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An aisle at the giant Press Wireless transmitting station at Hicks-  Europe, Africa, the Middle East, and to Iron Curtain countries,
ville, Long Island, N. Y, showing 3 of the 35 transmitters (from including the U.S.S.R., through the Voice of America and United
2.5 to 50 kw output), in constant use. These transmitters beam  Nations broadcasts. All the transmitters are keyed and controlled
news to North America, Central America, and South America, with equipment using Sylvania Radio Tubes.

SYLVANIA RADIO TUBES HELP PRESS WIRELESS

CARRY THE NEWS TO ALL THE WORLD!

Voice of America broadcasts to Russia and the Iron Cur-
tain countries . . . United Nations broadcasts to the world
- - . news stories and pictures for the world’s newspapers,
magazines, and radio stations . . . this is the vital 24-hour-
a-day task of the far-flung transmitters and receivers of
Press Wireless, Inc. Jointly owned by leading newspapers
and news services, Press Wireless is handling the biggest
job of news transmission the world has ever known!

With such an urgent mission, dependability is the key-
note. And naturally, to insure that dependability, Press
Wireless uses Sylvania Radio Tubes by the thousands in
its equipment. Like expert production and design engi-
neers everywhere, Press Wireless’ staff has found by ex-
P erience that Sy. lvaqna precnsxon,’ umformlty, and reliabil- At the Press Wireless Receiving Station at Baldwin, Long Island,
ity add up to quality that can’t be beat. For complete N. Y., all 29 receivers use Sylvania Radio Tubes in many applica-
characteristics of radio tubes for every application, or for :‘_’ns- 'I&med tg Londgn, Paris, Rome, Moscow, Madrid, Buenos

. ) X . . ires, Mexico City, and many other news centers, they receive code
help on your special problems, Wl:“e Sylvania Electric and voice transmissions as well as teletype, and radio photos for
Products Inc., Dept. R-1303, Emporium, Pa, dissemination to al
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SYLIVANIA® ELECTRIC

RADIO TUBES: TELEVISION PICTURE TUBES; ELECTRONIC

PROOUCTS; ELECTROKIC TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIGH. TUBING, WIRING DEVICES: LIGKT BULBS; PHOTOLAMPS ; TELEVISION SETS
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CLOSED LOOP
SERVOSYSTEMS
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in the design of servosystems

of basic principles

emphasizing the application

of servosystem concepts in

attacking scientific problems.

By JOHN D. GOODELL

g The Minnesota Electronics Corp.

T SOME time in his career al-

A most every engineer will be
called upon to design, adjust or

otherwise deal with a servosystem. As

a matter of fact, every engineer deals
with systems that might correctly be
classed in the servo category, although

he perhaps thinks of them in other
terms. This is an important point be-
cause the ability to think logically and
intelligently about any problem is di-
rectly related to the ability to con-
sider the problem in terms of a variety

| of analogies, concepts and viewpoints.
The electrical engineer thinks in terms

of inductance, capacitance and resist-
ance, and these concepts have been

)l used to advantage in connection with
| mechanical structures. Conversely it is
often helpful in circuit analysis to think

| of an electrical inductance as having
| inertia. The development of control
; devices requires that the designer have
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Fig. 1. Balance arm using phosphor bronze springs as a fulcrum operates slit in front of pilot
lamp to deflect light beam between two photocells. Qutput or photocells drives the reversing
servo motor to adjust positioning of chains attached to rear end of balanced arm. Weight is
added or subtracted by positioning of chains in order to maintain constant dynamic balance.

an understanding of mechanical ele-
ments and that he be capable of relat-
ing them intimately to the function and
behavior of associated circuitry.

Few audio engineers think of ampli-
fiers containing degenerative feedback
as constituting servosystems. Yet all
amplifiers fall under the basic defini-
tion, for the output tubes constitute a
power output mechanism under the
control of relatively low power voltage
gain stages that drive them. When
feedback is introduced the closed loop
system is continually striving to main-
tain the output independent of changes

ENGINEERING

in a number of input variables, or to
adjust the input characteristics to the
demands of the load. These are basic
characteristics of closed loop servo-
systems.

The word “servo” is derived from
“slave.” Servomotor is defined as “a
relay apparatus; any power driven
mechanism which supplements a pri-
mary control.” This broad definition
includes a wide variety of mechanisms
with which this article is not partic-
ularly concerned. Remote control units
of many kinds may be properly defined
as servosystems although they depend
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Fig. 2. Rear view of carriage to which is attached free end of chain shown in Fig. I.

on exterior sources for the calculations
necessary to direct their operation. This
discussion is limited to servosystems in
which certain of the components funec-
tion within a closed loop in such a
manner that the operation of the
system is dynamically adjusted by
intelligence computed internally and
obtained through built-in sensing de-
vices. In this type of system a sensing
device “observes” input information
that ordinarily represents a change
in an input parameter with respect to
an output parameter. The system is
caused to operate in such a manner
as to cancel out the unbalance set up
by the changed relationship. In broad
terms, these systems may be applied
in a group of related variables when-
ever it is desirable to maintain one
or more variables constant with respect
to one or more of the others. Actually

the constancy is always an approxima-
tion but in many structures the error
may be made negligible. The simple
schematic of such a system is gen-
eralized in Fig. 3A and a practical
example in simplified form is shown
in Figs. 8B, C and D.

In Fig. 3B the quantity X is varied
by an exterior input. The comparator
observes the quantities X and Y, com-
pares them and generates a compensa-
tion input to Y if an unbalanced con-
dition exists. Thus Y is maintained
approximately equal to X. In Fig 3C,
X and Y are weights at opposite ends
of a balance arm. Whenever a unit
of weight is added to X as a result
of an exterior signal opening the
associated hopper, the balance arm is
displaced in such a manner that it
contacts the sensing element so as to
open the compensation hopper and hold

Fig. 3. (A) Simple schematic of a generalized servosystem, (B), (C), and D) are
practical examples in simplified form in various stages of balance and unbalance.
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it open until an approximately equal
unit of weight is added to ¥. In Fig.
3D is shown a two-way version of the
same system so that whenever either
input lever L, or L. is moved so as to
increase or decrease the weight of X,
a corresponding lever L, or L, is appro-
priately moved to readjust Y.

These may seem like absurdly simple
examples, but they define principles
and terms as well as indicate the meth-
ods used for solving a practical problem
described later. It is important to note
that during the travel of the balance
arm between the limits X; and K. there
is a dead space where no error signal
is generated. Thus there may exist at
any time a maximum error equal to
the weight required to deflect the bal-
ance arm through the distance between
K, and Kz.

Of equal importance is the fact that
there is a certain amount of static
frietion in the bearings and other ele-
ments, as well as inertia that resists
motion from a rest position. This “stic-
tion” is a limiting factor with respect
to sensitivity. Friction as a function
of speed of relative motion between
close coupled elements is termed “vis-
cous” friction and is a quantity of
great importance in servosystem de-
sign. Deliberately introduced viscous
friction is the commonest solution to
anti-hunt design.

In any servosystem there are three
basic desirable characteristies related
in such a manner that improvement
in one is always obtained at the ex-
pense of one of the others. An ideal
system would respond instantaneously,
have absolute accuracy and be com-
pletely free of oscillation (hunting)
or any form of instability. Bitter ex-
perience shows that increased speed of
response always reduces accuracy or
adds instability, An improvement in
stability invariably reduces the re-
sponse speed or lowers the accuracy.
As might be expected, it is equally
true that a gain in accuracy inevitably
is reflected in a loss of response speed
or stability. Unless this fundamental
truth is recognized, a design engineer
dealing with servosystem problems is
likely to be completely frustrated in
obtaining optimum conditions. These
three parameters must be juggled into
an optimum relationship, and it will
save many hours of redesigning if each
problem is considered carefully in the
beginning to determine its relative im-
portance. Sensitivity is another form
of the term designated here as response
speed.

The apparent impasse presented by
this condition may often be greatly re-
duced in importance, but it can never
be eliminated. For example, if the sys-
tem is intended to measure a dynamie
change and the measure may be in
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terms of an average value, then the
factor of stability may become unim-
portant, the system may be allowed
to oscillate and the reading made in
terms of a statistical average. (It is
possible to be misled in this connection
by a system that oscillates unsym-
metrically.) Thus the instability is
made unimportant as a factor in the
problem.

It is worthwhile to consider briefly
the relationship between these factors
and some of the reasons for their inter-
dependence. Instability in most servo-
systems is observed as hunting which
is essentially synonymous with oscil-
lation. In the system shown in Fig. 3D,
assume that the limits K; and K. are
placed extremely close to the balance
arm in order to improve accuracy by
eliminating the “dead spot” area be-
tween them. This means that a smaller
unit change in the weight of X will
cause the balance arm L: to trigger the
associated hopper and release a weight
to Y that will bring it back to balance.
Now when the balancing weight is
added to Y, it will swing the balance
arm down to normal, and a little be-
yond normal because of the mass of
the various elements, the force involved
in dropping the weight on ¥ and other
factors. When it swings downward be-
yond its normal position L, is operated
and the added weight is dropped away
from Y. Obviously this is a condition
of sustained oscillation. In order to
eliminate it one might add tension to
the bearings, or perhaps introduce a
dash pot filled with oil and connected
to the balance arm. This addition of
viscous friction may be made to damp
out the oscillation. The dead spot area
is still small and the accuracy is high.
But now the speed of response is
lowered, and if the cycling of L, and L.
is increased Y will be unable to keep
up. This will introduce a large dynamic
error. Such variations can go on in-
definitely, and juggling of this kind is
typical of the struggles that servo-
mechanism designers live with.

These problems can be approached
from the standpoint of mathematical
analysis and often will yield excellent
results with such methods. Inevitably
there are certain aspects that are bet-
ter handled by empiric cut-and-try
methods. In common with most design
problems, hours of wasted effort can
be saved by intelligent planning and
careful consideration of the specific
requirements of an application.

Servosystems are not uncommonly
used to advantage in devices designed
for measurements under dynamic con-
ditions. Figs. 1 and 2 are photographs
of the basic elements in a system for
obtaining accurate dynamic measure-
ments of various types. This system is
diagrammed in Fig. 4. A balance arm
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Fig. 4. Schematic of servosystem shown
in Figs. 1 and 2. The basic system
can be used for obtaining accurate
dynamic measurements of various types.
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is arranged so that the input signal
may be applied to it. Assume, for ex-
ample, that it is desired to determine
the rate at which liquid components of
a chemical emulsion will evaporate
under given ambient conditions. A ves-
sel containing the liquid is suspended
on the input end of the balance arm
and a corresponding weight is added
to the other end of the arm so as to
produce an initial balanced condition.
When the system is placed in operation
a certain minimum amount of evapora-
tion will unbalance the arm in such
a manner that the slit will deflect the
light source to the appropriate photo-
cell. The output from the photocell
bridge circuit will be of the proper
phase to produce an output from the
amplifier that will rotate the motor in
the proper direction to drive the lead
screw and re-position the chain-carry-
ing carriage. The carriage will move
in this instance a sufficient amount to
add or remove enough chain to the
back end of the balance arm to re-
position the slit so that the total light
falls between the photocells or is
divided between them equally, and the
output from the bridge is cancelled.
This process continues until the liquid
is entirely evaporated and there is no
further change at the input to the
balance arm. Obviously a recording
indicator may be provided to plot a
suitable curve that will indicate the
instantaneous change under varied am-
bient conditions, as well as the rate
of change. This type of system may
be used to measure a wide variety of
dynamic input forces varying in either
direction with respect to time, or
changes in associated conditions, or
both.

In most servosystems involving mo-

tors, various gear trains are involved
and it is important to maintain at a
minimum the backlash characteristics
of each element. Motors are often used
to drive potentiometers in bridge ecir-
cuits where an unbalanced voltage pro-
duces a positioning output. Such a sys-
tem is diagrammed in Fig. 6, and the
photograph in Fig. 5 shows one type
of gear design for the elimination of
backlash. Note that two gears coupled
to a single shaft are meshed in common
with a single driving gear. The coupled
gears are spring-loaded against each
other so that backlash is taken up by
the oppusing pressures of the teeth
on the coupled gears against the teeth
of the common driving gear. Many
other methods of eliminating backlash
(Continued on page 26A)

Fig. 5. Spring loaded gear design which is
used to eliminate backlash. Motor drives one
shown in Fig. 6.

of the potentiometers
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Apparatus for the generation of “artificial lightning” at NBS. At right is the two
million volt surge generator and in the center are two 350,000 volt transformers.

By FRANCIS B. SILSBEE. Chief

Electrical Div.,

National Bureau of Standards

Techniques and equipment used at NBS for the
precise measurement of electrical quantities.

RECISE electrical meas-
urements are of fundamental im-
portance to modern science and
industry. This is true not only in the
communication and power fields but in
many other areas where the flexibility
and convenience of electrical methods
have made them almost indispensable
for the measurement of non-electrical
quantities. Thus, while in textbooks
energy is defined simply in terms of
force and length or of mass and veloc-
ity, in actual practice the heat energy
of fuels and the energy output of prime
movers are universally measured to
high precision by electrical methods.
Likewise, the basic electrical units
enter into the determination of nearly
all the fundamental atomic constants,
as well as into daily measurements of
heat, light, color, strain, acceleration,
displacement, and chemical properties.
Effective application of electrical
equipment and measurement methods

6A RADIO

requires uniformity to a high degree
of precision in the basic electrical units.
Some two billion dollars’ worth of elec-
trical machinery and apparatus is
manufactured annually in this country.
Were each manufacturing company to
use an even slightly different value for
the volt or the ohm, the apparatus made
by its subcontractors would fail to func-
tion properly as a part of the final
product. The result would be an im-

Exploded view of a type of “guard-well”
capacitor used to provide primary stand-
ards from 0.1 to 0.001 micromicrofarads.
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ENGINEERING

possibly confused situation, causing
large financial losses to the Nation.
In the communications industry, the
multiplex transmission of intelligence
over a relatively small number of cir-
cuits is dependent on the precise adjust-
ment of capacitance, inductance, and
other cirecuit components in such a
way as to prevent the signals from
straying into the wrong channels. This,
again, requires precise uniformity in
the measurement of the basic electrical
units.

As the custodian of the national
standards of physical measurement, the
National Bureau of Standards has the
responsibility of insuring that the units
of measurement used in science and
industry are constant through the years
and uniform throughout the Nation.
The Bureau has developed very precise
standards of resistance and voltage
whose values are established by ab-
solute measurements that fix the rela-
tion between the electrical units and
the fundamental mechanical units of
length, mass, and time! From these
basic absolute electrical standards, the
Bureau has derived other standards for
all electrical quantities in use today.

Because of their technical difficulty,
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precise absolute measurements are car-
ried out only in the national standard-
izing laboratories of a few of the larger
countries. Sufficient accuracy in science
and industry is obtained through aec-
curate comparison of the secondary or
working standards of other laboratories
with primary standards thus calibrated.
In this country such comparisons con-
stitute the Bureaw’s calibration service.
Each year a stream of about 2000 high-
grade electrical instruments, standard
cells, and other measuring apparatus
flows through the Bureau’s electrical
laboratories. The services performed
range from the comparatively simple
measurement of the e.m.f. of a standard
cell to the determination of the ratio
and phase angle of a multirange cur-
rent transformer at several frequencies,
currents, and loads, which may require
1000 separate measurements. Among
the devices submitted are potentiom-
eters, bridges, resistance boxes, volt
boxes, capacitors, inductors, multi-
megohm resistors, instruments and
meters of all kinds, precision shunts
for large currents, instrument trans-
formers, standard magnetic test bars,
magnetic test coils, and standard cells
of both the saturated and unsaturated
types. They come from manufacturers
of electrical equipment, from public
utility companies wishing to make sure
that their, charges are correct, from
public service commissions which reg-
ulate the utility companies, and from
communication laboratories, university
laboratories, private commercial testing
laboratories, and the many scientific
laboratories of the Federal Govern-
ment.

The demands of modern science and
technology have made this work more
and more exacting, not only as regards
accuracy, but also in the range of
values and variety of units in which
measurements are made. Thus the
Bureau now measures precisely cur-
rents, voltages, and resistances having
values up to tens of thousands of am-
peres, hundreds of thousands of volts,
and millions of billions of ohms. This
is done with direct current, with alter-
nating current of various frequencies
up into the thousands of megacycles,
and with surges of current lasting only
a few millionths of a second.

Establishment of Units

The basis of the Bureau’s standard-
ization of eleetrical measurements is
the establishment of values for the
ohm and the ampere that bear the
desired simple theoretical relation to
the meter, the kilogram, and the second.
However, since an electric current is
by its nature evanescent, the volt, de-
rived from the absolute ampere at the
time the latter is measured, is embodied
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Laboratory at the National Bureau of Standards for tesiing all types of
ammeters, voltmeters, wattmeters, and other electrical indicating instruments.

in the calibration of a group of stand-

ard cells which together with the stand-
ard resistors embodying the ohm .are
kept as permanent primary standards.

The determination of the ohm con-
sists of two steps. The first is the con-
struction of an inductor (either self
or mutual) which is so designed that
its essential dimensions can be meas-
ured mechanieally with high accuracy
and which is of such a shape that the
inductance can be calculated from these
measured dimensions. Both self and
mutual inductors have been prepared

at the Bureau by winding wire in
lapped helical grooves on forms of
glass, quartz, or porcelain, The second
part of the process consists of an elec-
trical experiment in which a bridge or
equivalent circuit is used to compare
the reactance of the inductor at a
known frequency with the resistance to
be measured. When the resistance in
absolute ohms of the resistors used in
the bridge circuit has been determined
in this'way, the absolute resistance of
other standard resistors can be found
by comparison.

Electrical resistance is measured in terms of length, time, and the permeability
of free space by the mutual-inductance, or Werner method using a group of
reversing commutators, a reversing generator, and an inductor generator.

I C
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Calibration of Mueller bridge. Accuracy of a few parts in a million may be maintained.

A current is measured in absolute
amperes by determining the mechanical
force between two parts of the cireuit
in which it flows. In the center of two
large fixed coils, a small coil is hung
from the arm of a precision balance.
All three coils carry the current to be
measured, but the current in the fixed
coils can be reversed. The small elec-
tromagnetic force developed by the cur-
rent in the coils tends to pull the mov-
able coil downward for one direction
of the current in the fixed coils but
tends to lift it when this current is
reversed. From the change in the force
on the balance when the current is
reversed and from the measured di-
mensions of the coils, the value of the

Standard astatic wattmeter (right background)
used at the Nat. Bureau of Stds. to make
the transfer from the direct-current stand.
ard cell and standard resistors to a.c. meas-
urements of voltage. current, and power.

current in absolute amperes can be
computed.

A second feature of this experiment
makes use of the standard current
while it is being “weighed” to measure
directly the em.f. of a standard ecell
in absolute volts. This is done by ar-
ranging the standard cell so that its
electromotive force is exactly balanced
by the drop of potential produced in a
known resistance by the standard cur-
reat. The em.f. of the cell is then
computed by Ohm’s law.

A group of 25 standard cells and
another group of 10 carefully con-
structed 1-ohm standard resistors serve
to preserve the values of the volt and
of the ohm from day to day and from
month to month. The various members
of each group of standards are inter-
compared at intervals of a few months;
and as long as their relative values are
constant, it is assumed that the ab-
solute mean value of the group has
also remained constant. If an individual
standard is found to have drifted rela-
tive to the others in its group by a
significant amount since the previous
intercomparison, it is rejected and re-
placed by another standard which has
a good record of performance. The
process or comparing a resistor with
the standard mutual inductor is so
convenient that it is frequently wused
as an independent check on the con-
stancy of the group of standard re-
sistors. However, the mechanical meas-
urement of the dimensions of the in-
ductors and of the current balance is
so very tedious and time-consuming
that this experimental work is carried
through only once in a decade as the

final check on the constancy of both
types of standard.

From the standard ohm and the volt
thus maintained at the Bureau, the
other electrical and magnetic units are
derived by a variety of experimental
procedures. The farad is precisely ob-
tained by charging and discharging an
air capacitor at a known rate in a
Maxwell commutator bridge. The henry
is determined by comparison with capac-
itors and resistors in a Maxwell-Wien
bridge. The ampere is re-established,
when desired, by measuring with a
potentiometer the drop it produces in
a known resistance. The ampere and
the volt are combined to give the watt,
and the joule and kilowatt hour are
derived by maintaining a known num-
ber of watts in a cireuit for a measured
length of time. The gilbert and the
oersted are computed from the number
of ampere-turns used in magnetizing
a magnetic test specimen in a permeam-
eter of known geometry. The gauss and
maxwell are obtained from the deflec-
tions of a ballistic galvanometer which,
in turn, is calibrated by reversing a
measured current in a known mutual
inductor.

Extension of Ranges

The extension of the scale of meas-
urement of any of the electrical quan-
tities to other ranges is based, in large
part, upon the establishment. of a ten-
to-one ratio in a special, highly accurate
bridge. By successive application of the
ratio, resistances as low as 0.00001 ohm
or as high as ten million ohms can be
accurately measured. Still higher re-
sistances up to 10™ ohms are measured
by more complex methods, such as the
determination of the rate of accumula-
tion of charge in a known capacitor.
Inductance and capacitance measure-
ments are extended over wide ranges
by means of ratio arms of known resist-
ance ratio. However, determination of
standard capacitances below 1 micro-
microfarad is based upon an independ-
ent set of measurements involving the
construction of air capacitors of such
shapes that their capacitance can be
computed precisely from their dimen-
sions.

Direct currents as high as 10,000
amperes are measured with a poten-
tiometer and standard resistors of low
value so constructed that their tem-
perature and resistance are not affected
by the very considerable heat developed
when large currents are used in them.
Direct voltages up to 1500 volts are
measured by means of potential divid-
ers, or volt boxes. The ratios of the
dividers are derived by connecting in
series groups of resistors whose rela-
tive individual values have been found
by substitution methods. Specially con-
structed resistors, shielded to avoid
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corona discharge, are used in x-ray
testing to measure d.c. potentials as
high as 1,400,000 volts. In the upper
part of this range additional shields
separately maintained at appropriate
intermediate potentials are required.

The great bulk of the electrical en-
ergy generated and utilized throughout
the country is distributed as alternat-
ing current. The step from the direct-
current standard cell to a.c. measure-
ments of voltage, current, and power
is therefore of fundamental importance.
For 60-cycle work, the transfer is car-
ried out by means of two specially
constructed astatic electrodynamic in-
struments, a wattmeter and a volt-
meter. In these instruments the moving
coils are supported by taut strip sus-
pensions, and the position of the moving
coils is indicated by a spot of light on
a scale at a distance equivalent to a
pointer 13 feet long. The wattmeter
has been carefully compared both with
a quadrant electrometer and with the
loss in a capacitor which had been
tested in a Schering bridge; such meas-
urements have established the accuracy
of the two electrodynamic instruments
at frequencies up to 3000 cycles. Di-
rectly or indirectly, the accuracy of
practically all the a.c. instruments used
in the transmission of electrical energy
depends on these two standard instru-
ments. For tests of ammeters and volt-
meters at 400 cycles and above, trans-
fer circuits employing thermocouples
are also used.

In commercial practice the range of
alternating current is extended upward
from five amperes by means of cali-
brated current transformers. Thus, an
important part of the Bureau’s cali-
brating service consists in the calibra-
tion of standard current transformers
which, in turn, are used by manufactur-
ers and electric utility companfes to
calibrate their working transformers.
Special four-terminal standard resist-
ors, constructed so as to have negligible
skin effect and a known computable
inductance (hence a known phase
angle), are used to measure the ratio
and phase angle of transformers up
to 2500 amperes with a specialized
form of a.c. potentiometer. Beyond this
limit, up to 12,000 amperes, the un-
known transformer is compared with a
multirange standard transformer, which
is calibrated on its lower ranges by
the use of standard resistors and is
then used as a standard on its higher
ranges.. Careful study of this standard
transformer has given assurance that
its various ranges bear simple integral
ratios to one another.

Similarly, the extension of the a.c.
voltage scale above 150 volts is, in
practice, based upon the use of volt-
age transformers. A special shielded
resistor, capable of operating at 30,000
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High precision d.c. bridge used at NBS for extending the scale of
measurement of electrical resistance from standard units to other ranges.

volts, is used to measure the effective
ratio and phase angle of voltage trans-
formers up to this limit and also to
check the performance of standard
multirange transformers when they
are connected for 25,000 volts. These
multirange transformers can then be
connected for 50,000 or for 100,000
volts and used as standards at these
latter ratings. A still larger standard
transformer is calibrated with its coils
in parallel at 100,000 volts and used
with its coils in series as a standard
up to 250,000 volts.

For all this testing and calibration
work, other than that performed for the
Federal and State governments, the
law requires the Bureau to charge an
appropriate fee? These fees are high

(Continued on page 30A)

Coils of the current balance used to
“weigh” current for the absolute deter-
mination of the ampere. The smaller coil
is suspended, coaxial with the two larger
coils, fron: the pan of a sensitive balance.

Block diagram showing steps used in deriving precise values for all the
electrical units from the basic mechanical units of length, mass, and time.
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By G. B. DEVEY

Some considerations in the choice of a traunsmission

line and SWR for v.h.f. and u.h.f. antenna systems.

N THE design of an antenna,

care is taken to maintain a rea-

sonable impedance match with
the transmission line over the required
frequency range of operation. The Volt-
age Standing Wave Ratio (VSWR) is
ordinarily used as a measure of the
impedance match. :Antennas in the
v.hf-uhf. range are often designed
with the requisite that the VSWR be
less than 2:1 in the desired frequency
range. The choice of a transmission
line often is not so carefully considered
and may not be compatible with the
stringent VSWR specification for the
antenna.

Suppose that an arbitrary power at-
tenuation of 3 db. (50 per-cent) be
permitted between a transmitter and
its antenna system. Suppose further

that the transmitter output provides
a perfect impedance match at the trans-
mission line feed point. Reference to
the curves of Fig. 1 shows that the
commonly used RG-8/U cable (a 50-
ohm, polyethylene cable about 3” in
diameter) is not useful above 185 mec.
if 100 feet of line is required.! Even 50
feet of RG-8/U fails to meet the 3 db.
requirements above 570 mec., and this
presupposes a perfectly matched an-
tenna at the termination of the cable.
In the case of RG-17/U (a 50-ohm,
polyethylene cable about 7%” in diam-
eter), it is possible to operate with 100
feet of cable up to 670 me.; 50 feet is
within the allowed attenuation up to
1700 me. Here again the transmission
line is considered to be terminated by
a perfectly matched antenna.

When a transmission line is termi-
nated by an impedance mismatch, a
standing-wave ratio greater than 1:1
is caused to exist on the line. As men-
tioned above, a VSWR of 2:1 is gener-
ally acceptable in v.h.f-uhf. com-
munications equipment. A standing-
wave ratio greater than 1:1 increases
cable attenuation since higher currents
exist in the cable than are present in
a matched condition. Figs. 2 and 3, for
50 and 100 feet of cable, respectively,
show power attenuation in RG-8/U
cable for various degrees of load mis-
match. In Figs. 4 and 5 the same infor-
mation is shown for RG-17/U cable.
Calculations are made on the radial
arm of a standard Smith transmission
line calculator. A table can be prepared
indicating the maximum permissible op-
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This is particularly so in the design of
antennas for ranges of frequency 2:1
or greater. Fig. 8 is the VSWR curve
of an antenna designed for v.h.f-u.h.f.
communications equipment; call this
Antenna “A”. Note the rise in VSWR
in the frequency range above 340 mec.
Fig. 7 is a reversal of the curve in
Fig. 8; call this Antenna “B”. Here
the VSWR is more than 2:1 below
280 mc.

If Antenna “A” were employed with
50 feet of RG-8/U cable, the 3 db. atten-
uation limitation would be encountered
above 360 mec., as shown by Fig. 8 If
the antenna characteristics were re-
versed, however, as per Fig. 7 (An-
tenna “B”), the 3 db. attenuation point
would be at 240 me., and in no case
would it rise over 8.3 db. in the entire
frequency range under consideration
(see Fig. 9). It is therefore possible,
through a judicious choice of impedance
characteristics, to employ antenna de-
signs which might otherwise be dis-
carded because of failure to meet
specified VSWR and/or attenuation
limits. This can be illustrated by an-

tics that are essentially symmetrical
about the middle frequency, as indi-
cated by Fig. 10A. Again, there is a
sharp rise in VSWR at the high fre-
quency end. For best efficiency it is
desirable to design the antenna to have
VSWR characteristics as per Fig. 10B.
In this case the VSWR is made to be
lower at the high frequency end and
to increase at the low frequency end; a
shift of middle frequency to a higher
value will accomplish this. The result of
this maneuver is to place the high
values of standing waves at frequen-
cies where cable attenuation is least
and attenuation of the system is there-
by reduced to an optimum level.

From the foregoing information, it
is evident that careful consideration
must be given to antenna systems de-
sign rather than to antenna design
alone. Likewise, care must be exercised
in the selection of proper transmission
line. Whereas RG-8/U cable is adequate
for one installation, it may introduce
unreasonable attenuation in another
system. On the other hand, RG-17/U
cable should not be considered as a
panacea, for cost and installation diffi-
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‘ shift to effect optimum system efficiency.
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size electronie digital computer designed

by engineers of Northrop Airerait, Inec.

Nerve center of “Maddida” is this rap-
idly-revolving magnetic storage drum,
the only moving part in the unit. The
drum can store up about 10,000 num-
bers which can be used as needed.

12A

General information on a compaect, desk

RADIO-ELECTRONIC

The “"MADDIDA™

HE TERM “Maddida” is a coined

word developed from “Magnetic

Drum Digital Differential An-
alyzer,” the full descriptive name of a
computer recently developed by Nor-
throp Aircraft, Inc.,, of Hawthorne,
Calif. This computer is smaller than
the average office desk, yet its mathe-
matical capacity places it in a class
with much larger computers.

Maddida is a digital computer which
uses less than 100 tubes and has only
one moving part—a spinning magnetic
drum “memory.” Hundreds of ger-
manium crystals in the computer sim-
ulate the synapses of the human brain,
giving it the ability not only to compute
problems, but to make comparisons and
make decisions based on these compar-
isons. It owes its compactness to skillful
use of electronic circuity—enabling a
single circuit or tube to do multiple
tasks—and its use of mathematical
short cuts to obtain its answers. It
arrives at its answers through a dif-

Electronic Computer

——
Over-all view of the desk size mechanical
brain. Its compact size (it weighs only 400
Ibs.)) and enormous mathematical capacity
have resulted irom the application of new
design techniques. At the left are the
intake and output lines which lead to
the "eyes” and "ears.” auxiliary devices
which read information on graphs or tapes.

ENGINEERING

Instructions are fed into the computer
by means of a simplified typewriter

keyboard on its control panel. The oper-
ator is
typewriter keys. The oscilloscope is used

shown utilizing the two binary

verify figures as they are fed in.

ferential equation method adapted from
calculus.

The memory circuit of the computer
is based on a spinning drum coated with
magnetic material. As many as 10,000
digits may be stored on this drum, and
any desired number can be found and
used in less than one second. Maddida
can read twelve graphs or tables simul-
taneously and can plot six graphs or
type out on twelve printers simulta-
neously as it computes.

This new devise has many applica-
tions in industry and research. For ex-
ample, it ecan perform automatically
many of the vital operations in running
a factory, such as a chemical processing
plant, by picking up information from
instruments and then using the in-
formation to control machinery. It can
evaluate information and make deci-
sions for controlling valves, thermo-
stats, stokers, tank levels, rates of flow,
ete. Its operating accuracy is one part
in 100,000,000.

@
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Fig. 1.

Additional channels can be obtained in the Federal
link by the plug-in unit shown extended in this photograph.

MICROWAVE
COMMUNICATION LINK

By J. RACKER

Co-author, “Pulse Techniques’ (Prentice-Hall, Inc.)

Microwave links have certain advantages over wire lines.
Equipment is deseribed and types of modulation discussed.

HE SEVERE storms that have

swept this country in the last few

years causing extensive damage
to wire lines served to spotlight the
need for communication systems that
operate dependably under all weather
conditions. It is particularly distressing
to many industries, such as railroads,
pipe lines, power lines, etc., that the
same meteorological factors that result
in disruption of their equipment sim-
ilarly affect wire lines. Hence just when
communications were most urgently re-
quired, they have been most susceptible

Microwave communication links
represent an excellent solution to this
problem. This has been proven in a
number of installations where, during
a recent storm, all wire lines were torn
down but the microwave link continued
to provide uninterrupted communica-
tion. It is significant that the propaga-
tion of microwaves in adverse weather,
such as icing conditions, is usually
excellent.

In one commercial link comprised of
two unattended repeaters and a side
circuit, which has been in operation

basis, the outage time logged is about
one-third that of wire line performance.
This record is especially remarkable
when it is realized that in this installa-
tion no standby units were installed.
When a unit failed, a technician, who
had to be located first, was notified.
He then had to travel as much as 60
miles to the site and repair the equip-
ment. All of this time was naturally
included in the outage time figure. Yet
despite this procedure, the outage time
was considered too low to justify in-
stallation of standby units.

to failure. over one year on a continuous 24 hour Coupled with the improvement in
; —
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for the Federal FTL-10B transmitter.

reliability is the fact that it is eco-
nomical to use microwave links. In
applications where the alternative is
whether to install a radio link or wire
lines, the initial cost of a link runs
about 400 to 800 dollars per mile while
that of a wire line is estimated at
between 800 and 1500 dollars per mile.
But even in applications where wire
lines have already been installed and
it is necessary to expand the com-
munication facilities by addition of
four or more audio channels, it is often
less expensive to erect a link than
multiplex channels on the wire line by
means of carrier equipment. Fig. 5
shows the initial cost comparison in
one installation between power line car-
rier and radio links.!

Radio links represent a highly flex-
ible mode of communication. In the
Federal PTM link,. for example, it is
possible to start with a limited number
of channels and add speech band cir-
cuits up to a maximum of 23 channels
by simple plug-in units shown in Fig. 1.
Thus the communication facilities can
readily be expanded to provide the mul-
tiplicity of services required in present
day operations including telephone, tele-
printer, facsimile, telemetering, and
supervisory controls. Each voice chan-
nel of the 238 can, of course, provide
its equivalent in telegraph, teletype,
and telemetering circuits through the
use of carrier.

The PTM link can be integrated with
mobile radio telephone to extend the
range of mobile operation over the full
communication system. In addition,
links can be designed to permit drop
channel operation (at repeater points)
for tie-in to intermediate points, and
all of its channels can be terminated on
a 2-wire basis suitable for telephone
subsets, or PAB switching employing
conventional ringing or dialing methods.

As indicated in a previous article?,
the type of modulation, multiplex meth-
e
Fig. 4. Rear view of r.f. rack of FTL-10B
showing microwave cavity oscillators.

ENGINEERING

od, and carrier power required in a
CATALYZER microwave link will be a function of
-ﬂ-—.sws:c. T et the dista f communication and num-
66 V206 e distance of co catio
a—g:ﬂ- 3 o | ber of channels to be transmitted. At
oact 20 —L sk ug03 vz04 the present time, with the c.iemand for
SioNAL A T | AMpLIEieR | <82 i-[:— wo | T 0sC. links still limited, the trend Is to design
o] 3D 4gov. general purpose equipment, i.e., equip-
s 500V, ment that will be adaptable to a wide
_.”__ T variety of applications with particular
TP < h3ge, 1ov. ¢ QeS| R emphasis on long line, many channel
__1_ T.P. MON. AME. APSEM, service. However, it is conceivable that,
S B T RN 6 uﬁ"l t‘- I 1% as the utilization .of microwayes be-
ALL VALUES* (0 % ALARM ‘i . comes more extensive, tht.ere will l;?e a
Justification for the design of links
that meet more individual requirements.
For example, as in carrier equipment,
Fig. 3. Block diagram and waveforms

there will be “short” and “long” haul
systems capable of transmitting either
a small or large number of channels.

The problem of increasing the dis-
tance over which the link can operate
1s primarily one of maintaining distor-
tion and signal-to-noise levels within
specified limits. In frequency division
systems both distortion and noise ac-
cumulate with the number of repeaters
used. Therefore in these systems it is
not only necessary to utilize higher
carrier power outputs, but the linearity
of amplifiers at repeaters must meet
increasingly rigid requirements as the
number of hops increases.

In pulse multiplex systems, other than
PCM, only noise is cumulative with
number of repeaters (for most practi-
cal considerations) providing that suffi-
cient bandwidth .is employed. Hence in
these systems longer operational dis-
tances can essentially be effected by
increasing the transmitter power out-
put. In a PCM system neither the noise
nor distortion is cumulative (for most
practical considerations).

However, it should be noted that
there is a difference in complexity and
cost of equipment required to obtain
the different types of modulation. The

Fig. 5. Approximate cost comparison be-
tween microwave radio relay and power
line carrier in « typical application.
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cost of a multiplex terminal in a PCM
system at the present time is so high
that the use of pulse code modulation
is only justified in very long-distance,
multi-channel operation. Thus the cost
per mile of a PCM link is very high
for short distances and very low for
long distances (compared to other
links), while that of a frequency di-
vision link would be relatively low for
short distances and high for long dis-
tances. -

There is a similar consideration for
determining the maximum number of
channels to be multiplexed. In the 23
channel Federal link, for example, a
certain amount of multiplex equipment
common to all channels must be in-
cluded in the link even though only
four or five channels are to be used.
However, it is possible to obtain addi-
tional channels by simple plug-in units.
Frequency division links, on the other
hand, are similar to wire line carrier
systems in that, other than providing
sufficient bandwidth, they require no
common multiplexing equipment to per-
mit expanded service. Thus if one
channel is desired, equipment for only
one channel is required—for expansion
to two channels only channel two equip-
ment is necessary and so on. The cost
of these additional units usually in-
creases.

The over-all result is that a one
channel frequency division link can be
designed to cost less than a one channel
(of a 23 channel potential) PTM link.
However the cost of adding channels is
much greater in frequency division
links. Hence, as more channels are used,
the price difference between the two
links decreases until the relationship
is reversed. All other factors being
equal, the cost per channel of the PTM
system becomes lower at between 4 to
8 channels. Similarly a one channel
PCM system is very expensive, but be-
comes economical when 50 or more
channels are to be multiplexed. In de-
signing a general purpose link the ob-
jeet is to try to provide the most
economical service for the greatest
majority of applications.

A block diagram of the Federal 23
channel microwave pulse time multi-

Fig. 6. Simplified schematic dia-
gram of the modulator-oscillator.
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Fig. 7. Block diagram of the Federal FTL-10B receiver.

plex equipment is shown in Fig. 2. As Fig. 8. Front view of typical r.f. equip-
ment rack of FTL-10B microwave link.

indicated in this figure, a one-way,
one-hop FTL-10B consists of a modula-
tor multiplex terminal which converts
the individual audio channels obtained
from 4-wire terminating sets into a pulse
time modulated train of pulses, and a
transmitter which transmits a train of
PTM r. f. pulses through the antenna.
This signal is then picked up by the
receiving antenna, and is fed to the
receiver which amplifies and detects
the pulse train. The PTM pulses are
then reconverted into 23 audio chan-
nels (if all 23 are used) by the de-
modulator multiplex unit and fed to 4-
wire terminating sets. For a two-way
link, this equipment is duplicated ex-
cept that only one antenna is used for
both transmitting and receiving and an
appropriate T-R (transmit-receive) fil-
ter is incorporated at the input. to the
receiver antenna.

Each channel may be operated on a
private or party line basis; dropped off
or added at any repeater; and inte-
grated with any signaling or dialing
system. Automatic switchover to stand-
by equipment can be utilized to assure
virtually 100% reliability, while alarm
and fault locator units can be incor-
porated in the system to aid in rapidly
determining a source of trouble when
it should occur.

Techmnieal Characteristics
The technical characteristics of this
link are as follows:
Carrier Frequency
1650 to 1990 me.
R. F. Bandwidth
5.6 me.
Video Bandwidth
2.8 me.
No. of Audio Channels
23 (maximum)
No. of Signaling Channels
23 (maximum)
Audio Frequency Bandwidth
100 to 3400 cycles
Signaling Bandwidth
D. C. to 20 PPS
Audio Input Level
-20 dbm. (minimum)
Audio Input Impedance
600 ohms
Audio Amplitude Distortion
less than 5%

(Continued on page 27A)
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Fig. 1. Photographs of the three different types of tubes that have been developed. No. 22.7 is a
voltage amplitier, No. 16-4 is a general purpose model, and No. 27-5 is a power amplifier version.

I'he BALITRON TUBE

By NORMAN Z. BALLANTYNE

Part 1 of a 2-part article presenting a radically new vacuum
tube design having many advantages over conventional design.

HE BALITRON tube is the first

deflection controlled tube to de-

velop sufficient plate current and
transconductance to be even considered
for possible use as a power amplifier.
This tube, as a power amplifier, will
fit into an envelope not much larger
than a cigarette.

This small size tube develops a beam
current of up to 43 ma. at a plate poten-
tial of 240 volts. It has a single end
transconductance of up to 2400 mi-
cromhos and an effective signal transcon-
ductance of 4800 micromhos. Operated
at zero, negative, or positive bias, this
tube will produce an output voltage in
phase with, or out of phase with, the
input signal voltage as desired. Push-
pull operation from a single ended in-
put is an accomplished fact. An E,-I,
curve linear over 85% of its length
and a normal degenerative feedback
are some of the other surprising fea-
tures inherent to this strange type of
tube.

Many attempts have been made in the
past to produce an effective deflection
controlled amplifier tube. Most of these
attempts have been directed towards
symmetrical construction using straight
electrostatic deflection of the type used

16A

in the ordinary electrostatically con-
trolled cathode-ray tube. But such at-
tempts have floundered on the rocks of
the fact that, if the electrons are ac-
celerated off the cathode wall in order

Fig. 2. (A) illustrates the layout problems
for the arc-lens system. The “line of nor-
mal departure” is the path the electrons
would follow if influenced only by the
field between P; and P.. (B) the basis of
the arc-lens system with the curves A, and
A. forming the exiremes of the system.

Pl oX
L]
@— T T TLINE OF NORMAL DEPARTURE —~
op2
(A)
o\
\\
302 RI
\ iy
\ \
\R2 \
\ Al_ - PX

L
P —

\ Ve
\ -
- Wﬂz LINE OF NORMAL DEPARTURE
2

P

(8

RADIO-ELECTRONIC

ENGINEERING

to obtain any appreciable beam current,
then the velocity imparted to the elec-
trons became so high as to make the
deflection sensitivity low and the result-
ing transconductance had to be low.
This factor alone placed a mathematical
upper limit upon the deflection sensi-
tivity which could be realized.

In the Balitron tube the conventional
deflection formula does not hold, except
in a minor way. This formula is for the
deflection of an entire beam of electrons
by plates parallel to the path of electron
acceleration. In the Balitron only a
small portion of the beam is deflected
by electrostatic means and the deflec-
tion plates are not parallel to the path
of electron acceleration. Thus, the con-
ditions of the formula are avoided and
new factors must enter the equation.
How this is accomplished will become
clear as we progress.

Other attempts have been made, both
in the United States and abroad, to
produce lens tubes where an electro-
statically controlled lens would change
the focal length of the electron paths
and thus produce a greater deflection
sensitivity than possible with the
straight deflection type of tube. Almost
all such attempts have been confined
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to rectilinear lens types without any
great improvement being noted.

The Balitron is a lens type tube em-
ploying a lens system which, to the best
of my knowledge, has never been em-
ployed before. A radical departure from
the rectilinear lens system, this system
provides a new approach to electron
optics which treats the electron as pos-
sessing its own unique properties and,
therefore, is subject to optical consider-
ations not found in light optics. Of
course, such a consideration has long
existed but it has never been carried as
far as in this system.

The basis of this lens system is not
the straight line being refracted through
a lens as in normal optics. Instead, in
this system arcs are utilized to form
what might well be called an arc lens
system. Referring to Fig. 2, electrons
are emitted from the cathode K and ac-
celerated to the points P, and P: placed
an equal distance from the edge of the
cathode. If, from the points P, and P,
we wish to focus electrons upon the
point X, we must deflect the beam from
the line of normal departure towards
the point X while at the same time pro-
viding focusing action. In Fig. 2B
suppose we erect an arc of one radian
or less (just to prevent the use of exces-
sively large angles of arc) from the
point P; to the point X with the center
upon which the arc is swung determined
by erecting a perpendicular at the bi-
section of a straight line drawn from
P, to X. This gives us the point of C; as
a center upon which the arc segment
A: is swung with a radius length R.
If we treat the point P: and X in the
same manner, erecting the arc segment
A, swung upon the center C:, then both
arcs pass through the point X.

By erecting the arcs A: and 4. of
electron beams we would provide a focal
point for the electrons at the point X
and such arcs would provide a lens sys-
tem which would be formed of ares.
Of course, the ares A; and A; would be
the extremes of our system with the
electron paths between P, and P: being
exposed to different arcs, gradually de-
creasing in sharpness of curvature with
respect to the line of normal departure
as the intermediate arcs are erected
between A, and A..

In the practical system, the above out-
lined system of erecting an arc lens
has been carried out in the simplest
possible form. How simple this is can
be seen by referring to Fig. 3. This
shows a plan view of one of the experi-
mental tubes constructed using this
system. The circuit shows the poten-
tials present upon the various elements
of the tube.

In this system, electrons are emitted
from the cathode K and are formed into
a beam by the focusing structure G..
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Acceleration is provided by the positive
potentials applied to the accelerating
anode A on one side of the opening in
the focusing structure and to the posi-
tive deflection plate Pd on the other side
of the opening. The accelerated elec-
trons pass between these accelerating
members into the deflection area of the
tube. Those electrons entering this de-
flection area near the positive deflection
plate Pd are attracted by the positive
potential of that member as it lays along
their path but, since these electrons
have already attained a high velocity
from the initial acceleration, these elec-
trons can only be curved a small amount,
passing through the focal point.

Those electrons entering the deflection
area of the tube near the accelerating
anode A move outward towards the
negative deflection plate Nd. Since this
member is operated at ground potential,
the electrons approaching it rapidly lose
the initial linear velocity applied to
them and, attracted by the positive
potentials applied to the positive de-
flection plate Pd, the target anode Ta,
and the target plate 7'p, they curve
away from plate Nd and pass through
the focal point, thus intercepting the
curve of the other electrons.

We have, therefore, erected the same
basic system of lens action as originally
outlined with the path of the electrons
near Pd being similar in form to the
curve A; of Fig. 2 while the path of
those electrons near Nd is similar to the
curve A. of that illustration. Again,
these two curves are the extremes of
our system with the intermediate elec-
tron paths being thrown into intermedi-
ate curves between these two extremes.

That this theory of operation is sub-
stantiated in fact is easily proven in
the laboratory by using an electro-
lytic trough model to erect equipotential
lines and carrying out the mathematical
calculations to derive the electron paths
leading to the focal point. It is also
easily proven by gassing a tube and
actually . seeing the formation of the
beam. Both methods have been success-
fully employed.

The above described formation of the
beam is without any control applied,
excepting beam formation. Considera-
tion of how this lens system produces
substantial electron beam control to pro-
duce the values of transconductance
that it does, must bear further study.
We have brought the electron paths to
the focal point and now we must con-
sider what happens thereafter.

At the steady state focal point, we
are concentrating all the electrons with-
in the beam. Since we have substantial
beam current, the electron density per
unit of space will become extremely
high as these paths approach the focal
point. The electron beams approaching
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Fig. 3. Plan view of one of the experi-
mental models of the Balitron showing
position of the parts and the applied
potentials for steady state testing.

this point will be subject to an increas-
ing repulsion to the other electron paths
approaching the common point, with the
result that the converging force of the
electron beams, provided by their differ-
ent angles of acceleration, will be over-
come and the electron paths will become
parallel as shown in Fig. 5. This action
produces a common vector of the elec-
tron paths.

In the control operation of this tube,
complete control of the electron beam
is exercised by the negative deflection

Fig. 4. An early experimental model

of the Balitron (left) compared with
a conventional miniature tube (right).
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(EXACT SIZE)

ESSEX PERMEABILITY-TUNED
I.F. COIL for personal radio
(455 kc.)—measuring ¥2” x
15" x 132" In spite of its
small size, there is no sacrifice
in performance.

ESSEX PERMEABILITY-TUNED
R.F. TRANSFORMER for
United Nations translation
receiver—measuring %" in
diameter and 98" in height.
Same type of construction has
been made in 262 kc. L.F.
Transformer—measuring

1B x15”,

Carbonyl
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" Each ahd_ 'é\;ery probllem of

MINIATURIZATION

solved with the help of

CARBONYL IRON POWDERS

Essex Electronijcs ranks today as one of the
major suppliers of coils to the leading makers
of receiving sets. Their reputation is based
upon sound engineering and efficient produc-
tion. With ten years of experience in this
field, Essex Electronics testifies that G A & F
Carbonyl Iron Powders have been one of the
major tools in the successful completion of

their many assignments. .

Other makers—of both cores and coils—
have testified that iz costs less to work with
these top quality materials and that major
gains are effected in both weight reduction
and increased efficiency. We urge you to ask
your core maker, your coil winder, your in-
dustrial designer, how G A & F Carbonyl
Iron Powders can improve the performance
of the equipment you manufacture. It will

cost you nothing to get the facts.
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THIS FREE BOOK — fully illustrated, with
performance charts and application data —
will help any radio engineer or electronics
manufacturer to step up quality, while saving
real money. Kindly address your request

to Department 24.

ANTARA. PRODUCTS

DIVISION

OF

GENERAL DYESTUFF CORPORATION

435 HUDSON STREET « NEW YORK

RA Dit:Q - IFIL'E.CTRONIC

14, NEW YORK

ENGINEERING

METAL POWDER
. ASSOCIATION
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THE VARIOUS
ELECTRON

BEAMS FROM
THE CATHODE

Fig. 5. The vectoring action of the
beams in the deflection area of the
tube as the electron density is in-
creased in approaching the focal point.

plate Nd, which is equivalent to the
control grid of the ordinary tube. This
member exercises a control action which
is much more complicated than mere
deflection or the blocking action of the
ordinary control grid. This action is,
initially, the change in deflection angle
of a small number of the electron
beams in the area of the negative de-
flection plate.-By changing the potential
of this member either positive or nega-
tive, the paths of the electron beams
near this member will be changed and
control will result.

The operation of Nd in producing
control action is shown in Fig. 6. The
potential on Nd is shown as a sine
wave developed from the signal source
S and fed across the capacitor C to
the top of Nd load resistor R. This
control voltage, shown in Fig. 6A, con-
trols the beam in the various conditions
of the circuit shown in parts B, C, and
D of Fig. 6. This circuit is a push-pull
circuit fed from a single end input.

With zero potential on Nd, the beam
(shown by the dashed lines) approaches

the point of focus near the separator
plate Sp and vectors into parallel beams
with equal amounts of current flowing
to Ta and Tp. This is the condition of
the beam in the steady state condition,
shown in Fig. 6B. Since the beam splits
and flows equally to Ta and Tp, the
currents flowing away from Tae and Tp
to the center tap will be equal, the
voltage drops will be equal, and the
effective current producing magnetiz-
ing flux to cut the secondary will be
Zero.

As the potential of Nd moves
towards the positive peak, the position
of the beam will be as shown in Fig.
6C. The positive potential of Nd pulls
the electrons passing near that struc-
ture into a much closer path which
results in a much flatter curve. Since
the curve A. is not as sharp, it will
not intercept the electrons in curve A,
until after these electrons have passed
through the steady state focal point.
When interception is made, the elec-
trons of curve A, and curve A, vector
into Ta. This causes the current flow-
ing to Te to increase with an increase
in the current flowing away from Ta
to the center tap. At the same time,
the current to Tp has been decreased
and this decrease in current has the
same effect as a flow of current from
the center tap to Tp insofar as the
effective magnetizing flux in the sec-
ondary is concerned. The increase in
Iza produces a greater voltage drop
across the coil L,, driving Ta negative
with respect to its steady state value.
Meanwhile, the decrease in Ir, has
caused less voltage drop across the coil

Fig. 6. (A) A sine wave of voltage applied to electrode Nd. (B). (C), and (D)
show the conditions in the tube for three points of the sine wave indicated in (A).

+ CIRCUIT GCONDITION SHOWN IN (C}

TIME ——s————

Y GIRCUIT CONDI~
TION SHOWN IN
[{:]

— GIRGUIT CONDI-
TION SHOWN.IN (D)

(A}

o
)
u
e
-
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L,, causing Tp to be positive with re
spect to its steady state value. Th
effective current producing magnetiz
ing flux on the secondary is the increas
in Iz, plus the decrease in Ir,.

As the potential of Nd goes to th
negative peak of the cycle, the bean
will change to the positive shown i
Fig. 6D. The negative potential of N
causes the electrons entering the de
flection area of the tube near Nd t
curve away from this member mor:
sharply than in the steady state con
dition. This sharp curve of A. cause
it to intercept the electrons in the curv
A: before these electrons reach th
steady state focal point. Thus, the poin
of focus has been moved towards th
cathode and the resulting vectoring
action of the electron beams cause:
them to vector into Tp. With the elec
tron paths vectored into Tp, I, wil
rise and the resulting voltage dro
across the coil L; will drive Tp negative
with respect to its steady state value
In the meantime, the rise in Ir, has re
duced Ir. and a smaller voltage droj
is produced across the coil L. so tha:
Ta becomes positive with respect to it
steady state value. The effective cur
rent producing magnetizing flux to cu
the secondary is the increase in Ir, plus
the decrease in Ir,.

Thus, the means of control is clearly
shown to be the change in the arec of
curvature of a small number of elec
tron paths in the immediate area of
Nd with the resulting vectoring actior
of the several electron paths producing
the actual control of the total beam
It is evident that no attempt is made
to swing the entire beam by electro.
static control. A small fraction of the
total beam is subject to effective elec.
trostatic control and the rest of the
beam is swung by the change in an-
gular velocity produced upon this small
fraction. It is by this means that the
limitations upon electrostatic deflection
as given in the deflection formula are
avoided.

The control of the beam and the phas-
ing action can be made more clear by
reference to Fig. 7 which shows the
graph of this tube. This strange graph
is this tube’s equivalent of the E,-I,
curve of the ordinary tube and Fig. 7
is the actual graph of one of the experi-
mental power amplifier models.

In this graph the current drawn by
the target anode, I'r,, is graphed against
the Nd voltage. The line for Irp-pa*,
which is the combined current drawn
by the target plate and the positive
deflection plate, crosses the I, line but
is graphed against the same Nd voltage..

(Continued on page 30A)

*Note: The target plate and the positive de-
flection plate are tied together here. They may
be operated together or separately as desired
or may be combined into a single plate.
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ypical of the TOUGH POTENTIOMETER JOBS
i Hglipot

Precise Accuracy + Maximum Versatility + Space-saving Compactness

The poteritiameters illustrated above ore typical examples of the tough problems
MELIPOT enginears are solving every doy for modern slectronic applications. If you have a problem
calling for utmost precision in the design, construction and operation of potentiometer unfts -
coupled with minfmum space requirements and maximum adaplability to installotion and operat-
ing limitations —being your problems to MELIPOT. Mere you will find advanced “know-how,’”
coupled with manufacturing foclliles unequoled in the industryl

The MELIPOTS above—now in production for various military ond indusirial
applications—incdude the following unique features

O i, Tl ringsty . ) e urface in plac f th

omary dex sh PC
¢ th
4 -
P e
fi
ers fern.
1 D Lig
rolalio. 1 T
¢ {
O Tiis 5
n tin
<l a

© '
6

ends of mechanical and electrical rotation,
ifc -
rate from the HELIPOT coil or its slider

OThls 10-turn HELIPOT has many de-
sign fcatures similar to those described for
unit No. 1, plus the following additional
features . . . a servo-type front end mounting
splined ani threaded shaft extension
and a center tap on the coil. All components
are machined to the highest accuracy, with
concentricities and alignments held in some
places to a few ten-thousandths of an inch
to conform to the precision of the mechanical
systems in which this HELIPOT is used
Linearity accuracies frequently run as bigh

@ This single-turn Modél G Potentiometer
bas been fie {
ing shaft und a servo-type front end mount.

7
el §

does

The above precision potentiometers are
only typical of the hundreds of speciol-
ized designs which hove been devel-
opad and prodiced by HELIPOT to meét
rlgid customér specifications. For the
etmost In accuracy, dependability and
adaptobility, bring your potentiometer
problems to HELIPOT !

Representotives in 6ll major areas of the Udiited Srates. Export agents Frathom C6, 55 W, 42nd St., New York 18,

THE Hellpnt CORPORATION, SOUTH PASADENA 4, CALIFORNIA
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H.F. GENERATOR

A high-frequency generator which,
when provided with an external, stand-
ard 100 ke. frequency source, will fur-

nish up to five watts of driving power
at any desired frequency between one
and seven megacycles has been devel-
oped by Westinghouse Electric Corpora-
tion for a U. S. Navy application.

The equipment employs a synthesizer-
type frequency generator and has a
built-in monitor for self-checking fre-
quency accuracy. The unit is capable
of providing both A-1 (on-off) emis-
sion and F (frequency modulation)
emission. The accuracy and stability
of the equipment is equal to that of
the primary source and the frequency
is shown down to the last cycle on a
direct reading instrument.

URSI-IRE SPRING MEETING

The regular spring meeting of the
U. S. A. National Committee of the
International Scientific Radio Union
and the Professional Group on Anten-
nas and Wave Propagation of the In-
stitute of Radio Engineers will be held
in Washington, D. C., on April 16, 17,
and 18th at the National Bureau of
Standards.

Administrative meetings will be held

the first day and the technical sessions

on the two following days. An inspec-
tion trip of NBS has been arranged
for the afternoon of April 16, and an
informal social evening is planned for
April 17 when a summary of the Zurich
General Assembly of the URSI will
be presented.

Technical sessions, sponsored by four
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URSI Commissions, to be held are as
follows: “Tropospheric Radio Propaga-
tion,” Chairman, Dr. C. R. Burrows,
Cornell University; “Ionospheric Radio
Propagation,” Chairman, Dr. Newbern
Smith, Chief, Central Radio Propaga-
tion Laboratory, NBS; “Terrestrial
Radio Noise,”” Chairman, Mr. J. C.
Schelleng, Bell Telephone Laboratories;
and “Radio Waves and Circuits, includ-
ing General Theory and Antennas,”
Chairman, Dr. L. C. Van Atta, Hughes
Aircraft Company.

RADAR TUBE RESEARCH

The results of studies on the recovery
time of gases of potential value in gas-
filled TR and ATR switching tubes used
in close-in radar and microwave systems
operating at frequencies of 3000 mega-
cycles was the subject of a recent paper
by Dr. Lawrence J. Varnerin, Jr., de-
livered to the American Physical So-
ciety.

The research work was performed by
the Electronics Division of Sylvania
Electric Products Inc., in conjunction
with the Evans Signal Laboratory at
Belmar, N. J. Dr. Varnerin reported
the studies utilized “a shorted length
of waveguide with a quarter wave-
length section of quartz next to the
short. Between the quartz block and
a glass vacuum window a quarterwave
section of the guide holds the gas under
investigation.”

Since the quick recovery of switch-
ing tubes in short range radar is of
primary importance, it is expected that
this research may result in greater
utilization of these microwave regions.

DR. BUSH TO RECEIVE AWARD

The John Fritz Medal has been
awarded to Dr. Vannevar Bush, Presi-
dent of the Carnegie Institute of Wash-
ington, D. C. Presentation of the Medal
was made during the annual Winter
General Meeting of the AIEE held
recently in New York.

The latest of numerous honors be-
stowed on Dr. Bush is for “outstanding
scientific contributions to his country
and to his fellow men,” and was
awarded jointly by the American In-
stitute of Electrical Engineers, the
American Society of Civil Engineers,
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the American Institute of Mining
and Metallurgical Engineers, and the
American Society of Mechanical En-
gineers.

Dr. Bush has played important roles
in both World Wars. In World War I
he carried on research work in con-
nection with submarine detection for
a special Navy Board. In 1940 he was
named chairman of the National De-
fense Research Committee, and a year
later was named director of the Office
of Scientific Research and Development.
As chairman of the National Defense
Research Committee and as director
of the OSRD, Dr. Bush was a central
figure in the development of nuclear
fission, culminating in the atomic bomb.

SOUND TAPE IN RADIO STATIONS

A recent survey of chief engineers
of 2000 commercial radio stations in
the United States indicates that sound
recording tape may eventually be used
for radio commercials, open-end shows,
and transcription libraries. According
to the survey, 95% of the stations now
have tape recording equipment, and
86% of the remaining stations plan
to acquire such equipment.

Ninety per-cent of the chief en-
gineers questioned said they could
handle open-end shows on tape by
using two playback units and leader
and timing tape. Eighty per-cent indi-
cated that commercials could be han-
dled on tape with the same equipment,
and seventy-eight per-cent agreed that
a transcription library could be han-
dled on the same basis.

R. J. Gavin of Minnesota Mining and
Manufacturing Company, sales man-
ager for “Scotch” brand sound record-
ing tape, pointed out that sound tape
has already been adopted for a wide
variety of jobs and that it is possible
that sound tape may eventually be
adopted for these additional jobs.

AUTOMATIC TV TUBE MACHINE

Sylvania Electric Products Inc.)s TV
picture tube plant at Seneca Falls,
N. Y, is using new rotary machines

more than thirty feet in diameter in
daily production of the larger sizes
of TV picture tubes.
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These machines, designed and built
by Sylvania, are used to exhaust as
many as twenty four 24” tubes in a
step by step process, and are believed
to be the largest in use by any TV
picture tube manufacturer.

Mr. H. D. Broker, manager of the
company’s TV picture tube plant at
Seneca Falls, said that each machine
costs upwards to $200,000 and was de-
signed to increase production efficiency
and reduce cost of the largest picture
tubes in current demand.

AIR SANITATION

The successful solution to the air
sanitation problem encountered in
microwave radio repeater stations was
revealed recently by the W. B. Connor
Engineering Corporation of Danbury,
Conn.

Certain vacuum tubes, either in “cav-
ities” or exposed in each equipment
frame require a steady streamr of cool-
ing air for best operating efficiency.

Large deposits of dirt discovered in
the air passageways and on the vac-

uum tubes, which threatened continued
operation of the equipment, were found
to be a coagulation of microscopic par-
ticles. An analysis also showed that
sulphides in the air were combining
with the silver plating of the inner
cavity surfaces to produce silver sul-
phide. The total result was a flaky layer
composed of dirt and silver sulphide.
To solve the problem of dirt, a barrier
type of filter material known as “Filter
Down” was obtained from the Ameri-

can Aiwr Filter Corporation for use im- |

mediately after the impingement filter.
This material has produced results in
this application much the same as that
of electrostatic filters. The second prob-
lem appeared to be one of supplying air
free from sulphides.

The W. B. Connor Engineering
Corporation devised a filter which re-
moved the sulphides from the air before
being distributed to the various vacuum
tubes. The filter consisted of a bed of
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activated carbon 11%” thick, held be-
tween two meshed screens and sup-
ported in a frame of such size that
it could be directly substituted for one
of the two impingement type filters
originally used in the blowers.

NEW LITERATURE

Miea and Mica Substitutes

A transcript of an industry-military
round-table discussion on the subject
of mica and mica substitutes has been
released by the Office of Technical
Service.

The round-table discussion, held un-
der an arrangement between the De-

B =TT

partment of Navy and the National
Security Industrial Association, in-
cluded a number of experts of federal
and industrial technical organizations.
Subjects covered include solid state
synthetic mica, World War II mica
research, miniature capacitors, cellulose
esters, glass and vitreous enamel in-
sulating materials, dimensionally stable
ceramics, the use of block tale, in.
tegrated mica, and new uses for mica.

Copies of PB 101 142, Mica and Mica
Substitutes—Attendance and Tran-
script of Proceedings, are available at
50¢ a copy from the Office of Technical
Services, U. S. Department of Com-

(Continued on page 31A)
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STABLE =
OUTSTANDING RANGE

Model 640

0 to 4.5 mc, {down 3 db.).

Wide Band Amplifier: Frequency response DC,

Vertical DC and AC Amplifier: 10 MV per inch
with sensitivity switch in high position. 25 MV
per inch in low position.
Frequency Response: O to 1,000,000 cycles,
(3 db point), in high position. 0 to 4,500,000
cycles, {3 db point), in law.
Maximum Input Potentiol; 1000 volts peak.
Input Impedance; 2 megohms, 50 mmf.
Horizontal Amplifier: Deflection Factor—Di-
rect: 20 volts RMS per inch.
Full Gain Setting; 50 millivolts RMS per inch.
Frequency Response; 0 to 200,000 cycles,
(3 db down).
Test Signals: Line Frequency, 3 volts RMS per
inch,
Sawtooth available from front panel. Direct
connection to both horizontal and vertical de.
flection plates.

THE HICKOK ELECTR

10524 DUPONT AVENU

S TANDARD o F

VERSATILE

For Industrial and
 Hectronic

Loboratri-

The new HICKOK Model 640 Oscillograph with
its exceptional design features and character-
istics provides an outstanding versatile instru-
ment for the engineer in observing regular
recurring or transient phenomena.

Linear Time Base: Recurrent and Driven Sweep;
2 cycles to 30,000 cycles
Provision for external capacities far slower
frequency sweeps of 10 seconds and slawer.
Sweep Speeds; Faster than 0.75 inch per
microsecond.
Televisian Fixed Frequencies; 30 and 7,875
for observing blanking and sync waveforms
in the horizontol and vertical circuits of TV
receivers.
Synchronization at line or 2-times line fre-
quency.
*Z" Axis Modulation: Capacitively coupled to
the grid of the cathode ray tube. 15 volts will
blank trace fully at normal intensity.

Shielded, Shock Mounted, Built-in Colibrat-
ing Valtages, Excellent Stability and Ex-
pandable Sweep (6 times expansion) are sev-
eral odditional features of this highest quality
instrument. Write for further information today.
Price $355; Subject to change without notice.

ICAL INSTRUMENT CO.

CLEVELAND 8,

E o OHIO

QuvALITY

RADIO-ELECTRONIC

ENGINEERING

23A



NEW PRODUC

12, v

LINEAR AMPLIFIER

Nuclear Instrument and Chemical
Corporation, 223 West Erie St., Chi-
cago 10, Illinois, has announced a new

model linear amplifier for adapting
Nuclear Geiger-Mueller scalers to pro-
portional counting.

The Model 1061 linear amplifier is
connected between the detector and a
Nuclear scaler, and provides convenient
sensitivity adjustment, calibrated in
millivolts, with a choice of 1 or 10
millivolt maximum sensitivity. The in-
strument has a flat frequency response
from 10,000 cycles to 1.5 megacycles.
A set of oscilloscope terminals is lo-
cated on the front panel, while all other
connections are on the rear.

CARBON RESISTORS

Wilkor Products, Inc., 2882 Detroit
Avenue, Cleveland 13, Ohio, has an-
nounced the use of boron in the making
of deposited carbon resistors.

The new Boro-Carbofilm resistors
are reported to have an increased range
of resistance as well as a lower tem-
perature coefficient. They also possess
greater stability with a lower noise
level. With their small aging and low
temperature coefficient of 20 parts per

million per degree C, the Boro-Carbo-
film resistors are advantageous for
high frequency communications, and
electronic applications.

These resistors are manufactured

24A
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under license arrangement with West-
ern Electric and are available in 14,
Vs, ¥, 1, and 2 watt sizes. Additional
information may be obtained direct
from the company.

SYNCHRONOUS CAMERAS

Flight Research Engineering Corp.
P. 0. Box 1-F, Richmond, Virginia,
now has available 35 mm. synchronous
motion picture cameras for use in par-
allel wired gangs of two or more cam-
eras for synchronous data recording.

The Model IV cameras, which may be
used for single-frame or continuous ex-
posures and were originally designed
for flight testing, missile tracking, and
fire control applications, are suitable
for many other applications including

process control analysis and wide-base
stereographic photography.

Special features include incandescent
and argon coding and timing marker
lamps, change gears for speeds of 5,
10 and 20, or 4, 8, 16 and 32 frames
Per second, a thermostatically controlled
film chamber heater, and an auxiliary
pulse circuit for indicating exter-
nally the instant of maximum shutter
opening.

These cameras are interchangeable
on mounts for either vertical or side
mounting, and may be operated in par-
allel with the Model III 16 mm. syn-
chronous cameras supplied by the
manufacturer.

TERMINAL PLUGS

U. 8. Engineering Company, 521
Commercial St., Glendale 3, Calif., is
now manufacturing the “1400” series
of molded insulated miniature terminal
lugs.

ENGINEERING

Stand-off types are offered with
either molded LTSMG31 melamine or
molded type MTS-E1 phenolic to JAN
P14 specifications. Use of the molded

@éﬁﬁ?%%

1425 1426 1427 1428 1430 1433 1435

construction instead of preformed tubu-
lar plastic eliminates internal air gaps
which act as moisture traps. In addi-
tion, the method gives more positive
holding and units stay solid and tight
under normal heat and vibration.
Engineering data describing the
“1400” series is available on request.

ATTENUATOR UNITS

The Daven Company, 191 Central
Avenue, Newark 4, N. J., now has avail-
able two new attenuator units, the RF
Attenuation Network and the Carrier
Frequency Decade Attenuator.

The RF Attenuation Network, Model
650, has a flat frequency response from
d.c. to 225 megacycles and insertion loss
is zero over the entire frequency range.
This model has a total attenuation of
100 db. in 1 db. steps. Resistors are
calibrated to an accuracy of * 29, at
d.c. Impedances of 50 or 73 ohms are
standard, and units are available with
type N or BNC connectors.

The Carrier Frequency Decade At-
tenuator, Model 795, is particularly ap-
plicable to extremely accurate measure-
ments from d.c. to 200 ke. and ean be
used up to the lower radio frequencies.
A total of 110 db. attenuation is avail-
able in 1 db. steps or 111 db. is available

in 0.1 db. steps. Each jndividual re-
sistor is adjusted within = 0.259 of its,
correct value.

MARCH, 1951



e

Both these models are available in

| either a balanced H or an unbalanced T

network. Further information, includ-

|i ing complete catalog data, may be ob-
| tained from the manufacturer.

i PHOSPHORESCENT MATERIALS

Tracerlab Inc., 130 High St., Boston

| 10, Mass., now has available a hydro-
| carbon crystal known as Stilbene and a
| solid plastic phosphor for use in sein-
| tillation detector units.

It is reported that precisely formed
phosphors of up to one inch in any di-
mension are readily machined from the
colorless, optically clear, single crystal
masses of Stilbene. The plastic phos-

phor can be molded so as to embed two
1P21 photomultiplier tubes operating in
coincidence to reduce multiplier noise
background, as is shown in the photo-
graph. This phosphor is essentially a
solution of Terphenyl in a styrene mo-
nomer, the whole mass being poly-
merized into a solid state.

PORTABLE GEIGER COUNTER

The Victoreen Instrument Co., 5806
Hough Ave., Cleveland 3, Ohio, is now
manufacturing a compact, lightweight,
waterproof Geiger counter.

Designated Model 389 Thyae, this
Geiger counter is reported to have a
long-life, low current vibrator power
supply which provides regulated high
voltage and plate voltage for reliable
instrument operation. The standard
1B85 beta-gamma counter tube may be
replaced by the 1B106 mica window
counter tube, the 1B124 gamma ray
tube, the 1B125 cosmic ray tube, or
any other tube having the RMA type
1A-82 coaxial plug-in base.

Beta and gamma radiation is dis-
tinguished by slide button control of
the beta shield mounted on the water-
tight probe, and convenient “Fingertip”
range control affords ease of operation.

THYRATRON TUBE

The Tube Division of General Elec-
tric Company, Syracuse, N. Y., has an-
nounced a thyratron tube, designed
mainly for general control-circuit ap-
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plications, which has a quick-heating
cathode taking only a minute to reach
operating temperature.

Designated as the GL-5855, the three-

F Al

electrode inert-gas-filled thyratron has
a commutation factor rating of 200.
Maximum ratings include: maximum
peak anode voltage, 1500 volts; maxi-
mum cathode current, peak 150 am-
peres, average, 12.5 amperes; maximum
negative control-grid voltage, 250 volts
before conduction and 10 volts during
conduction.

ELECTRONIC VIDEO RECORDER

A video recorder with electronic in-
stead of mechanical control has been
developed by General Precision Lab-
oratory, Inc., Pleasantville, New York.
The development will make possible

new

PRECISION
COlL
BOBBINS

with Anchored Flanges . ..
can’t come loose!

Flanges are securely locked in

place on a plastic-caated core to
assure coils wound to closer
tolerances — fewer rejects.

Flange cannot slide to allow crowding
of turns — wire cannot slip off

coil form. Spiral winding — heavy
heat-treated compression — overall
impregnation. Made in any shape or
size to your specifications of finest
dieleclric Kraft, fish paper, cellulose
acetate or combination.

Write for FREE sample TODAY

recorded TV programs with picture
quality equal to the original ‘“ive”
telecast.

Basically, the new unit is a TV re-
ceiver combined with a 16 mm. motion
picture camera, but the electronic de-
sign of the GPL recorder eliminates
double exposures and under exposures,
film fuzziness, garbled sound, and vi-
bration.

A completely electronic system to
synchronize the TV image of 30 pic-
tures a second with the motion picture
camera speed of 24 exposures per sec-
ond was designed by the company’s
engineers. In this recorder, an electrie
counter is set up to monitor the TV
images. A frame of film is pulled into
place; the electronic controls turn on
the cathode-ray tube of the receiver,
count the 525 lines of light which make
up one image, then turns off the tube.
The procedure is repeated and each
frame of film, a separate photograph
in itself, gets exactly a full exposure.

The recorder can be set up right in
the studios where a pF(-gram is being
produced, or it can pull programs out
of the air even in fringe areas. Tests
have been conducted for over six months
with recordings made 40 miles away,
and the report is that the projected
results on a 6 x 8 screen are better
than the original reception. @

NO INSULATION STRIPS NEEDED
STRONGER MAGNETIC FIELDS
CLOSER WINDINGS

PRECISION PAPER TUBE CO. |

2063 W. Charleston St.
Plant No. 2, 79 Chapel St., Hartford, Conn. .

‘Chicago 47, lll.
. Also Mirs. of dielectrlc paper tubes
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DR. DANIEL ALPERT, formerly head of the inter-atomic
physics section of the Westinghouse Research Laboratories,
has succeeded the late Dr. R. C. Mason as manager of the
Physics Department. During the war, Dr. Alpert helped
develop the famous T-R switch and also shared in design
of the standard frequency cavity. Dr. Alpert received his
Doctor of Philosophy degree in physics from Stanford Uni-
versity and joined Westinghouse in 1941,

DR. ROBERT G. BRECKENRIDGE has been named
Chief of the Physical Electronics Section of the Atomic
and Radiation Physics Division of the National Bureau of
Standards. Formerly Assistant Professor of Electrical
Insulation and assistant to the director of the Laboratory
for Insulation Research at MIT, Dr. Breckenridge is a
fellow of the APS, a member of the ACS, and of the
Washington Academy of Sciences.

LESTER W, CALKINS has been appointed Associate Re-
search Engineer in the Planning Department of Burroughs
Adding Machine Company’s Research Division in Philadel-
phia. Formerly associated with the Philadelphia Electric
Company and the Tinius Olsen Testing Machine Company,
Mr. Calkins received his B.S. degree in electrical engineer-
ing from Cornell University and an M.S. degree from the
University of Pennsylvania.

JOHN B. MERRILL, general manager of the Tungsten
and Chemical Division of Sylvania Electric Products Inc.,
has been appointed vice president. Mr. Merrill has been
with Sylvania since 1941. In 1943, he was appointed plant
manager at Towanda and the activity was expanded to
include the manufacture of tungsten in many forms. When
the Tungsten and Chemical Division was created in October,
1945, Mr. Merrill was appointed general manager.

J. GILMAN REID. JR. has been appointed Chief of the
Electronics Division at the National Bureau of Standards
to succeed Dr. R. D. Huntoon. Mr. Reid joined the NBS
staff in 1937 and became an engineer for the uranium
project at the Bureau. A member of the APS, the AIEE,
and the IRE, Mr. Reid has represented the Bureau on a
number of society committees concerned with various phases
of electronics and instrumentation.

HULBERT C. TITTLE has been appointed assistant chief
engineer for the Radio and Television Division of Sylvania
Electric Products Inc. Formerly engineering service man-
ager, Mr. Tittle joined Colonial Radio Corporation, a Syl-
vanie subsidiary, in 1935. He received his B.S. degree in
electrical engineering from the South Dakota State School
of Mines and is & member of the IRE, the Radio Club
of America, and the ASA.
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Servosystems
(Continued from page 5A)

in gear trains are available and the
servo engineer should become familiar
with them. It is almost axiomatic that
irreversible gear trains should never
be used if it is possible to avoid them.

With the advent of degenerative feed-
back circuits in audio amplifiers there
came a period during which many de-
signers were misled into the conviction
that enough feedback would cure all
ills, and they became careless in han-
dling straightforward design problems.
It is true that feedback properly ap-
plied to any system will produce
seemingly miraculous improvements in
performance characteristics. It is also
true that feedback circuits in electronie
amplifiers are servosystems. They func-
tion as a result of observing an error
voltage. This statement is an important
one in all feedback concepts. Feedback
is triggered, controlled or generated in
terms of an existing error. It cannot
help the performance of a system un-
less there is some error present, how-
ever small it may be. This means that
no feedback circuit can ever do a per-
fect job. It immediately implies that
the feedback circuits should be added
only as a means of improving perform-
ance after all other methods have been
exhausted. It should always be added
if the system lacks the desired degree
of perfection (and what system does
not?), but it should never be thrown
in as a panacea for all troubles.

In most servosystems various types
of devices and circuits are used to in-
hibit oscillation. These are generally
called anti-hunt circuits and they are
usually degenerative feedback arrange-
ments. Well designed anti-hunt arrange-
ments are extremely valuable and will
contribute a great deal of stability to
almost any system, but they should be
used as a final means of cleaning up
all the undesirable factors that have
not been reduced to a minimum with
straightforward improvements in de-
sign. There is another important rea-
son for adding degenerative feedback
last in the design of an audio amplifier,
and anti-hunt circuits last in the de-
sign of servomechanisms. Degenerative
feedback circuits and anti-hunt sys-
tems are designed specifically to work
toward an optimum adjustment that re-
duces troubles. Many faults in design
parameters may only be reduced by
such methods to borderline conditions
where they cause too much trouble to
pass them by, but the symptoms of
the trouble are so obscured that ob-
servation is difficult, intermittent and
clouded. Thus the designer who resorts
to these procedures too soon in the de-
velopment stages may waste time end-
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Fig. 6. Basic schematic of a po-
tentiometer bridge which may be
used in a servomechanism circuit.

lessly trying to diagnose malfunctions
that would be immediately obvious if
' he would attack them before inserting
the stabilizing circuit. A corollary of
this is the fact that in troubleshooting
existing systems it is almost always
desirable to eliminate corrective feed-
back loops in order to make the symp-
toms more prominent and more easily
diagnosed.

One of the principal difficulties fac-
ing the servosystem engineer is the
fact that he is often dealing with a
closed loop feedback structure that
functions only when it is connected
in a complete loop. Other types of
mechanisms and circuits will yield to
analysis of individual components and
stages. In tracing the source of hum
in an audio amplifier, the common ap-

proach is to remove tubes successively, |

starting from the input end, to dis-
able various portions of the circuit
and thus localize the trouble. With a
closed loop servosystem each element
is so intimately related to the opera-
tion of all the others that it liter-
ally will not operate with one section
disabled. It is usually a matter of al-
most pure random luck (often influ-
enced unconsciously by a great deal
of experience) when the initial diagno-
sis is correct. A desirable by-product
of this is that the designer often makes
. more accurate adjustments of parame-

curacy and speed the muscle systems
that serve to prevent a fall. This type
of system is particularly interesting
because it involves the deliberate de-
velopment of high dynamic sensitivity
and response speed at the expense of
static stability. Maintaining physical
balance is often aided by deliberately
oscillating around the point of ab-
solute balance, thus keeping the ‘“mo-
tors” running to eliminate inertia
effects, and vitiating extremely small
and uncontrollable factors by introduc-
ing controllable constants of relatively
large magnitude.

It is indeed instructive to think in
such terms, to recognize that when
you drive a car, adjust the controls
of your television receiver, play a
musical instrument, you yourself are
a part of a closed loop servosystem
with . feedback paths that extend from
the outside world through your own
remarkable sensing mechanisms to the
motor control centers of your brain
and back into the outside world via
the action of your muscles. It is pos-
sible to learn a great deal about the
best way to handle widely varying
problems by studying servosystems, and
_to learn a great deal about servosystem
design by observing some of the beauti-
fully designed mechanisms contained

in you. @~

ters that actually have nothing to do |

with the trouble he is tracing and that
he would have otherwise considered
adequate.

Servosystems are neither new nor
are they the unique product of human
invention, There are many gigantic
servosystems to be found in the struc-
ture of the universe. Man himself con-

\ tains innumerable such mechanisms
" and uses them continually in daily
activities. It is easy to relate servo-
system principles to the activities in-
' volved in playing games. A tennis
! player is continually controlling his
" muscular activities in terms of the
| input signal fed through his eyes in
| the form of light. A tight-rope walker
¢ has a highly developed servosystem,
using the input signal from specialized

" nerve fibers to control with great ac- |

' MARCH, 1951

RADIO-ELECTRONIC

M

Microwave Links
i(Continued from page 15A)

Signal-to-Noise Ratio
Better than 50 db. (10 hops)
Adjacent Channel Crosstalk
60 db. down
Video Pulse Width
0.5 psec. (approx.)
Video Pulse Buildup and Decay
Times 0.15 usec. (approx.)
Primary Power Source
115 or 230 volts, single phase,
47.5 to 63 cycles

A block diagram of the transmitter
is shown in Fig. 3. As indicated on this
diagram, the video signal from the
modulator terminal is applied across
the input of the transmitter, amplified
and shaped in the r.f. modulator, and
the output of the latter applied to the
r.f. oscillator. The oscillator employs
a planar electrode (lighthouse) triode,
a 2C43, operating in a reentrant cavity.
The oscillator can be set to any fre-
quency in the 1650 to 1990 megacycle
band and has a frequency stability of
0.05 per-cent under the worst combina-
tion of humidity, temperature, and line
voltage variations.

The first two stages in the modulator
are simple resistance coupled clipper
amplifiers which through clipping re-
move any amplitude variations and re-

llions of Coils

woccud, o PARAMOUNT Pz ser Tedes

Stock Arbors or Speciol Tubes to Meet Every Need
SQUARE, ROUND, RECTANGULAR
.450” to 25” I.P. 15" to 30” long. Tolerances * .002”

You find PARAMOUNT
Spiral Wound Paper
Tubes at the core of coil
dependability in nation-
ally known products and
equipment. That’s proof
they’re maderightto wind
right and stay right on
the job. Hi-Dielectric.
Hi-Strength. Kraft, Fish
Paper, Red Rope, or any
combination, woun
automatic machines.

Paramount
PAPER TUBE CORP.

613 LAFAYETTE ST., FORT WAYNE, IND.
Mfrs. of Paper Tubing for the Electrical Industry

NEW!Shellac-Bound Kraft
paper tubing. Heated
shellac formsan adhesive
bond between the lami-
nations. Absolutely mois-
ture resistant.

SEND FOR ARBOR LIST
OF OVER 1000 SIZES
Write on company letterhead

for stock arbor list. Includes
many odd sizes.
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Fig. 9. Feedback principle used in

the Philco CLR-6 microwave link.

shape the pulses. The output of the
second stage is applied to the grids of
a 3E29 beam-power amplifier tube
which employs a shunt peaking coil to
provide a wideband amplifier response
sufficiently large to pass the pulse train
without serious frequency distortion.
A simplified schematic showing the
connections between the modulator out-
put tube, 3E29, and the r. f. oscillator,
2C43, is given in Fig. 6. It is seen that
the 3E29 is effectively in series with the
2C43 lighthouse triode, and that the
2C43 acts as a plate load for the 3E29.
With pulses applied to the grid of the
3E29, a high plate current flows caus-
ing a large voltage to appear across
the 2C43. Under these conditions, the
lighthouse tube with its associated
coaxial cavity circuit oscillates at a
frequency in the 2000 megacycle region.
When the 3E29 is being keyed on and
off by the signal pulses, the average
current flowing causes a relatively high
d. c. voltage on the cathode and rela-
tively low screen voltage compared to
these values when the tube is not being
pulsed at all. For this reason the 3E29
is very close to cut-off during the period
between pulses. However, if no pulse
voltage is present at the grid of the
3E29 (as may happen if modulator is
turned off) the d. e¢. current through
this tube would be quite high and power
dissipation would exceed its rated value.

Therefore a fixed cathode bias resistor
is used (in addition to the self biasing
cathode voltage) comprised of cathode
resistor, R;, in series with E. across
the 200 volt supply.

Resistor Rs, shown in Fig. 6, is placed
in parallel with the plate to cathode
circuit of the 2C48. The shunt capaci-
tance C, shown by the dashed lines,
is the effective capacitance across the
modulator output circuit and consists
of the sum of the output capacitance
of the 3E29, plate to ground capaci-
tance of the 2C43, the filamentary
capacitance to ground, and the stray
capacitance associated with this cir-
cuit. This capacitance is charged dur-
ing the “pulse on” period to the same
voltage that exists across the 2C43
tube, and must discharge quickly in
the “pulse off” period. The function of
R is to provide a low resistance path
for the voltage across the capacitance
to discharge in the pulse off period.

An output of 40 watts peak into a
50 ohm line is obtained from the 2C43
and is fed to the antenna system.

A superheterodyne receiver is used,
as shown in Fig. 7, employing a triode
type lighthouse tube and reentrant
cavity oscillator similar to that utilized
in the transmitter; a coaxial cavity
crystal mixer; a 30 megacycle i.f. am-
plifier; and a video output stage. A
cavity wavemeter is also incorporated
into the equipment for measuring local
oscillator frequency.

The cavity oscillator uses the same
lighthouse triode as that used in the
transmitter and the cavity is almost
identical, although the design is sim-
plified since a maximum output of only
100 milliwatts is required. Tuning over
a * 40 megacycle range (by varying
plunger in reentrant cavity) can be
made from the front panel. Coupling

Fig. 10. System block diagram and wavetorms of the multiplex demodulator.
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between oscillator and erystal mixer
can be adjusted for optimum perform-
ance.

The mixer consists of a capacitively
tuned coaxial cavity with built-in crys-
tal mounting. The bandwidth at 8 db.
down is approximately 12 megacycles
and the image rejection ratio is ap-

proximately 18 db. Additional image and

interference rejection is effected through

the use of a bandpass antenna filter

connected between antenna (or T—R
filter if antenna is used for both trans-
mitting and receiving) and mixer input.
This filter consists of two coaxial cavi-
ties coupled inductively to produce a
bandwidth of about 10 megacycles be-
tween 3 db. points with an insertion
loss of about 1 db. This results in added
image rejection of 45 db.

The modulator consists of a pulse
generator, delay line commutator, mod-
ulator, mixer line amplifier, and marker
generator. It is beyond the scope of
this article to go into the details of the
operation of these stages. This in-
formation may be obtained from pre-
viously published articles™ . Suffice
to note that the final result is a 24
channel pulse train including one mark-
er pulse (actually two closely spaced
pulses) and 23 time modulated audio
channels (if 23 channels are used). In

order to minimize the introduction of

crosstalk, the pulses are modulated in
groups of 8, each being separated from
the succeeding one by a time spacing
of three channels. Thus the first unit
modulates channels 1, 4, 7, . . . 22; the
second unit 2, 5, 8, . . . 23; and the
third unit 8, 6, 8, . . . 24. The three
groups are then interleaved.

The audio input to the modulators
is obtained from telephone lines through
a 4-wire terminating set, which match-
es the 2-wire telephone line to the 4-
wire link. A link is considered a “4
wire” system because a separate path
is used for each direction, whereas in
a 2-wire telephone system the same

pair is used for both directions in two

way conversations. The 4-wire termi-
nating set consists of a hybrid coil,
blocking capacitor, and a compromise
network for each circuit to be termi-
nated for telephone service.

A block diagram of the demodulator
is shown in Fig. 10. The received pulses
are first limited to remove noise and

~ then separated into individual channels

and demodulated. Demodulators are
also arranged in groups of 8, this time
for flexibility purposes. The audio out-
put is fed through a 4-wire terminating
set to the appropriate telephone line.
The audio bandwidth of each channel
is 300 to 3400 cycles. However it is
possible to increase this bandwidth by
combining two channels into one—
thereby doubling the bandwidth by in-
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.reasing the pulse sampling rate from
3 ke. to 16 ke. In this way, and with
hther minor modifications, a wideband
.J,-,hannel can be provided whose fre-
‘juency response is essentially flat from
50 to 6800 cycles. For wider bandwidth
imore channels can be combined.

‘;‘iignnling and Dialing

| The PTM equipment is inherently
‘designed to transmit d.c. signals. 'Since
‘voice frequency channels do not require
frequencies below 300 cycles, there are
23 low frequency (d.c. to 20 cycles)
bhannels available for signaling and
fialing purposes. These low frequency
signals are superimposed on the indi-
‘vidual channel modulation at the trans-
mitting end. At the receiving end they
are filtered out and fed to a separate
’ampliﬁer operating on a.c. or high speed
l.c. relay. The contacts of this relay
may be used to control local signaling,
ringing, dialing, or supervisory circuits.
When signaling is desired on a chan-
nel, the normal (out of service) po-
ition of the channel pulse is perma-
nently shifted to the left edge of the
channel interval. During the period
that the channel is in use—but without
voice or other a.c. applied—the channel
nulse is positioned in the center. To
signal again the pulse is moved to the
left again. By this means the equiva-
lent of a d.c. loop is obtained in each
transmission direction. “On hook” and
“off hook” signals are transmitted for
ésupervision and an equivalent loop for
‘dial impulses is thus made available.

The signaling converter at the trans- |

mitter operates from any specified
ignal and shifts the center position of
the pulse from left to the center of the
cthannel interval. It consists of one
simple relay. The signaling amplifier
at the receiving station amplifies the
d.c. from the multiplexed signaling
channel to a power level suitable for
the operation of drop signaling relays
or the dialing apparatus.

Antenna System

The antenna system for both trans-
mitting and receiving purposes consists
fof a half wave dipole located at the

focal point of a parabolic reflector. The |

line feeding the dipole, which also acts
as its support, is a rigid % inch air
\dielectric line with an external stiffener
‘sleeve to prevent excessive vibrations.

The size of the parabolic reflector

used is determined by the required |

\signal at the receiver and involves such
‘factors as transmission path lengths,
‘expected propagation variations, and
‘nature of the terrain. In general the
" system is designed to allow at least 20
'db. fading over the transmission path.
" For maximum safety or for longer
! paths, a 10 foot reflector (34 db. gain)
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is used, while under more favorable
conditions 6 foot reflectors (29 db. gain)
may be satisfactory.

Philco CLR-6 Link

Another link that has found com-
mercial application is the Philco CLR-
6 Microwave Communications Relay
Equipment. This link employs reflex
klystrons, operating in the 5926 to 7425
megacycle range, in both transmitter
and receiver. While the multiplex
equipment normally associated with
this relay uses PAM, any method of
multiplexing—including frequency di-
vision—may be used as long as the
modulation bandwidth does not exceed
300 ke. The multiplexed signal is then
used to frequency modulate the reflex
klystron.

An interesting phase of this equip-
ment is the use of a single reflex kly-
stron for both reception and transmis-
sion at repeater points. This is done
through the use of the feedback prin-
ciple shown in Fig. 9. The operation is
essentially as follows:

An incoming frequency modulated
signal is mixed with the signal from
a local oscillator klystron which op-
erates at a frequeney 90 megacycles
removed from the center frequency of
the incoming signal. The resulting 90
megacycle i.f. signal is detected, ampli-
fied and fed back to the reflector of the

klystron in such a way that the kly-
stron will track the frequency modula-
tion of the incoming signal. The output
of the klystron is fed to the antenna
and radiated in the direction of the
next repeater station.

Consequently the transmitting fre-
quencies of the entire relay are normal-
ly controlled by the frequency of each
terminal transmitter. At the terminals
the transmitters are held on frequency
by a.f.c. referenced to a two cavity
r.f. discriminator. All repeaters are
equipped with similar r.f. disecriminators
which are automatically switched into
operation if the incoming signal from
the previous repeater should fall below
a predetermined level. The repeater
then operates as a frequency control-
ling terminal until the signal is re-
stored at which time it will automatical-
ly switch back to repeater operation.
All r.f. circuits of both repeater and
terminal equipments are enclosed in a
temperature stabilized housing.

The characteristics of this link are:

Frequency of Operaiion
5925 to 7426 mc.
Type of Modulation
M
Deviation
6 mec. peak to peak
Channel Spacing at Repeater
90 me.
R. F. Power Output—1 watt

adjusting bias in tape recordings, etc.
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® Completely Self-Contained

® Direct Reading For Rapid,
Accurate Measurements

To insure peak performance from all
audio systems; for correct adjustment
and maintenance of AM and FM receiv-
ers and transmitters; checking linearity
of film and disc recordings and reproduc-
tions; checking phonograph pickups and
recording styli; checking record matrices;

GENERATOR

LOW FREQUENCY: 60 cycles.*

HIGH FREQUENCY: 3000 cycles.®

LF/HF VOLTAGE RATIO: Fixed 4.

OUTPUT VOLTAGE: 10v. mox. into
high impedance or +5 DBM
matched to 600 ohms.

QUTPUT IMPEDANCE: 2000 ohms.

RESIDUAL IM: 0.2% mox.

(¥Other frequencies on special order)
ANALYZER

INPUT VOLTAGE: Full scale ranges of
3, 10 ond 30 volts RMS. Less than
one volt of mixed signal is sufficiant
for operation.

INPUT IMPEDANCE: Greater than 400
K ohms.

INTERMODULATION: Full scale ranges |
of 3, 10 and 30%. '
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Fig. 9. Feedback principle used in

the Philco CLR-6 microwave link.

shape the pulses. The output of the
second stage is applied to the grids of
a 3E29 beam-power amplifier tube
which employs a shunt peaking coil to
provide a wideband amplifier response
sufficiently large to pass the pulse train
without serious frequency distortion.

A simplified schematic showing the
connections between the modulator out-
put tube, 3E29, and the r. f. oscillator,
2C43, is given in Fig. 6. It is seen that
the 3E29 is effectively in series with the
2C43 lighthouse triode, and that the
2C43 acts as a plate load for the 3E29.
With pulses applied to the grid of the
3E29, a high plate current flows caus-
ing a large voltage to appear across
the 2C43. Under these conditions, the
lighthouse tube with its associated
coaxial cavity circuit oscillates at a
frequency in the 2000 megacycle region.
When the 3E29 is being keyed on and
off by the signal pulses, the average
current flowing causes a relatively high
d. c. voltage on the cathode and rela-
tively low screen voltage compared to
these values when the tube is not being
pulsed at all. For this reason the 3E29
is very close to cut-off during the period
between pulses. However, if no pulse
voltage is present at the grid of the
3E29 (as may happen if modulator is
turned off) the d. c. current through
this tube would be quite high and power
dissipation would exceed its rated value.

Therefore a fixed cathode bias resistor
is used (in addition to the self biasing
cathode voltage) comprised of cathode
resistor, B, in series with R, across
the 200 volt supply.

Resistor R;, shown in Fig. 6, is placed
in parallel with the plate to cathode
circuit of the 2C43. The shunt capaci-
tance C, shown by the dashed lines,
is the effective capacitance across the
modulator output circuit and consists
of the sum of the output capacitance
of the 3E29, plate to ground capaci-
tance of the 2C43, the filamentary
capacitance to ground, and the stray
capacitance associated with this ecir-
cuit. This capacitance is charged dur-
ing the “pulse on” period to the same
voltage that exists across the 2C43
tube, and must discharge quickly in
the “pulse off” period. The function of
R; is to provide a low resistance path
for the voltage across the capacitance
to discharge in the pulse off period.

An output of 40 watts peak into a
50 ohm line is obtained from the 2C43
and is fed to the antenna system.

A superheterodyne receiver is used,
as shown in Fig. 7, employing a triode
type lighthouse tube and reentrant
cavity oscillator similar to that utilized
in the transmitter; a coaxial cavity
crystal mixer; a 30 megacycle i.f. am-
plifier; and a video output stage. A
cavity wavemeter is also incorporated
into the equipment for measuring local
oscillator frequency.

The cavity oscillator uses the same
lighthouse triode as that used in the
transmitter and the cavity is almost
identical, although the design is sim-
plified since a maximum output of only
100 milliwatts is required. Tuning over
a * 40 megacycle range (by varying
plunger in reentrant cavity) can be
made from the front panel. Coupling

Fig. 10. System block diagram and waveforms of the multiplex demodulator.
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between oscillator and crystal mixer
can be adjusted for optimum perform-
ance.

The mixer consists of a capacitively
tuned coaxial cavity with built-in erys-

tal mounting. The bandwidth at 3 db.
down is approximately 12 megacycles |

and the image rejection ratio is ap-
proximately 18 db. Additional image and
interference rejection is effected through
the use of a bandpass antenna filter
connected between antenna (or T—R
filter if antenna is used for both trans-
mitting and receiving) and mixer input.
This filter consists of two coaxial cavi-
ties coupled inductively to produce a
bandwidth of about 10 megacyecles be-
tween 3 db. points with an insertion
loss of about 1 db. This results in added
image rejection of 45 db.

The modulator consists of a pulse
generator, delay line commutator, mod-
ulator, mixer line amplifier, and marker
generator. It is beyond the scope of
this article to go into the details of the
operation of these stages. This in-
formation may be obtained from pre-
viously published articles™ ™ Suffice
to note that the final result is a 24
channel pulse train including one mark-
er pulse (actually two closely spaced
pulses) and 23 time modulated audio
channels (if 23 channels are used). In
order to minimize the introduction of
crosstalk, the pulses are modulated in
groups of 8, each being separated from
the succeeding one by a time spacing
of three channels. Thus the first unit
modulates channels 1, 4, 7, . . . 22; the
second unit 2, 5, 8, . . . 23; and the
third unit 8, 6, 8, . . . 24. The three
groups are then interleaved.

The audio input to the ‘modulators
is obtained from telephone lines through
a 4-wire terminating set, which match-
es the 2-wire telephone line to the 4-
wire link. A link is considered a “4
wire” system because a separate path
is used for each direction, whereas in
a 2-wire telephone system the same
pair is used for both directions in two
way conversations. The 4-wire termi-
nating set consists of a hybrid coil,
blocking capacitor, and a compromise
network for each circuit to be termi-
nated for telephone service.

A block diagram of the demodulator
is shown in Fig. 10. The received pulses
are first limited to remove noise and

_ then separated into individual channels
are

and demodulated. Demodulators
also arranged in groups of 8, this time
for flexibility purposes. The audio out-
put is fed through a 4-wire terminating
set to the appropriate telephone line.
The audio bandwidth of each channel
is 300 to 3400 cycles. However it is
possible to increase this bandwidth by
combining two channels into one—
thereby doubling the bandwidth by in-
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“reasing the pulse sampling rate from
3 ke. to 16 ke. In this way, and with
sther minor modifications, a wideband
“hannel can be provided whose fre-
iquency response is essentially flat from
50 to 6800 cycles. For wider bandwidth
"nore channels can be combined.

|
‘Signaling and Dialing

. The PTM equipment is inherently
" designed to transmit d.c. signals. Since
‘voice frequency channels do not require
lfrequencies below 300 cycles, there are
23 low frequency (d.c. to 20 cycles)
channels available for signaling and
dialing purposes. These low frequency
ignals are superimposed on the indi-
idual channel modulation at the trans-
mitting end. At the receiving end they
are filtered out and fed to a separate
amplifier operating on a.c. or high speed
d.c. relay. The contacts of this relay
may be used to control local signaling,
ringing, dialing, or supervisory circuits.
When signaling is desired on a chan-
nel, the normal (out of service) po-
sition of the channel pulse is perma-
nently shifted to the left edge of the
channel interval. During the period
that the channel is in use—but without
voice or other a.c. applied—the channel
ulse is positioned in the center. To
signal again the pulse is moved to the
left again. By this means the equiva-
lent of a d.c. loop is obtained in each
transmission direction. “On hook” and
“off hook” signals are transmitted for
supervision and an equivalent loop for
l1al impulses is thus made available.
The signaling converter at the trans-
mitter operates from any specified
signal and shifts the center position of
she pulse from left to the center of the
channel interval. It consists of one
simple relay. The signaling amplifier
at the receiving station amplifies the
d.c. from the multiplexed signaling
channel to a power level suitable for
the operation of drop signaling relays
or the dialing apparatus.

Antenna System

The antenna system for both trans-
mitting and receiving purposes consists
of a half wave dipole located at the
focal point of a parabolic reflector. The
line feeding the dipole, which also acts
ag its support, is a rigid % inch air
\dielectric line with an external stiffener
"sleeve to prevent excessive vibrations.

The size of the parabolic reflector
‘used is determined by the required
signal at the receiver and involves such
' factors as transmission path lengths,
‘expected propagation variations, and

inature of the terrain. In general the
U system is designed to allow at least 20
'db. fading over the transmission path.
# For maximum safety or for longer
' paths, a 10 foot reflector (34 db. gain)
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is used, while under more favorable
conditions 6 foot reflectors (29 db. gain)
may be satisfactory.

Phileo CLR-6 Link

Another link that has found com-
mercial application is the Philco CLR-
6 Microwave Communications Relay
Equipment. This link employs reflex
klystrons, operating in the 5925 to 7425
megacycle range, in both transmitter
and receiver. While the multiplex
equipment normally associated with
this relay uses PAM, any method of
multiplexing—including frequency di-
vision—may be used as long as the
modulation bandwidth does not exceed
300 ke. The multiplexed signal is then
used to frequency modulate the reflex
klystron.

An interesting phase of this equip-
ment is the use of a single reflex kly-
stron for both reception and transmis-
sion at repeater points. This is done
through the use of the feedback prin-
ciple shown in Fig. 9. The operation is
essentially as follows:

An incoming frequency modulated
signal is mixed with the signal from
a local oscillator klystron which op-
erates at a frequency 90 megacycles
removed from the center frequency of
the incoming signal. The resulting 90
megacycle i.f. signal is detected, ampli-
fied and fed back to the reflector of the

klystron in such a way that the kly-
stron will track the frequency modula-
tion of the incoming signal. The output
of the klystron is fed to the antenna
and radiated in the direction of the
next repeater station.

Consequently the transmitting fre-
quencies of the entire relay are normal-
ly controlled by the frequeney of each
terminal transmitter. At the terminals
the transmitters are held on frequency
by a.f.c. reterenced to a two cavity
r.f. discriminator. All repeaters are
equipped with similar r.f. diseriminators
which are automatically switched into
operation if the incoming signal from
the previous repeater should fall below
a predetermined level. The repeater
then operates as a frequency control-
ling terminal until the signal is re-
stored at which time it will automatical-
ly switch back to repeater operation.
All r.f. circuits of both repeater and
terminal equipments are enclosed in a
temperature stabilized housing.

The characteristics of this link are:

Frequency of Opera:ion
5925 to 7425 mec.
Type of Modulation
FM
Deviation
6 mc. peak to peak
Channel Spacing at Repeater
90 me.
R. F. Power Output—1 watt

| | adjusting bias in tape recordings, etc.

MEASUREMENTS
CORPORATION

BOONTON 6 NEW JERSEY
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“INTERMODULATION METER mozer 31 |

® Completely Self-Contained

: ® Direct Reading For Rupid,
B Accurate Measurements

| To insure peak performance from all
| audio systems; for correct adjustment
and maintenance of AM and FM receiv-
ers and transmitters; checking linearity
of film and disc recordings and reproduc-
tions; checking phonograph pickups and
recording styli; checking record matrices;
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*INTERNODULATION METER
. o

GENERATOR
LOW FREQUENCY: 60 cycles.®
HIGH FREQUENCY: 3000 cycles.®
LF/HF VOLTAGE RATIO: Fixed 4/1.
OUTPUT VOLTAGE: 10v. max. into
high impedance or +5 DBM
matched to 600 ohms.
OUTPUT IMPEDANCE: 2000 ohms. i
RESIDUAL IM: 0.2% mox. 1
(¥Other frequencies on special order)
ANALYZER
INPUT VOLTAGE: Full scale ranges of
3, 10 ond 30 volts RMS. Less than
one volt of mixed signal is sufficient
for operation.
INPUT IMPEDANCE: Greater than 400
K ohms.
INYERMODULATION: Full scale ranges
of 3, 10 and 30%. i
ACCURACY: =10% of full scale.
OSCILLOSCOPE connectian of meter.
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Input Impedance to Modulator
600 ohms
Input Band Pass
300 cycles to 300 ke.
Input Level Required
——6 dbm. nominal
Frequency Tolerance—0.05%
Type of Frequency Control
R. F. Diseriminator
Receiver 1. F. Band Pass (3 db.
down) 8 me.
Receiver Output Impedance
600 ohms
Receiver Qutput Level
0 nominal, 10 dbm. max.
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Eleetrical Meas.
(Continued from page 9A)
enough to avoid subsidized competition
with private testing laborateries but are
low enough to make it possible for
all industrial laboratories to attain
high accuracy where desirable in their
work. In any event, the cost to both
government and industry of the Bu-
reau’s electrical standardization serv-
ices is slight in comparison with the
savings to the nation which result from
the program. For example, the elec-
trical power industry has now grown
to the point where the annual bill for
electrical energy is approximately four
billion dollars. If there were a consist-
ent error of 1 per-cent in the standards
used at the Bureau to calibrate the
electric meters with which the industry
calibrates its customer meters, either
the power companies or the consumers
would lose 40 million dollars each year.
Yet the cost of maintaining the Bu-
reau’s service in this field is much less
than 1 per-cent of the discrepancy.

The Bureau is currently making
efforts to meet the demand for ever-
increasing volume and complexity in
electrical standardization work. Tech-
niques are being developed for the more
accurate measurement of man-made
lightning—very short-duration surges
of high current—which are coming to
be used by electrical manufacturers to

Rabio-
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test high-voltage equipment. Methods
are also being worked out for the more
rapid and economical checking of watt-
hour meters, and the testing of the very
high resistances now used in measur-
ing ion currents and other radiation
effects.

REFERENCES

1. National Bureau of Standards Circular 475,
“Kgtablishment and Maintenance of The Elec-
trical Units,” by F. B. Silsbee, available from
the U. S. Government Printing Office at 25
cents a copy. . .

2. For fees and other information on the testing
and calibration program, see National Bureau
of Standards Circular 483, “Testing at the
National Bureau of Standards,” avaiable
from the U. S. Government Printing Office
at 25 cents a copy. _f@%_

The Balitron

(Continued from page 20A)
Remember, we are changing the beam
current from one plate to the other so
a decrease in the current drawn by one
plate will result in an increase in the
current drawn by the other plate. Thus,
this graph is a natural resultant of this
change. The cross-over point, the point
where the two current lines cross each
other, is the point where the currents
to each of the plates are equal.

Since the currents to the target anode
and the target plate (plus the Pd cur-
rent) are equal at cross-over, it follows
that the total beam current is twice the
cross-over current of either plate. By
adding the currents of Tp and Ta to-
gether along the same Nd voltage line
it becomes evident that the total cur-
rent, at any time, is very nearly con-
stant. This means the load placed upon
the power supply is constant, regard-
less of the input signal.

Reference to both Figs. 6 and 7 shows
that push-pull operation from a single
ended input is an accomplished fact.
Obviously, if a single ended input
makes push-pull operation possible, in
phase and out of phase voltages are
produced in the output. Thus, an out-
put voltage in phase with the input
voltage is possible.

The cross-over point on the graph of
Fig. 7 falls near the zero Nd voltage line.
Singe the cross-over point is midway
along the linear part of both Ir, and I,
curves, this is the blas point for Class
A operation. Under these conditions, it
i1s obvious that this tube will require
no bias voltage for Class A operation.
Note that no Nd current is drawn even
with a positive voltage upon this struc-
ture. This shows that the beam is
tightly constructed. One model of this
tube was constructed which required a
bias of 80 volts positive to reach cross-
over and no appreciable Nd current was
drawn until the Nd was driven above
100 volts positive with respect to the
cathode. Other models have been con-
structed using negative bias to reach
cross-over.

Note how much of the characteristic

ENGINEERING

curve is linear. Only the extreme ends
are non-linear. Taking the total length

!

of the curve, the linear section extends =

over approximately 85% of it. This is
considerably greater than the linear
section of the best grid amplifier curves.

One thing of enormous interest as
shown by the graph in Fig. 7 is the
total accelerating anode A4, or G, cur-
rent. This current is constant for any
signal voltage and, while the beam
current is 43 ma., the total current
drawn by the accelerating structure is
500 microamps. Thus, the ratio of beam
current to accelerating anode current
is 86 to 1 in this tube while in the
ordinary pentode tube the ratio of plate
current to screen current is roughly
4 to 1 and in the ordinary beam power
tube the ratio is roughly 10 to 1. But
the current shown by the graph for
the accelerating anode of the Balitron
is at low accelerating anode voltages.
One model of this tube was operated
with a potential of 240 volts upon Pd,
T'p, and Ta while the accelerating anode
voltage was increased to 395 volts. Un-
der these conditions, the accelerating
anode drew no current whatever.

In normal practice, it is extremely
poor design to operate a tube without

|
l

R

|
',

a load and bypass capacitor upon the |

accelerating anode. In the Balitron,
neither one is required since the ac-
celerating anode current is constant.
Being constant, no filtering is required
even if a load is inserted.

(To be continued)

Fig. 7. The Eg-Ip curve of the Bali-
tron. Note the wide range of linearity.

35 \
35

= /.
1 N/

2400 p MI:0S

Ejp_pg1240 V.
Eyg=240 V.
Egp?240V.
g :0

25
HEATER 6.3V. .6 A.
CROSS-OVER POINT

]

20

24900 p MHOS

CURRENT IN MA.

/ INg®0

s
[s]

-10 =5 ) 5 10
~Eng +Eng.

MARCH, 1951

e



ﬂ

News Briefs

(Continued from page 23A)

‘merce, Washington 25, D. C. Check or
‘noney order should be made payable
"0 the Treasurer of the United States.

\Report on Telecommunications and

E quipment in Germany

. A technical report on telecommunica-
~ions and equipment in Germany dur-
"ng the years 1939 to 1945 is now

|

:uvailable from the British Information

‘Services.

The report covers various aspects of
the industry, including research, trans-
imission, instrument design and test
}equipment. Copies of this report are
available from British Information
Service, 30 Rockefeller Plaza, New
York 20, N. Y., at 40¢ each.

Acoustic Measurements

Two new and one revised standard
for laboratory standard pressure micro-
phones and for earphones have been
developed under the procedure of the
American Standards Association, with
130 national organizations and others

nder the sponsorship of the Acoustical
Society of America.

The first, Z724.4-1949, covers the
reciprocity technique for Pressure
Ualibration of Laboratory Standard

ressure Microphones. The second,
724.8-1949, gives specifications for
these microphones. The third, Z24.9-
1949, gives a method for Coupler Cali-
yration of Earphones.

Single copies of the three standards
are available from American Standards
Association, 70 E. 45th St., New York
17, N. Y., as follows: Z24.4-1949, 20
pdages, T5c; Z24.8-1949, 12 pages, 50c;
and Z24.9-1949, 20 pages, 75¢c. D

PHOTO CREDITS

! BA, TA, 8A, 9A. . .National Bureau
of Standards

12 A e Northrop Aireraft, Inec.

13A, 14A, 15A........... Federal
L Telecommunication Laboratories

l

THEBKS" 8

RADIO LABORATORY HAND- |
BOOK*> by M. G. Scroggie. Published |
by Ilife and Soms Limited, Dorset
House, Stamford Street, London, S.E. |
1., England. 430 pages. $3.50. Available |
from The British Book Centre, Inc.,
122 E. 55th St.,, New York 22, N. Y.

In this handbook the author describes
the methods available for carrying out

| tests and measurements, using either
| commercial instruments or improvised

|

HAVE YOU A JOB FOR A
TRAINED TECHNICIAN?

i We have o number of alert young men

5 who have compieted infensive training
In Radio and Television Repairing. They
learned their trodes thoroughly by work-
ing on actval equipment under personal,
expert supervision.

i If you need a trained man, we invite

you to write for an outline of our course,

l__ and for a prospectus of the graduate. No

[y fees, of course, Address;

Placement Manager, Dept. P-106-3
COMMERCIAL TRADES INSTITUTE
Chicago 26

1400 Greenleaf
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equipment. This volume, published for
“Wireless World,” is the fifth edition
which has been revised and new mate-
rial added, including the more recent
developments in vacuum tube oscillator
design.

Subjects include the principal sources
of power and signals, the various types
of measuring and acoustic instruments,
methods of comparison and their appli-
cation to receivers and amplifiers, and
the plotting and interpretation of re-
sults.

C.G.S. magnetic units have been re-
tained in this book, but in view of the
advantages of the rationalized M.K.S.
system the main features of it are
shown in an appendix.

A special chapter on laboratory tech-
nique for v.h.f. work, constructional
details of capacitance and resistance
and inductance bridges is also included.
Useful general information on such
varied subjects as musical scales, dec- |
ibels, wire gauges, filters, etc., makes |
this volume an all-around handbook .for
the radio laboratory.

“A. S. T. M. STANDARDS ON
ELECTRICAL INSULATING MA-
TERIAL,” published by the American
Society For Testing Materials, 1916
Race Street, Philadelphia 3, Pa. 670
pages. $4.85.

All the standard and tentative test
methods and specifications: pertaining
to electrical insulating materials which
have been issued largely through the
work of the Society’s Committee D-9
on Electrical Insulating Materials are
included in this book.

Subjects covered include: Insulating
Shellac and Varnish, Mineral Oilg for
Electrical Insulation, Ceramic Products,
Solid Filling and Treating Compounds,
Insulating Fabrics and Textile Mate-
rials for Electrical Insulation, Mica
Products, and many others together with
a number of standards applicable.

Many of the specifications and tests
have been revised recently by the
Society.

fm nstrumentation

Ampex Magnetic Tape Recorders
offer the only proved means of
making elecirically reproducible
recordings up to 40,000 cps! Such
critical recording permits detailed
study of particular phenomena
from tape loops, or other automatic
dota reducing systems. Up to 14
channels of data recorded simul-
tancously on separate fracks where
required. Speclal systems record
down to 0 cycles with no phase shift
or wave form distortion. Write for
analysis of your specific problem.

UNLIMITED USES INCLUDE:
® Aerophysical Research
® Multi-Channel Recording
® Portable Half-Track
Recording

qEAT RADIO_SHOWS

Ampex MagneticTape
Recorders are availo-
ble in console, rack or
portable types.

® Recording-Broadcasting
® Industrial Recording

o Laboratory Research

® Telemelering

A

MAGNETIC TAPE

§rANDARD OF THE G

MPEX

RECORDERS

AMPEX ELECTRIC CORP.
San Carlos, Calif.

132 Pages of
Electronic Supplies

New Sun Radig Catalpg

Written {or engineers. NP need fox thumb-
ing through pages of radiqs, televigion and
other consiuwner goods to get to the elec-,
ronic itemsyou are logking f Th

B

co

& ELECTRONICS CO. INC.

122.124 DUANE ST. NEW YORK 7, N. Y. BArclay 7-1840

TWO BLOCKS NORTH OF CHAMBERS STREET

Established 1922  Open Dally 9-6, Sat. 9-4:30
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By SEIZO0O YAMASITA .
The constants of a **T*° or *“*pi*> type constant K P
high-pass filter may be determined rapidly with i |"I
acceptable accuracy with the aid of this chart. :
|
UE TO an unfortunate error, the wrong chart the chart. The values of L and C determined from the !
appeared on page 32A of the February, 1951 chart are then divided by the same multiple of 10 to
issue. The chart appearing below applies to give the correct values of L and C. For example, if
high-pass filters and the chart in the February issue the f, is 500 ke., the constants are determined from
applies to low-pass filters. The text material below the chart for a value of 50 ke. and then the values
applies to the chart in the February issue. of L and C are divided by 10.
Two types of the constant K type low-pass filter If any two of the four variables L, C, f, and R
are shown in Fig. 1. The equations for determining are known, the chart may be used to determine the
the constants of either type of filter are as follows: other two. S |
L = R/xfo
C = 1/=Rf, T B el S
where f, is the cutoff frequency in c.p.s. and R is the -'é- l,‘;- 5
image impedance in ohms. W =‘E —'3'_
The chart shown in Fig. 2, page 32A of the Feb- o ¢ E
ruary issue, may be used to determine the constants (A) (L)
to an acceptable degree of accuracy. If the desired Fig. 1. (&) “T° ¢ 3@ - ‘
cutoff frequency %s above 100 ke., .t,he .cl}art may still ';:'e C:ms“m' K lo‘["::a;n filter to pl;e
be used. The desired value of f, is divided by some used with chart on page 32A of the
multiple of ten to give a value which can be read on February 1951 issue. See mote above.
Fig. 2 IOMH.
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' Be Sure of Your Installations...Next Year
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KE CABLE 7w

No. 8411
Nominal Capaci-
tance 37 mmf per
ft. Use for lapel
microphone.

-

No. 8401
Nominal Capaci-
tance 25 mmf per
ft. For crystal,
ribbon, carbon
microphones.

b,

No. 8422
Nominal Capaci-
tance 32 mmf per
ft. Use for carbon
microphones.

Y

No. 8410 £

Nominal Capaci- 2
i tance 33 mmf per
ft. Use for crys-
No. 8424 / AN tal, ribbon, and
Use for Intercon- < \_-_‘ carbon micro=
necting power < phones.
cable for all elec-
tronic uses. Also N\
used as a micro- w N
phone cable, : \’
~,
\ )
{ § Na. 8423 No. 8412 N
| Nominal Capaci- Nominal Capaci- 4
tance 54 mmf per \ tance 68 mmf per
ft. Use for carbon ¥ §. Use for carbon
microphones. microphones.
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