WESTINMG HOUSE

MAY 1957




The
Common Threads
IN ENngineering

That science and engineering are constantly finding new
fields to explore, and thereby constantly branching out in
many new areas like the roots of a tree is today an obvious
fact. This has a tendency to isolate technical groups from one
another and make the task of keeping posted on technical
developments more difficult for all scientists and engineers.
But it is an extremely necessary effort. Useful information
turned up by a scientist in one field often has application in a
totally unrelated field.

While more dramatic examples of this fact could undoubt-
edly be found, two articles in this issue serve the purpose.
These concern the Hall effect, (p. 71) and electroluminescence,
(p. 93). The Hall effect, though interesting scientifically, ap-
parently had no practical significance when it was first noted
by Professor Hall in 1879. Until fairly recently, it remained
merely a scientific phenomenon. The same can be said for
electroluminescence, which was first discovered by Professor
Georges Destriau in 1936; until the last few years, when
dramatic progress has been made toward making this a prac-
tical light source, electroluminescence was largely a scientific
curiosity, with no apparent application.

Twenty years ago there was little common ground for the
Hall effect and electroluminescence. The Hall effect concerns
magnetic fields; electroluminescence concerns electric fields.
The Hall effect, initially, dealt with metals and the flow of
current through them; electroluminescence concerned the
seemingly unrelated field of phosphors, and light production.
Neither phenomenon attracted much attention from the
standpoint of practical application.

Then came tremendous interest in a different field—semi-
conductors—the half-insulator, half-conductor materials, such
as silicon, germanium, and various compounds. The possibili-
ties for practical application of semiconductor devices spurred
a great deal of work, in both science and engineering, and has
led to an increasing knowledge of their behavior. It led not
only to a greater attempt to develop theory concerning their
behavior, but also to an intense effort to develop better
semiconductor materials. This, in turn, led to many new tech-
niques of preparing semiconductor materials, since almost fan-
tastic purities must first be achieved and then infinitesimal
amounts of impurities added to achieve the desired results.

From a casual glance, this seems a far cry from either the
Hall effect or electroluminescence as they were first dis-
covered. But, as can be seen in the articles, there is a common
denominator. Information and development work in the field
of semiconductors has led to a greater understanding of both
the Hall effect and electroluminescence. Also, the materials
and the processing techniques have been of tremendous help
in both areas. In fact, the Hall effect now appears to have
promise for practical application because it is found also in
semiconductor materials, which are used in place of the metal
conductor with which Professor Hall demonstrated the effect.
This is but one small example of the fact that although
technical fields are becoming more numerous and divergent,
they frequently have relationships, regardless of how remote
the subjects may seem from one another.

As science and engineering become more and more complex
and, in some cases, more specialized, the problem of com-
munication between technical groups becomes more difficult.
But at the same time the necessity for good communication
becomes greater, almost in a straight-line relationship. No
matter how unrelated the fields may seem, nearly always some
information is of common interest and mutual benefit. R.w.D.
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—AND THEIR EFFECT

ON ELECTRICAL ENGINEERING. Demands for faster, higher quality,
and more automatic production have many effects—both direct and

wndirect—on the future of electrical engineering.

Manager, Industry Engineering
Westinghouse Electric Corporation
East Pittsburgh, Pennsylvania

Fig.

Horsepower per worker in this country has Theaccelerated paceof industry haswrought considerable
Epniaionepgifaliosiapehunp IS g sl i change in the status and qualifications of the engineer. There
the last few decades. Most of this is electrical. Q 2 . . o

is great demand for his services, pressure to increase his
technical know-how, and a growing awareness of his im-
portance in business and community affairs. Various forces
and circumstances have brought about the changes.

The character of industry has changed tremendously in the
last ten years. Each new plant, new process, or new machine
| tool 1s a little more automatic than the last. The trend is a
slow, creeping evolution, and not a revolution. In the future,
industry will continue to use more horsepower, work at faster
‘ speeds, use more continuous processes, and modernize its plant
equipment.
al— R —— The electrical engineer, in particular, is affected by these

' ] trends. Electricity is the only kind of power that can be easily
‘ 1 produced in a central location, transmitted over long dis-
|
|

10 T

HORSEPOWER PER WORKER

R S tances, and most important, easily split up into small frac-

tions. Consider the growth of horsepower per worker plotted
in Fig. 1. In 1850 very little horsepower was used, and it was
largely mechanical. About 1910, 215 horsepower per worker
1850 ' 1900 1950 was used, and about 60 percent was mechanically produced
by waterwheels and steam engines. At present however,
about 95 percent of the total 1s electric power. This rever-
sal is the result of the inherent advantages of electricity.
However, many other trends contribute to the changing
pattern of electrical engineering.

E ] STEEL ALUMINUM
Fig. “

growth of basic
iINdustries icas-195s5

Size of each industry in 1945 is
arbitrarily assumed to be 1.00.
Chart represents growth only, not
relative size of these industries.

1945 1955 45
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The Increasing Requirements of Industry

Size—The growth of basic industry in the last ten vyears
has been tremendous. The size ratios of a few industries are
shown in Fig. 2. Economists predict that these industries will
continue to expand, most of them at about the same rate.

Growth in itself brings difhicult problems. For example,
consider the electric-utility industry, which has doubled in
size each ten years since 1919. The utilities are operating with
lower margins of reserve generating capacity than ever before.
This necessitates more power pools with other utilities for
reserve and peaking capacity, and has opened up many new
problems pertaining to system interconnection and system
stability. The huge size of many new generating stations
makes it necessary to locate them adjacent to water and fuel
supplies. Irequently, this means extra-high transmission vol-
tages to economically transport power to the load areas.
Phenomena that are relatively unimportant at lower voltage
levels assume major proportions at high voltages, and a
whole new field of study and investigation is required to
determine design and operaling practices.

Probably the most significant trend is toward automatic
control, which to date has been applied principally to isolated
tie lines, and generating and loading stations. Many com-
panies are now considering load and frequency contral, cou-
pled with an economic dispatch computer, to automatically
allocate generation on the system. Furthermore, increase in
size has accelerated interest in supercritical pressures for
better plant efficiency, such as a 325 000-kw, 5000-pound
cross-compound turbine generator now under construction.
The electrical protective devices and interlocking of the
various components is becoming a major project and requires
close coordination with the turbine designers. For instance,
on such large units the interceptor valve control alone has
required as many as eight limit switches and a synchro unit
to indicate position. Engineering manhours expended in the
design of such plants is tremendous as compared to conven-
tional facilities.

Increased Speed of Produclion—From machine tools to
giant steel rolling mills, no matter what industry, speeds are
invariably higher. Horsepower has climbed directly with
speed. Bul more important, the difficulty of control has in-
creased about as the square of the speed. Three time con-
stants are involved. The first is a longer mechanical time
constant because of increased stored energy in the moving
parts. The next is the longer electrical time constant inherent
in the larger machines. The third is the human time constant
which varies from person to person depending on age, dex-
terity, mental alertness, attitude, etc.

CRUDE OIL

NATURAL
GAS

MAY, 1957

The first two time constants can be reduced by forcing
systems, but it is difficult to do much about the third. Human
reactions are just not fast enough, accurate enough, or re-
liable enough to meet the requirements of high-speed mills,
and this has led to increasing use of regulating systems. As
an example, consider a mile-a-minute winder in the paper
industry (Fig. 3). The purpose of the winder is to take paper
from the forming machine, slit it to the proper width, and
rewind it into rolls for shipment. Low-speed winders of sev-
eral years ago used a simple adjustable-voltage drive manu-
ally controlled by a pushbutton and a rheostat. A mechanical
brake provided a degree of tension between the unwind and
the wind stand.

A modern winder for kraft paper is operated at around
6000 fpm, and requires a much more complex drive system.
At this speed and power a simple mechanical brake on the
unwind stand is undesirable because of heat dissipation prob-
lems and maintenance. So an electrical braking generator is
pressed into service. The control system utilizes a regulator
for unwind tension and winding speed, plus acceleration and
deceleration current-limit and inertia compensation devices.
No matter how fast the operator attempts to increase speed,
the tension between the units is maintained and the electrical
currents are within the commutating abilities of the drive
motors. The complexity of this system is almost entirely the
result of increased operating speed.

Continuous Processing— Along with increase in speed, con-
tinuous mills and processing lines are in more widespread use.
Here several separate machines are integrated into a complex
system that requires the ultimate in coordination. The impact
of this trend on the steel industry is dramatically illustrated
by plotting the man-hours per ton of finished steel from data
published by the American Iron & Steel Institute. This curve
(Fig. 4) shows a rapid decrease from 1938 to 1941, which
followed major installations of continuous hot and cold strip
mills. Such mills would have been impossible without the
development of successful drive systems.

A graphic example of such a system is in tinplating. In the
old “hot dip” method of making tin plate, small individual
sheets were dipped in a bath of molten tin. In contrast, the
high-speed electronic lines are a marvelous complex of inte-
grated machinery. In high-speed electrolytic tinning line, the
strip passes through a cleaning solution, an acid tank to pre-
pare the surface of the strip for the tin coaling, a plating
section to electrolytically deposit tin on both sides of the
strip, a tin reflow section, cooling and drying equipment, and
a rewind section. This line is truly continuous. Looping pits
furnish strip while the entry and delivery ends are stopped
for welding, shearing, and threading operations. Such lines
produce tin plate at speeds up to 2500 fpm. The drive system
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consists of as many as 134 d-c motors ranging in size from 2
to 200 horsepower. The electrolytic cleaning section utilizes

= 3 12 500 amperes at 18-25 volts d-c, plating requires 180 000

| ’ amperes at 18-25 volts d-c, and the reflow section uses 2400

a. Low-speed paper winders used a simple adjustable- kilowatts of radio-frequency oscillators, which is equivalent
| voltage ROl Al iRt o e Eie e to 48 high-power radio stations. A number of regulators are
b. Modern high-speed winders, in contrast, require a d 1 1 3 1 dentl lati
different drive system. This more complex drive is almost used to control speed, tension, loop depth, ’D ating current,
f entirely the result of increases in operating speed. and retlow power. A master control system ties all the opera-
tions together so that the tin is properly deposited and re-
l' L flowed under any normal operating procedure.

A somewhat different type of continuous production is
used in the automotive and appliance manufacturing indus-
tries. Here the problem is making or assembling a large

| number of duplicate parts. The operation is made continuous
by putting the production machine tools in line and arranging
automatic material handling to transport material from one
machine to the other. Such a line, for machining the cylinder
blocks of V-8 automobile engines, appears in the photo below.
The block progresses from station to station, where drilling,
| , tapping, and milling operations are performed. The electrical
equipment consists of squirrel-cage motors, a-c relays, line

‘ ' ' UNWIND

|

| 75 H-P starters, pushbuttons, limit switches, and solenoid-operated

' Mg-Tco " '@ MECHANICAL valves. The control is the comparatively simple interlocking
M-G SET BRI and sequencing type, but, due to the extremely large number

of operations to be periormed, the control panels are almost
as long as the machine. For example, the assembly conveyor
RHEOSTAT E]START-STOP system at one such engine plant utilizes over 2500 limit
switches and 2000 relays. Although each control function is
simple, it must be unusually reliable to prevent shutdown of
high-cost, high-production facilities.

Higher Production From Existing Facililies—Rising labor,
material, and capital costs are forcing industry to get more
production from existing units even where high speeds and
continuous processes are not used. Here more production re-
sults through faster acting or more accurate control of the

6000 FPM drive or the process. For example, on modern blooming mills
! the speed of the main rolls has not heen increased, but the
number of regulating systems has jumped from 3 to about 20

|
BRAKING i i g
GENERATOR to decrease the reversal time of the mill, control the various

{ auxiliary operations, and to protect the drive equipment and
the mill from undue stress. The motor room of a recent drive,
shown at the top of the page, illustrates the tremendous
amount of auxiliary electrical equipment required.

i Stringent Performance Specificalions—The foregoing trends

[P SPEED AND have resulted in more stringent performance specifications.

START STOP TENSION The demand for better and more consistent performance has

| I necessitated (remendous improvement in the accuracy, tran-

§ ' /
500 H-p 5 O
MOTOR M-G SET .

TACHOMETER
| GENERATOR

INERTIA
COMPENSATION

Fig. L |
- A complex line for
man-hours automatically machining
t cylinder blocks for
per ton V-8 automobile engines.
of
finished
steel

68

1944 1946 1948 1950 1962 1954

YEAR

1936 1938 1940 1942



Motor room of a 16 000-hp drive for a slabbing mill illustrates
the large number of auxiliary machines and regulating.systems
required for close contro! of the drive to obtain high production.

sient response, and reliability of regulated systems. A tandem
cold reduction mill requires an extremely fast and well damped
regulating system to control the mill properly during acceler-
ation, deceleration, or energy stopping. This is necessary to
prevent tearing the metal between the stands because of too
much or too little tension.

For example, in one system a response time of less than
0.1 second is achieved even though the sluggish field of the
main generator has an electrical time constant of about four
seconds. To force this response, the regulating system raises
the exciter voltage to 4.8 times normal in about 1/30 second.
In less time than it takes to snap your finger, the generator
field voltage rises to many times rated value to force a cor-
rection, then returns to normal in time to stop overshooting.

CARD
GENERATOR  MOTOR
REGULATOR '\

Fig. : ' 1
. . T ----- -
‘ ; MANUAL 1
card - CONTROL :
programmed |

TACHOMETER
screwdown
SYNCHROTIE
control TRANSMITTER
SYNCHROTIE MILL STAND

RECEIVER

New Producls and New Processes—The number of new
products and new processes developed is increasing rapidly.
Chemical and plastics companies are selling millions of pounds
of materials today that were unheard of a few years ago. Fach
new material necessitates studies to specify control and drive
systems to meet processing and quality requirements. Quite
frequently standard equipment must be moditied to meet the
peculiar problems that arise.

Sometimes the search for something new results in a com-
pletely new industry. For instance, beneficiation of low-grade
iron ore from the Mesabi Range is becoming necessary be-
cause of depletion of high-grade ore beds. This is a new
process, just beginning to get into gear, and it is expected
to eventually increase the kilowatt-hours per ton of ore from
5 to 70. Tt will be a major problem to provide this energy
because of the remote location of most ore beds.

Several fairly large beneficiation plants are now in opera-
tion, and our nation has a brand new industry that will re-
quire high capital investment by private firms, extensive use
of special massive machinery, a large amount of electric drive
and control equipment, and large electric power consumption.

Automalic Conirol—The development of better control
systems, and the rapid advances in the design of computing
ar information-handling equipment in the last few years, has
resulted in an increasing awareness of the advantages of auto-
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malic control. In particular, the use of computers has given
rise to an entirely new concepl of automatic control of indus-
trial processes. The necessary information to control an en-
tire production sequence is stored on punched cards or on
magnetic lape; special reading equipment ‘““interprets’ these
cards and sends control signals to the equipment. Westing-
house is building several card-programmed screwdown con-
trols for the steel industry (Fig. 5), an analog-type economic
dispatch computer for the utility industry, and an automati-
cally-programmed digester control for the paper industry, to
mention a few. Extremely high interest also exists in auto-
matic control of machine tools, automatically-programmed
Lesting and inspection, and automatic gauge control in rolling
mill processes.

National Defense—Defense effort is taking a large share of
engineering manpower. The development and testing of
guided missiles, high-speed aircraft, automatic fire control
systems, and atomic weapons, requires huge numbers of engi-
neers. Here again new fields of opportunity are open to the
electrical engineer, and the demand for his services is corre-
spondingly greater.

Military development helped put computers to work both
as design aids and as control elements for aiming and firing
our guns, whether mounted on the ground, on a tank, or on
a plane. The problem was to act quickly during the very
limited time when the enemy was observable and in range.
This forced the organization of computations in advance of
the heat of action, and the relegation of computations to
machines capable of sensing and acting much quicker and
more accurately than a human. Work of this sort is respon-
sible for much of the interest in pushbutton-operated fac-
tories, and in the growing use of computers for industrial
process control.

While a number of the concepts used in military equipment
are suitable for industrial applications, redesign is usually
necessary because of major differences in philosophy of oper-
ation and maintenance. Equipment in industrial plants must
operate on a continuous basis, must be easy to maintain
without replacing the entire element, and must have a life
many times that of military equipment. Generally the basic
problems of error detection, speed of response, and stability
are similar in nature but differ in degree.

Effects on Engineering

Any one of these trends would have a sizable effect on elec-
trical engineering; together their effect is tremendous.

First, they have resulted in a huge demand for engineering
talent. This fact is highly appreciated by anyone who has
attempted to hire engineers during the last few years. They
will continue to be a major factor in the shortage of engineers
that will exist for at least the next decade, and will tend to
increase the demand and make the shortage greater. Most
certainly, no engineer will lack for opportunity in future years.

Second, a higher level of technical competence is necessary.
The complexity of industrial and military equipment has in-
creased vastly, and the trend is likely to accelerate. The engi-
neer trained in mathematics and system analysis is more and
more in demand. Engineering by “rule of thumb” is out of
stvle and cannot compete.

Third, the engineer who has the ability to earn and retain
technical leadership in his field will be even more of a key
higure in his company. In the dynamic industrial atmosphere
of today, the importance of top design talent cannot be over-
emphasized. In recognition of this, many companies provide

70

opportunities for advancement in pure engineering parallel
to advancement in management.

Fourth, another type of engineer, the “application” man,
who can design machines and components into systems, is
becoming of greater importance. For example, about two-
thirds of Westinghouse sales to the steel industry are for
complex systems and drives. The application engineer fits
together the motors, generators, controls, switchgear, regu-
lating devices, ventilating systems, etc., to provide a satis-
factory drive system. This demands top knowledge of the
characteristics of electrical apparatus, but even more im-
portant, a thorough grounding in the process requirements
of the industry and the production machinery it uses. Appli-
cation requirements must be interpreted to the component
designer so that he can develop apparatus that will behave
harmoniously with other equipment. In other words, these
trends are increasing the engineering content of our appa-
ratus, and are making it more essential that system require-
ments be considered by component designers.

Fifth, engineering alone is not enough. The electrical engi-
neer should be aware of the short- and long-term trends in
his primary and related fields in order to develop apparatus
to keep abreast of requirements, and to keep his company in
good competitive position. Participation in association activ-
ities, such as the AIEE, is helpful in this regard. Furthermore,
the engineer who broadens his grasp of corporate affairs and
human relations can better understand company policies and
build more harmonious relations with other departments. The
effect on his reputation is obvious.

Sixth, these trends are important to the engineers who
operate and maintain our industrial plants. As equipment
and systems become more complex, the operating man needs
to know more about regulating systems, rotating machines,
and controls, so that he can keep his plant running at top
efficiency, intelligently participate in decisions on the pur-
chase of new equipment, and make certain that such equip-
ment will meet operating and environmental conditions.

Last, there is a real challenge to the engineer as to whether
he permits engineering to become a commodity or a pro-
fession. The engineer’s training inherently makes him man-
agement’s right-hand man. A sound product is the founda-
tion on which a successful company is built. Since a sound
product is based on sound engineering, success begins in the
engineering department.

The engineer is also the right-hand man of management
in dealings with customers and suppliers. Management de-
pends on him to act for them in most matters pertaining to
system or component design, application, operation, raw ma-
terial characteristics, tolerances, fabrication, or construction,
and to prepare background material for policy decisions. The
engineer that shoulders full responsibility in these matters is
definitely a part of the management team of his company.
Any contribution that he makes toward increasing his com-
pany’s success makes him a more valuable man and enhances
his position in corporate affairs.

The forces and circumstances that are compelling industry
to look ahead toward automation are also very materially
increasing the demand for engineers and opening new fields
of opportunity. The foundation of automation is engineering.

Along with increased demand and opportunity come addi-
tional responsibilities. The challenges of technical compe-
tence, professional development, and technical leadership are
clear cut. If the engineer aggressively meets these responsi-
bilities, he can look forward to increased status in both busi-
ness and community. =
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AND ITS USES.

Thas little-used phenomenon

holds much promase for the future. Better knowledge

of semiconductor materials makes this possible.

If a conductor carries a current at right angles to a mag-
netic field, a charge difference is generated on the surface of
the conductor in a direction which is mutually perpendicular
to both the field and the current. This is the so-called Hall
effect, discovered first in 1879. Until recently this was largely
a laboratory phenomenon; now, with the increased knowledge
of semiconductor materials, practical, and valuable applica-
tions loom on the horizon.

The intermetallic semiconductors indium-antimony and
indium-arsenic have properties that make a practical applica-
tion of the Hall effect possible; in fact, technically usable cir-
cuit elements from these materials, called Hall gencrators,
have been developed (Fig. 1). With most metals, the voltage
produced by such a device is in the vicinity of one microvolt.
Some of the semiconducting compounds, however, have out-
puts of one or more volts, with sufficient power to operate a
sensitive relay. Such a device has many possible applications.

The Hall generator is essentially a device that provides a
voltage output proportional to the product of two quantities—
(a) the current heing fed to it, and (b) the magnetic field per-
pendicular to it. This permits many novel applications in
measuring circuits and equipment design.

Fig.

The control current, is, at right
angles to the magnetic field, B, pro-
duces a voltage, Vu, in a polycrys-
talline Hall generator.

HIGH CONDUCTIVITY
METALLIC OHMIC
CONTACT

MAGNETIC FIELD B

CONTROL
CURRENT i

HALL VOLTAGE—V,

Materials Engineering Department
Westinghouse Electric Corporation
East Pittsburgh, Pennsylvania

A carefully designed and built Hall generator can have an
output exactly proportional to the product of the magnetic
field strength and the current. This product formation sug-
gests uses as an analog computer element. A Hall generator
can be used, for example, to multiply directly two electrical
quantities. One of these electrical quantities is expressed as a
current and the other electrical quantity is expressed as a
magnetic field. The maximum frequency at which the above
considerations are true can be from 102 to 10" cycles.

Similarly, an electrical quantity can be squared by such an
analog element. The quantity to be squared is simply ex-
pressed both as a field and as a current. Under these condi-
tions application of the electrical quantity to the input of the
device will yield a Hall voltage proportional to the square of
the input parameter.

Ii the magnetic field penetrates the Hall generator at some
angle other than 90 degrees, the output of the Hall generator
is proportional to the magnetic field times the cosine of the
angle between the normal to the Hall generator plane and the
magnetic flux lines (Iig. 2). This method gives a very precise
and simple method for obtaining an electrical analog of the
cosine or sine of a mechanical rotary displacement. This ana-
log automaltically goes through zero and produces polarity
reversals in different quadrants.

This type of Hall generator can also be used as a position
indicator (Fig. 3). A magnetic ficld is set up and a constant
control current is sent through the generator. The output of
the generator will be some function of the distance of the
generator from the magnetic pole. In this way the generator
can act as an indicator of position. Obviously, since the output
of the Hall generator is exactly proportional to the magnetic
field, this device can be used as a simple and portable method
for probing magnetic fields. In this application the Hall gen-
eralor would be made extremely small in size to obtain a high
degree of accuracy in plotting the magnetic field. These de-
vices are also used to measure a uniform magnetic field and
to observe its fluctuations with time.

If a Hall generator is placed in the air gap of a split C yoke
(Fig 4), it is possible, by placing the yoke around the bus bar,
to measure high bus-bar currents without breaking the current
path and without many of the inherent difficulties with the
present measuring apparatus. High current measuring de-
vices have been developed along these lines which allow ex-
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If a magnetic field penetrates the
Hall generator at some angle other
than 90 degrees, output of the de-
vice is a function of the displace-
mentangleand the magneticfield.
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Fig.

If constant control current is sent
through the Hall generator, out-
putis a function of thedistance of
the permanent-magnet pole from
the generator. This set-up can
thusbe usedasadistanceindicator.

CONTROL

tremely high precision for this type of measurement and at the
same time offer the convenience of not having to break the
high current circuit.

Because of their extremely fast response time Hall gen-
erators can be used to measure the power content of tran-
sients. In plots of fuse blowout or lightning arrestor break-
down the current and voltage surges do not coincide. To cal-
culate the maximum power developed in the device during a
fault, the appropriate voltage and current curves are multi-
plied, point by point. The fault voltage or a proportional frac-
tion thereof is impressed on a Hall generator and the fault
current generates a magnetic field. The Hall voltage then
generates a trace on an oscillograph that is the product of
these two and thus is proportional to the power content of
the fault pulse. This method, of course, is considerably faster
and nearly as accurate as point-by-point plotting methods.
By similar circuitry, an economical wattmeter having no
moving parts can be devised. This wattmeter would auto-
matically give a true indication of wallage regardless of the
power factor of the load.

Hall generators have been used to measure the internal
torque of d-c motors. This is done in one of several ways. One
of the most common is to place the Hall generator in the air
gap on the surface of one of the pole shoes. A current propor-
tional to the armature current is fed through the Hall gen-
erator. Since the internal torque of a d-c machine is propor-
tional to the product of the armature current and the flux
density in the air gap, the output of the Hall generator is also
proportional to the internal torque of this machine. By plac-
ing the Hall generator on the armature rather than on the
pole shoe, the actual variations in magnetic flux can be de-
termined as a function of rotation of the armature. These
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facts make possible design improvements of an electric motor.

Hall generators as described above suffer one important
limitation. Their output impedance is very low—of the order
of .01 to 20 ohms. Many measuring circuits will not match the
peak power output of the device. Although it is not pessible
to obtain much power from the Hall generator in a high im-
pedance device, the output voltage can be easily measured by
high impedance voltmeters.

The above limitation applies primarily to the polycrystal-
line, low impedance Hall generator. On the other hand, an-
other type can be used for some special applications. This is
frequently called the “junction Hall generator.” This device
is made from single crystalline material usually of fairly high
resistivity, and having a high output impedance.

The theory for the junction Hall generator is not as well
developed as for the polycrystalline Hall generator. How-
ever, qualitatively it can be understood by examination of
Fig. 5. The current carriers are detlected to one side of the

MAGNETIC FIELD

ductor is assumed. If a voltage is applied to the electrodes,
without a magnetic field, the electrons flow in a direction
parallel to the longitudinal direction of the conductor. When
the magnetic field is first switched on, the electrons are de-
flected (by the Lorenz-force), perpendicular to the magnetic
and electrical fields. Because of this, one longitudinal side of
the conductor builds up a negative and the other a positive
charge. This leads to an electrical field, the Hall field. This
greatly simplified manner of looking at the problem does not
yet result in a resistivity change in the magnetic field. In
reality, however, a positive resistivity change always exists in
a magnetic field. It results from the fact that electrons do not
have a uniform velocity. The nonuniform velocity now makes
itimpossible for a single Hall field to compensate the magnetic
force for every electron. Deflections of the electron trajectories
occur to the right as to the left with respect to the longitudinal
direction of the rod. Thisis thereason that electron movementin
amagnetic fieldalwaysleads toan increaseof theelectrical resis-
tivity as compared to the case without a magnetic field.

This resistivity change is proportional to the square

of the carrier mobility in the material under question.
Since the intermetallic (groups III-V) semiconductors

SEMICONDUCTOR
MATERIAL

have very high electron mobilities it is now possible to
make practical use of this increase in resistivity. Thus,
a simple resistance device made of the proper materials
and in the proper shape might show a value of resist-
ance without a magnetic field of 0.1 ohm. When placed
in a field of 10 000 gauss, however, this resistance may
change by much as a factor of 25 to 50. This effect
yields another method of measuring magnetic effects.
Also, the magneto-resistance change of a semiconduec-

Fig.

Thisis a Corbino disk.
These are low impe-
dance devices and the
power available from
them is limited.

HIGHLY

CONDUCTING
MATERIAL

generator due to the magnetic field. This in turn affects the
leakage characteristics of both the junctions applied to op-
posite faces. In this way, the current through the load re-
sistors changes by an appreciable factor. Due to the high
value of load resistor and the high voltage applied to these
devices, the output impedance of the junction Hall generator
may be of the order of 500 000 ohms.

Theoretically, the junction Hall generator would seem to
have as many, if not more, applications than the polycrystal-
line type. Unfortunately, the theory of operation underlying
the junction.Hall generator has not been developed very well.
These devices are usually quite non-linear as well; but for
certain applications where a high output impedance is neces-
sary, special calibration techniques could be used that would
enable use of the device.

The junction Hall generators generate rather low power
and, having a semiconductor junction, exhibit low frequency
cut off. It may be possible to make such devices having a
frequency in the low megacycle range.

Magneto-Resistance

Experience has proved that electronic conductors, metals as
well as semiconductors, increase their electrical resistivity
when brought into a magnetic field. This effect is called the
resistivity change in the magnetic field.

For the purpose of measuring the transverse resistivity
change in the usual physical sense, a long conductor having
electrodes at both ends, is put into a magnetic field perpen-
dicular to the drawing plane. At first a pure electronic con-
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tor with extremely high mobility can be used as a meth-

od for fulfilling some of the applications discussed for

polycrystalline Hall generators. Naturally the circuitry

may be just a little more complicated in this case, and
magneto resistance suffers one major fault in that the resis-
tance never falls to zero, whereas the output of the Hall gen-
erator does. In applications where zero is one of the values
that is sought, the magneto-resistance devices may not be
applicable. Also, such devices cannot be used for any process
involving the multiplication of the control current and the
magnetic field. These devices do, however, offer a simple
method for measuring magnetic field strength and for indicat-
ing posilion, as has been outlined previously for the polycrys-
talline Hall generator.

The shape most often used for these experiments is shown
in Fig. 6. This is called a Corbino disk, after the man who
first did so much work with this shape of conductor. The
Corbino disk suffers another disadvantage in that the power
available from such a device is limited. The resistance change
is an inverse function of the radius of the inner electrode. On
the other hand, the power available is a direct function of this
radius. It can be seen then that for large resistance changes the
power available from a Corbino disk will be limited. Con-
versely, if one wishes to draw a fair amount of power from a
Corbino disk, the usable range of resistance change will be
decreased. These devices, being made of the same materials
as a polycrystalline Hall generator, also suffer from being
very low impedance devices.

The development and purification of the new intermetallic
semiconductors has enabled the practical use of galvano-
electric effects that have been known for many years. In ad-
dition to showing promise as analog computer elements, some
of these devices could revolutionize the methods now being
used for measurement of some electrical quantities. =
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SPECIAL PURPOSE TUBES, abetted by military and industrial requirements,

has resulted in increased power densities, improved performance

characteristics, and a higher degree of service reliability for electronic tubes

The special-purpose tube family, the big fellows used in
high-powered industrial and special-purpose applications, is
ever increasing in size to meet incessant demands for more
power, higher frequencies, and greater reliability. Many of the
new designs have been prompted by military requirements;
others have been developed to aid the industrial, medical,
communication, and atomic-power equipment designer.

The name “age of refinement’” can be applied to the many
improvements built into earlier lines of tubes to produce better
service and life. New glasses make for better seals, and new
getters keep the high degree of vacuum more lasting. Some of
the moditications have resulted in more stable operation of the
tube or in greater power output for a given size. Although
some changes have been so small and inconspicuous that re-
vision of test or acceptance specifications have been unneces-
sary, they have produced tangible results in service reliability.

A major trend has been more power from smaller tube gen-
erators, that is, greater power densities. Much progress has
been achieved in designing industrial and special-purpose tubes
that are more rugged, to better withstand the rigors of factory
environments. Naturally, where expensive production lines
are involved, the tubes must also be constructed to possess a
high degree of reliability.

A minor trend is the assembly of more than one tube unit in
an envelope, although this is not nearly as prevalent in the
large sizes as in the receiving-tube field where multi-unit tubes
are quite common. The television-camera tube (image orthi-
con) can be considered a multiple-unit device with four separ-
ate and distinct cooperating functions combined into a single
tube assembly.

Envelopes—Until recently more or less traditional glass
bulbs were the envelopes for nearly all types of tubes. New
glasses and improved ceramics have made possible tube designs
that will stand high-frequency operation for television broad-
casting, high voltage for rectifier service, high temperatures for
more efficient operation, and operation in a strong radio-
frequency field. The “custard cup” type of base structure
provides a contour to which metal thimbles are easily at-
tached, and forms part of the vacuum envelope. Kovar alloy,
with an expansion characteristic that matches 7052 glass,
makes possible rugged metal-to-glass seals in very large sizes.

In the multiform process, powdered glass is mixed with a
binder and dry pressed into a toroid shape. The ring is next
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heated in an oven, which sinters the glass particles into one
solid piece. The glass ring can be subsequently sealed on both
its inside and outside edges to metal cylinders, which form
part of the electrical lead-in system. Furnace sealing of the
glass ring and tube parts has been made possible, and results
in a tube with concentric input and output electrode leads
that are most suitable for high-frequency operation. A new
ten-kilowatt tube (WL-6567) for frequencies up to 30 mc, for
application in induction or dielectric heater service, uses this
concentric lead-in system.

Leads—To operate effectively, electric power must get into
and out of a tube with a minimum of losses. Filament power
and the various d-c, a-c, and r-f potentials are applied to the
input electrodes, and the output energy taken from the anode.
The high-voltage insulation and current-carrying capability

Automatic Exhaust— Industrial tubes (WL-579B kenotrons) being
evacuated on an automatic exhaust machine. Each tube is
placed on a port and air exhausted from the bulb as it goes through
successive stages of induction heating and other operations.
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of the leads, and their high-frequency inductance and mechan-
ical strength are important design considerations. Of course,
the anode of the external anode tube forms its own “lead”
since external circuit connections are made directly.

Tungsten wire is often used as a lead-in conductor for power
tubes since it can be sealed readily to glass, particularly in the
smaller sizes. Although the expansion of tungsten does not
exactly match glass, the proper annealing schedule or con-
trolled cooling of the glass results in satisfactory seals. Dumet,
a nickel-iron wire with a sheath of copper, seals readily to
many types of glass and is widely used, particularly for re-
ceiving tubes.

“Flying leads,” long flexible copper ribbons permanently
attached to the pins in the base of the tube, make possible
positive and more efficient connections with external circuit
elements. Electrical resistance is kept low and the chance of
overheating is minimized. Also, more flexibility is provided
for circuit connections.

The concentric input and output leads discussed above are
essential in ultra-high-frequency service. They permit direct
coupling between the internal electrodes and the external cir-
cuit, which can be designed to prevent loss of radio-frequency
energy at this point. Concentric leads are used for the frllament
circuit in some power tubes; power input and output circuits
also employ this general principle in some uhf generators,
such as magnetrons.

Insulation—TIn most power tubes the various electrodes are
rigidly supported with respect to each other with spacers, in
addition to the lead wires embedded in the envelope. A newly
designed spider insulator supports long filament wires at criti-
cal points, and can operate at the high temperature (approxi-
mately 2000 degrees C) inside this filament cage.

Sometimes the need for still higher operating bully tempera-
tures and higher frequencies requires ceramic parts to support
and insulate the electrodes, and simultaneously form part of
the vacuum envelope. High purity alumina is useful because
ofitshigh operating temperature, lowloss factor, high strength,

Single Exhaust—Specialized industrial tubes manutactured in
smaller numbers are evacuated in special ovens. Here, operator
is using a pyrometer to check the temperature of a tube{WL-5936
triode), which is being evacuated by a vacuum pump,
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and relative freedom from gas. Usually it is coated with a
surface layer of metal at the electrode seals. The coated
alumina can be brazed to metal parts and forms a vacuum-
tight joint of high strength.

Fabrication of alumina is comparatively simple and the
material can be made either non-porous or porous, the latter
being preferable when efticient out-gassing is a consideration,
such as for internal insulation. Non-porous ceramics are used
for vacuum-type envelopes. The parts can be made in sizes
from a fraction of an inch to ten inches. Alumina windows
have been made as thin as 0.010 inch, although flat pieces are
usually somewhat thicker.

Cathodes—DPower-tube cathodes have continued the trend
toward more extensive use of thoriated tungsten for filament
material. Until recently, the use of thoriated-tungsten cathodes
in tubes with anode voltages above about 5000 volts was con-
sidered unsatisfactory. If the ratio of peak available electron
emission to the total electron emission demanded by the cir-
cuit is kept above a ratio of about three to one, and if a high
degree of vacuum is maintained, thoriated-tungsten filaments
prove satisfactory under relatively severe and continuous op-
erating conditions. Electron emission is a key factor in tube
operation and must be maintained at a high level.

Gas molecules exist in the best vacuums and, if too numer-
ous, cause irreparable damage of the cathode by positive-ion
bombardment. A cermet cathode can stand higher tempera-
tures caused by back bombardment, and has been used where
particularly severe operating conditions prevail, such as in a
high-powered magnetron. An oxide-coated cathode in a tube
of such large size would cause trouble because of barium
evaporation.

Grids—Grid surfaces must be preventives of primary and
sometimes secondary emission. Occasionally a material with
little if any secondary emission is desired, while at other times
a large number of secondary electrons are needed. Usually,
secondary emission should be maintained at a constant level
throughout tube life rather than be non-existent.

Power-tube grids must be capable of dissipating a fair
amount of power, have low thermionic emission, and maintain
good mechanical strength at high temperatures. Some thorium
may evaporate from thoriated-tungsten filaments, and a por-

Flying Leads on
this tube (WL-6623 <1
on the left) provide
forelectrical cir-
cuit connections
withaminimum of
resistance losses.
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tion of this can deposit on the grid, producing cumulatively
higher primary electron emission. To keep grid emission from
becoming too high, an emission-inhibiting grid material such
as a platinum-clad wire of molybdenum or tungsten is used.
The oxide-coated cathode of a typical receiving tube tends to
deposit a layer of barium on the grid; here, gold plating pre-
vents the unwanted primary emission.

In multigrid tubes, wire turns should present an unob-
structed electrostatic lens system to electron flow. This pre-
vents many electrons from striking the grid structure as they
move from cathode to anode. Screen-grid wires should be
placed in the electron-beam shadows of the control-grid wires.
Also, close spacing and accurate grid alignment keeps impor-
tant electrical operating characteristics from changing during
tube service.

Anodes—Despite all efforts to achieve the highest possible
tube efficiency, considerable power in the form of heat must
be dissipated by the anode. In the air-cooled tubes, the internal
anode radiates most of its heat directly through the envelope
walls. The solid-anorle x-ray rectifier tube operates particularly
well under the relatively high peak power loads that are often
encountered in service.

Some electronic-tube anodes are of the external type, form-
ing part of the envelope and resulting in a relatively compact
tube. A metal-to-glass seal is required, but with techniques
using a feather edge of thin copper or one of heavy Kovar
metal, these seals are relatively easy to produce. The anode
portion of the tube is mounted in a water jacket and water
cooling is quite effective.

Forced-air cooling can be accomplished by blowing air at
high velocity over radiator finsattached to the external anode.

Multiform Glass Seals--Three multiform glass seals are used in
the lead construction for this new type tube (WL-6406). This
concentric lead construction is effective in preventing loss of
radio-frequency energy in ultra-high-frequency applications.
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Spider Insulator—This newly-designed spider insulator holds
filament strands from moving radially in the WL-5936 triode.

This cooling method has proved satisfactory where cooling
water is undesirable. To eliminate noise of blowing air at high
velocity, the radiator of the new WL-6623 tube has been de-
signed to operate most efficiently at relatively low air flow.
A further advantage is the lower cost of a low-pressure air
blower, compared to a high-pressure blower.

Some design improvements are not easily noticed. For ex-
ample, studies of the air flow over radiator fins reveal that
most efficient cooling is obtained with a reasonable amount of
air turbulence. The smooth slip stream so necessary for jet
planes is definitely not wanted. Agitation of the air is accom-
plished by roughing the radiator fin surfaces with corrugations
and using the proper air-flow rate.

A new rectifier tube (WL-6103) has been built with an ex-
ternal anode that includes a radiator portion for either air- or
oil-cooled operation. The WL-6102 rectifier has been designed
particularly for oil-immersed installation, and can be mounted
inside the a-c power transformer tank. Such installation pro-
vides two advantages: (1) voltage and current ratings are com-
paratively high, and (2) any tendency to arc-over is minimized
since the oil serves as both coolant and insulator.

Gas Filling—Thyratrons, ignitrons, and certain microwave
devices are filled to a specific pressure (usually considerably
less than atmospheric) with a gas, vapor, or a mixture of these.
Air is first pumped out and a measured amount of the desired
gas introduced to give the vapor pressure required for special
operating conditions. In the thyratron the hot cathode provides
electrons as in a conventional vacuum tube. In passing from
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the cathode to the anode, these electrons collide with gas
molecules and produce additional electrons and free ions,
which reduce voltage drop through the tube to an extremely
low value. This accounts for the high efficiencies obtained
with gas-filled tubes.

The thyratron grid prevents current from passing between
the cathode and anode until a desired time, after which the
amount of current flow depends solely upon the electrical
values of the external circuit. The grid cannot regain control
until the current flow is stopped when anode potential goes
negative. Thus the grid in a gas-filled tube controls the power
handled in the tube by determining the portion of the a-c cycle
that current can tlow; it cannot determine the magnitude of
the current through direct and continuous contral of the
amount of electron flow, as is done in a vacuum tube.

Mercury vapor has been the traditional filling for thyra-
trons and works efficiently. Objections to its use are its sensi-
tivity to extremes in both high and low ambient temperatures.
When too cold, the tube is slow in starting up, and can produce
a damaging “surge”; if too hot, a destructive arc-back can re-
sult. The control grid has been redesigned and shield grids
added to restrict the spread of ionization during operation so
that the deionization occurs more rapidly than in the earlier
tubes, resulting in better control.

Inert gases, such as argon, neon, and xenon remain in the gas
phase throughout the normal operating-temperature range.
In recent years, xenon gas has become readily availahle com-
mercially and has been adopted almost exclusively in thyra-
trons for industrial purposes where the ambient-temperature
effects must beeliminated. Advantageous operating character-
istics are sometimes obtlained by using a combination filling
of an inert gas and mercury.

When extremely rapidionizationand deionization properties
are desired, such as for modulating radar equipment, thyra-
trons are being filled with hydrogen gas. The maintenance of a
suitable concentration of active hydrogen in the larger tube
sizes is achieved with a storage unit that stores hydrogen. The
pressure of the hydrogen gas phase is a function of the tem-
perature of the storage unit until the stored gas is all liberated
and used up. Since hydrogen is also an inert gas, the hydrogen
thyratron is not influenced by ambient-temperature canditions
over its usual operating range.

Ulirasonic Cleaning—Improvement of techniques for elec-
tronic tube manufacture show up most spectacularly in the
widespread and active interest in ultrasonic cleaning. This
combination of mechanical vibration and chemical agents pro-
duces a superh degree of cleaning or degreasing with the simul-
taneous advantage of a high production rate.

Ultrasonic vibrations are above the range of audible sound,
and range from 20 000 to 400 000 cycles per second. The sonic
waves can be produced by piezo-electric crystals or by mag-
neto-striction action on a metal body. Both devices are trans-
ducers that convert electrical energy into mechanical energy
at an ultrasonic rate. One method has the container and its
contents, the liquid and the material being cleaned, vibrated
as a unit; another uses specially shaped transducers immersed
in the liquid to focus the energy on the parts being cleaned.

This new cleaning system has achieved outstanding results
in removing residues remaining from the compounds used on
metal surfaces during buffing, polishing, and drawing. Ultra-
sonics speeds up the cleaning action, and makes removal of
surface scale more thorough by shaking loose any inert soil
particles as the oil and grease in the lubricant is dissolved
from around the particles. This enables the solvent to pene-
trate faster and to a greater depth, especially around crevices
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and joints. Ultrasonic cleaning equipment has been developed
to the point where it can be placed on production lines.

Ultrasonics has been found useful also in assisting chemical
action in plating operations. The mechanical vibrations knock
loose any small bubbles formed during plating and thus
shorten plating time by providing a more intimate contact of
the solution with the metal. Also, since there is continuous
vibration at the interface between the solution and the metal,
lower concentrations of chemicals can provide equally fast
plating action.

Mechanical Cleaning—Oxides or other metallic compounds,
commonly referred to as rust or scale, are sometimes remover
by mechanical means, such as abrasive blasting. Considerable
advances have been made in barrel tumbling by improved
tumbling equipment and special compounds for the actual
cleansing process.

Non-Destructive Inspection—In this age of refinement, im-
portant advances have been made with chemical, ultrasonic,
high-frequency, magnetic, fluorescent penetration, and x-ray
methods to check the quality of materials and parts. The
polariscope for examination of many forms of glass and glass-
to-metal seals is another non-destructive testing technique.

Refinement of an old method can be used for inspection of
steel parts. The material to be inspected is first dipped in an
acid bath to produce an insoluble coating of material that
leaves a matte background surface. The parts are next placed
in a penetrant, such as an acid mixture, after which they are
removed, washed, and dried. The penetrant “bleeds-out’ of
any cracks of fissures and leaves a permanent indication of
flaws, easily observed under natural light.

In ultrasonic testing, high-frequency sound waves are sent
into a material and their travel pattern noted. A fissure will
reflect these mechanical vibrations, and by careful measure-

Ultrasonic Cleaning— Many electronic tube parts are cleaned
ultrasonically. Ultrasonic cleaning speeds up the removal of im-
purities and foreign material, and achieves a more thorough job.
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Cermet Cathode—An indirectly-heated cermet cathode being
installed in a magnetron (WL-6249). The cathode proper is the
smaller cylindrical section about % inch long, which is located
about %2 inch from the free end of the cathode-mount assembly.

Neutron Detectors—Three of the Westinghouse line of
neutron counter tubes used in the atomic energy field.
These tubes help control reactor operation, and perform
other neutron detection and measurement functions.
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ment, location of a flaw can be accurately determined. X-ray
pictures will reveal hidden cracks or voids, and are also used
to check internal spacing, such as the distance between the
grid and anode structures in large water-cooled power tubes.

Ignilrons—The popularity of the ignitron is attested by its
extensive use in the automobile industry as a precision switch
for welding automobile bodies and irames together. The igni-
{ron requires a small amount of water flow for cooling purposes
to maintain rated temperature. Usually the operator will not
turn off the water flow when the welder equipment is not in
operation, and thus much water is wasted. An important igni-
tron improvement is a thermal control device that performs
this function. A small plate mounted on the side of the tube
detects any internal temperature change through a raised sec-
tion in the inner cylinder of the body of the tube. By mounting
a thermostat on this plate, internal tube temperature is mea-
sured. The flow of cooling water can be controlled so that an
ample amount is available when the tube is working, and is
turned off when the welder stands idle or there is no load on
the ignitron. The tube is inter-changeable with the previous
version, so that a new tube can be easily installed and the
thermal control features added.

Magnelrons—Briefly, the magnetron is a tube that utilizes a
strong magnetic field to produce ultra-high frequency oscilla-
tions, generally for radar transmission purposes. To produce
oscillations of one specific frequency, the several internal
anode segments must have nearly identical dimensions. How-
ever, in many cases, a change in basic frequency is desirable.
The x-band magnetron (WL-6249) can be tuned by pushing a
set of pins into, or removing them from the anode cavities.
This magnetron, mechanically tunable over a frequency range
of 8500 to 9600 mc, is a vastly improved model over World
War IT designs that were not tunable.

With the advent of high-speed jet planes, greater and
greater distances must be searched to intercept approaching
aircraft. A new magnetron (type WL-6285) has a peak power
rating of 10 megawatts and enables radar to “see” a plane at a
distance of 400 miles. This tube has obtained the highest
power-duty product for any magnetron using pulse widths up
to 10 microseconds and 0.0018 duty. Naturally, development
of “Big Maggie” required many technical design improve-
ments, such as raising the initial “sparking barrier”” that re-
sults in break-down of the vacuum insulation between the high-
potential electrodes within the tube. The operating character-
istics of this tube help reveal its true king size. The cermet
cathode power is 4 kilowatts for starting, and reduces during
oscillation to between 1 and 3 kilowatts, depending upon aver-
age anode input power. Rated plate voltage is up to 70 kilo-
volts, and the peak anode current is 350 amperes. The mag-
netron delivers its power into a 6Y4-inch diameter waveguide
with no pressurizing or gas insulation required. The anode
and end covers are water cooled, and forced-air cooling is re-
quired for the output glass window. Theefficiency varies from
46 to 50 percent depending upon the operating point.

Counter Tubes—In the atomic-energy field, neutron-detec-
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