODEL RA airflow interlock switch now replaces the
Converts Voltmeter to AmmeterDETERMINATOR

NEW!

and high voltages,

out chatter. Coil resistances

(IRCLE ED-36 ON READER-SERVICE CARD FOR MORE INFORMATION CIRCLE ED-40 ON READER-SERVICE CARD FOR MORE INFORMATIONCIRCLE ED-38 ON READER-SERVICE CARD FOR MORE INFORMATION
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Lire 
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Ratini 
sea let

THE HART MANUFACTURING COMPANY 
210 Bartholomew Avenue, Hartford, Connecticut

pack more 
performance 
into less space

Coming 
Soon...

MV- 
Box 

com- 
MV-

Dept. EI ), 54 Kinkel St., Westbury,

The Type 
121 Shunt 
converts the 
pany’s Model

hermetically 
are smallest 
have widest

model 2 switch. Simultaneously Rotron releases this

for rating, “Diamond H” Series R 
miniature aircraft type 4PDT relays

oratory, Ine

able, with contact loading through 10 A resistive for 
100.000 cycles (30 A. resistive for 100 cycles) at 30 V., 
D.C., or 115 V., A.C. Sensitivity approaches 100 milli
watts at 30 “G” operational shock resistance. They meet 
all requirements of USAF Spec. MIL-R-5757 . . . and 
far surpass many. Various standard mounting arrange
ments available. Write for Bulletin R-150 or ask tor 
“Diamond H” technical assistance.

POINT CONTACT 
TRANSISTORS

Available in a 
variety of «table 
controlled type« 
suitable far both 
fast and medium 
speed switching cir
cuit« and high fre
quency amplifier*.

DETERMINATOR 
KIT”

PNP JUNCTION 
TRANSISTORS

Tiny, «table high gain 
unit«, most economical 
of power, may be sol
dered in place or sock
eted in a recommended 
RTMA transistor socket. 
Suitable for audio am- 
Tlifiors, servo ampli- 
iers and transformer 

coupled carrier ampli
fiers. In plastic or her
metically sealed In 
metal and glass.

Another FL AS H~O~LENS at work 
...checking soundness of welds at 

INTERNATIONAL HARVESTER

Unit 
Illustrated 

at right 
hsrmotlcally 

sealed.

Our engineers will be glad to offer suggestions regarding your 
Germanium Transistor and Diodo application» without obligation 
...Writo to Soction CD-J.

JUNCTION POWER 
TRANSISTORS
PHOTO TRANSISTORS

(1.6 cubic inches), lightest (3.76 ounces)
temperature range (—65° to 4-200°C.), greatest oper
ating shock resistance (to 50 “G” and higher) and excel 
all others in their field in ability to break high currents

By lighting and magnifying welded parts with FLASH-O- 
LENS. International Harvester Company’s Memphis 
Plant guards against the most minute cracks in the welds. 
FLASH-O-LENS offers a quick, simple way of detecting 
defects- -of maintaining product quality. Built-in bulb 
brightly illuminates the inspection area — accurately 
ground lenses give sharp, detailed enlargement.
Battery and plug-in models from $10.65. Write for free 
literature on applications, types, prices.

E. W. PIKE & COMPANY

IUNCT10N POWER 
DIODES

Useful in power 
supplies, magnetic 
amplifier« and tele
phone system«, etc., 
they have the char- 
acterietice of large 
plate-typo power 
•ectifiers and «¡to 
and weight of a 
»moll circuit com
ponent.

_ The Model DT-
100 Diode Tester 
is designed for 

1. 1 I~ B measuring the
B- * 1 B static character is-I tics of germanium

db B and low-power se-
9 B lenium diodes, in

eluding the power
Y type germanium

diodes. Separate 
forward and reverse power supplies having continu
ously variable outputs or pre-set regulated reverse 
potentials permit complete measurements or checks 
at selected operating points. This arrangement pro
vides accurate results with a minimum of operations. 

Features include a forward voltage supply con
tinuously variable from 0.05v to 2.0v d-c at a maxi
mum current of 500ma d-c; a reverse voltage supply 
continuously variable from 0 to 150v d-c, with three 
pre-set potentials of lOv, 50v, and lOOv d-c provided; 
a 3-position, spring-return switch allowing rapid 
transfer from forward to reverse test positions and 
returning to neutral; an automatic overload circuit 
for detecting shorted or reversed diodes and limiting 
current to a safe value; and an oven to permit test
ing diodes at elevated temperatures. Teletronics Lab-

KIT", which allows quick determination of appropriate actuator vane size 
as well as evaluation of turbulence and other peculiarities of airstream

CIBI^^B ' ■ • ■; 11 ' ■' ■
r Jl ^‘Quency

ment is particu
larly useful if an 

oscilloscope is plugged into the output terminal of 
the a-c voltmeter for the observation of wave-shapes 
of the current, and is generally useful in a-c instru
mentation.

Specifications for the device include a frequency 
response of lp,amp to 3 amp within 0.2db, a range of 
20cy to 250kc for the lamp range, and 20ey to 
lOOkc for the 3amp range. Millivac Instrument 
Corp., Dept. ED, 444 Second St., Schenectady 6, N. Y.

t 
Germanium Transistors 

and Diodes
- it

Ideal for high frequency switching, their niter-electrode 
capacitance is less than 5 micro-microfarads contacts to 
case, less than 2/2 mmf between contacts, even with 
plug-in type relay and socket. Vibration range is from 
0 to 500 cycles per second and upward at 15 “G with- 

to 50,000 ohms are avail-

RR20,

IMPROVED

WRITE FOR LITERATURE AND PRICES

ROTRON MANUFACTURING CO
WOODSTOCK SCHOONMAKER LANE

INTERLOCK 
SWITCH

RADIO RECEPTOR CO., INC
Since J922 in Radio and Electronics

Soles Dept 2S1 W 19th St., New York 11, N Y
Factory: 84 North 9th St., Brooklyn 11, N. Y

(If you already subscribe to our catalog 
mailed to you without further request )



FIXED TYPE

INTRODUCING
VARIABLE 

TYPE New Products...
Twin Power Triode fess-

A FULL LINE OF 
CLOSE SPACED 
MINIATURE 
FIXED AND 
VARIABLE

For Voltage Regulation

VACUUM 
CAPACITORS

Rated at 3 KV and 5 KV

All copper construction 
for 

High amperage loads

Small physical size

Negligible power factor

Extremely wide capacity range 
k IT? invite your inquiries re

garding specific applications.
urtAArvM mmuo on tiovtn

JENNINGS RADIO MANUFACTURING CORP ■ 970 McLAUGHLIN AVE P 0 BOX 1278 • SAN JOSE 8 CALIF

CIRCLE ED-41 ON READER-SERVICE CARD FOR MORE INFORMATION

Hï Type 6336 is a
high perveance, 
high plate dissipa
tion Twin Power 
Triode designed

± for voltage regula
tion. Used as a se
ries tube, the unit 
will “pass” a mini
mum of 150ma per 
section at 40v d-c 
plate voltage, and 
the same current 
at 200v d-c plate 
voltage using a

grid bias of — 60v.
Features include a hard glass envelope and an 

8-pin butt stem. Characteristics of the device include 
a mu of 2.7, a Gm of 11,000/x.mhos, a plate resistance 
of 250 ohms, and a life of 1000 hours minimum. 
Forced ventilation is not necessary at ambient room 
temperature. Chatham Electronics Corp., Dept. ED, 
Livingston, N. J.

...Helipot
HAS THE ANSWER!

World's largest manufacturer of precision potentiometers

HELIPOT offers a unique combination 
of unequalled “know-how”, advanced 
manufacturing facilities and experi
enced personnel for solving your par
ticular problems in the application of 
precision potentiometers to modem 
electronic circuits.
Suppliers to both Government and in
dustry, Helipot has developed high 
speed winding, assembling and testing 
equipment that combine custom-built 
precision with mass-production econ
omies. Multiple and single-turn designs 
... single and double shaft extensions 
... ganged assemblies .. . custom
spaced taps...multi-tum dials...these 
and many other special features are 
part of the daily output at Helipot!
If you have a problem requiring 
Erecision potentiometers, bring it to 

[elipot Corporation—world leader 
in its field. A call or letter outlining
your problem 
attention!

Helipot
will receive immediate

Write for Data

First in the field with ball 
bearing shaft supports as a 
standard production feature 
is the Model J Helipot. The 
single-turn “J” offers 1 oz. 
starting torque, continuous 
rotation, 3-way servo mount
ing, custom taps, 5 watts 
power rating, 50 to 50K 
ohms resistance, ±0.5% 
linearity. As many as 6 units 
can be mounted on one shaft 
and independently phased 
after installation. Send for 
complete data.

File 824

BECKMAN INSTRUMENTS, INC.
SOUTH PASADENA, CALIFORNIA

PLANTS IN SO. PASADENA. CALIF ANO MOUNTAINSIDE NJ. REPRESENTATIVES IN PRINCIPAL CITICS

CIRCLE ED-45 ON READER-SERVICE CARD FOR MORE INFORMATION

equi
C< 

able 
ther 
unit

F< 
type 
tion 
Hob 
whe 
ED,

CIRCI

CIRCLE ED-43 ON READER-SERVICE CARD FOR MORE INFORMATION

PRECISION 
THREAD 
PROTECTORS

Test Adapters
Permit Above Chassis Testing

Radio-noise Filter
for Bulkhead Mounting

Filterette No. 1613 1000 volts DC 5 amperes

• • safeguard external and internal threaded surfaces. 
• • protect finely finished or lapped rods, tubing, etc. 
• • effectively seal out dust, dirt, moisture, grit, rust. 
• • re-usable for storage or intra-plant protection.
• • serve as lubricant retainers ... protect cable leads.

• spirally wound to within tolerances of .003 inch.
• compressed under heat of fibre, kraft paper or acetate.
• formed, crimped or perforated for irregular shapes.
• transparent where visibility is necessary or desired.
• can be Imprinted with mfr’s, name or part number. 
• economical to use because of their low unit cost.

Add up ail these advantages in
herent in Precision Thread Pro
tectors. Consider their practical 
value in offering definite protec
tion, shipping and handling con
venience, ready identification. It 
will pay you to investigate the 
many functional applications Pre
cision Protectors have for your 
products.

Write today for full details.

PRECISION PAPER TUBE CO.
2055 W. Charleston St. Chicago 47, Illinois

Plant No. 2—79 Chapel Street; Hartford, Connecticut 
Also Mfrs, of PRECISION Coil Bobbins and Paper Tubes.

CIRCLE ED-42 ON READER-SERVICE CARD FOR MORE INFORMATION
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In addition to its 7-pin “Test Adapter,” a 9-pin 
Miniature Test Adapter and an 8-pin Octal Test 
Adapter have been added to the company’s line. 
Tubes are plugged into these units, which then are 
inserted into tube sockets on the chassis to permit 
rapid and convenient above chassis testing of tube 
circuits.

These units find ready use for circuit designers, 
especially where it is inconvenient to get to the un
derside of equipment chasses. The low-resistance, sil
ver-plated base pins and test points assure positive 
contact, and the units are easily inserted into tube 
sockets. CBS-Hytron, Dept. ED, Danvers, Mass.
CIRCLE ED-44 ON READER-SERVICE CARD FOR MORE INFORMATION

This wide-band radio-noise filter is designed for 
connection in series with any single line that may be 
carrying radio interference. Hermetically sealed in a 
metal case, it is built to make use of the shielding 
afforded by metal bulkheads or firewalls. Installed in a 
1-5/32" hole in the bulkhead, Filterette 1613 has a 
mounting flange that completes the filter circuit to 
ground. External-tooth lockwashers are recommended 
between the mounting flange and the metal bulkhead 
to maintain low-resistance contact. This unit conforms 
to applicable military specifications, and is suitable 
for use at high altitudes.

TOBE DEUTSCHMANN CORPORATION 
NORWOOD, MASSACHUSETTS

CIRCLE ED-46 ON READER-SERVICE CARD FOR MORE INFORMATION
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Subminiature Tube Clamp 
Reduces Bulb Temperatures

Low-Torque Speed Changer 
For Computers and Servo Systems

w* wiliw and mUitary u « 
latter field single side baid systems were 
virtually prohibitive betuse of tie liade* 
quateness of crystal filters for field ou. The 
BURNELL system low etimiiMes all Be 
objectionable featins.

MB di tod nwpliM of space carrier 
Wrto totdepbos* Irusmisslws, de 
Klb liwerar u reception attribu 
Klk Io its ise, Is still coisidered to be li 
Rs embryoelc stage Ellmiiatiou ot the dual
ity of the nodulatioi products. aid the 
dfainment of meao-baud receptioR ot Be 
Melligeice transmitted, has always toe 
the apotheosis of communication eugiueers. 
Probably the greatest single factor that las 
precluded the rapid advancemeit of Negte 
side baud systems, has beei the ncessiw

erahn stabilized to M»wahp

the torptoed curve h

equipment, by as much as 40°C.
Constructed from a specially developed heat treat

able alloy that is 99-1/2% pure silver, and with a 
thermal conductivity almost 70% of pure copper, the 
units provide maximum heat flow.

For wider application the units are available in 2 
types: the “Clip Holder,” designed to permit inser
tion of the tube from top or end; and the “Sleeve 
Holder,” designed for end insertion only and preferred 
where overall height is critical. Birtcher Corp., Dept. 
EI), Valley Blvd., Los Angeles, Calif.

Ii iddftiM li to crrir lower smHKE 
ud ipper side bud fitters Ittislrtol Mr 
3.5KC pus buds, there Is itoable a to „ 
pus filter fr Be dentolMiu drui 
There is also available fer wider bud NgS 
Miu side bud fitt«s having a MUto» 
bud with Be sene diaeesiou to we#.

A New Approach in Economical 
Sidc"Uand FiltersThese “Kool 

Klamps” Submini
ature Tube Clamps 
have been devel
oped for use under 
conditions of ex
treme heat, vibra
tion, and shock. 
They reduce bulb 
temperatures, when 
used in miniatur
ized electronic

BB cost of the comer ud side baud filtrs. 
A J Filters presently produced eoislst ef a cm- 
I* plei «ray of crystals aid L. C. networks, 
I which represents not oily ai expeisive 

desigi but eie uot readily ootanable.

BURNELL & COMPANY'S lew approach B 
this problem, io( employing crystals, it 
based m Be ise of a system hanig 125K6 
carrier aid Ihe exclusive mMmmr ar 
toroidal coils m a highly »Ml jM|

By addiig Ibis peep of filters tc w .«mi 
series r multiplex {More wo cae, wB prife-A 
slate that BURNELL A COMPANY bat (to 
a lug way toward astistleg Bo oomum*- 
Hus >idistry to develop high spew »to * 

ftltiitm man umn*lit"” W• । <<VH*
iBm to great« freedom froa Worfonto. W

If yoi are u ngiieor ii 'coMiiitoq^ 
you witt bo iiterestat Ii our brochure 
describing Be BURNELL Siagte side bto < 
fitters te greater total. *

porates moving parts of hardened alloy steel. The 
device may be used for analog computers, servo 
mechanisms, and similar devices which require pre
cise and smooth speed control with high accuracy 
and reproducibility.

Of light weight, long life, and reasonable accuracy, 
the instrument is housed in a die cast case of ano
dized aluminum alloy. Hardened alloy precision steel 
disk and balls assure smooth operation with maxi
mum accuracy and minimum wear.

The unit is very compact and weighs only 17 oz. 
At 750rpm input speed to the disk, the maximum 
output speed is 1500rpm. Output torque rating at 
this speed is 5 oz-in. Reflectone Corp., Dept. ED, 
Stamford, Conn.

This ball and 
disk type “Inte
grator,” essentially 
a high - precision, 
com paratively 
Low-Torque Speed 
Changer for gen
erating variable re
versible speeds in 
a smooth and step
less fashion, incor-

The pdntial demand for single bto 
Otomeot bas up to now been nstntof 
behind ft raked doors of frustration”, 
so io speak, but we feel Ba! we are belphg 
Io nhek Bose doors and release u evei 
Bto* de^H for sito band equipment 
mail pM'gr aed icexpeisive eccugh fo 

towaku Ihe interest of commraicatiu 
MPHt i»rafacBr«i ii this field for

Ih f Be 25Kb carrier B i «alar 
Kit bau filtetA.

i beltr ratio 
tote ut off 
■ Im aU ol 
iatnrized iioly* 
rarts, obviatis 
stata Th rad 
kg II SI» uo 
> an a trattili 

R Bi sin if Bi hai« irystal filtri. 
Typical «meisiou m ir 16" 12r 
W wiigbt R Ibs.

U efferiag Base advaetages BURNEll A 
COMPANY Ras lakei Mi aie M fi» dite 
forward by offrili Migli side Ito Win 
wbicb an: 1) LESS EXPENSIYE

2) MUCK SMALLEN 
T*®« 3) MUCK LIBNTa , * 4

W ' MORE RUGSEO

SINGLE SIDE-BAND FILTERS

TOMORROW'S FILTERS TODAY
IN COMMUNICATION NETWORK COMPONENTS

A STEP FORWARD
IN COMMUNICATION NETWORK COMPONENTS 

SINGLE SIDE-BAND FILTERS

HIGH SPEED COMMUNICATIO
■L. IN COMMUNICATION

- SINGLE SIDE-BAND FILTERS

OPENS NEW DOORS 
IN COMMUNICATION NETWORK COMPONENTS 

single side-band filters



pant

mok
450 LINCOLN ST., DENVER 9, COLO.
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NYLON CABLE HANGER high-strength
clip resists temperature extremes, chemicals

ford

CIRCI

CIRCLE ED-51 ON READER-SERVICE CARD FOR MORE INFORMATION

PROFILES

and MODELS

NUMBERED RING

INSTRUMENT COMPANY

and 
sign 
and

CIRCI

El F<

Specify »he Green Engraver for precision engraving on 
metal, plastics, wood, glass, hard rubber etc. . . . engraves 
panels, name plates, scales, dials, molds, lenses, instru
ments, instruction plates, directional signs ... by simple 
tracing from master. Routing, profiling and three dimen- 
tional modeling indicate its versatility. Electric etching 
attachment available.

CIRCLE ED-55 ON READER-SERVICE CARD FOR MORE INFORMATION
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New ProductsDesign Simplified

Model 3 B lever
type control

with the 
HlebwTi) 

VARIABLE 
SPEED DRIVE 
• Permanently lubricated 
• Your choice of 6 controls
• Speeds up to 10,000 RPM
• Nominal output .025 HP

• For further information 
about how 
Metron units can 
simplify your costly 
speed changing 
problems, write for 
Bulletin 99.

Design engineers at Century Geophys
ical Corporation make use of the Met
ron Variable Speed Changer to give 
them continuously adjustable chart 
speeds in their miniature oscillograph.

Century engineers find that it is 
simpler and more economical to use 
Metron Miniature units as components 
than to design and build their own.

Metron Variable Speed Changers 
are designed into countless products 
that call for changes in speed The 
units are small —only 4 3/16" long — 
to fit minimum space. They are smooth 
and accurate in operation and cover 
infinitely variable output speeds from 
5:1 step down thru 1:1 to 1:5 step up.

Shown actual size. Type C on right.

Ceramic Coil
A wide variety of ceramic 

coil forms is available from 
C.T.C. Made of grade L-5 
silicone impregnated ce
ramic, they meet strict gov- 
ernment specifications, 
come in the following sizes:
CERAMIC COIL FORM SPECIFICATIONS

'ALSO AVAILABLE os Type C with silicone 
fibreglas terminal retaining collars permitting 
2 to 4 terminals. Type C forms excellent for

Coil 
Form

Mounting 
Stud 

Thread Size
Form
O.D.

Mounted 
O. A.

Height

•LST 8-32 .205* «4z*
*LS6 10-32 14' «4z*
*LS5 14-28 %' I'/is'
LS8 %-28 «4«* ”4z*

*LS7 14-28 ’/k' 1”/i»'

bifllor windings, and for single pie windings, permit terminals to be located above or 
below winding thus shortening wiring to circuit elements. Type C also have twice as 
many soldering spaces.

Kit (X1897) containing three each of forms 
listed above is also available.

Wind these forms to your specifications, then let 
C.T.C. make them up for you in quantity.

For prototypes and pilot models, designers will 
also find the new C.T.C. (Type X2060) ceramic coil 
kit a handy aid. Contains 10 slug-tuned LS6 Type C 
coils with silicone fibreglas collars. Range: from 2 
Microhenries to 800 Microhenries. Kit includes 
color-coded chart listing data of interest to designers. 
For details and prices, write Cambridge Thermionic 
Corporation, 457 Concord Avenue, Cambridge 38, 
Massachusetts.

24

Plug-In Amplifier
With Replaceable Tube Feature

This ERA Type 
4161)2 single-stage 
Plug-In Amplifier 
has been developed 
for a high voltage 
gain and indepen
dence of power 
supply voltage 
fluctuation. Its 
special feature is 
its ability to ac

cept an unusually large amount of negative feed
back without showing instability. The unit, which 
uses two replaceable tubes, yields a voltage gain of 
8000 with the phase-shift of a single stage.

These features make it useful for analog comput
ing systems and for a-c servo mechanisms, as well as 
for applications involving low-level, low frequency 
inputs such as obtained from thermocouples, strain 
gauges, and crystal and magnetic detecting devices.

Characteristics include an input impedance of 5 
megohms; a voltage gain of 8000; an equivalent in
put hum of 20/xv, (a-c filament, grounded grid) ; 
a maximum output of 28v rms; and a frequency 
response flat within ±2db over 2 to lOOOcy with
out external feedback. Power supply require
ments are 600ma, 6.3v filament supply and 0.5ma, 
250v plate supply; and output impedance is 2500 
ohms. Remington Rand Inc., Dept. ED, 315 Fourth 
Ave., New York 10, N. Y.
CIRCLE ED-52 ON READER-SERVICE CARD FOR MORE INFORMATION

Insulating Material
Resists Great Pressures

A flexible electronic Insulating Material, produced 
from polystyrene and designated “Styroflex”, has 
many applications for the electronic designer, includ
ing use in low loss capacitors. The film does not have 
any of the brittle characteristics of other forms of 
polystyrene, but it does have the same basic electrical 
properties that have made polystyrene a widely ac
cepted high frequency insulating material.

At temperatures below the softening point of 95° C 
the film resists great pressures without yielding and 
shows almost no plastic flow. Features include a 
compressive strength of 14,000psi and a high tensile 
strength of 10,000psi. The material is unaffected by 
moisture and adverse humidity conditions and is 
available in tapes of any length, from 1/4" to 10" in 
width, and in thicknesses of 0.0004" to 0.005." Natvar 
Corp., Dept. ED, Woodbridge, N. J.
CIRCLE ED-53 ON READER-SERVICE CARD FOR MORE INFORMATION

Used and endorsed by tool and die, 
electronic, machine, plastics, 
radio, electrical and instrument 
manufacturers. A real money saver.

ENGRAVES

ROUTS

RULED DRUM

STENCIL

Special attachments and 
engineering service available 

for production work.

FREE: Brochure— 
yours upon request.

36! PUTNAM AVENUE * CAMBRIDGE * MASS.
CIRCLE ED-54 ON READER-SERVICE CARD FOR MORE INFORMATION
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Eleven standard diameter sizes ac
commodate single cables or bundles 
from 3/16" to 2". Several sizes 
have tu o or three-hole tongues, to 
permit diameter adjustment in in
stallation.

Combining the best 
features of metal 
clips with the advan
tages of nylon, Burn- 
dy molded nylon ca
ble hangers weigh 
70% less than metal 
cable clips of com
parable size, yet have 
sustained loads of 
more than 300 lbs.,

in the larger sizes. Extremely flexible, these nylon cable 
hangers are preformed, for ease of installation, requir
ing no shaping or forming on the job and retaining 
their shape permanently. Resistant to sustained tem
peratures from —60°F to 250°F, these cable hangers 
are also unaffected by oils, gasoline, alcohol, or hydrau
lic fluid An insulator itself, this type of cable hanger 
cannot cause grounds or short circuits and is free from 
hysteresis losses. Smooth, rounded-edge, non-abrasive 
surfaces facilitate installation and prevent injury to 
insulation.
For information on Burndy nylon cable hangers, write 
Department D, BURNDY, Norwalk, Connect.



Miniature Connectors
Precision, Light Weight Units

ASS.
TION

These compact, 
light weight, mul
tiple contact Pre
cision Miniature 
Connectors have 
been designed for 
such applications 
as aircraft, elec
tronic instruments, 
telemetering, com
puters, audio and 
similar applica
tions, as well as 
for portable air
borne rack to 
panel and cable to 

panel applications. The precision machined contacts 
are gold plated over silver for maximum conductivity 
and corrosion resistance. Their “floating” contact de
sign facilitates “ease” in engaging and disengaging, 
and the guides provide positive polarization.

The connector bodies are of a highly precision 
I molded melamine with raised barriers, which provide 
I high resistance to arcing and heat, as well as longer

th

est 
tal
Ul’ 
rn- 
ca- 
igh 
?tal 
•m- 
ave 
of

creepage paths with excellent mechanical strength 
ami high dielectric properties. The units are adapt
able for use where higher voltages are required and 
wherever space is limited, and compactness and light
weight are essential. They are available with 14, 18, 
20, 21, 34, 41, and 50 contacts. Gorn Electronics, Div. 
of (lorn Electric Co., Dept. ED, 883 Main St., Stam
ford, Conn.
CIRCLE ED-56 ON READER-SERVICE CARD FOR MORE INFORMATION

Selenium Rectifiers
Rated to 13Ov a-c, 12ma d-c
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The Series SE3P hermetically sealed Selenium 
Rectifiers has been designed for use in d-c relays, 
bias supply, and surge suppressors. There units offer 
greater efficiency and much better heat dissipation 
than previous similar hermetically sealed units.

Rated up to 130v a-c, 12ma continuous d-c, the 
’levices meet JAN and MIL specifications for high 
’’•mperature, vibration, shock, and salt spray. Dimen- 
Si<nis are 9/16"diam. x 7/8" long. Bradley Labs., Inc., 

। i>L ED, 82 Meadow St., New Haven 10, Conn.
CIRCLE ED-57 ON READER-SERVICE CARD FOR MORE INFORMATION
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Sylvania Computer Crystal Diodes

8ÀCK VOLTAGE

Of

All Dynamically Tested at 55° C.
For High Back Resistance and Stability

Sylvania Types 1N111,1N112,1N113,1N114 
and 1N115 were designed specifically for com
puter use. All Sylvania’s Computer Diodes 
are tested at raised temperatures simulating 
actual operating conditions. To insure maxi
mum stability and life, all units are tested for

SYLVANIA
LIGHTING • RADIO • ELECTRONICS • TELEVISION

In Canada: Sylvania Electric (Canada) Ltd., University Tower Building 
St. Catherine Street, Montreal, P. Q.

1N111 
1N112 
1N113 
1N114
1N115

evidence of drift and hysteresis. Each diode is 
hermetically sealed in glass and is designed 
so that it may conveniently be soldered or 
clipped into a circuit.

Sylvania Electric Product* Inc.
Dept. 3E-4008, 1740 Broadway, New York 19, N.Y.

Please send me data sheets on Sylvania Com
puter Crystal Diodes.

Name.

Address

City. Zone State.

CIRCLE ED-58 ON READER-SERVICE CARD FOR MORE INFORMATION



KEYINO

New LiteratureTELEPHONE

ROTARY

MIDGET

120 Broadway

Testing and Measuring Equipment
64-page revised edition of theGEC-1016A

—s

NEW IDEAS IN MEASUREMENT
wave testing,

X-rayderstandings concerning the difference

COMPANY

750
CIRCLE ED-60 ON READER-SERVICE CARP FOR MORE INFORMATION
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MOTOR * 
CONTROL

powder camera, spectrometer, and spectograph equip
ment and techniques. Also explained are specimen 
preparation, application fields for each of the three 
X-ray diffraction methods, and calibration and selec
tion of analyzing crystals for use with the specto
graph in analysis of specimens to determine what 
elements are present. Research & Control Instru-

Writ» for New 
16 Pag« Cetelag

ALLMETL 
BARRYMOUNTS

COMPLETE
ENGINEERING DATA

which are sensitive to power frequencies harmonically 
related to the fundamental.

Regulation is automatic, recovery’ is 1.5 cycles or less. 
There are no moving parts, no manual adjustments 
and every unit is self-protecting against short circuit.

These harmonic filtered SOLA Constant Voltage 
Transformers are available from your electronic dis
tributor in the following capacities: 30va, 60va, 120va, 
250va, 500va, lOOOva, and 2000va.

Write for Bulletin P-CV-142 which describes the 
complete electrical and mechanical characteristics of 
SOLA Type CVII and other Constant Voltage Trans
formers.

ments Div., North American Philips Co 
South Fulton Ave., Mt. Vernon, N. Y.

DEPT. 14 CHICAGO 44, ILLINOIS
CIRCLE ED-59 ON READER-SERVICE CARD FOR MORE INFORMATION

company’s measuring equipment catalog, containing 
information on more than 115 testing and measuring 
devices for laboratory and production line use. This 
fully illustrated brochure contains information on 
products ranging from simple current indicators to 
completely automatic oscillographs; from surface 
roughness scales to mass spectrometers; from d-c 
amplifiers to radiation monitors. Included are a brief 
description of each item, its field of application, and 
condensed tables of important characteristics and 
prices. General Electric Co., Schenectady 5, N. Y.

• Facts on stress, strain, vibration and other 
characteristics can help you improve the design and 
performance of your products. Brush instruments 
help you get design and operating data easily and 
quickly. The applications of these instruments and 
many new ideas that may help solve your particular 
measurement problems, are presented in this new 
booklet ’ Instruments for Modern Measurements" 
For your copy of this booklet write Brush Elec
tronics Company, Dept. J-8, 3405 Perkins Avenue, 
Cleveland 14, Ohio.

BRUSH ELECTRONICS
formerly 

The Brush Development Company.
Brush Electronics Company 

is an operating unit of 
Clevite Corporation.

Full experimental data, taken under stated test con
ditions, and much of it in graph form, is presented: 
transmissibility curves for all directions of motion, at 
extremely high and extremely low temperatures, and 
after severe shock; isolation curves for acceleration 
and displacement; curves showing the effect of changed 
loading on performance; curves for selecting isolators 
to carry unsymmetrical loads; plus dimensions and con
struction data, weights, load ratings, and catalog num
bers.

Here, for the first time, is the complete story on JAN 
knitted-wire vibration isolators. For your FREE copy, 
write for Barry Product Bulletin 534, to The Barry 
Corporation, 775 Pleasant St., Watertown 72, Mass.
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The first really 
comprehensive 
bulletin on knit
ted-wire vibration 
isolators, Barry 
Product Bulletin, 
534, is now avail
able for distribu
tion.

(Advertisement)

SOLA CONSTANT VOLTAGE 
TRANSFORMER — regulates ±1% 
with less than 3% harmonic distortion

Our relay stock, which is the world’s largest, 
has been carefully built up over a period 
of several years. Nothing but first run, 
professionally selected items are carried.

Send vi your relay rogviromooif. 
You will receive immediate quotation*.

Electroplated Gold 63
Scientific gold plating is described in a 4-page, 

2-color technical data sheet. This thorough compila
tion of electrical, thermal, and chemical information 
on gold indicates the physical properties, as well as 
electroplating specifications, diffusion coefficients, 
optical properties, and applications of electroplated 
gold. Charts illustrate optical properties and the 
effect of gold concentration on current efficiency. 
Technic Inc., 39 Snow St., Providence 1, R. I.

Rosin Core Solder 61
A 4-page, 3-color brochure (No. 158), describes 

the company’s RTS-200 rosin core solder, which is 
available in a wide variety of wire sizes, composi
tions, and quantities. The bulletin indicates five ways 
in which the solder exceeds ordinary solders: greater 
spread, faster oxide penetration, non-corrosiveness, 
non-toxicity, and stable flux. Federated Metals Div.,

( Adver tisement )

SHOCK - VIBRATION

SOLA ELECTRIC CO.
4633 West 16th Street, Chicago 50, Illinois 
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X-Ray Analysis 64
An 8-page booklet, entitled “Twenty Questions and 

Answers on X-Ray Analysis”, has been prepared 
specifically to clear up some of the prevalent misun-

American Smelting and Refinin 
New York, N. Y.

Type CVII Sola Constant 
Voltage Transformers are de

ll signed for use with equipment 
that requires a source of con
stant, undistorted \oltage. 
Regulation is±l%, distortion 
less than 3%.

They may be used for the 
most exacting applications 
such as general laboratory 
work, instrument calibration, 
precision VHF and micro- 

other operations involving elements

BRUSH

OWE M/LL/O/V

RELAYS
Over 1000 Types 
24 HOUR DELIVERY 
FROM OUR STOCK!
Standard, Respected Brands 

Brand New, Boxed 

Inspected and Guaranteed 

Priced to Your Advantage



Miniature ELASTIC STOP" nuts 
down to 0.109" across flats
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NOW. miniature ELASTIC STOP nuts are available in sizes 
£0 through #4 in both SAE fine thread and USS coarse 
series—for special applications,such as electronics equipment 
and instruments. Smaller than any other self-locking nut they 
maintain a precise adjustment whether tightened against a 
-eating surface or positioned at any point on a threaded 
member.

Nylon inserts make them self-locking, vibration-proof and 
re-usable, like all ELASTIC STOP nuts. They are simpler 
and less expensive to assemble than double nuts or soldered 
units.

WRITE FOR design information on Miniature Nuts 
and other special and standard ESNA fasteners. 
Address Dept. N38-857.

DESIGN HEADQUA

ELASTIC STOP NUT CORPORATION 
OF AMERICA

2330 Vauxhall Road, Union, N. J.
RTERS FOR SELF-LOCKING FASTENERS
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REFILl
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• Exclusive collet holds lead in bulldog grip, 
prevents it slipping back into holder.

• Clean, balanced, efficient for every type of 
drawing, sketching, rendering, coloring.

• One-hand clutch operation avoids touching 
lead, smearing fingers or drawing.

CASTELL Imported Lead
18 degrees, 78 to 9H—gives 
more prints — cleaner and 
sharper prints — than any 
other drawing lead. Lasts 
25% to 3373 7« longer. Black 
or colored. Your Drawing 
and Art Supply Dealer has 
them.

AW FABERTÄJrFZI
PENCIL COMPANY INC NEWARK N J
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Thread Inserts 69
Bulletin No. 661 (2-page, 2-color) contains infor

mation on the company’s wire thread inserts. The 
bulletin explains how the inserts of stainless steel 
or phosphor bronze protect tapped threads in alumi
num, magnesium, die-cast metals, plastics, iron, steel, 
brass, bronze and wood. Photographs indicate the wide 
range of standard sizes, and also included is a de
scription of the use of these inserts in design. Illus
trated case histories present their design advantages 
in products such as terminal boards. Heli-Coil Corp., 
1321 Shelter Rock Lane, Danbury, Conn.

Specialty Transformers 70
Booklet B-5806 is an 18-page, 2-color brochure de

scribing the company’s specialty transformers. Part 
I describes the standard line of units available “off 
the shelf”. Complete details of transformer charac
teristics and construction are included for general 
purpose, machine tool, signaling, control, low-power 
pulse, and aircraft power types. Part II discusses 
units that can be built from basic components to fit 
specific requirements. The booklet closes with a sec
tion on testing techniques and a discussion of spe
cialty transformer core developments. Westinghouse 
Electric Corp., 401 Liberty Ave., Box 2278, Pitts
burgh 30, Pa.

Paper Capacitors 71
Bulletin AB-18 is a 4-page, 2-color brochure con

taining complete performance characteristics and test 
specifications on the company’s “Meteor” high tem
perature, subminiature paper capacitors. Perform
ance characteristics include information on operating 
characteristics, voltage rating, voltage derating, capa
citance stability, and test conditions. Various types 
of units are described and illustrated. Astron Corp., 
255 Grant Ave., East Newark, N. J.

Radio, TV Knobs 72
A 16-page catalog, No. 55, describes the company’s 

stock knobs for radio and TV. Each type is illus
trated, and specification data are included. Also de
scribed are items such as antenna mounts, extension 
jack and connector, a jumbo fuse holder, antenna 
plug, rotary switches, and heavy duty power switch. 
A price list is included. Gee-Lar Mfg. Co., 1330 10th 
Ave., Rockford, Ill.

Coil Winding Tubes 73
A paper-bound catalog, consisting of data sheets, 

describes the company’s coil winding tubes for Class 
A, B, and H applications in various combinations. 
Applications, physical and electrical qualities, and 
properties are indicated and illustrated by photo
graphs and tables. Accurate Paper Tube Co., 809 N. 
Peoria St., Chicago 22, III.

—FREED—
TRANSFORMERS INSTRUMENTS

MILITARY COMPONENTS TO 
SPECIFICATIONS MILT-27 & A NE-19 

AND COMMERCIAL TYPES
Pulse Transformers 
Filter Reactors 
Charging Reactors 
Saturable Reactors 
Toroid Inductors 
Low Pass Filters 
High Pass Filters 
Band Pass Filters 
Discriminators 
Plato Tronsformers 
Power Transformers 
Filament Transformers 
Vibrator Transformers 
Input Transformers 
Interstage Transformers 
Driver Transformers 
Output Tronsformers 
Modulation Transformers 
Blocking Oscillator Transformers 
Band Elimination Filters

NO 1020 B 
MEGOHMMETER 

DIRECT READING
Self-contained and 
A.C. operated with 
electronically reg
ulated supply. 1 
megohm to 2 mil
lion megohms.

NO. 1010 
COMPARISON

BRIDGE
Self-contained and 
A.C. operated. For 
rapid and accurate 
test of Resistors, 
Condensers and 
Inductors.

OTHER FREED INSTRUMENTS 
NO. 1030 Low Frequency 0.

Indicator 
NO. 1110A Incremental Inductance 

Bridge
NO.1150 
NO.1170 
NO. 1210

NO.1140
NO.1040
NO. 1250
NO. 1410

Universal Bridge 
O.C. Supply 
Null Detector and 
Vacuum Tube Voltmeter 
Null Detector Amplifier 
A.C.—V.T. Voltmeter 
Decode Condenser 
Harmonic Oietortlon 
Meter 
Decade inductors

SEND FOR COMPLETE CATALOG DESCRIBING ALL 
FREED INSTRUMENTS AND TRANSFORMERS

FREED TRANSFORMER CO., INC.
1727 Weirfield St., Brooklyn (Ridgewood) 27, N. Y.
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A NEW SOURCE OF SUPPLY FOR

INSULATED 
CHOKES

Hermetically Sealed
SELENIUM 
RECTIFIES

Miniature IRC MICRO
STAK Selenium Rectifiers 
are superior quality units 
available in a wide vari
ety of types. Special IRC 
technique provides low 
capacitance cells a* 
small as .060" diameter 
with unit area character
istics equal to high
grade plates of stand
ard size.

IRC Insulated Chokes are 
relatively inexpensive 
and offer savings over 
ordinary types. Avail
able in two sizes, they 
are fully insulated 
against high humidity, 
abrasion, damage dur
ing assembly, and dan
ger of shorting to chassis.

INTERNATIONAL RESISTANCE COMPANY 
D«pt. D-401, N. Broad St.. Philadelphia 8, Pa.
In Canada: tntornefionol Resistance Co.. M, Toronto, Ueontoo
Float« send full data on th« items checked belowi—
□ IRC Insulated Chokes
□ IRC Microstak Selenium Rectifiers

Nomo -

Çompany.

Addrott—.

CIRCLE ED-75 ON READER-SERVICE CARD FOR MORE INFORMATION
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DIVISION OF 

AMPEREX ELECTRONIC COIP.

E-t . . . YOUR HEADQUARTERS 

FOR HERMETIC  ALLY-SEALED 

MULTIPLE HEADERS, OCTAL 
PLUG-INS, TERMINALS, COLOR 
CODED TERMINALS. END SEALS, ate.

*

maximum immunity to humidity 
and tm-dipped for easy soldering. 
These headers are guaranteed vac
uum tight

he glass remains under cons 
xtremely strong and difficult 
i new and vastly greater 
to shock and vibration.

rs are silicone treated for

ELECTRICAL INDUSTRIES 
44 SUMMER AVENUE.* NEWARK ”4»* NEW JERSEY 
55*** EXFOIT AGfNTS
PHILIPS EXFOtt COIF.. 100 EAST 42nd STIEET. NEW YOIX »7. N. Y.

<

il (OMPMSUON TYPP 
MUITIPU HMDfRS

■ Ml
■ A V

New Literature...
Microwave Equipment 77

The company's line of microwav« 
instruments and components is de 
scribed in a 4-page, 2-color bulletin 
Listings include frequency meters, 
mixers, impedance meters, attenua 
tors, and other microwave items. 
Specification data for the various 
models are indicated, and photo 
graphs provide illustration. Nassau 
Research & Development Associates, 
Inc., 66 Main St., Mineola, N. Y.

Manufacturing Services 78
A 16-page booklet describes the 

company’s facilities for precision 
manufacturing services, including 
melting and casting 3 to 25 pound 
ingots of special alloys, forging to 
bar and rod forms, hot and cold pre
cision rolling of strip, slitting, pro
cessing and straightening special al
loy wire, and heat treating of small 
parts. These services are illustrated 
by numerous photographs. Precision 
Mfg. Services, Hamilton Watch Co., 
Lancaster, Pa.

Feed-Through Bushings 79
Bulletin No. 153 f2-page, 2-color) 

describes the company’s line of stand
ard steatite miniature feed-through 
bushings for efficient low and high 
frequency equipment. Complete with 
some engineering data, specifications, 
and dimensional drawings, the bulle
tin describes those items which have 
been designed for government and 
commercial specifications. Thor Ce
ramics, Inc., 225 Belleville Ave., 
Bloomfield, N. J.

Power Supplies 80
An 8-page, 2-color foldover bulle

tin, No. L453, describes the compa
ny's line of magnetic amplifier regu
lated power supplies for laboratory 
testing applications. Information is 
provided on high voltage and low 
voltage instruments with regulations 
down to 0.15%. Specifications and 
special feature data are included, 
along with photographs and charts. 
Perkin Engineering Corp., 345 Kan
sas Si., El Segundo, Calif.
< CIRCLE ED-76 ON READER-SERVICE CARD
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Radio and TV Tools 81
A wide assortment of tools for the 

cpair and maintenance of radio, TV, 
nd electronic equipment is contained 
n a 36-page reference guide. Re- 

Diinted from the large 1220-page 
dalog (Radio’s Master), the guide 
ontains detailed specifications, illus

trations, technical and price data on 
tools made by 17 manufacturers. In
cluded are TV alignment tools, chas
sis punches, pliers, screw and nut
<1 ri vers, soldering irons and 
tool kits, and wire strippers. 
Catalog Publishers, Inc., 110 
cite St, New York 13, N. Y.

Teflon” Components

guns, 
United 
Lafay-

82
The company’s line of “Teflon” 

components is described in an 8-page, 
2-color catalog. Included are high 
tensile molded rods, tubes, and 
sheets; extruded rods; extruded tub
ing; electronisized rods; and custom 
moldings, machined parts, and shaved 
tape. Applications and properties for 
the material are listed with charts 
and diagrams. Ethylene Chemical 
Corp., Summit, N. J.

Test Chambers 83
A 4-page, 2-color bulletin describes 

the company’s L-series of tempera
ture, altitude, and relative humidity 
test chambers. The units described 
combine a temperature range from 
-¡-185°F to —100°F, with relative 
humidity simulation from 20% to 
95%, and altitude simulation from 
atmospheric pressure to 80,000'. Per
formance data are indicated, along 
with specifications, and an altitude
pressure-temperature curve. Bowser 
Technical Refrigeration, Div. Bowser 
Inc., Terryville, Conn.

Diodes 84
A 4-page, 2-color folder provides 

complete specifications for six of the 
company’s temperature-limited dio- 
• les, whose special feature is their 
Cable emission characteristic. Three 
of the tubes incorporate a safety fea
ture by which filament failure closes 
an external high impedance circuit. 
\11 of the units are illustrated, and 

Hata include electrical and mechani- 
■ al specifications, basing diagrams, 
“tc. Thermosen, Inc., 361 W. Main 
St., Stamford, Conn.

CIRCLE ED-85 ON READER-SERVICE CARD ►

NEW 38-PAGE ILLUSTRATED CATALOG

COMPLETE
MILITARY LINE

Immediate delivery from stock on 189 
types including JAN-R-94 and JAN-R-19 

types of variable resistors.

A.

«

CHICAGO TELEPHONE SUPPLY

ESENTATIVES IN CANADA

_<fdU ~ 2 »21

C C Martini g 
StreeH-"-. it

UNPRECEDENTED 
PERFORMANCE CHARACTERISTICS



NO OTHER LIKE IT!

leading manufacturers use

• Approximately ZERO TEMPERA
TURE COEFFICIENT FOR 
QUARTZ AND INVAR construction.

• Approximately ± 50 PPM per degree 
C. for Glass and INVAR construction.

• One-piece SPRING LOADED PIS
TON and screw prevent backlash.

• SILVER BAND fused to exterior of 
precision drawn quartz or glass tube 
serves as optimum stationary electrode.

• “Q” of 1,000 at 1 me.
• DIELECTRIC STRENGTH equals 

1,000 volts DC at sea level pressure and 
500 volts at 3.4 inches of mercury.

• 10,000 megohms INSULATION RE
SISTANCE MINIMUM.

• OPERATING TEMPERATURES, 
— 55 C. to 4- 125 C. with glass dielec
tric. — 55 C. to 4-200 C. with quartz 
dielectric.

• Over 100 megohms MOISTURE RE
SISTANCE after 24 hours exposure to 
9<;% humidity of room temperature.

• PISTON DIMENSIONAL ACCU
RACY is held to close tolerance main
taining minimum air gap between pis
ton and cylinder wall.
Write for Form No. 199

JFD PISTON TYPE VARIABLE TRIMMER CAPACITORS
in both civil and military equipment

No. 
No. 
No. 
No. 
No.

VC 1 G (0.7 to 6.0 mmf.) Glass Dielectric 
VC 5 (i.o to 10.0 mmf.) Quartz Dielectric- 
VC 11 (1.0 to 10.0 mmf.) Quartz Dielectric 
\ C li G (1.0 to 12.0 mmf.) Glass Dielectric 
VC 20 (0.5 to 1.9 mmf.) Glass Dielectric

JFD MFG. CO.
BROOKLYN 4, N Y 
BENSONHURST b 9200

world's largest manufacturer 
of tv antennas & accessories

CIRCLE ED-86 ON READER-SERVICE CARD FOR MORE INFORMATION

MODEL 200-A DC MILLIVOLTMETER

Used by leading Laboratories

DC Measurements
5 MICROVOLTS 

to

1 0 VOLTS

A precision converter, that 
changes the input DC into an 
amplified, sinusoidal AC Volt
age.

• 5 microvolts internal noise
• Max. gain 1000 (volts RMS/volt 

DC)
• 40 millisecond time constant
• No zero or gain adjust
• 2 megohm input resistance
• Rejects external 60 cps pickup 

Makes any AC Vacuum tube 
Voltmeter direct reading in DC 
microvolts and millivolts.
With the cathode ray oscillo-
graph yields an extremely sen-

b
Used by leading Laboratories yieioe mm cAiicnioy

throughout the Industry sitive DC null detector.

co INDUSTRIAL CONTROL COMPANY
► Wyandanch Long Island. New YorkWyandanch Long Island, New

CIRCLE ED-87 ON READER-SERVICE CARD FOR MORE INFORMATION
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Patents... by John Montstream

Voltage Regulator . . . Patent No. 2,629,- 
078. L. L. Helterline, Jr., South Norwalk, 
Conn. (Assigned to Sorenson & Co., Inc.).

A d-c voltage regulator which accurately 
controls the output voltage to the load at 
a substantially constant value over a pre
determined voltage range is the subject of 
this patent. The voltage regulation is se
cured by a variable non-linear impedance 
between the power source and the output 
terminals.

The regulator controls the voltage at the 
output terminals (7. 10) which is fed from 
any d-c source (1) by varying the imped
ance of a tube (5) between the d-c source 
and the output. The tube (5) is controlled 
by the current flow through the filament 
(11) of a tube (12) which is connected 
across the output terminals. Should the 
voltage at the output increase, the current 
flow through the filament increases and its 
temperature is raised which in turn in
creases current flow through the tube and

fore
V 
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Fig. I. Circuit diagram of the voltage regulator mentioned above.
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suits in an increased voltage drop across 
t e load resistor (17). This lowers the volt- 
;,2e on the control giid (40) of the tube 

24) which is connected in one leg of a 
bridge with resistances (21, 22 and 23) 
forming the other legs.

With a lower voltage on the control grid 
of the tube (24), the current flow’ through 
this tube and the resistance (23) is reduced, 
and the voltage drop across the resistor is 
lowered unbalancing the bridge. Since the 
control grid (38) of tube (5) is connected 
a* the junction (38), the voltage on this 
grid is lowered and current flow through 
the tube is reduced. This reduces the volt
age at the output terminals. Should the 
voltage at the output decrease a reverse se
quence of operation results to increase the 
voltage on the grid of tube (5) which 
results in an increase in the voltage at the 
terminals (7, 10).

Semiconductor Signal Translating De
vice . . . Patent No. 2,629,800. G. L. Pear
son, Millington, N. J. (Assigned to Bell 
Telephone Laboratories, Inc.).

The purpose of this invention is to im
prove the performance of semiconductor 
signal translating devices, to simplify the 
structure thereof and to facilitate the mak
ing of such devices. The improvement is 
directed more particularly to rectifiers so as 
to increase their current carrying capacity 
and to photosensitive elements.

In making the crystal, an N type body is 
cut and subjected to a temperature of 
900°C in a helium atmosphere for 24 hr 
after which it is cooled rapidly to room 
temperature. This produces a P-type body 
with an A-type film on all surfaces. The 
film is removed on one major surface by 
lapping. The major faces are then plated 
as with rhodium and an annular groove is 
provided in the face having the film, which 
groove extends through the plating and 
film into the crystal body to produce an 
Y-type island. The groove may be etched 
to improve the reverse resistance of the N-P 
junction. The crystal may be mounted upon 
a brass block by soldering to the plating 
to form one terminal and a conductor is 
soldered to the plating of the island to form 
another terminal. The crystal constructed 
in this fashion gives high current capacity 
in the forward direction at relatively low 
voltage levels. The crystal rectifier is oper

able also in the reverse direction up to 
about 45 volts.

For use as a photocell the crystal is con
structed in the same manner except that 
the ohmic metallic coating on the island 
surface is omitted and electrical contact is 
made with the island by a point contact. 
The photosensitive response curve is 
sharply peaked with maximum response at 
a wave length of about 1.5 microns.

Contact for Semiconductor Devices • . . 
Patent No. 2,634,322. H. B. Law, Princeton, 
N. J. (Assigned to Radio Corp, of Amer
ica).

Improvements in transistors are receiv
ing considerable attention as shown by this 
patent. One of the problems with this new 
device is the considerable difficulty of secur
ing the collector and emitter electrodes in 
close contact with the semiconductor which 
spacing is of the order of two mils. Another 
problem is the variation in pressure of the 
electrodes upon the semiconductor which 
variation introduces noise. In solving these 
problems it was found that point contact 
of the collector and emitter electrodes with 
the semiconductor was not essential so long 
as the contact resistance of these electrodes 
was high as compared to that of the base 
electrode.

In making the transistor, the surface of 
the semiconductor or crystal is etched as 
known to the art. The crystal is then heated 
in a vacuum to a temperature of less than 
200° centigrade, the preferred temperature 
being about 100°, in order to outgas the 
crystal. It is then cooled and metallic elec
trodes are evaporated upon the surface of 
the crystal. The collector and emitter elec
trodes may be uniformly spaced from each 
other by using a masking technique, the 
spacing being from 1 to 5 mils. Electrical 
contact with the evaporated electrodes may 
be made in various w’ays.

A single evaporated electrode may be 
used provided one of the contact elements 
has a sharp tip so as to penetrate the evap
orated layer and contact the crystal. It is 
believed that during operation a small por
tion of the metallic layer is removed so that 
the element is insulated from the layer al
though it has not been possible to observe 
this condition under a microscope. The 
patent covers the semiconductor in various 
forms as well as the method of preparing 
the crystal with its evaporated electrodes.

953 ELECTRONIC DESIGN • August 1953



NOISE
in RESISTOR

NOISE in resistors may be caused by 
many factors, but most often arises in 
the incomplete or tangental contact 
which exists among the carbon granules

that make up a molded resistor. Noise also originates where the 
connector leads meet the body of the resistor.

Because WELWYN High Stability Resistors are formed 
by depositing a pure, homogeneous carbon film, and 
because the end-caps are machine-turned and bond-fitted 
to the body, and the terminal leads clenched into the end
caps, the conducting path presented to any current flow 
is as continuous as if through a solid conductor. The noise 
factor of WELWYN Deposited Carbon Resistors is only 
slightly above that predicted by the Johnson formula.

For further Information and 
Test Data concerning .

High Stability
DEPOSITED CARBON RESISTORS

Write to Dept. AH-1
ROCKBAR CORPORATION, 211 East 37th Street, New York 16. N. Y.

CIRCLE ED-88 ON READER-SERVICE CARD FOR MORE INFORMATION

IBM
Leading manufacturer of electronic 
digital computers, electronic and electrical 
business machines, time systems and 
electric typewriters.

career opportunities for

Electrical and Electronic
Engineers

at
Endicott, N. Y. Poughkeepsie, N. Y.

If your background has been in: Electronic Design, Computer 
Design. Electrical Design, Product Engineering or Product 
Development—you owe it to yourself and your future to 
investigate the opportunities waiting to be filled at IBM. Inter
view will be arranged in your city. Write, giving full details of 
education and experience to:

Mr. C F. McElwain 
Dept. 686 (9) 

International Business Machines 
590 Madison Avenue 
New York 22, N. Y.



New Books

Audio Amplifiers and Associated

from a RELIABLETOO LATE TO HIDE missile Equipment — Vol. 4 . Paper

137 CANAL STREET

NASHUA, NEW HAMPSHIRE

TELEPHONE: NASHUA 5570

ACCURATE CONTROL IS A MUST IN GUIDING THE MISSILE, BUT . . . 
WILL CONTROL FAIL IN THESE LAST TWO SECONDS?

CIRCLE ED-90 ON READER-SERVICE CARD FOR MORE INFORMATION

NCORPORATED

Hundreds of test hours become worthless 
should a component fail at this critical moment. 
A major source of last-minute failure is the un
predictable jamming of a hydraulic control valve 
by just a single particle of dirt.

Now, Sanders Associates, Inc. offers a hydrau
lic valve that is accurate . . . and reliable. 
Utilizing a unique form of mechanical feedback, 
this new valve creates forces as high as 500 
pounds to break free any jamming particles. 
Interfering metal chips are literally chopped up. 
Here is a self-clearing valve that operates without 
oil filters, even with dirt, sludge and metal 

S5OCIATE5

particles in the hydraulic fluid supply . . . this 
is reliability . . . “built-in” reliability.

Sanders Associates. Inc. is active in complex 
research and development programs where new 
concepts of accuracy and reliability are essential. 
Typical of the product development under such 
programs is this two-stage hydraulic servo valve 
. . . a key component in guided missiles, fire 
control, auto-pilots, automatic machine control 
and other applications where the transfer from 
electrical to hydraulic energy must be both ac
curate and reliable.

Address inquiries to Dept. 40-ED.

Simplified Drafting Practice . . , 
By William L. Healy and Arthur II. 
Pau. 156 pages. John Wiley d- Sons, 
Inc., 440 Fourth Avenue, New York 
16, N. Y. $5.00.

This is not a textbook on engineer
ing drafting, but rather is intended 
to show how engineering and drafting 
organizations can save time and money 
by adopting and extending simplified 
drafting practices. The authors point 
out that although there has been much 
progress in design, engineering, and 
production, drafting has remained 
relatively unchanged. It still involves 
the same time consuming elaboration 
of detail that it did at the time of its 
inception.

The authors present a strong case, 
and after seeing some of the simpli
fications they suggest one can readily 
appreciate the great amount of sim
plification that is possible. The draw 
ings are clear, and the simplification 
examples are numerous. The design 
engineer will find this book worth 
while reading, and will probably have 
a hard time keeping the drafting de
partment from ‘‘borrowing*’ it.

bound, 352 pages. Howard W. Sams d- 
Co., Inc., 2201 East 16th Street, In
dianapolis 5, Ind. $3.95.

This is a continuation of the pub
lisher’s series of audio amplifier man
uals which gives detailed servicing 
data, parts lists, and specific informa
tion on some 60 chassis (75 models'! 
of audio amplifiers and associated 
equipment produced during 1951 and 
1952.

From the electronic designer’s point 
of view this compilation of data pre
sents a valuable collection of examples 
of commercial audio amplifier designs, 
including circuit diagrams, underside 
views of chassis views, etc. The elec
tronic designer who happens to be an 
audio enthusiast will certainly find 
the book interesting although he prob
ably would prefer to have brief dis
cussions on the unusual features of 
each amplifier which unfortunately 
are not included.
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Model OA-16 .. . an extremely versa
tile instrument having d.c. amplification 
with extended high-frequency response 
and sweeps ranging from seconds to 
microseconds.

FEATURES
• Bandwidth—from d.c. to 5 mega

cycles
• Deflection sensitivity—50 peak-to- 

peak millivolts per inch
• Internal provision for balancing 

out d.c. components
• Trace position remarkably inde

pendent of line voltage
• Sweep speeds 0.4 jusec. per cm. 

to 1 sec. per cm.
• All sweeps below fastest range 

expandable 5 times for detailed 
examinations

• Sweep may be recurrent, or trig
gered by positive or negative ex
ternal pulses or by vertical 
amplifier signals.

Model OL-23.. . combines the func
tions of an oscilloscope and a synchro
scope for observing repetitive phenomena 
or single transients. Broadband ampli
fication, fast sweeps, and high beam
accelerating potential make this ’scope 
particularly desirable in observing and 
measuring steep wavefronts and fast 
pulses.

FEATURES
• Bandwidth—from 5 cycles to 10 

megacycles
• 4000-volt accelerating potential
• Sweeps expandable up to the 

maximum writing rate of the 
sweep circuits

• Fast sweeps—to 0.1 /isec. per cm.
* Step-controlled attenuation con

tinuously adjustable between steps
• Calibration accurate to 5%
• Sweep delay ranges of 100, 1000, 

and 10,000 /*sec.
Each instrument is contained in a blower-cooled steel case 
13% " wide, 15%" high, and 22" deep. Case and panel are 
finished in green, with knobs and markings in frosted aluminum. 
Prices, complete with tubes:

Model OA-16........................$745.00
Model OL-23 ........................$890.00
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Prices are net F. O. B. Winchester, Massachusetts
WRITE TODAY FOR FULL TECHNICAL INFORMATION

CIRCLE ED-92 ON READER-SERVICE CARD FOR MORE INFORMATION
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Readers Comment...
Dear Sir:

Your editorial in the June issue stirs up a funda
mental question which has plagued designers through 
all history of our productive resources. I for one 
have lived with the problem well over 20 years. No 
magic formula has come my way. However, there 
are a few thumb rules, which, if applied judiciously, 
avoid heartaches and save money.

When a design project is organized, the “top brass” 
must set up some boundary limitations within which 
the designers are given reasonable freedom. This 
provides professional stimulus to bring out the de
signer’s talents.

The boundary limitations are obtained from the 
answers to three basic questions: (1) What price? 
(2) How good? and (3) How big?

When arranged graphically these take the form of 
an equilateral triangle.

VORMBLE
OSflIMÎOR

PERFORMANCE PERFORMANCE

Any changes which disturb the proportionality of 
this triangle should receive rigorous examination be
fore adoption. For example, a change to the original 
specification may seem attractive for a price reduc
tion. If adopted, the boundary triangle changes from 
equilateral to scalene.

However, the dream of something for nothing is 
only for fools to seek. The physical laws of Nature 
have an uncompromising exigency. Every change 
must be compensated for.

The scalene triangle clearly indicates an ugly dis
proportion between size and performance. Whether 
or not this is wise depends on the ultimate use of 
the equipment. It would be acceptable on appliances, 
or certain automatic tools, replacement of which can 
be made at leisure, without endangering human life. 
On the other hand, it would be irresponsible dis
honesty to accept such a change on aircraft equip
ment, or any automatic electronic controls used for 
supervisory application on expensive machinery.

When shall design be frozen? At the very begin
ning a decision must be made. It is either an equila
teral triangle, or a scalene one. After the propor
tionality-price, size, and performance is decided 
upon, the first prototype is made. As soon as the 
prototype passes all performance tests, the design is 
released “as is”; but only for a pilot run. This brings 
out the overlooked production considerations.

Meantime designers have become acquainted with 
the patched up adjustments that were necessary to

CIRCLE ED-93 ON READER-SERVICE CARD >

SOUTHWESTERN INDUSTRIAL 
ELECTRONICS COMPANY
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A pair with an established reputation. 
The heart of modern two-speed systems. 125

0.75 32
50

36
90

First priority—Changes necessary to meet 
performance test requirements.

Second priority—Changes desirable to im
prove appearance, but which do not 
affect performance or procurement of 
raw material.

Third priority—Changes desirable to im
prove appearance and performance above 
test requirements, but affecting procure
ment of raw material.

Fourth priority—Changes desirable only 
on future production.

PLASTICS
TECHNICIANS 

to process and 
apply plastic 
materials for 
fabrication of 
electronic 
equipment. Lab
oratory experi
ence is essential.

John J. Rivera
Federal Telephone & Radio Corp.

Clifton, N. J.

RATINGS:
Continuous

10 amp. 125 volts

Model 172
SERVO CONTROL 

MOTORS
‘Standard" in many modern 

computers and controls.
Thousands in use

125 
(lamp

Model 171
SERVO COMPUTING 

TACHOMETER 

Companion to Model 172 
Servomotor. Superior 

linearity and signal- 
to-noise ratio

3 amp. 
volts 
load)

Interrupting
AC—5 amp. 

volts (at 
PF)

FHATURES
Maximum accuracy, signal-to-noise 
ratio, range of linear operation.
Minimum noise, size and friction.
Total magnetic shielding.
Internal winding or external 
network compensation.
High temperature resistant models. 
Corrosion and fungus resistant.
Complete line of “packaged” 
compensating isolation 
driver-amplifiers.
Reliable delivery commitments.

AVAILABLE FOR IMMEDIATE DELIVERY
Size 15 

UNIVERSALFREQUENCY 
PRECISION RESOLVER 
Minimum noise, highest 
accuracy. Basic to all 
trigonometric operations.

Size 15 
UNIVERSALFREQUENCY 
PRECISION POTENTIOMETER 
Continuous rotation, 
induction type. Accuracy 
comparable to resolver.

h uir 
imeet performance test requirements. 

A variety of suggestions for design 
changes on final model will have to 
be carefully appraised. It is at this 
point that the courage, vision, and 
ingenuity of the designer get the 
supreme test.

The changes to be adopted must be 
classified according to a preconceived 
method of appraisal. For example—

conceived method of appraisal depend, 
of course, on the size of the plant, 
facilities for tooling, distance from 
suppliers, and kinds of products 
handled.

These ideas are too broad to offer a 
magic solution to the pressing prob
lem of when to stop designing. 
Coupled to experience, they may pro
vide useful orientation to steer away 
from impractical goals and frustra
tion.

Dear Sir:
Your June 1953 issue editorial was 

of great interest to me. My profes
sional activities have had an unusually 
wide range in many fields and with 
wide personal acquaintanceships.

Generally, whenever a condition 
such as stated exists, the major fault 
is on the executive level; and usually

American 
Electronic Model 140

SYNCHRO 
GENERATORS

Modal 141
SYNCHRO CONTROL 

TRANSFORMERS

because the designer, assuming his 
competency, is forced to make too 
many compromises because of time, 
economic, and in some cases executive 
bull-headedness pressures.

A design is ready for production 
whenever the executive wants it to be 
so and is willing to take the chances 
on its performance in the field. What 
really happens is that the executive 
does not wish to take chances although 
economic pressure forces him to do 
so to some extent. The designer well 
knows that future trouble will be as
signed to something on his part, even 
if it resulted from executive judg
ment error.

Apparently the electronic field is 
plagued with the same problem as in 
the mechanical field where the saying 
originated: “There comes a time to 
shoot the engineers and start produc
tion.”

A. F. Hoesel
Blue Electric Co., Chicago 21, III.

the standard 
for its service . . 
ESCO TYPE-A 
ROTARY 
MULTIPOLE 
SWITCH

YOUR
Professional Plans
and SRI

Stanford Research Institute, 
an independent scientific or
ganization, has a number of 
challenging opportunities for 
high-caliber engineering and 
technical people to join an 
expanding program. Work is 
currently under way on a 
wide range of advanced re
search projects.

ELECTRONIC 
ENGINEERS 

experienced in 
circuitry, mag
netic amplifiers, 
mechanical lay
out, product de
sign, or minia
turization.

MECHANICAL 
DESIGNERS 

having experi
ence in layout, 
packaging or 
miniaturization 
techniques.

MACHINE
DESIGN 
ENGINEERS 

for the develop
ment of auto
matic machin
ery to fabricate 
electronic 
equipment, with 
experience on 
automatic ma
chinery for han
d 1 i n r small 
parts.

READY FOR FALL DELIVERY:

Sizes 11 and 23 Induction Resolv
ers, and Potentiometers * Sizes 11 
and 15 Servo Control Motors and ¿g 
Computing Tachometers • Model 
293 Brushless Potentiometers.

American Electronic Mfg., Inc
isos W. Jiffirson Bht, CoIvor City. Calli

DC—5 amp. 30
volts (non-in
ductive load) 
1 amp. 125 
volts 

Overload
50 cycles—30 amp. 

125 volts (non- 
inductive load)

A compact, multipole switch for tap, transfer, 
and selector service at medium current ratings. 
Up to seven sections controlled from a single knob. 
Wide selection of switching actions. An exception
ally sturdy detent assures positive positioning at all 
steps.
Write for FREE descriptive bulletin.

The Institute is located on 
the San Francisco Peninsula. 
It is central to a growing 
electronic region; yet situ
ated in an area of attractive
homes, good schools and 
pleasant living.
Send full background details 
to Lucien G. Clarke, Depart
ment of Engineering Re
search, Stanford Research In
stitute, Stanford, California.

ELECTRONIC DESIGN • August 1953

CORPORATION
167 King Avenue, Weymouth 88, Mass
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THE QUALITY SEAL THAT IS PRICE-CONSCIOUS

This famous trademark has dual significance: 
Hallmark of quality in hermetic seals, it is also 
the symbol of hermetic’s earnest desire to make 
such units available to industry at prices that 
make sense.
hermetic recognizes the importance of price to 
industry. Therefore, it makes every effort to keep 
prices in line . . . without subordinating its own 
high quality standards.
To maintain these long recognized standards, 
every phase of production, every operation, is 
supervised by specially trained engineers. And, 
more inspectors, more inspections, more testing 
equipment are used to check electrical and me
chanical characteristics . . . including the ultimate 
mass spectrometer test.
It is because of this quality and wide acceptance

FIRST AND

that HERMETIC now manufactures the largest line 
of hermetic seals in the world ... and has produced 
more innovations than any other supplier in its 
field. Little wonder that hermetic has received 
generous endorsements from our country’s Serv
ices and from industry.
Moreover, the HERMETIC line has grown increas
ingly. New developments, advanced design and 
quality standards, which enhance the value of 
every control on which hermetic headers are 
used, have attracted more and more buyers.
Now is the time for you to check with hermetic 
to find out how these headers can be adapted to 
your particular products. Send for your free copy 
of hermetic’s colorful, informative 32-page bro
chure, the most complete presentation ever offered 
on hermetic seals.

39 South Sixth Street, Newark 7, New Jersey

FOREMOST MINIATURIZATION
CIRCLE ED-97 ON READER-SERVICE CARD FOR MORE INFORMATION
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ELECTRON TUBBS
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RCA—pre-eminent in the design and 
development o£ phototubes—offers a 
full line of high-quality phototubes to 
meet your needs in designing light- 
actuated devices. This line of photo
tubes includes a wide selection of gas 
types (for sound-on-film and relay 
work)—vacuum types (for high-speed 
work and precision measurements) — 
and multiplier types (for applications 
where extremely high sensitivity is 
important).

RCA phototubes are available in a 
variety of spectral responses, physical 
shapes, and sizes. For help on photo
tube equipment design problems— 
write RCA Commercial Engineering, 
Section 72HR, Harrison, N. J. Or call 
the RCA Field Office nearest you:
(EAST) Humboldt 5-3900

415 S. 5th St., Harrison, N. J.
(MIDWEST) Whitehall 4-2900

589 E. Illinois St., Chicago, III.
(WEST) Madison 9-3671

420 S. San Pedro St., Los Angeles, Cal.

IP39

eck your application — select your phototube

Application RCA Phototube Types

Sound Reproduction IP4O, 920, 927

Light and Color 
Measurements

IP2I, IP22, IP28, IP29, IP39 
917. 919, 926, 931-A, 935, 6217

Relay Applications IP39, IP40. IP4I, IP42, 917 
919, 921, 922. 925, 931-A

Scintillation 
Counting

IP2I, 931-A. 5819. 6199

Facsimile 934. 5652
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