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Mr. Lane is a member of the Acoustical Society of America, Tau Beta Pi, Eta
Kappa Nu, and Sigma Tau.




1953

PROCEEDINGS OF THE I.R.E.

Ultrasonics Engineering
A. L. LaNE

As science and technology evolve, new and i nportnt fizlds of endeivor sprinz into being and assume
their rightful place among their older brethren. \Whit were little k wown of detuiled principles hecome the
bases of developed and expindad syste ns of thoaght which soon find their prcticl expression in hu-

Ultrasonics has been called correctly the science
of a coming technology. Only a few years ago the
scope of ultrasonics was limited and the applica-
tions comparatively few. However, if the tre-
mendous advances that have recently been made
in ultrasonics are used as a measuring stick, the
future promises even more astounding develop-
ments. There can be little doubt that a potent and
versatile tool is emerging, which, even now, is
proving extremely useful to the scientist and engi-
neer both in the laboratory and in industry.

At present the investigation and application of
ultrasonics embraces many diverse fields. In the
laboratory ultrasonic techniques are used for
studying specific heats, molecular processes, shear
viscosity, and elasticity of liquids, the elastic and
dissipative properties of solids, thermal relaxation
phenomena, velocity, and attenuation in gases.
Marine applications include ultrasonic depth indi-
cators, underwater object and fish locators. In the
medical field ultrasonic diagnostic and therapeutic
devices are being investigated and developed.
These include diathermy instruments, tumor lo-
cators, dental caries locators, and even a device to
replace the dentist’s drill. In industry ultrasonics
is finding applications in wide variety. Non-
destructive testing of materials, acceleration of
chemical reactions, emulsification, coagulation,
sterilization are a few uses in this area. Ultrasonic
delay lines and electromechanical filters are being
used in radio, radar, and digital computers. There
may one day be ultrasonic washing machines.

manly helpful engineering methods 1nd equip nent.

Ultrisonics in engincering is ' striking ex mple of this trend. Its development has been rapid and its
applications many and incre 'singly v Liible. It is therefore fitting that an IRE Professional Group on
Ultrsonics Engineering sho.ld have heen estihlished, 'nd thut its interesting scope and encouraging
phins should be descrihed helow by its Chiir nan, who is Section Chief, Ultrisonic Transducers Section,
Underwater Ordnance Department of the Naval Ordnance Laboratories, White Oak, Maryland.— |

The Editor.

Inview of these tremendousstrides, there hasbeen
a large and spontancous demand from widely di-
vergent fields, interested in or utilizing the genera-
tion and effects of ultrasonics. for an organization
representing their interest. In response to this wide-
spread demand the Ultrasonics Engineering Pro-
fessional Group of the IRE has been organized.
This Group is now taking its place among the
other P’rofessional Groups of the IRI:, according
to the IRE policy of decentralization into smaller,
more compact Groups formed on the basis of pro-
fessional interest.

Thenewly formed Ultrasonics Engineering Group
will benefit both the ultrasonic engineer and indus-
try as a whole. This will result from an attempt to
bring together the literature on ultrasonic applica-
tions and associated circuitry which heretofore has
been dispersed in a wide variety of publications.
Both the TraNsactioNs of the Ultrasonics Engi-
neering Group and the PROCEEDINGS oF THE [.R.IZ
may be used for this purpose. Moreover, the TRANS-
ACTIONS often will enable more rapid publication of
certain papers. In addition to the TRANSACTIONS,
the Ultrasonics Engineering Group will sponsor
symposia and local meetings which will provide ul-
trasonic engineers with their own outlet of expres-
sion. Industry will be helped, since the interchange
of ultrasonics information will be available to the
entire IRE membership of 30,000 engineers and
scientists, as well as the additional thousands of
readers of IRE literature.

963
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An Evaluation of the I.LR.E. Professional Group Plan*

Summary—The rapid growth during the past ten
years of the radio engineering profession resulted in
the initiation by the L.R.E. of the Professional Group
Plan. The significant steps in the development of the
Professional Groups are reviewed and the value of
the Professional Group Plan to the Institute and to
the Profession as a whole is evaluated. The impor-
tance of realistic ideration of probl arising
from the group ezpansion program is stressed.

HE YEAR 1953 saw 40 of the 43 tech-
|I nical sessions at the National Conven-
tion sponsored by Professional Groups.
This is indicative of a change that has
been gradually taking place in the Institute
since the Professional Group plan was first
initiated. It is the purpose of this article to
review briefly some of the factors that led
up to the Professional Group system and to
indicate the advantages that will accrue to
the membership as a result.

A little less than five years ago the Pro-
fessional Group plan was initiated within
the I.R.E. This plan consists of a voluntary
association of Institute members who are in-
terested in seeing that their particular
branch of the electronic industry is ade-
quately covered by Institute activities.
Upon approval of the Institute and after
meeting certain formal requirements, a Pro-
fessional Group may be set up to insure this
aim, In this short five-year period, the plan
has grown until there are now no less than
19 Professional Groups with a paid-up mem-
bership of approximately 12,500.

To go back a bit in history, the Institute
was founded in 1913 by a small group of
engineers and scientists who were interested
in or directly concerned with the infant field
of “radio engineering.” It is interesting to
look at the type of problems that concerned
this early group. Selecting a few papers from
the first two years of PROCEEDINGS publica-
tion, one finds articles by all three of our
founders, two of whom we have honored to-
day. These papers treated such subjects
as: “Radio Operations of Steamship Com-
panies,” “The Seibt Direct Indicating
Wave Meter,” “The Heterodyne Receiving
System,” papers on “Experimental Tests of
the Radiation Law of Antennas” by Michael
Pupin, “The Daylight Effect in Radio
Telegraphy” by Kennelly, “The Audion-
Detector and Amplifier” by Lee deForest,
and “Radio Traffic” by David Sarnoff.

Although the subject matter of any of
these papers might make it the legitimate
claim of a modern Professional Group, the
basic difference is that these papers were of
paramount interest to all “Radio Engineers”
at that time, and not just a special group.

In contrast, these typical papers ap-
peared in last year's PROCEEDINGs: “Net-
work Synthesis by the Use of Potential
Analogs,” “The Binac,” “A Homo-Polar
Tachometer for Servo-mechanism Applica-

* Decimal classification: R060. Original manu-
script received by the Institute April 24, 1953. Pre-
sented. annual meeting of the Institute, I.R.E. Na-
tional Convention. New York, N, Y.; March 25, 1953,

t Hewlett-Packard Co., Palo Alto, California.

W. R. HEWLETTY, FELLOW, IRE

tions,” “Transistor Forming Effects in N
Type Germanium.”

These papers were selected to represent
the high degree of sophistication the art
has assumed.

Several basic factors have contributed to
the broadened scope of interest of the I.R.E.
membership. About 1940, the profession of
radio engineering was pretty well confined
to the field of communications and the di-
rectly supporting activities. The war had a
tremendous impact on the entire field, and
electronics emerged from the war as a basic
tool of industry as a whole and not just the
bread and butter item of a small group of
engineers in the field of communications.
The extent of this expansion is perhaps best
indicated by the fact that for the 12 years
prior to 1940 the Institute membership had
been almost constant at 6,000, but starting
in 1940, the annual increase in membership
has averaged close to 2,500 per year.

Dr. William Everitt! stressed electronics
as interested primarily in extending man’s
senses, and proposed this definition:

“Electronics is the science and tech-
nology which deals primarily with the
supplementing of man’s senses and his
brain power by devices which collect
and process information, transmit it to
the point needed, and there either con-
trol machines or present the processed in-
formation to human beings for their di-
rect use.”

An acceptance of this definition and a
tacit assumption that the I.R.E. is the pro-
fessional society primarily responsible for
the field of electronics immediately indicates
the enormous scope of the I.R.E.'s responsi-
bility. The diversity of interests represented
by this definition obviously offers a tre-
mendous challenge to the Institute, a chal-
lenge that must be accepted if the Institute
is to live up to its basic objectives as set
forth so well in its constitution, here quoted.

“Its objectives shall be scientific, literary,
and educational. Its aims shall include
advancement of the theory and practice
of radio and allied branches of engi-
neering and of the related arts and sci-
ences, their application to human needs,
and the maintenance of a high profes-
sional standing among its members.”

The Institute’s answer to this challenge
has been the Professional Group system. It
is interesting to note that the author of the
broad definition of electronics, Dr. Everitt,
together with Dr. Raymond Heising,
played a leading role in the establishment
of the Professional Group system. As pre-
viously noted, the Professional Group plan
was set up so that the impetus for the forma-
tion of a Group must come directly from
the membership, not from some arbitrary
wish on the part of Institute headquarters.
Operating on this basis, it became evident
by 1951 that, not only was the Professional

!'W. L. Everitt, *Let us re-define electronics,”
Proc. 1.R.E.. vol. 40, p. 899; August, 1952.

Group plan gaining rapid support from the
membership, but also, that if the best inter-
est of the profession were considered, even
greater stimulation must be given to the
movement. This step was taken by a strong
statement of policy by the Board favoring
decentralization and the adoption of a plan
whereby publication of technical and special-
ized papers by the Professional Groups
would be stimulated.

This plan provided that, on a one-time
basis, the Institute would match, up to
$1,000, any sums raised by a group either
through assessment or by the holding of
symposia. This plan has since been ex-
panded so that the Professional Groups may
count on continued financial support from
the Institute, with the funds to be furnished
on a matching basis subject to certain re-
strictions as to maximum amount. The result
of the encouragement given the Profes-
sional Groups by the Institute, both finan-
cial and moral, resulted in a noticeable
strengthening of the Group plan. In 1952,
for example, 22 separate TRANSACTIONS
were published by Professional Groups. It
is interesting to note that, although responsi-
bility for obtaining subject material for
these TRANSACTIONS rests primarily with
these groups, a very considerable support
is furnished by the Editorial Staff of the
Institute. The increased vigor of the Pro-
fessional Groups is not only indicated in
their publications but also in the symposia
they sponsor. Last year there were about 12
specialized symposia held throughout the
country that were either sponsored or co-
sponsored by Professional Groups.

The flow of assistance, however, has not
been a one-sided proposition. More and
more the Institute is looking to the Profes-
sion Groups for aid. In the case of publica-
tions this help has been two-fold—one direct
and one indirect. The Editorial Department
looks to a Professional Group for definitive
papers in the particular field of interest of
that Group and has so streamlined its edi-
torial procedure that papers recommended
by the Professional Groups now receive
preferential treatment. The indirect benefit
has been that the PROCEEDINGS is relieved
of the very considerable pressure to publish
detailed and often specialized papers in
various fields now covered by Professional
Groups. In many instances these papers can
be more satisfactorily handled through
Group TRaNnsAcTioNs. This permits the
PROCEEDINGS to concentrate on papers of a
more basic nature and of greater gencral
interest to the Institute as a whole.

In the national conventions the Groups
are playing an ever increasing role, as wit-
nessed by this year’s national convention.
The same thing to a lesser extent is trne of
conventions held elsewhere in the United
States. For example, at the \West Coast
Convention held in Long Beach last year 14
groups sponsored technical sessions. Even
the Sections themselves are finding the local

)
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Professional Group Chapters of assistance
and often will request that a Group Chapter
sponsor one or more meetings during the
year for the general membership.

We are now in a position to stand back
and evaluate onr Professional Group sys-
tem. Most significant, of course, has been
the recognition by the Institute that if the
best interests of its members and the pro-
fession as a whole are to be preserved it must
adopt some sort of division along profes-
sional lines. The requirement for a division
of this type indicates the profession has be-
come sufficiently complex that it can no
longer be served properly by media com-
mon to all members. Although there are
large fields of common interests which still
should and will be handled by the present
media, the specialist must be provided with
means for the direct and rapid interchange
of information within his own field. These
means could not be provided on an econom-
ical basis by the previously existing publi-
cations, conventions and meetings.

A less obvious benefit of the Group sys-
tem has been to broaden the base of mem-
bership participation. This in itself is a fact of
no mean signilicance. Examples of this are
to be seen in the greater opportunity among
our membership for experience in organiza-
tion and leadership. Many of the men so
trained will eventually work into Institute
management where their reservoir of experi-
ence will be of great value. Additional op-
portunities have been offered in the field of
publication and rapid dissemination of
technical papers and again this will be of
value to the Institute. Through the ever

increasing number of conferences and sym-
posia in which the Professional Groups are
playing a leading role, the membership of the
Institute as a whole will derive great benefit.
In addition, many interesting experiments
on how to organize and run a conference are
being tried by the groups. Some of the more
successful will undoubtedly have a direct
effect on our national convention.

In many ways the Institute might be
likened to a parent with 19 vigorous and
growing children. Most of these children
have been carried through their first few
critical years and have survived the usual
childhood diseases of a very young organiza-
tion. Most of the Groups are now sturdy
children rapidly approaching maturity. Al-
ready the Institute is leaning heavily on
them. There are, however, critical periods
ahead, both for the Institute and for the
Professional Groups themselves. New or-
ganizations are usually started by a few
energetic people who through their en-
thusiasm and drive establish the organiza-
tion as a going concern. However, in many
cases the interest of these people is transi-
tory, cither because they look for new worlds
to conquer or through general lack of inter-
est once the basic problems of organization
have been surmounted. It is, therefore, im-
perative that the Professional Groups insuire
that young and vigorous personnel are at-
tracted into the management and guidance
of the Group. When the time comes for
the original organizers to step aside there
will be a well-trained and capable team to
insure the continued good management of
the Group. On the other hand, the Institute

Nordlund: Is Complexity of Military Electronics Necessary? 965

itself must furnish intelligent leadership to
its Professional Group children. It will not
be long before these Groups are fully grown
adults and as such will ask and must be given
an important role in the running of the In-
stitute. Institute leadership must be such
that the first allegiance of the Professional
Group will be to the Institute as a whole.

We are probably entering one of the
most critical phases in the development of
our Group system. We have gone too far to
turn back, and must make the system work
or see the Institute shatter into small
pieces, the total of which would never be as
strong as the whole, nor as capable of serv-
ing the interests of the profession.

The Groups have become large enough
and sufficiently well defined that basic ques-
tions are arising with respect to the relation
of Groups to each other and of Groups to the
Institute itself. It is imperative that these
and similar problems as they arise be faced
squarely and considered honestly by the
Professional Groups and the Institute alike.
On the soundness of these decisions rests
the long range success or failure of the Pro-
fessional Group plan. The basic yardstick
must be “What is best for the Institute and
the profession as a whole?” If this yardstick
is conscientiously used, our Professional
Groups will thrive, membership in the In-
stitute will continue to rise, the service per-
formed to our members and profession will
grow better, and the Institute of Radio En-
gincers and its Professional Group system
will be a model of how a professional society
can meet the demanding requirements of
an ever-increasing technical field.

Is Complexity of Military Electronics Necessary?”
R. J. NORDLUND{Y, SENIOR MEMBER, IRE

Until recent years, adequate attention had not been paid to the engineering of systems embodying I
both complex electronic mechanisins and the human operator of such mechanisms. When such composite
systeins are thoughtfully designed, they often turn out to be highly complex. Complexity may bring |
unreliability in its train. However, painstaking planning and pretesting of such systems may restore
reliability. The following paper comprehensively analyzes these situations and is accordingly a useful |
guide to engineers attacking such problems.—The Editor.

Sumniary— An analysis is made of the reasons for
the trend of military electronics toward more system
complexity. Some interesting aspects of the relation
of complexity to unreliability are investigated, and a
distinction is established between circuit complexity
and operation complexity. The soundness of the
choice of complexity is established by curves of a
general ‘‘trend” nature. Systems engineering is pro-
posed as a solution to the complexity versus reliabil-
ity problem, and as a challenge to the young engineer.

ANY PEOPLE believe that the mili-
M tary departments have “gone off

the deep end” in the matter of sys-
tem complexity. Statements have been
made, in the press and elsewhere, to the
effect that we are soon going to attain “push-
button” warfare. This seems to imply the

* Decimal classification: R560. Original manu-
script received by the Institute, Apri! 2, 1953.

t Bombing Consultant, Armament lLaboratory,
Wright Air Development Center. Dayton, Ohio.

replacement of the human as part of the
basic system. Certain of the more intricate
circuits of the computation type are rather
thoughtlessly called a “brain.”

I think you will agree that the most im-
portant contribution of the human in a servo
loop, in a dynamic situation, is his ability to
reason and correct a wrong trend or event if
and when it occurs. With most humans, this
is true only so long as events occur at a
reasonable rate, so that confusion does not
ensue, and emotional stability is not upset.
On the other hand, electronic instrumenta-
tion can be devised which can perform cer-
tain functions at an extremely rapid rate,
without confusion. Even a perfunctory
analysis of almost any branch of air warfare
immediately shows that one of the inherent
ingredients of any such battle is an ever-
changing situation to which reasoning power
can be profitably applied. It immediately

becomes apparent that an optimum com-
bination of human and instrumentation
must exist for the most precise solution of
any given dynamic problem. The faster and
higher an airplane flies, the more necessary
this becomes; in fact automaticity, and
hence, complexity, will kave to increase in
proportion to the rate of increase of speed
and altitude.

World War II saw the first application
of complex electronic gear to the air battle
(as well as to sea and land warfare). The
introduction of radar to extend human
capabilities in detection and ranging for fire
control and bombing was certainly a mile-
stone both in the military field and in the
clectronic industry. While it is undoubtedly
true that this development contributed
greatly to the achievement of mastery over
the enemy, it is also true that specific results
fell far, far short of the goals envisaged by
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equipment designer and manufacturer. Two
bnsic reasons for this are unreliability and
complexity of operation.

In retrospect, it is apparent that this un-
reliability was inevitable, considering the
astonishingly short period given to develop-
ment and design. But the greatest reason for
its unreliability was the revolutionary na-
ture of the impact of such complex gear,
introduced in such a short time, upon the
maintenance organizations of the services.
This was like asking a building construction
electrician to repair a television set and
withholding the circuit diagram. Looking
back, it scems a wonder that any effective-
ness was achieved at all, and much credit
must be given to the electronics industry and
the cooperative spirit and understanding of
its technical representatives in the field.

The other reason was termed “complex-
ity of operation.” It will be shown that this
is an entirely different thing than circuit
complexity, and this is very important.
Complexity of operation brings in the human
who uses the equipment. The electronic
equipment used in the Air Force in World
War II simply required of the user so many
parallel actions and this at a time of great
emotional strain, being under attack, that
his ability to reason and rationalize was de-
stroyed. The result was a great plague of
gross errors—in the case of bombing—
which was difficult for the designer of the
equipment to understand or explain. These
gross errors were the result of the operator
actually forgetting to perform some impor-
tant calculation, or actually making an
erroneous calculation, or failing to apply
reason to a sudden turn of events.

In the developmental evolution of Air
Force electronic equipment, during and
immediately following World War I1, analy-
sis clearly showed what the limitations of the
user were. An important decision had to be
made. This decision was to accept the limi-
tations of the human and to stay within
these limitationsby complex instrumentation
which accomplished many of the tasks and
computations automatically. The aim was
to achieve maximum utilization of the rea-
soning capability of the human, which can-
not be instrumented, by removing the con-
fusion factor caused by overloading him.
The penalties to be incurred by circuit com-
plexity in the form of unreliability and dif-
ficult maintenance were clearly understood
and considered in the decision.

There seems to exist a certain amount of
confusion between the terms circuit com-
plexity, operating complexity and reliabil-
ity. It is obvious that circuit complexity and
reliability are basic problems facing the
equipment designer. The problem is to ac-
cept the fact that circuit complexity is
necessary and to go about the business of
achieving reliability in spite of complexity.
A certain amount of introspection can con-
vince one that, in the eyes of the user, cir-
cuit complexity and unreliability are
synonymous. If a black box performs its
function day after day, never requiring dis-
assembly or attention, to the user it is a
simple gadget regardless of the wondrous
jumble of tubes, capacitors, resistors and
whatnot which may be hidden inside.

The goal of the designer, then, is to make
the user believe that a complex equipment is
really simple. We have many examples of
this in our homes. Almost every home in the
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country has a telephone. To millions of per-
sons this is assuredly a simple device, since
it never fails and is easy to operate. To
those who spent thousands of hours design-
ing, testing, redesigning and retesting to
achieve this almost perfect reliability, it was
hardly a simple task, nor is the welter of
electronic instruments in the modern auto-
matic exchange to be considered simple. The
telephone system, incidentally, also il-
lustrates to some extent the earlier conten-
tion that from the system standpoint, in both
the economical and accuracy aspects, op-
timum utilization should be made of the
human being and electronic instrumenta-
tion. The telephone system still utilizes peo-
ple to apply reasoning power to sort out
the weird questions which we can pose from
the other end of the line, but has removed
from the human the mechanical tasks of
making proper connections to connect us to
the right party. Many other examples in
daily life need not be mentioned here.
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the “operational reliability” curve. “Instru-
ment Accuracy” was also degraded because
of the coarser nature of the radar-data inputs
and of the lesser accuracy of the clectronic
solution versus the previous mechanical
computation. These curves improved
slightly between 1944 and 1946 reflecting in-
creasing capability in maintenance and ad-
justment and admirable support of the Air
Force by the electronics industry.

The first radical change in these curves
coincides with the introduction of the new
equipment designed to most effectively use
the human operator. The “operator’s task”
curve goes rapidly from complex to rela-
tively easy, and at the same time the “op-
erational reliability” curve rapidly falls to a
dangerously low level. The double low spot
in the “operational reliability” curve re-
sulted from the introduction, about a year
apart, of two different configurations of this
new concept, the second more elaborate in
capability and complexity than the first. The
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Fig. 1—USAF system concepts,

An attempt will now be made to demon-
state by means of some simple curves that
the decision to try to achieve proper balance
between human and instrumentation, at the
cost of circuit complexity, was a most wise
choice on the part of the Air Force.

Fig. 1 contains five curves based on fac-
tual data concerning one particular type of
Air Force weapon system. Because of this
factual nature, the figure is lacking in a
quantitative sense, since these data are
classified information. Nevertheless, much
can be learned from a study of these curves.
The curve entitled “Instrument Accuracy”
is included because precision of computa-
tional accuracy does have a bearing on
complexity and reliability, and the disparity
between instrumental and operational ac-
curacy is explained by the other three
curves. [t should be noted that a high order
of instrumental accuracy was available even
at the beginning of World War I1. However,
the disparity between this and actual opera-
tional accuracy was enormous due to large
demands upon the human at the wrong time.

Introduction of radar increased the op-
erator's capability but complicated his task
to a great degree so we have the “operator’s
task” curve rising to a broad peak around
1944, with a corresponding degradation in

climb back to respectability of the “reliabil-
ity” curve was achieved by an agonizing
and very expensive “bootstrap” operation
in which basic mistakes of installation which
adversely affected the equipment environ-
ment were corrected, the usual two year
gap between engineering knowledge of de-
ficiency and actual production-line quality
was overcome, and the capability of the
using organization made a surprising im-
provement. This was a period during which
the Air Force was learning to live with cir-
cuit complexity. That this was possible is
demonstrated by the rapid rise of the “re-
liability” curve during 1949 to 1953.

The “complexity” curve is a rather ar-
bitrary one, since this is hard to measure in
chart numbers. It does illustrate the revolu-
tionary nature of what took place between
1942 and 1948 in this matter so important
to the members of the Institute,

The significant thing about this figure
is, of course, the “operational accuracy”
curve. The fact that it shows a steady rise
during all the gyrations of the other curves
is of tremendous importance to the nation
and, it is believed, proves that the decision
in favor of circuit complexity was sound.

The fact remains, unfortunately, that
reliability is at present far from acceptable,
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and while learning to live with electronic-
equipment complexity we have continu-
ously had present that ugly unwanted bed-
fellow “unreliability.” We know now that
we have capability, but for it we are paying
far too high a price in maintenance, attrition
and mission failures. The challenge obvi-
ously is to learn how to build reliability into
complex electronic equipment. The Air
Force has not the slightest doubt that the
electronics industry will be able to achieve
this. We are, of course, interested in how
soon, not only because of cost considera-
tions, but also because the quality of the
nation’s security is inextricably involved.

The Air Force technical personnel have
recently come to recognize that the only
way to achieve a position where our cus-
tomers, the operating \ir Forces, can be led
to believe that complex electronic equipment
is in fact simple and reliable is by ap-
proaching the problem from the complete
“systems” viewpoint. This is how a “simple”
black-rubber telephone instrument was
achieved.

A modern weapon system is an extremely
complicated thing and the problems of
adequate technical administration of such
a project are enough to stagger the imagina-
tion. The galaxy of specialized talent which
must work together on such a project in-
cludes representation from all fields of the
aerodynamic, mechanical, optical, geodetic
and electronic arts, as well as human re-

sources rescarch, basic materials research,
aeromedlical research, not to mention the
basic military sciences. The Air Forces’ tech-
nical administration is keenly and humbly
aware of the enormity of the task and looks
to the industry for a large measure of the
necessary aid.

The author believes that it is in systems
engineering in complex clectronics-systems
work that the real challenge to the present
day young engineer lies. It is work that does
not appeal to the type of person who desires
to specialize and acquire a great store of
knowledge about some distinct and unique
portion of the field. Nor does it continue for
long to appeal to the type of individual who
likes his days to be serene and his nights
untroubled. It is difficult work, but un-
believably rewarding in the sense of rea|
accomplishment and service. The young
man who is fortunate enough to get in on
the conception of a systems project, and can
stay with it through the many years re-
quired for development of such a project,
emerges with a mature sense of his own
capabilities and is usually then equipped to
engage in technical administration work.
Systems engineering work is the most broad-
ening of any phase of the profession and is a
liberal education in itself.

In general, the Air Force has enjoyed
the best of relations with the electronics in-
dustry, and is deeply appreciative of the
spirit of understanding and cooperation

Dickson, Igli, Ilerbsireit and Wickizer: Reduction of VIIF Transmission Loss 967

that has existed. Air warfare is young and
dynamic, and consequently subject to con-
tinuing change based on experience and
technological advancement. Its technical
programs are full of unique problems—
unique because the environment in which
airborne electronic equipment “lives” is cer-

‘tainly unique, and this is one of the most

difficult problems to overcome in the strug-
gle to achieve reliability in spite of com-
plexity. These special problems are of the
type which require the most thorough co-
operation between the industry and the
military departments.

Concluding points:

(a) Modern military equipment, to
achieve the most precise solution to
dynamic problems, must rely on
complex instrumentation to permit
optimum use of the human being.

(b) To the user, complexity of itself is
of no real insignificance except as it
affects reliability.

(c) The “systems” concept in engineer-
ing administration and technical
control is essential to insure success
in achieving reliability.

(d) Systems engineering is the new fron-
tier in the engineering profession.

(¢) Our goal must be to achieve reliabil-
ity in spite of complexity.

Large Reductions of VHF Transmission Loss and
Fading by the Presence of a Mountain Obstacle
in Beyond-Line-of-Sight Paths”

F. H. DICKSONY, J. J. EGLI}, ASSOCIATE, IRE, J. W. HERBSTREITS, SENIOR MEMBER, IRE,
aND G. S. WICKIZER||, SENIOR MEMBER, IRE

Summary—A detailed investigation of the probable mode of
propagation in vhf operation over mountain obstacles has been made.
Theory indicates that tremendous gains in received signal strength—
above those obtained over a smooth spherical earth—may be ex-
pected from diffraction over an appropriate knife edge located in the
path. Experimental verification of the principles involved is reported.
In addition, the fading was found to be small and even essentially
nonexistent on certain very long obstructed paths.

been reported with essentially no fading over very

long paths across mountainous terrain. The au-
thors have just completed a detailed examination of
these reports and visited engineers and scientists of the
Mutual Telephone Company of Hawaii; the Electri-
cal Communication Laboratory, Ministry of Commun-
ications, Tokvo, Japan (similar to the Bell Telephone

VERY SUCCESSIFUL VHF communications have

* Decimal classification: R115.5. Original manuscript received by
the Institute May 1, 1953. ’resented at the joint meeting of the URSI
National Committee and the I.R.E. P’rofessional Group on Antennas
and Propagation, Washington, D. C., April 27-30, 1953.

1 Ofhce of the Chief Signal Officer, Washington, D. C.

1 Signal Corps Engineering Laboratories, Fort Monmouth, N. J.

National Bureau of Standards, Boulder, Colo.

| RCA Laboratories, Riverhead, N. Y.

Laboratories in the U. S. A.); the Radio Research Lab-
oratories, Ministry of Postal Services, Tokyo, Japan
(similar to Central Radio Propagation Laboratory in
the U. S. A.); and the Civil Acronautics Administration
in Alaska.

In a preliminary study prepared in the Office of the
Chief Signal Officer, Lt. Col. H. V. Cottony, USAR, on
military leave of absence from the National Bureau of
Standards, pointed out that a considerable increase in
received signal strength would result when a large knife-
edge obstacle is located at the midpoint of an 85-mc,
100-mile path. Japanese scientists have made similar
theoretical investigations and have substantiated their
findings by experiments,!

Fig. 1 shows the results of using the four-ray method
of Schelleng, Burrows and Ferrell? for computing dif-
fraction across a knife edge at radio frequencies. This

! S. Matsuo, “The Method of Calculating VHF Field Intensity
and Research on Its Variation,” Report of the Electrical Communi-
cation Laboratory 621.39.001.6(047.3), Ministry of Telecommunica-
tions, Tokyo, Japan; August, 1950.

t].C. Schelleng, C. R. Burrows and E. B. Ferrell, “Ultra short-
wave propagation,” Proc. I.R.E., vol. 21, pp. 427-463; March, 1933.
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figure shows the expected basic transmission loss® at 100
mc over transmission-path distances of 50 and 150 miles.
The basic transmission loss is defined to be the ratio,
expressed in decibels, between the power delivered to an
isotropic transmitting antenna divided by the received
signal power available from an isotropic receiving an-
tenna. The actual transmission loss on a circuit may
thus be obtained simply by subtracting the effective
transmitting and receiving antenna gains, expressed in
decibels related to an isotropic antenna, from the basic
transmission loss shown in Fig. 1.
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Fig. 1—Theoretical obstacle gains at 100 mc, assuming four-ray
knife-edge diffraction theory. Transmitting and receiving antenna
heights each 100 feet above the surface.

To simplify calculations, the ground-reflection coef-
ficient has been assumed to be (—1), thus neglecting the
small phase and amplitude changes expected for an ac-
tual earth, as well as the divergence of the energy re-
flected from the curved earth’s surface. With this
approximation, the height of the obstruction must be
greater than the elevation of the common horizon to
have an “obstacle gain”—as the computed transmission
loss is infinite at this point, e.g., 1,850 feet for a 150-mile
path. It may be seen from Fig. 1 that for particular com-
binations of antenna heights, obstacle heights, and fre-
quency, tremendous “obstacle gains” in received field
strength are to be expected. The “obstacle gain” is de-
fined, as shown in Fig. 1, to be the ratio of the received
signal power expected with and without the obstacle.
Experimental evidence has been obtained of the exist-
ence of these very large predicted “obstacle gains” in
field strength. These hitherto unexpected gains are be-
ing used in obtaining very satisfactory vhf radio com-
munication over severely obstructed transmission paths
in mountainous regions.

An example of the use of “obstacle gain” examined in
detail can be found in the 38-mc 160-mile transmission

3 K. A. Norton, “Transmission loss in radio propagation,” Proc.
I.R.E., vol. 11, pp. 146-152; January, 1953.
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circuit tested by the Civil Aeronautics Administration
between Yakutat and Gustavous, Alaska. This path
passcs over the 8,000-foot level of Mt. Fairweather from
two low terminals (approximately 200 feet) at the trans-
mitting and receiving locations. The profile of this path,
together with a typical sample signal-strength recording
made by the Civil Aeronautics Administration on this
circuit, is shown in Fig. 2.

On the basis of smooth-earth diffraction theory with
the mountain removed, the calculated transmission loss
for the 38-mc circuit would have been 207 db; however,
on the assumption that Mt. Fairweather acts as a single
8,775-foot knife-edge ridge, calculations using the four-
ray diffraction theory indicate that only 127-db trans-
mission loss would be expected. The observed transmis-
sion loss was approximately 134 db, or within 7 db of the
value indicated by the knife-edge diffraction calcula-
tions. These values correspond to a calculated “obstacle
gain” of 80 db and a measured “obstacle gain” of 73 db
greater than the ficld strength to be expected over a
smooth spherical earth. Thus it appears that the moun-
tain behaves effectively like a knife edge. Effective
transmitting and receiving antenna heights of 50 feet
and gains of 8 db over an isotropic antenna have been
assumed in the above calculations, together with an al-
lowance of 4 db for transmission-line losses.

Over a smooth spherical earth, signals arrive well be-
low the radio horizon not only by the normal diffraction
process around the curved surface of the earth but by
scattering from the turbulent atmosphere. This turbu-
lence is greatest near the surface of the earth. It is the
turbulence of that portion of the higher atmosphere
which is within line of sight of both transmitting and re-
ceiving antennas that is considered responsible for the
relatively weak scattcred, fading signal normally ob-
served at distances heyond the horizon.* An estimate of
the scattered-signal basic-transmission loss exceeded,
for 1 per cent and 50 per cent of the time at 150 miles on
100 mc over a smooth spherical earth, is also shown in
Fig. 1. This estimate was obtained by extrapolating the
NBS Cheyenne Mountain data* so as to correspond to
the 100-foot transmitting and receiving antenna heights
of this example. It may be noted that the calculated
“obstacle gain” of the properly situated knife-edge ridge
reduces the transmission loss to such an extent that the
received signal strength will far exceed the signal re-
ceived by way of atmospheric scattering process, effec-
tively eliminating fading arising from this scattering.

In addition, when an obstruction is situated at the
proper location, and extending well above the horizon
of both the transmitting and receiving antennas, the
radio transmissions travel through the most turbulent
and disturbed region of the atmosphere, close to the
surface of the earth at a relatively large grazing angle.
This large grazing angle reduces the possibility of the
existence of numerous additional variable-transmission
paths from the highly turbulent lower portions of the

¢ J. \W. Herbstreit, K. A. Norton, P. L. Rice and G. R. Shafer,
“Radiowave Scattering in Tropospheric Propagation,” I.R.E. 1953
Convention Record.
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Fig. 2—(a) Profile of path from Yakutat to Gustavous, Alaska; k=
path; 50-watt transmitter power; h,—h,—SO feet. Local Alaska time, June 16, 1

atmosphere. In this way, the principal cause of tropo-
spheric fading is effectively eliminated. The absence of
severe tropospheric fading on a long-obstructed vhi
transmission circuit is strikingly illustrated by the typi-
cal recording in Fig. 2. Over a period of 30 days’ record-
ings on this path, the instantaneous transmission loss
was found to varyfromits mean value by less than + 2db.

h, =50 feet; f=238 mc. (b) Typical sample recording on the above
948,

It is concluded that the hitherto considered disad-
vantageous high-mountain ridges in vhf transmission
paths can, in fact, be of tremendous advantage in re-
ducing both transmission loss and tropospheric fading.
Future vh{ siting practices in mountainous regions
should be modified to take advantage of “obstacle gains’’
in accordance with the principles outlined above.

Low Level Synchronous Mixing”

M. E. BRODWINY, associatE, 1RE, C. M. JOHNSON{, anpo W. M. WATERSY

ABSTRACT

SYNCHRONOUS DETECTION
SYSTEM using same oscillator to
furnish power for two signal channels
has been used to obtain sensitivities on order
of 110 dbm at 100 ke, 9 kmc, and 33 kmc.
* Decimal classification: R361.2. Abstract of
original manuscript received by the Institute, June i1,
1952; abstract received March 5, 1953,

t "The Johns Hopkins Umvemly Radiation Labo-
ratory, Baltimore, Md,

The system operates by channeling the
energy from an unmodulated RF source into
two isolated paths. A portion of the energy
is phase or amplitude modulated in one
path termed the *'signal channel.” The re-
mainder of unmodulated carrier is directed
through the other channel, the “reference
channel.” The amplitude and phase of the
energy in the reference channel is carefully
controlled. The power output of each chan-

nel is mixed in a detecting element, and the
modulation component is amplified and
metered.

The behavior of synchronous mixing
with amplitude modulation is predicted
from a mathematical analysis based on a
series expansion of the volt-ampere charac-
teristic of the nonlinear detecting element.
This analysis shows that the modulation
component appearing at the output depends
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upon the product of the reference power and
the signal power. In addition, the modula-
tion component is a linear function of the
signal power. Further analysis with the
series expansion was carried out for the case
where the signal power is harmonically re-
lated to the reference power. In this situa-
tion, the theoretical sensitivity is less than in
the fundamental case but is still appreciable.

When the signal channel is phase modu-
lated, a simpler analysis is employed bhased
upon the Fourier series expansion of the
transconductance of the detector. This
analysis leads to the same results as the
amplitude-modulated case except that the
second harmonic of the modulating fre-
quency may be optimized in the output by
properly adjusting the phase difference be-
tween the two channels,

PROCEEDINGS OF TIIE I.R.E.

The results of the theoretical analysis
have been verified experimentally at three
different frequencies. A low frequency, 100
kc, was chosen to obtain information on
harmonically related energy and to verify
the results of the phase modulated case. At
this frequency it is possible to obtain phase
modulation with very little accompanying
amplitude modulation. A high frequency,
33 kmc, was employed primarily to examine
the possible use of low-level synchronous
detection for use in detecting 99-kmic power.

The experimental results showed that
the sensitivity of the synchronous detector
as compared to the crystal-video detector
was approximately 30 db greater. Further-
more, the experiments demonstrated that
the “law” of the detector was a lincar func-
tion of signal power. For maximum sensi-

August

tivity a pronounced optimum reference
power, —20 dbm at 9 kmc and —40 dbm at
21 kmc was observed. Harmcnic detection
of 3-mm waves with 6-mm energy in the
reference channel exhibited a 10-db increase
in sensitivity as compared to crystal-video
detection. Experiments were also made to
examine the relationship hetween sensitivity
and the modulating frequency.

The principal advantages of synchronous
mixing are the sensitivity and dynamic
range which can be attained with a minimum
of electronic equipment. A sensitivity com-
parable to that of a superheterodyne re-
ceiver and a dynamic range greater than
60 db was easily attained. The disadvantage
of synchronous mixing lies in the need for a
reference-power connection between the
source and the detector.

Unipolar “Field-Effect’”” T'ransistor’

G. C. DACEYTt anp I. M. ROSSt

Summary—Unipolar ‘‘field-effect” transistors of a type sug-
gested by W. Shockley have been constructed and tested. The
idealized theory of Shockley has been extended to cover the actual
geometries involved, and design nomographs are presented. It is
found that these structures can be designed in such a way as to yield
a negative resistance at the input terminals. The characteristics of
several units are presented and analyzed. It is shown that these
characteristics are in substantial agreement with the extended
theory. Finally a speculative evaluation of the possible future applica-
tions of field effect transistors is made.

PArT I, THEORY AND DESIGN
1. Introduction

HE “FIELD-EFFECT?” transistor was first pro-
Tposed by \W. Shockley, and experiments of G. L.

Pearson and W. T. Read gave some hope for
ultimate success. Since that time, certain structural
modifications have been proposed and the theory has
been considerably enlarged. A detailed theoretical ex-
position has been prepared by Shockley.! We shall bor-
row liberally from this paper.

It has now become possible, through the advance of
technique, to make units which are structurally similar
to the ideal model of the theory, and to obtain a quanti-
tative verification of the theory. In this paper we shall
first review the ideal theory from a physical viewpoint
giving plausibility arguments rather than proofs. We
shall then consider certain modifications of the ideal
theory suggested by the experiments and shall obtain de-
sign charts. The experimental verification of the theory
will be given in some detail and finally relative merits of
“field-effect” structures will be discussed.

* Decimal classification: R282.12. Original manuscript received
by the Institute, January 20, 1953; revised manuscript received May
7, 1953.

t Bell Telephone Laboratories, Inc., Murray Hill, New Jersey.

! W. Shockley, “A unipolar field effect transistor,” Proc. I.R.E.,
vol. 10, pp. 1365-1376; November 1952,

2. Shockley's Ideal Theory

In essence, a field-effect transistor can be regarded as
a structure containing a semiconducting current path,
the conductivity of which is modulated by the applica-
tion of a transverse electric ficld. In particular, we shall
consider the structure shown in Fig. 1. To fix our ideas,
let us suppose that the central portion of the unit is
made of n-type germanium and that two p-type regions
are centrally located as shown in the figure. We shall
call these regions the gate for reasons which will pres-
ently become clear. In addition we suppose that ohmic
contacts have been made at both ends. The contact at
which the carriers flow into the germanium is called
the source and the contact at which they flow out is
called the drain.

pP-TYPE GATE
SOURCE- -, o

Fig. 1—Schematic diagram of field-effect transistor.

Now suppose that the gate is connected to the
grounded source and that the drain is made slightly
positive. Under these conditions current will flow {rom
drain to source. This current consists of clectrons flow-

»
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ing through the n-type channel from source to drain.
For small applied voltages the resistance R, of this
channel is

Ry = L/2aZ¢c (1)

where ¢ is the conductivity of the n-type germanium, L
is the length of the channel, 2a its thickness and Z its
width. As the drain voltage is raised, more current flows
in the channel, and the IR drop along the channel makes
it more positive the greater the distance from the source.
This means that those portions of the gate p-n junction
which are most distant from the source will be biased
most strongly in the reverse direction and a wedge
shaped space-charge barrier will result. This space
charge region is shown by the dotted areas of Fig. 1.
The current flow is confined to the neutral channel
(shown white in the figure). When the drain voltage
reaches a critical limiting value, W,, the channel is
completely pinched off at its drain end. Virtually no
further increases of drain current will result when the
drain voltage is raised above W, the only effect of this
voltage being to change the channel shape at constant
current. The value of this pinch-off voltage is given by

Wo = poa*/2K = ga?/2uK = qNa®/2K (2)

where a is the half-thickness of the channel, po=¢XN is
the magnitude of the fixed donor charge density in the
space-charge region, and K is the dielectric constant.
For germanium

K =1.42X10"* farads/cm.

The use of K in farads/cm rather than «e, in farads/m
can be justified as indicated in ref. 1, page 1367.

Now suppose that the gate is biased negatively with
respect to the source. Under these conditions the mag-
nitude of the IR drop necessary to produce pinch-off will
be smaller, since part of this voltage is already supplied
by the bias, and saturation will accordingly occur at a
lower value of drain voltage and current. Shockley has
shown that, if the wedge-shaped channel referred to
above narrows sufficiently slowly, then, for drain volt-
ages less than the saturation value of Vp, the current
(per unit length in the Z direction) is given by?

Ip= (1/L)[J(Vp — Vg) = J(Vs — V)] 3)
where the function J is given by
J(x) = 2cax[1 — (2/3)(2xK/pa®)!?]
gox[1 — (2/3)(x/W o)1), 4)

Above the saturation value of 17 the current is sub-
stantially constant.

Tt will be convenient to introduce certain natural
parameters defined as follows

W 0
E,

poag/zK
poa/K = 2”"0/0

2\V. Shockley has discussed the case of a p-type channel. For the
n-type channel appropriate changes of sign must be made.
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go = 2pouoa = 20u
10 = goEo = 2p02#02/1(
70 = a/uole = K/popo = K/o.

In Fig. 2 we have shown the drain voltage-current
characteristics as obtained from (3) and (4). It can be
seen from the form of (3) that different values of V¢
translate the curve in both the Ip and Vp directions.
As a consequence of this, the curve joining the satura-
tion points of the characteristics (shown dotted) is
simply the V=0 curve rotated through 180°,
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Fig. 2—Normalized drain characteristics with source at zero poten-
tial. The dashed curve shows the locus of the pinch-off points
(see text).

Comparisons of these theoretical curves with those
experimentally determined will be made in Part I1. The
gate currents, in general, will be the reverse saturation
current of the gate p-z junction and can be neglected.

We are now in a position to calculate the transcon-
ductance of the device. From (3) and (4) we obtain

alp
aVG VD-cnu
Qea/LW) [(Vp — V)2 — (Vs — Va)ri2].  (5)

Now if in particular we take Vg=0and (Vp— Vg) =W,
corresponding to grounded source and operation in the
pinch-off region, this reduces to

(20a/L)[1 — (= Ve/Wo)12]
gmo[1 = (=Ve/Wo)'?] (6)

where we have introduced

Em =

I

nmc

200 ©
mo = —— )
£mo I
the maximum transconductance. This quantity can be
obtained from the nomograph of Fig. 4
The saturation drain current Ip¢ which flows for any
gate voltage can be obtained from (3) and (4) by setting
Vs=0; (Vp— V¢)= W, This yields

Ing = (gmolo/3)[1 + (Vo/Wo)(3 — 20/ =Ve/Wo)]. (8)
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Fig. 3—Pinch-off nomograph.
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We see from this that the current is completely cutoff
for a gate voltage of Vg= — W, Maximum current is

Ipo = gmoI'Vo/3 (9)

obtained for zero bias on the gate.

The frequency response of the device can be esti-
mated by the following simple argument. In order to
change the gate voltage the capacity of its p-n junctions
must be charged through the resistance of the channel.
This process has an associated time constant which
limits the frequency response. Let us assume a wedge-
shaped channel, completely pinched off at the drain
end and completely open at the source end (that is
Ve = Vg=0). The capacity for unit length in the Z direc-
tion is approximately

C ~ 4KL/a. (10)

The factor 4 arises because the average width of the
space-charge region is approximately a¢/2 and because
there are two such regions, one on either side. This
capacity on the average charges through half the re-
sistance of the channel, i.e.

R = L/2a0. (11)

We would accordingly expect a limiting frequency f
given by

f = 1/2rRC = a%/4rL*K. (12)
These relationships are also shown on the nomograph
of Fig. 4.
3. Modifications of the Ideal Theory

The theory presented in Section 2 deals with an ideal
structure. In practice we shall find it necessary to modify

Fig. 4—Field-effect transistor nomograph.

the theory somewhat to take account of special experi-
mental conditions. In particular we shall discuss the
following cffects:
A. Series resistance of semiconducting paths at the
source and/or drain contacts.
Depletion of thermally generated carriers in units
having conductivity close to intrinsic.
Negative resistance effects due to hole current
flow into the gate.
Temperature effects.
Series Resistance. In Section 2 we have con-
sidered that source and drain connect directly onto the
channel between the gates. It has been found neces-
sary in the fabrication of these units, however, to allow
a small bridge of semiconductor between the actual con-
tact and the gate, an example of which is shown in
Fig. 5. This means that a series resistance appears be-
tween the electrodes to which voltages are applied and
the working part of the structure. It is possible to take
account of these resistances by simple circuit theory.
For the calculation of g one must recognize two dif-
ferences. Firstly, the voltages which must be inserted
into (5) to obtain the transconductance of the working
part of the structure must be changed as follows:

Ve — V(:'y VS‘*’ —_ IRs, VD-—)(VD — IRD)

20 o W

(13)

where Rs and Rp are the values of the source and drain
resistances. Secondly, the degeneration of the source
resistor must be taken into account. If the apparent
transconductance is denoted by g.’, we must write

gn' = gm/(1 + Rsgm) (14)

which takes account of the fact that a fraction of any
increase in gate voltage appears as an increased drop

a
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across the source resistor. In (14), of course, g, must be
calculated considering the modifications (13).

It is clear from (14) that if g,Rg>1, then the trans-
conductance gy’ is simply given by 1/Rg. If then we are
to obtain the potentially high transconductance of the
device, we must keep the source resistance small. The
drain resistance does not have as serious consequences,
the chief disadvantages being, (a) the necessity of hav-
ing a higher supply voltage, and (b) Ip?Rp heat which
must be dissipated.

The sogrce resistance also alters the frequency re-
sponse. One must add Rs to the R of (12) in obtaining
the limiting frequency.

,P-TYPE GATE

SOURCE » oo’

DRAIN  0.006"

o.o2”

-TYPE GATE 0.015"
P - »0.01"j&—1-»{0015"« -
SOURCE-~ emmm— | ORAIN

1l

(c) T

Fig. 5—Schematic diagrams of experimental units.

B. Carrier Depletion. Suppose, as in Fig. 5(b), that at
the drain end the germanium is made strongly n-type
(designated #t). Such a n-n* junction will not act as
a source of holes. Now the direction of current flow is
such that electrons tend to flow into the drain, and holes
into the source. These holes must largely arise by gen-
eration processes within the volume of the semi-con-
ductor or at the free surfaces, and these holes will tend
to be depleted. In order to maintain electrical neutrality
within the body of the crystal an equal density of elec-
trons must also be depleted. In the limit of strong ap-
plied fields, such that carriers are swept out in a small
fraction of a mean lifetime, virtually all of the holes
will be swept out and the only remaining carriers will
be electrons equal in density to the excess donor density.
In material which is close to intrinsic conductivity this
means the apparent conductivity will go down. In fact

o = qu,.\

‘ insteadof-

oi = quani(1 + 1/b)
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so that the conductivity has changed in the ratio
o'/o'; = (Nb/n‘)/(l + b) = 21\7/311(. (15)

C. Negative Gate Resistance. It is possible, in units
with no n-n* junction where an appreciable fraction
of the current is carried by holes, to obtain a negative
gate resistance. This effect arises as follows: Suppose
that the gate is made more positive so that it opens
somewhat and allows additional electron current to
flow in the channel. This additional electron current is
accompanied by an increased hole current on the drain
side of the gate, since electrical neutrality must be
maintained. If the unit is operating in the pinched-off
region, however, these holes will not flow through the
channel but will instead flow to the gate. This is the
case because, while the electric field in the pinched-off
space-charge region near the drain is directed away from
the axis of the channel and is thus focussing for elec-
trons, it tends to pull holes into the gate. From this
argument we see that a positive change of gate voltage
results in an increased flow of holes to the gate and thus
in a negative change in the current flowing into the gate.
Hence the gate terminal presents a negative resistance.

The holes referred to in the argument above may
arise from three sources: (a) They may be thermally
generated in the body of the semiconductor; (b) they
may be generated at low life time areas on the surface;
or (c) they may be injected at the contacts. It might be
desirable to make a device in which the drain contact
was intentially made hole-injecting (say by the use of
a p-n junction) and in which the negative resistance
effects would thus be greater.

D. Temperature Effects. As can be seen from the
nomographs, the unipolar field effect transistor is a
relatively high power device. Furthermore, most of the
power dissipation takes place in the space-charge region
of the drain. Therefore the removal of heat will be a
major problem. These devices should probably not
prove as temperature sensitive as the n-p-n transistor.
The chief effect of heating is to increase the gate satura-
tion current by increasing the number of thermally gen-
erated hole-electron pairs. It is true that the mobility
also varies as T2 but this variation is fairly slow and
only serves to vary ¢ which enters the theory linearly.
In Part II experiments are described which were per-
formed at liquid air temperatures. Here, of course, the
mobility has increased by a factor of about 8 times and
major differences arise.

4. Design Considerations

The theory of the preceding sections has been sum-
marized in the form of nomographs which are given in
Fig. 3 and Fig. 4. In Fig. 3 we have given a nomograph
for the calculation of the pinch-off voltage W, If a
straight line is drawn between the value of N on the left
scale and the value of a on the right scale, it intersects
the center scales at W, and at E, the maximum value
of the electric field in the space charge region. Fig. 4
shows simultaneously the consistent field-effect param-
eters, a/L, , gmo, Ro, f and C. A straight line drawn
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across the chart intersects the various scales in a set of
values which are consistent with a given design. The
one remaining parameter of interest, the current, is
casily obtained from (9).

It is clear from an inspection of the nomographs that
the choice of material and dimensions is not completely
arbitrary. It is desirable to have the pinch-off voltage
reasonably low both in order to avoid heating and to
avoid nonlinear mobility effects which set in at high elec-
tric fields and which would limit the transconductance.
A low pinch-off voltage implies small spacing and/or
small donor concentration. Small donor concentrations
are undesirable however because of depletion effects and
because both f and g, are proportional to ¢. The best
compromise therefore is to make ¢ and L/a as small as
is mechanically feasible and then to choose N in order
to make ¥, reasonably small.

A typical dzsign example is shown below

N = 1014
¢ = .059 mho/cm
a=3X10"2cm
We = 50 volts
a/L = .2
gmo = 24 ma/volt cm
f =140 Mc¢/S

PART 1], EXPERIMENTAL RESULTS
1. Introduction

This part contains a description of the experimental
work that was done in order to test the theory of uni-
polar “field-effect” transistors. As discussed in Part I,
section 4, a suitable choice of resistivity for the channel
material would be about 20 ohm-cm. However, in order
to have a pinch-off voltage of about 10 volts with such
material, the channel width would have to be about
10~2 cm and such a structure would be difficult to make.
If higher resistivity material, say 50 ohm-cm, were used,
the channel width for 10 volts pinch-off would be of the
order of 4X10~% ¢cm and preparation would be much
simpler. However, with such material, the effects of de-
pletion of carriers would be appreciable and there would
be a consequent loss of transconductance and frequency
response. It was decided that, for the purposes of verify-
ing the theory, performance characteristics could be
sacrificed to ease of preparation and 47 ohm-cm n-type
germanium was chosen.

Units were made with the three geometries shown in
Fig. 5(a), (b) and (c). For clarity, the diagrams show the
gates as being only on the top and bottom surfaces of
the germanium blank. In practice, the gates extended
over the sides of the blank to make a continuous loop
This was done in order to insure that none of the chan-
nel current flowed along the surfaces of the germanium.
Pearson and Read had found that free surfaces in the
channel region resulted in instability in the character-
istics of their specimens. No special means were pro-
vided for removing heat generated in the specimens.
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This would have required attaching cooling fins or a
heat sink of some form to one of the three contacts. It
was decided that the added complication was not justi-
fied in a preliminary survey of properties of the device.

In all, six specimens were made and tested. This part
will include a discussion of three of these which ex-
hibited all the salient features of the others.

2. Specimen PF 66 #2

The dimensions of the specimen are shown in Fig.
5(a). This was the first specimen to be mage and was
designed for ease of fabrication. Ohmic contacts for the
source and drain were made at the ends of the german-
ium blank and the gates were situated approximately
half way between source and drain. The theoretical
pinch-off voltage, as obtained from the nomograph of
Fig. 3, for a channel half-width of 0.003" in 47 ohm-cm
n-typz material is 32 volts.

With the specimen at 25°C and at 0°C, the static char-
acteristics were measured and are reproduced in Figs.
6 and 7. Fig. 6 shows the Ip— Vp curves with Vg as
parameter. The curves have the same form as the theo-
retical curves of Fig. 2. The experimental values of
pinch-off voltage and transconductance at 25°C can be
compared with the theoretical values as follows:
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Fig. 6—Drain characteristics of unit PF66 #2. The solid
curves are for 25°C and the dashed curves for 0°C.
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It is first necessary to know the values of the source
and drain resistances, Rs and Rp. The method of prepa-
ration of the specimen did not permit of accurate meas-
urements of the source-to-gate and gate-to-drain dis-
tances and it is therefore impossible to calculate Rg and
Rp directly. However, if V¢ is zero and Vp small com-
pared to W, the resistance between source and drain
will be essentially the sum of Rs, Rp and R,. Hence this
sum can be determined from the initial gradient
of the Ip— Vp curve for Vg=0. From this initial slope

Rs+ Rp+ Ry = 7.8 KQ.
From the nomograph of Fig. 4
Ry = 400 @
Rs+ Rp = 7.4 KQ.

Since the gate was half way between source and drain
it is reasonable to take

Rs = RD = 3.7 KQ.
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Now, for V¢=0, Ip saturated at 5mA with a drain volt-
age of 55 volts. The IR drop in Rp was then 18.5 volts.
Hence

Wy = 55— 18.5 = 36.5 volts.

This value is in fair agreement with the theoretical
value of 32 volts. The transconductance of the channel
for V¢=0 can be determined from (5)

20a[(Vp — V)t'? — (Vs — Vg)t!? )

P R - ®
L (W2

by putting 26a/L =gmo, V¢=0and Vp— V=W, giving

VS 1/2
mS = §m 1—1{- .
grs = 8 °[ <n'o> ]

In this case gmo as determined from Fig. 4 is 1.67 mA/V,
Wo=236.5V; Vs= Rs(Ip—1¢)=3.765—1.5) = 13V
gms = 0.67mA/V.

The effective transconductance g.’, for V=0, is then
obtained from (14)

gn = =N 0.19mA/V.

1 + ngm

From Fig. 6 the average transconductance over a
range of Vg from 0 to —15 volts is found to be 0.12
mA/ V. This value is smaller than the calculated value
for V¢=0 as would be expected since (6) shows that
the transconductance decreases as Vs becomes more
negative. A more useful comparison could be made with
the calculated value of g, for Vg= —~7.5 volts. For
these conditions (5) and (14) give gn.'=0.16 mA/ V"
The agreement between this and observed value of 0.12
mA/V is within the accuracy of the calculations.
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Fig. 7—Gate current versus drain voltage for specimen
PF66 #2.

Fig. 7 shows the I¢— Vp curves with Vg as param-
eter. As discussed in Part I, section 3, the gate current
consists of holes which could arise in three ways: ther-
mal generation in the germanium between gate and
drain, generation at a surface of the germanium, and
injection at the drain. For this specimen, the gate cur-
rents obtained from the first two causes would be of the
order of 100uA and would be very temperature depend-
ent. Fig. 7 shows that the gate current was as high as
2mA and that a temperature change of 25°C produced
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only 30 per cent change in I¢. This suggests that the
gate current arose predominantly from hole injection at
the drain. If this were the case, then the gate current
and drain current at any particular values of Vp and
V¢ should be related by the equation

Ip _ nomE + poupE _ mon + porp
Ig 4 O#pE Poitp

where 1, and po are the equilibrium densities of elec-
trons and holes, g, and u, their mobilitics, and E the
electric field at the drain contact.

For this material

1o = 3 X 1013/cm?

po = 2 X 103/cm?

pn = 3600 cm?/volt-sec
pp = 1700 cm?/volt-sec
;—Z = 4.08
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Fig. 7(a)—Drain current versus gate current with gate voltage as
parameter for specimen ’F66 #2. The theoretical relationship is
shown in the dashed curve.

Fig. 7(a) gives a plot of Ip vs. I with V¢ as param-
eter, the progression towards higher currents on each
curve corresponding to increasing values of Vp. The
broken line is the theoretical relationship. It is seen
that initially the experimental curves follow the theo-
retical one but that at higher currents the gate current
incrcases more rapidly. This deviation of gate current
is of the order of magnitude that would be obtained
from holes generated in the body and at the surfaces of
the germanium. It may be concluded that the gate cur-
rent arose from all three causes but that injection at the
drain was the predominant effect.

In Fig. 8 the data of Fig. 7 has been replotted to give
the gate characteristic. The figure shows that the gate
exhibits negative resistance, as predicted by the theory
of Part I, section 3, and that its magnitude varies from
30 K@ at Vp =60 volts to very large values at Vp=10
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volts. It should therefore be possible to make the unit
oscillate by putting an L — C resonant-circuit in series
with the gate. This was done with the specimen operat-
ing at Vp=60 volts and V=0 and oscillations were
produced up to a frequency of 100 kc. It was found
that the oscillations were killed by shunting the reson-
ant circuit with a resistance of less than about 30 KQ
which is the magnitude of the negative resistance at
these operating conditions.

-20

2s°c
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Fig. 8-—Gate characteristic for specinien PF66 #2. The solid
lines refer to 25°C and the dashed lines to 0°C.

The measurements on this specimen showed that this
form of structure would result in an amplifying trans-
istor in agreement with the theory and that emission of
holes from the drain caused the gate to have a negative
resistance. If a unit were required as a negative-resist-
ance oscillator, then it would be desirable to enhance
the emission of holes from the drain. This could be
achieved by using a p-n junction as the drain contact.
However, for an amplifying transistor, this negative
gate-resistance and the high values of gate current asso-
ciated with it would both be undesirable. For this ap-
plication, emission of holes from the drain should be
reduced to a minimum. This could be achieved by using
an n—n* junction for the drain contact. The next speci-
men to be described, PF 70 #7, was made this way.

3. Specimen PF 70 #7

The dimensions of the specimen are shown in Fig.
5(b). The resistivity of the n material was 47 ohm-cms,
and the resistivity of the n* material was less than 1
ohm-cm. To reduce the value of Rp the gate was placed
as close as possible to the drain (approximately .01").

As discussed in Part I, section 3, virtually all the holes
will be swept out of the structure if the transit time for
holes is small compared to the lifetime. For this speci-
men the transit time for holes across the distance ! from
drain to source will be approximately

5 2
I (3—2> 15

= = —— X 10~¢ secs.
TR ) 1700V, Vp

Therefore, if V=1 volt, the transit time will be of the
order of 154 secs which was small compared to the life-
time of the material. It is thus reasonable to assume
that, at all normal operating conditions, the material
will be swept free of holes. Conductivity will then be
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maintained by the remaining electrons which are just
those required to neutralize the excess charge-density
of the excess donors, in this case 1013/cc. The effective
conductivity will therefore be

101 X 1.6 X 1012 X 3600 = 5.8 X 10-3 mho/cm.
The estimated pinch-off voltage from Fig. 3 is 32 volts.
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Fig. 9—Drain characteristic at 300°K for PF20 #7. The dashed line
is the same shape as the V¢ =0 line but is rotated through. 180°.
Note this curve is approximately the locus of pinch-off points.

With the specimen at 300°K and at 77°K, the static
characteristics were measured and are reproduced in
Figs. 9-12. Fig. 9 shows the Ip— Vp curve with Vg as
parameter and the specimen at 300°K. The thecoretical
values of pinch-off voltage and transconductance can be
estimated as for the previous specimen. In this case, the
magnitude of Rp is sufficiently small so that the IR
drop in it can be neglected and, hence, the value of Vp
at saturation is equal to W,. The observed value of W, is
then about 35 volts and the theoretical value 32 volts.
The observed value of g.’ over a range of V¢ from 0 to
—12 volts is 0.14 mA/V while the calculated value at
Vg=—6 volts is 0.19 mA/V. Hence, the theory and
experiment are in reasonable agreement.
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Fig. 10—Gate current versus drain voltage for specimen
PF70 #7 at 300°K.

Fig. 10 shows the plot of I¢— Vp with V¢ as param-
eter. It is seen that the gate current is now less than
100 uA. Injection of holes at the drain had therefore
been greatly reduced or eliminated. Also I¢ increased
most rapidly with Vp under conditions where Vp was
large and V¢ small. Since these are the conditions under
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which the power dissipated in the unit was greatest and
hence the temperature highest, the evidence suggests
that the source of current was thermal generation of
holes. The data of Fig. 10 have been replotted in Fig.
11 to give the gate characteristic. When the power dis-
sipation was greatest the gate exhibited negative re-
sistance. This is in qualitative agreement with theory
since under these conditions the temperature, and there-
fore rate of generation of holes, is highest and therefore
the proportion of current carried by holes is greatest.
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Fig. 11—Gate characteristic of specimen PF70 47 at 300°K.

As shown in Part I, section 3, negative resistance can
occur under such conditions. \When the power dissipated
and hence the temperature and rate of hole generation
was lowest, the gate exhibited positive resistance. The
negative resistance of the gate was always greater than
200 KQ and therefore the specimen should be stable,
provided the impedance in the external circuit to the
gate is less than this value. The specimen could there-
fore be conveniently used as an amplifier. Furthermore,
if means were provided to take away the heat gen-
erated in the unit, as by attaching cooling fins, negative
resistance of the gate could be further increased.

32

b

Ip IN MILLIAMPE RES
5 & 38

b

i
25 30 35 40 45 S0
Vp IN VOLTS

Fig. 12—Drain characteristic of specimen PF70 #7 at 77°K.
Note reversed V=0 curve shown dashed.

Fig. 12 shows the Ip— Vp curves with the specimen
at 77°K. The observed value of Wy is 35 volts compared
to a theoretical value of 32 volts. The observed value of
g’ over a range of Vg from 0 to —6 volts is 1mA/V
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while the calculated value at Vg=—3 volts is 0.95
mA/ V. The gate current was found to be always less
than 1 uA. At this temperature the thermal generation
of holes should have been very small. Therefore, so must
the injection of holes at the drain.

4. Spectmen PF 73 #10

The dimensions of the specimen are shown in Fig.
5(c). The source-to-gate distance was made as small as
possible in order to decrease the value of Rg and hence
increase the effective transconductance. The width of
the channel was decreased in an attempt to achieve a
lower value of pinch-off voltage.

\Vith the specimen at 300°K and at 77°K, the static
characteristics were measured and are reproduced in
Figs. 13 to 16. Fig. 13 shows that Ip— Vp curve with
V¢ as parameter and the specimen at 300°K. The re-
sistance as calculated from the initial slope of the
I7¢=0 curves is 2.2 KQ while the channel resistance,
R,, as determined from Fig. 4 is also 2.2 K. It may
therefore be concluded that effectively all the resistance
occurred in the channel and that both Rs and Rp may
be neglected. The calculated pinch-off voltage is 14
volts while the observed value was about 12 volts. The
observed transconductance over a range of Vg from 0 to
—3 volts was 0.32 mA/V while the calculated value at
I'¢=—1.5 volts is 0.30 mA/V. Figs. 14 and 15 show
the I characteristics which are similar in form to those
for specimen PF 70 #7. The frequency response of the
specimen was cstimated by connecting it as a tuned-
drain feedback oscillator and determining the maximum
frequency at which it was possible to excite oscillation.
The specimen was made to oscillate up to frequencies
of 4 mc/s. This is in reasonable agreement with the theo-
retical maximum, as determined from Fig. 4, of 6 mc/s.

IFig. 16 shows the Ip— Vp curves for the specimen at
77°K. The obsarved pinch-off voltage was 12 volts com-
pared to the theoretical value of 14 volts. The trans-
conductance over a range of Vg from 0 to —3 volts
was 1.15 mA/1” as compared to the calculated value at
Vo= —1.5 volts of 2.8 mA/V. The observed value of
transconductance was therefore much less than the
calculated value and the discrepancy is too large to be
attributzd to experimental error. A possible explana-
tion would De that the field in the channel is so high
that the mobility is no longer independent of field.
Ryder has shown?® that, above a certain critical value
of field, the mobility is proportional to 1/EY? and that,
for the n-type germanium at 77°K, the critical value is
about 140 volts/cm. In this specimen, virtually all the
potential drop of 12 volts would occur in the channel
region. The average field in the channel was therefore
12X1000/15X2.54 =310 volts/cm which is greater
than the critical field. Since the field at the drain end of
the channel is greater than the average field, at least
part of the channel had a field greater than critical.

2 E. \W. Ryder, to be submitted to Phys. Rev. See also: W. Shock-
ley, “Hot clectrons in germanium and Ohm’s law,” Bell System Tech.
Jour., vol. 30, pp. 990-1034; October, 1951.
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Fig. 13—Drain characteristic of specimen PF73 #10 at 300°K.
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Fig. 14—Gate current versus draiit voltage for specimen
PF73 #10 at 300°K.

Hence the effective conductivity and therefore the
transconductance would be less than that calculated on
the assumption of constant mobility. At 300°K the
value of the critical field is about 900 volts/cm which is
much greater than the maximum field present in the
specimen. Hence at 300°K the theoretical and experi-
mental values of transconductance should agree. The
variation of mobility therefore seems capable of explain-
ing the observed results.

5. Stability and Noise

The D-C characteristics of all the specimens were
found to be stable with time. The characteristics were
repeatable to a high accuracy. The specimens could be
subjected to fairly high temperatures without changing
the characteristics at room temperature. For example,
the power dissipation in one specimen was on one occa-
sion so great that the soldered gate connection melted.
New leads were soldered on, the specimen re-etched and
the characteristics found to be unchanged.

The noise properties of specimen PF 73 #10 were
examined by H. C. Montgomery.* With the specimen
at 300°K, Vp=17.5 volts, Ve= —3 volts and a power
gain of 19.6 db, the noise figure at 1000 c/S was 68 db.
This is large compared to the noise figure for an average
n-p-n of about 10-15 db. At 77°K, with Vp=12.5 volts,
Ve= —4.7 volts and a power gain of 30.2 db, the noise
figure was about 35 db. By varying the bias conditions

* H. C. Montgomery, personal communication.
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Fig. 16—Drain characteristic for PF73 #10 at 77°K.

a minimum noise figure of 25 db was mecasured. The
most significant change in the characteristics of the
specimen in going from 77°K to 300°K is the increase
in gate current. It may then be that the difference in
noise figure can be attributed to the gate current. If this
is the case, suppression of gate current at 300°K would
lead to a unit having a noise figure comparable to an
n-p-n transistor,

Part III, ConcLusiONS

The experimental results of Part II are substantially
in agreement with the extended theory. Transistors have
been made which at room temperature had transcon-
ductances as high as 0.3 ma/volt, and whose character-
istics were very stable. A flat frequency response has
been obtained up to about 3 mc/sec. In addition a new
feature has been observed, namely negative gate re-
sistance. The gate resistance can be made cither posi-
tive or negative depending on the nature of the drain
contact.

There is reason for confidence, based on the agree-
ment with theory which has already been obtained,
that the theory can be used to design transistors for
higher transconductances and frequency response. Such
a design was discussed in Part I soc. 4 where it was
shown that using 17 ochm-cm germanium a transcon-
ductance of 24 ma/volt and an upper frequency limit
of 140 mc/sec could be obtained. This does not neces-
sarily represent a limiting design but should be well
within the scope of present fabrication techniques.
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The chief virtue of this new form of transistor is its
high frequency response. To obtain similar frequency
response with point contact or junction transistors
would require structures with much smaller critical
dimensions. This is a consequence of the unipolar nature
of the device, that is, that essentially only the majority
carriers are involved in its operation. Another im-
portant feature of field-effect transistors is their high
input and output impedance together with high trans-
conductance. In this respect they resemble pentodes.
They are more efficient than pentodes, however, in that
they do not require cathode heating power.

While, as stated above, it is possible to achieve high
transconductance and frequency response, this can only
be done at the expense of high current and power dis-
sipation. Since, in addition, these units have a relatively
high noise figure, it appears that they will not be suitable
for low power applications. Units have been made of
silicons which have much lower noise figure but these
have lower transconductance and frequency response.
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Symbols
a—half thickness of channel
b—pn/pp
5 G. L.. Pearson, Phys. Rev., vol. 90, p. 336; 1953.

Burgett: A Subjective Study of Color Synchronization Performance

979

C—capacitance
E—maximum value of clectric field in space-
charge region
Eq—2 Wo/a
f—{requency
g—conductance
go—2poua
gn—transconductance
Ip-—current into drain
Is—current into gate
Ig—current into source
I 4 oEo
K—dielectric constant
L—Ilength of channel
N—excess impurity concentration
N4, N.—density of donors, acceptors
g—clectronic charge
R—resistance of channel
Rp—resistance of drain contact
Rgs—resistance of source contact
Ro—resistance of channel at zero bias
T—K/o
I’p—potential on drain
Ve—potential on gate
I7s—potential on source
IWW—potential between channel and gate
Wo—-value of W for pinch-off
Z—width of channel
po—fixed charge density
g—conductivity
o—intrinsic conductivity
n, iy—mobility of electrons, holes

A Subjective Study of Color Syn-
chronization Performance’
M. I. BURGETT, JR.}, SENIOR MEMBER, IRE

Summary—The NTSC color-synchronization signal is reviewed
to determine its operational quality. A subjective testing system is
then described which dissects various receiver functions such that
the thermal-noise impairment in each function may be evaluated. Re-
sults of these subjective tests show that color-synchronization per-
formance is completely adequate under conditions of thermal-noise
interference. The tests also show that the limiting factors of per-
formance are primarily those functions which are common to mono-
chrome transmission.

TYHE HIGH QUALITY of the NTSC color tele-
vision'-2system is primarily obtained by the trans-
mission of a greater amount of useful information

* Decimal classification: R583.13. Original manuscript received
by the Institute, September 5, 1952; revised manuscript received
April 13, 1953.

t Project Engineer, Philco Corporation, Philadelphia, Pa.

1 B. D. Loughlin, “Recent improvements in band-shared simul-
tancous color television,” Proc. I.R.E.; October, 1951.

2 C. J. Hirsh, W. F. Bailey, and B. D. L.oughlin, “Principles of
NTSC compatible color television,” Electronics; February, 1952.

through the conventional television channel. This in-
crease has been accomplished by utilization of the
vacant frequency spectrum of monochrome television
and by quadrature modulation of the color information
upon a 3.898125 mc subcarrier. Realization of the extra
jnformation at the receiver, however, requires the pres-
ence of an unmodulated reference signal of the same
frequency and of known phase relative to one of the
modulation components of the subcarrier. Thus, an
extra synchronizing function is necessary in the system
to provide the information required to generate the
color-reference signal

In choosing the form of the color-synchronizing sig-
nal, it is obvious that several requirements must be
met. First, the signal must contain sufficient energy so
that adequate-noise performance may be obtained at
noise levels so high that the picture is no longer useful.



980

Quantitatively, this energy level depends upon the re-
quired accuracy of the signal, which in the NTSC sys-
tem is plus or minus 10 to 20°. The signal also must be
of such a type that the phase relative to the color-
carrier components is maintained under conditions of
receiver tuning or drift. Since the phase characteristics
of receivers are generally nonlinear in the vicinity of
the chroma carrier, compensation for tuning or drift is
most simply carried out by using a color-synchroniza-
tion signal that has the same frequency as the color
carrier so that the relative phase shift will remain con-
stant. This argument may be extended to multipath
considerations, as well, since small echoes cause the
phase of the sync and chroma information to be shifted
by the same amount when the frequency of each is iden-
tical, so that the relative phase is unchanged. In addi-
tion the signal should be such that compatibility is main-
tained in existing monochrome receivers.
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Fig. 1-—NTSC compatible color television.

The NTSC specification for the color-sync signal was
that adopted by NTSC Panel 14 on May 20, 1952 as
shown in Fig. 1 in which a nine-cycle burst of color
carrier is inserted upon the back porch of the hori-
zontal-synchronizing signal. At the receiver the burst
may be used to create the CW color-reference signal by
means of narrow-band filters, locked oscillators, or
APC circuits. Since the burst is synchronous in fre-
quency with the color carrier, changes in tuning of the
receiver or drift have no effect. This is also true of small
echoes as explained previously. It is the purpose of this
paper to show the adequacy of the burst method of color
synchronization under noise conditions.

Since the merit of a function depends upon how well
the intended purpose is accomplished, evaluation of the
merit should be made in terms of that purpose. Applica-
tion of this logic to synchronization in compatible color
television suggests that the adequacy of color-syn-
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chronization performance should be measured in terms
of the basic terminal of the system which is the eye.
This may best be accomplished by subjective tests.

Results of such tests depend upon the equipment and
operational details; accordingly, these details should be
known. The first factor to be considered is restriction of
observer reaction to the factor of interest such as the
color synchronization. Obviously, a presentation of a
noisy signal on a color receiver would show impairment
caused by noise in the picture information and de-
flection synchronizing as well as color synchronization.
Thus, noise should be controllable in each of these chan-
nels so that impairment may be isolated to a particular
function. With this general technique, impairment may
be measured for each function of the color system in-
dividually so that the separate impairments may be
related to each other to determine both absolute and rel-
ative subjective performance to a high order of accuracy.

In order to obtain greater dependability and accuracy
in the test equipment, the tests were performed by noise
matrixing with the composite color video. Fig. 2 il-
lustrates the arrangement of the test equipment in
block diagram form.? A composite-color video signal was
fed to the input of six combiners whose outputs acted as
signal sources for the picture-luminosity information,
picture-chroma information, deflection synchronization,
frame synchronization, and color synchronization for a
color receiver, and for a complete monochrome receiver.
Noise was introduced into each of the combiners either
independently or in combination in such a manner that
the operator conducting the test could vary the effective
signal-to-noise ratio in a particular channel or channels
at will. This allowed the observer to have the noise varied
in one or more channels until the impairment corre-
sponded to a particular comment which described his
subjective reaction to the impairment caused by the
function or functions in relationship to the signal-to-
noise ratio.

The noise generator was a modified IF and RF section
of a television receiver in which the antenna lead had
been replaced by a dummy load and the whole unit well
shielded. Normally this type of system would generate
thermal noise with a triangular frequency spectrum.
However, by increasing the bandwidth slightly and by
proper video peaking, the noise spectrum may be made
substantially flat throughout the normal television
band. After giving effect to these changes, a check of the
frequency spectrum of the noise showed it to be flat
within 1.5 db of the average level as illustrated in Fig. 3.
The chain which handled the noise also was checked so
that the uniform spectrum was actually maintained
through the combiners. The video and noise levels were
set so that when the attenuators were set at minimum
the effective signal-to-noise ratio at the output of the

* The technique presented here was originally developed to evalu-
ate the merits of an earlier color system. Results of those tests were
described in a paper by E. M. Creamer and M. I. Burgett, Jr., “Per-

formance of Carrier Synchronizing Circuits for Color Television Sig-
nals,” presented at the March, 1951 IRE Convention.
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combiners was —2 db. Thus, variation of the calibrated
attenuator setting could vary the signal-to-noise ratio
of a channel in steps of 1 db over the range minus 2 to
60 db. As defined in these tests, signal-to-noise ratio is
the ratio of the peak video measured at the sync tips
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Fig. 3 —Reltive spectrum of noise generator.

and referenced against white to the RMS value of the
noise. It should be noted that this definition gives a
signal-to-noise ratio which is pessimistic by a voltage
factor of approximately four in comparison with the
definition frequently used in which both video and noise
are measured as peak-voltage ratios.

The signal used during the tests was a standard
NTSC color transmission, as specified in the NTSC
press release of November 26, 1951, of two of the NTSC
reference test slides which showed a girl’s face next to a
sunflower set against a blue-sky background and a vase
of roses set against a black-and-white background con-
taining considerable detail. The color sync contained
nine cycles of color carrier whose peak-to-peak height
was 90 per cent of the deflection-sync height.

A trinescope adjusted for a highlight brightness of 35
foot-lamberts was used for the display of the composite
picture. To avoid bias by the observer in rating the
picture, the functions of the various controls and their
calibration was disguised so that observer comment was
restricted to the picture itself.

Studies by Mertz, Fowler, and Christopher* have
shown that certain standard comments have an ap-
proximately linear relationship to psychological or limi-
nal units. Accordingly, their recommended comments
were used in the tests as rating factors, i.e., the observers
were asked to adjust the controls until a particular com-
ment was obtained. These impairment rating com-
ments were:

Not perceptible.

Just perceptible.

Definitely perceptible, but only slight impair-
ment to picture.

Impairment to picture but not objectionable.
Somewhat objectionable.

Definitely objectionable.

Not usable.

W

5 A G0 L=

Ten observers at a viewing distance of four times the
picture height used these comments to rate the thermal-
noise performance of the picture, brightness informa-
tion, the picture-chroma information, deflection syn-
chronization, frame synchronization, and color syn-
chronization of the color receiver on two different pic-
tures. In addition, noise was injected into all channels
of a color and of a monochrome receiver to show total
picture impairment under the same noise conditions.

The averages of the noise settings at each impairment
rating are plotted in Fig. 4 for individual functions and

‘ Pierre Mertz, A. D. Fowler, and H. N. Christopher, “Quality
rating of televnslon images,” Proc. [.R.E.; November, 1950.
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in Fig. 5 for total performance and for color synchroni-
zation. Fig. 4 shows that the limiting factor in the noise
performance of the color signal is the luminosity infor-
mation at all noise levels. Second-order limitation is
primarily the deflection synchronization though the
chroma-picture information has about the same noise
performance. Thus, it may be seen that the controlling
factors in the color-system performance are exactly the
same as those met in the basic monochrome signal.
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Fig. 4—Subjective response to noise in color
receiver functions.

The chroma-picture information showed about the
same impairment as deflection synchronization at low
noise levels, but deflection synchronization caused ap-
preciably more impairment under high noise conditions.
It is interesting to note the noise-performance differen-
tial that exists between the picture luminosity and
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Fig. 5—Subjective response to noise in color
and monochrome receivers.

chroma information which demonstrates the noise ad-
vantages obtained by the constant-luminance features of
the NTSC system.

The impairment caused by color synchronization was
far lower than that caused by the picture information
and deflection synchronization. In fact, the picture in-
formation had reached a point where it was classified as
definitely objectionable before the color-sync impair-
ment became just perceptible. When the picture in-
formation has reached a not usable classification the
color-sync degradation is still so low that the picture
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would be entirely satisfactory even with a noise-free
picture. The impairment that is obtained could not be
distinguished under normal circumstances where noise
is applied to all receiver functions simultaneously. The
technique used in testing in effect acts as a magnifier
upon impairment.

Several reasons exist for the cxcellent performance of
the color-sync circuits. Most important is the high-
energy content of the burst, the ease with which it may
be separated from general-noise disturbances at frequen-
cies, times, or amplitudes other than those correspond-
ing to the burst period, frequency and amplitude range,
and the fact that little information is required to operate
the circuits permitting the use of stiff memory-protec-
tive circuits. Second, the NTSC color system inherently
minimizes disturbances in the color functions including
color synchronization by use of constant-luminance
transmission. This means that any fluctuation of the
color-reference signal that may exist will have no effect
upon luminance, but only hue or saturation to which the
eye is relatively insensitive for short-time disturbances
as isshown in the noise-performance differential between
luminosity and chromaticity in Fig. 4.

Furthermore, the color-sync circuit used was by no
means representative of ultimate performance. It is be-
lieved to be representative of ordinary low-cost AFC cir-
cuits using a conventional LC oscillator and utilizing a
total of three tubes which includes the burst-separator
tube. The unit had a lock-in range of plus or minus
5,000 cycles about the color-carrier frequency, which
was maintained with ten-to-one changes of circuit-input
levels. Lock-in time was less than one-tenth second from
a frequency of 2,000 cycles off the reference. The
maximum-phase shift from the nominal-center value
was 6° which corresponded to a free-running oscillator
frequency 500 cycles off the nominal value.

The nature of the disturbance in the picture caused
by high noise in the color synchronization is a slight
fluctuation or flutterof the instantaneous hue and satura-
tion. Since the noise is random, the disturbance tends
to average out so that little apparent change is ob-
servable. In particular, the disturbance has little sub-
jective weight in comparison with a function such as
deflection synchronization.

In Fig. 5 it may be noted that the subjective response
to an over-all color receiver was more tolerant under
thermal-noise interference than to the monochrome re-
ceiver. In general, this should be expected since the color
receiver provides far more useful information; yet, as
Fig. 4 shows, the impairment exists primarily in only the
monochrome functions, leaving the added information
relatively unimpaired. Again, this performance differ-
ential shows that the color functions, including color
sync, are relatively unaffected by noise

To find the influence of amplitude variations upon
color-synchronizing performance, subjective tests were
run with varied burst amplitude in the transmitted
signal as a function of the video signal-to-noise ratio.
This condition could be encountered when the effective
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antenna selectivity is great enough to reduce the higher-
video frequencies. As shown in Fig. 6, the operation is
still adequate down to quite low-burst amplitudes. In
general, the same type of curve is obtained when fewer
burst cycles are transmitted—not becoming objection-
able until the burst contains less than 2 cycles and the
signal-to-noise ratio lower than 2 to 3 db.
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Fig. 6—Influence of burst amplitude on color
synchroniziug performance.

It is also found that high noise conditions in the pic-
ture information cause the eye to be even more tolerant
of changes in the color-reference phase. This effect is
shown in Fig. 7, which is a plot of the range of allowable
phase variation of the color-reference signal for a given
signal-to-noise ratio. Apparently, the noise disturbance
in the picture obscures the hue disturbance sufficiently
so that the eye is relatively unaware of the error.

The results shown here are probably somewhat pessi-
mistic since the tests used slides for program material.
In practice, changing program content and dramatic
interest may decrease the observer's ability to detect
given amounts of noise impairment. Although the sub-
jective judgment of only ten observers does not give a
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universal result, it is believed that these studies show
that the NTSC color-synchronization system is ade-
quate from the standpoint of thermal-noise perform-
ance. Extensive field experience in N'TSC and Philco
tests with weak-signal performancehave furtherstrength-
ened these conclusions. Field experience with severe
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Fig. 7—Influence of picture noise on phase tolerances.

impulse noise has shown no signs of deterioration other
than deflection-synchronizing functions, and therefore,
the effect is relatively unimportant in color-synchro-
nizing considerations. Furthermore, theoretical consid-
erations® agree closely with the experimental results,
indicating that the N'TSC color-synchronizing specifica-
tions are completely satisfactory and adequate. Indeed,
the studies as shown in Figs. 4 and 5 indicate that the
problem of noise in the NTSC color system is primarily
the same as in monochrome-improving receiver noise
figures and noise immunity of deflection-synchroniza-
tion circuits.

5T S. George, “Performance of carrier synchronizing systems,”
Proc. IRE; February, 1951.

Measurement of the Small-Signal
Parameters of Transistors”

GEOFFREY KNIGHT, JR.t, RICHARD A. JOHNSONT,
AND ROLAND B. HOLTY, SENIOR MEMBER, IRE

Summary—aA theoretical study of various small signal parameters
of transistors shows that the set of parameters which is most appro-
priate for the description of the circuit operation of junction transis-
tors differs from the set which is customarily measured for point con-
tact transistors. A uniform method for measuring both sets of
parameters is described in detail and the sources of error inherent
in this method are discussed.

* Decimal classification: R282.12. Original manuscript received
by the Institute, September 23, 1952; revised manuscript received
April 3, 1953.

t Transistor Products, Inc., Brighton, Massachusetts.

INTRODUCTION

N THE DESIGN of vacuum tube amplifiers and
]:[ related circuits it is customary to represent the

tube by an equivalent circuit, the components of
which include such differential properties of the tube as
its transconductance, its amplification factor, and its
plate resistance. This makes it possible to treat the
tube as a network of linear circuit elements which
greatly simplifies the analysis of circuits in the region of



984

the tube operation where the linear approximation is
valid. Similarly, in the design of many kinds of tran-
sistor circuits it is appropriate and convenient to repre-
sent the transistor by an equivalent circuit composed of
linear elements, the values of which are related to the
differential properties of the transistor.

The term differential property refers to the rate at
which a dependent variable changes as one of the inde-
pendent variables is changed while the other inde-
pendent variable is held constant. These differential
properties are often called small-signal parameters. One
of the most significant of the transistor parameters is
the short-circuit current gain, denoted by «, which cor-
responds in some ways to the open-circuit voltage gain,
u, of a vacuum tube. Another parameter of interest,
r22, is very similar to the plate resistance of a tube. On
the other hand, the transconductance of a transistor is
not a particularly interesting parameter whereas its
transresistance is important. This difference stems from
the fact that a transistor is essentially a current op-
erated device while a vacuum tube is a voltage operated
device. For a vacuum tube triode with a negative grid-
to-cathode voltage there are only three variables, two
independent and one dependent, since the grid current
is always zero. As a result only two of the three triode
parameters are independent, anyone of them being ex-
pressible as a product or ratio of the other two. For a
transistor, however, there are always four variables, two
independent and two dependent, and as a result four
independent parameters must be determined in order to
completely specify the response of a transistor as a linear
circuit element. It is the purpose of this paper to define
and discuss the parameters of interest for transistor cir-
cuit analysis and to describe a particular method of
measuring them.

DiscussiON OF THE SMALL-SIGNAL PARAMETERS

1. ru, 712, 721, 722.

For purposes of circuit analysis a transistor can be
considered to be an active four terminal network.! For
any such network the voltages across any two pairs of
terminals and the currents flowing at those pairs of
terminals are functionally related and these functions
completely characterize the performance of the net-
work. One of six possible ways to express this functional
relationship is shown in (1) and (2) where capital letters
designate constant values of voltage and current.

Vx = Vx(Ix, 12) (1)
Ve = Valy, I). )
The curves obtained by plotting these functions with
one current as the independent variable and the other

as a parameter are known as characteristic curves of the
network. :

[

1 R. M. Ryder and R. J. Kircher, “Some circuit aspects of the
transistor,” Bell System Tech. Jour., vol. 28, pp. 367-401; July, 1949.
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If the currents I, and I, make low frequency excur-
sions about some bias values I,p and Iy as they do when
a low frequency alternating signal is applied to the
network, the functions V; and V. both have the form

V() = Vot o(t) = VIo+ i1(t), 20 + 52(8)]  (3)

where Vo=V (1, I2) and v(¢) and ¢(¢) are the instan-
tancous values of the voltage and current excursions.
This function can be expanded in a Taylor’s series as

V(e = Vot ()

]

]

V(o o) + i) + 2L i)
10, 120 ol, (31 ol, (2]

+ 1[ - (1) + ald 22(1)
2 Lore ™ a2

2

+2

a1l 'il(t) iz(l)] 4+ .. (4)

where the partial derivatives are evaluated at I, =1,
and I,=1TI,,.
If the current excursions 7,(t) and 4;(¢) are so small

that all the terms of this expansion of higher order than
the first can be neglected, it reduces to the form:

vx(t) = Tui;(t) + T;ziz(t) (5)
2(8) = raria(t) + re2ia(l) (6)

I:an:I I:an:|
Tm = | —— re=|—
aIl I'ymconst. a12 I =const.

G52
ral = | —— Ta2 =
aIl Tymconst. 612 Ij=const.

are the slopes of the set of characteristic curves implicit
in (1) and (2).

The linear equations (5) and (6) correspond to the
circuit shown in Fig. 1. It is apparent from this figure
that ryy is the open circuit (<.e. 72=0) input resistance
and that r,, is the open circuit (i.e. 24=0) output re-

where

(7)

-
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Fig. 1—Equivalent circuit of the network described
by equations (5) and (6).

sistance of the network. It is also apparent that r; is
a feedback resistance whereby a current ¢, flowing in
the output circuit generates a voltage 12, in the input
circuit, and the 72 is a forward transfer resistance where-
by a current ¢, flowing in the input circuit generates a
voltage 717 in the output circuit.
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2. gn, Y, @ T2

In the previous discussion we have considered the
input and output currents to be the natural independent
variables of the network. However, in some ways it is
more appropriate to the nature of a transistor to con-
sider the input current and the output voltage to be the
independent variables in the usual circuit connections.
This is true from the point of view of the physics of the
transistor because the parameter which is the most
direct measure of transistor action, namely the current
gain, is defined in ters of an input current signal and a
constant output voltage. It is also true from the point
of view of measurement and of circuit operation because
the transistor is inherently a low input resistance, high
ouput resistance device in the most useful circuit con-
nections. In fact, the input resistance of a transistor
may be so low that the input voltage cannot be con-
veniently controlled whereas the output resistance may
be so high that the output current cannot be conven-
iently controlled. As an example we may consider the
measurement of 7y, 712, a1, and rg by the method to
be discussed later in this paper. In each case the dy-
nantic resistance of the collector dc supply must be very
much greater than rg if the measurement is to be ac-
curate. However, the value of ry, for a junction tran-
sistor may be many megohms so the resistance of the
supply would have to be of the order of hundreds of
megohms, which is impossible to achieve at any reason-
able measuring [requency because of the effects of dis-
tributed capacity.

When I, and V; are taken to be the independent vari-
ables, the functional relationship between the network
voltages and currents may be written:

Vy=Vi(l1, V) (8)
Is = I(I1, Vo). 9

If the current I, and the voltage V., make sufficiently
small excursions about some bias values, the Taylor’s
series expansions of these equations reduce to the linear
relations:

v = —— i + Y0 (10)
g1
. 1
i2= —an-l——vg (11)
T2
where
1 al, av,
=l "=
gn 1d Vg=const. 2 7y=const. (12)

_ [6[2] 1 _ [612]
aIl Vemconst. 722 B aVE Ty=const.

Thus gu, v, a, and rye are the natural parameters when I,
and V, are the independent variables. This set of par-
ameters has recently been adopted by Bell Telephone
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Laboratories and Western Electric Company for the
specifications of their junction transistors. (Private
communication.) Also, these parameters are measured
for junction transistors by a test set manufactured by
Transistor Products, Inc.

The linear equations (10) and (11) correspond to the
circuit shown in Fig. 2. Examination of this circuit
shows that gy is the short circuit (v2=0) input conduct-
ance and that rg is the open circuit (4,=0) output re-

|| — ‘_.l

o S 1;*

v f22 ftx iy
_l XV, J_

Fig. 2—FEquivalent circuit of the network described
by (10) and (11).

sistance. It is also apparent that v is a voltage feedback
ratio such that if a voltage v, appears across the output
terminals, a voltage generator of magnitude yv: ap-
pears in the input circuit. The final parameter, «, is seen
to be the short circuit (v2=0) current gain of the net-
work such that if g current 7, flows in the input circuit
a current generator —ai; appears in the output circuit.
The parameters gn, ¥, and « are related to 71, 12, 72,
and ., by the expressions

1/gn = rn — arz, ¥ = ri2/rss, and a = 721/ 722,

The values of 713, 712, 721, and 752 and of gu, &, and ¥ fora
given transistor depend upon which lead of the tran-
sistor is taken to be the common terminal (usually
called the ground terminal) for the voltages u and v,.
In this paper we shall only find it necessary to consider
parameters which are associated with the grounded
base connection.

In general the characteristic curves of a transistor
are nonlinear so the values of the parameters must be
determined as functions of the operating point, e.g.
ru(T1, I20) and a(lro, V2o), if the small signal response
of the transistor at low frequencies is to be completely
specified.

As the signal frequency increases, capacitative and
transit time effects in the transistor become more im-
portant so that it hecomes necessary to consider im-
pedances and admittances rather than resistances and
conductances. However, in all the measurements de-
scribed here, signal frequency will be assumed to be so
low that frequency dependent effects can be ignored.

VEASUREMENT OF THE SMALL SIGNAL
PARAMETERS

A standard method of measuring the parameters r,
#12, 721, and ras is based on (5) and (6)."* They may be

1 K. Lehovec, “Testing transistors,” Electronics, vol. 22, pp. 88-
89; June, 1949.
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rewritten for the grounded base connection:

Veb = rnsle + riosie

(13)
(14)

Yeb = rayple + r22ui,
where v and v, are the signal voltages between emitter
and base and collector and hase respectively and 7, and
1. are the signal currents into emitter and collector.

As an example, let us consider the case of 715. Solu-
tion of (13) for ry, gives

Veb ic
T — Tigp T
le 1,

Tis =

(15)

Thus 71,5 equals the ratio vs/7. if the second term is so
small compared with the first that it can be neglected.
This will be the case if

that is, if the magnitude of the collector current is very
small compared with the emitter current. Now if a
load resistance 7, is connected betaveen collector and

base so that V= —ri, we have (from (14))
. — I
le = — 1.
rasy, + 7,
so if
r21p ruy
_ -
raap + 7y 712b
i.e. if
7126
rL > ——ray,
T11p

the required condition will be established.

Similar relations can be derived for T12s, 7216, and 7.
The method, then, consists of introducing a small al-
ternating signal current . or 7,; establishing a condition,
i.=0 or /,=0 by means of an external resistance; and
measuring a small signal voltage. The value of the
parameter is given by the ratio of the output voltage to
the input current. Therefore, if the input current is made
equal to unity, the value of the parameter is numerically
equal to the output voltage.

This method can also be used to measure 1/gns vs,
ay, 1 —as,® and 1/r59. The basic equations, obtained by
rewriting (10) and (11) for the grounded base connection

and by using the relation i, = — (i,+1,), are:
1 -
Veb = 1. + Yoled (16)
S

* In the case of junction transistors the value of ay may be so close
to unity that it is desirable to measure 1 —aq,.
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1

fe= — aple+ — e (17)
722p

iy = — (1 — ap)i. — = Veb - (13)

T22p

These cquations can be solved so as to express each of
the parameters in terms of a ratio of output signal to
input signal plus a term which can be made negligibly
small by a suitable resistance in the external circuit.

A summary of the type of signal required, the type
of measurement to he made, the condition to be estab-
lished, and the necessary values of external resistance
for each of the desired parameters is given in Table I.

Because the required signals, conditions, and meas-
urements are similar for all of the parameters, the ap-
propriate measuring circuits all have similar com-
ponents. In each case there must be a source of signal
current or voltage, a source of dc current for the emit-
ter, a source of dc current or voltage for the collector,
and an ac millivoltmeter or milliammeter. The arrange-
ments of these components which are required for the
measurement of the parameters discussed in this paper
are shown schematically in Figs. 3, 4, and 5.

In these circuits the symbols r,, 7k, 7y, rm, and r,
represent the dynamic resistances of the signal source,
of the emitter dc supply, of the collector dc supply, of
the millivoltmeter, and milliammeter respectively.

SOURCES OF ERROR

There are inherent in this method of evaluating small
signal parameters a number of sources of error which
affect the accuracy of measurement.

First we may consider the error due to the nonlinear-
ity of the characteristic curves which results when a
finite rather than an infinitesimal signal is used to
measure the slope. Let us take the case of 7, as an
example. If the input signal current is a pure sine wave,
11(f) =4y sin wf, while the other current, 12(2), equals
zero; (4) becomes:

0 vy, L4 L
v = —— 110 S1N w. ==
' oI, 2 ol

1 9%,

6 aI,®

i10® sin? wt

(19)

iloa sin® w! + s

where the second, third, and higher terms vanish com-
pared with the first only if 4o is infinitesimal or if V; is
a linear function of I,.

In order to determine the order of magnitude of the
error introduced by these additional terms it is neces-
sary to consider the nature of the measurement of u(t).
If the signal voltage to be measured passes through an
amplifier which is sharply tuned to the measuring fre-
quency before it reaches the voltmeter, the second har-
monic of the signal frequency will be greatly attenuated
and higher order harmonics will be effectively eliminated
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TABLE 1
SUMMARY OF THE REQUIREMENTS FOR THE M EASUREMENT OF TRANSISTOR PARAMETERS BY THE METHOD DESCRIBED IN THE TEXT

| Required Values of Internal Resistance

| | BN
q e Signal Emitter Collector Circuit
a el M !
Parameter Signal  |Measurement Condition i Source DC Supply | DC Supply Diagram
1
Veb ic ‘ b r12b |
re=-—-"—rizb = | i, Yot (<K e re >rip | n>rue re>>— rm ‘ 3
Te te | ri2b | | rup
1 Ve Vb . e 1 1 1 [
— =7 — i Veb 26K re>— re>— rL L3
gub  Te 1e [ Yogib Hib §ub apYbE11b I
0 | |
Teb ? g g N
Ym=1_L —rm -1.'— te Veb 1'<<rL_ ie re >y re > re>>rm ! 3
b
o ! reDrus 7e>ru P> | 3
b o . .
rab=——ramp :i i, { Veb ieKanie s Dray re Dauniz rL>>rob '
. 03 l ‘
|
Veb i i 1, 1 1
Fap=—— b i | e K= re>— re>— L Ll 4
(73 te o gub L1
o 1 va . ‘ ) ) 1 1 . 1—a
ay=——— — is be | vepKramte re>— r>— [ rL— n ! 4
e raap e | F4t1) gud ‘ ayp
b 1 v . I . . 1—a ’
l—ap=—F—"—— L iq P 1K (1 —a)remte | ‘ ¢ r2op
e T22b Te | @b
Veb 1 4 . | 1
yo=——— = Veb Vet 1, <K gubY sbed re Lra re>>— ‘ S
Vb Qub Yeb | Sub
1 i i . Veb
=t — Ueb te i, K retnrm | nLayrm [ S

razb Vb Veb | g1 ' |

2hf22b
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Fig. 4—Prototype circuit for measurement of parameters oo, 1—as. Fig. 5—Prototype circuit for measurement of parameters 1/ra2s, vo.
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Thus if the input to the amplifier is

() (aVl' + Ly > ‘
v =|—1 —_— 1 O 0 0 Sin w
1 ol 10 8 ol 10
LV e 2u)
—_ 1 U - COS Lw
4 o1z "
1 3%, . 2 sin 3wl + (20)
= & 1 Sin Jw. O oo
24 o138

(which can be obtained from (19) by trigonometric iden-
tity), the output from the amplifier is proportional to

6V1 . 1 63V1
— t + —
al, 8 aI3

plus a small second harmonic term which is further re-
duced by the averaging action of the meter. If the signal
is infinitesimal, 4,9 being so small that the second term
of this expression is completely negligible compared with
the first, the correct value, 7, =3V,/3I,, is obtained.
When a finite signal is used, the second term may not
be negligible if the rate of change of curvature of the
characteristic, 3*V,/01* =0%,,/01,%, is appreciable. The
fractional error in the measurement of 7, due to the
combined effects of finite signal size and curvature of
the characteristic is to an excellent approximation the
ratio of the second (error) term of (21) to the first
(correct) term, i.e.

l.ma + . '> sin w! (21)

1 627“

ru 01,

1
3 210 (22)
where 1y9 is the amplitude of the input signal current.
An expression similar to (21) can be derived for each of
the other parameters so in each case the fractional error
is similar in form to (22). The general expression for the
fractional error in the measured value, p, of a parameter
is either

a%p

3%p 1
p av?

1
p dlz

—1— 1502 oOr i Ug0® (23)
8 80 8 50 &
depending on whether the signal is a current 4, or a
voltage v,.

It is apparent that this error can be made negligibly
small by making 7, or v,9 sufficiently small. However,
the presence of transistor and thermal noise establishes
a lower limit to the useful size of the signal. Since tran-
sistors are relatively noisy, this may be an important
consideration.

A second source of error associated with the signal
current results from the finite internal resistance of
the signal source. In measuring any of the parameters
the magnitude of the input signal is assumed to be inde-
pendent of the resistance of the transistor, but this will
only be true if the source resistance is either verv much
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greater or very much less than the input resistance
of the transistor. The order of magnitude of the frac-
tional error in the measured value of a parameter is
either the ratio of the input resistance of the transistor
to the internal resistance of the source or its reciprocal,
depending on whether a current source or a voltage
source is required.

A third source of error associated with the signal cur-
rent results from the shunting of the signal through the
voltmeter and through the dc supply which is in parallel
with the signal source since the part of the input signal
which bypasses the transistor in this way cannot con-
tribute to the output signal. In practice the resistance
of the voltmeter can be made so large that its shunting
effect can be neglected. The order of magnitude of the
fractional error due to the shunting of the dc supply is
the ratio of the input resistance of the transistor to the
dynamic resistance of the dc supply.

The error associated with establishing the necessary
condition can be illustrated by the case of 7,;,. The mag-
nitude of the resistance 7 required to make the second
term of (15) negligible can be determined in the follow-
ing way: The equations for the flow of collector current
in the circuit are:

Veb = Toiple + Toaple = — 7L, (249
so that
) 7215 721p
._° = - — ~ _ 7 (25)
T, rL + 7o rL
if 7. Krzp. Substitution of this result into (15) gives:
Veb T21p
s = Tigp — (26)
le rL

The fractional error which results if the second term is
neglected in the computation of 7y is

7126 T21b

s 7L

Therefore, for this error to be small, r, must be many
times greater than
Ti2b

—= 721
Tusb

For example, for a point contact transistor with 7.5,
=ayr.=50K and r;,/ry=% this error will be <19,
only if 7,>2.5 megohms. Similar expressions giving the
error involved in the assumption that a parameter
equals the ratio of the output signal to the input signal
can be derived in each case.

The values of 7,, i, and r. which are required if
these crrors are to be kept small are given in Table I
for each parameter. The approximate values of the
fractional error in the measurement of a given parameter
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due to too small or too large a value of these internal
resistances is given by the ratio of the value of the pa-
rameter in question to the number in the 5th, 6th, and
7th columns. For example, the approximate value of the
fractional error which would result in the measurement
of rus if the internal resistance of the source were finite
would be 71u/7,.

It should also be noted that there will necessarily be
some stray capacity between emitter and base and be-
tween collector and base which will be in shunt with
the dc supplies. At a given signal frequency the mini-
mum realizable values of these capacities will set an
upper limit on the useful values of 7z and 7. If C~10upf,
this limit is ~150 megohms for a signal frequency of
100 cps; ~3 megohms for a signal frequency of 5 kc.

The final errors to be considered are those involved
in setting the input current or voltage and in measuring
the output voltage or current. By using the same meter-
ing circuit to perform both these operations so that the
measurement of the output signal is reduced to a com-
parison of the unknown resistance with a standard re-
sistance or the unknown ratio with a standard resist-
ance ratio it is possible to eliminate any errors due to
the absolute calibration of the meter.
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APPENDIX

Formulas for such circuit properties of the transistor
as its input and output resistances and its power gain are
generally given in terms of the equivalent circuit re-
sistances 7., b, 7c and r,*® which can be readily com-
puted from the measurable parameters (cf. Table II).
Reference 5 contains an extensive list of such formulas.

TABLE I1

EQuivALENT-CIRCUIT PARAMETERS OF TRANSISTORS IN
TiRMS OF THE MEASURED PARAMETERS

re=rus—ns=1/gus— (1 —aw)yur:

r»=rop =Yor22n
re=rap—rin=_(1—vo)rzs ~rem
m=rap—n»= (ab—“rb)'m ol
rap—rizb  QXb—Yb
=———= ~Narp

rav—ns  l—vs
The approximations are excellent because v4<K1, a, for a satis-
factory transistor.

¢ R. L. Wallace, Jr. and W. J. Pietenpol, “Some circuit properties
and applications of n-p-n transistors,” Proc. I.R.E., vol. 39, pp. 753~
767; July, 1951.

s F. R. Stansel, “Transistor Equations,” Electronics, vol. 26, No.
3, pp. 156, 158; March, 1953.

A Note on the Analysis of Vacuum
Tube and Transistor Circuits®

L. A. ZADEH{, MEMBER, IRE

Summary-—A simple method is described for setting up the node
(or mesh) equations for vacuum tube and transistor circuits. The
method is based on the use of admittance (or impedance) coefficients
tables for the vacuum tube and the transistor. It does not involve the
replacement of the vacuum tube and the transistor by their equiva-
lent circuits, and hence does not require a redrawing of the circuit
diagram. With the aid of the tables, the node (or mesh) equations
are set up directly from inspection of the circuit diagram and without
the use of any intermediate steps.

I. INTRODUCTION

YHE ANALYSIS of linear vacuum tube and tran-

| sistor circuits is usually carried out in three, not
L necessarily separate, steps. First, each vacuum
tube and transistor is replaced by an equivalent circuit
consisting of one or more impedances and a voltage or
current source; second, the node or mesh equations for
the resulting network are set up as for a passive network,

* Decimal classification: R131 X R282.12. Original manuscript re-
ceived by the Institute, November 17, 1952; revised manuscript
received March 3, 1953.

+ Columbia University, New York, N. Y.

treating the voltage (or current) sources in the equiva-
lent circuits as if they were known quantities; and third,
the equivalent voltage (or current) source terms in the
equations are replaced by expressions involving im-
pressed voltages or node voltages or mesh currents or
their combinations. These steps result in a system of
linear equations which in the case of the node method of
analysis are of the form

Jv=YuV, + ViVaot -+ Yann
Jo = VYaV, + VoolVo + - - - + YouVa (1)

Jn Yanl + Yn2V2 + tet + Ynan

where the J's are impressed node currents, the V’s are
node voltages and the Y’s are admittance coefficients.

The object of this note is to outline a simpler method
of setting up the node (or mesh) equations for linear
vacuum tube and transistor circuits. The method makes
use of tables of admittance (or impedance) coefficients



990

for the vacuum tube and the transistor, and its applica-
tion requires a minimum of thought and labor.
Although the basic idea underlying the method is
well known,'=? it appears that a description incorporat-
ing tables of admittance and impedance coefficients
for the vacuum tube and the transistor (regarded as
three-terminal elements) has not been given in the lit-
erature. Since experience with the method indicates
it is considerably more effective than the conventional
method, a brief exposition might be worthwhile.

I1. DEscripTION OF METHOD

For simplicity, the discussion will be limited to tri-
odes and three-terminal transistors. Furthermore, only
the node method of analysis will ke considered in detail.

The method described here is illustrated in Fig. 1,
which shows (a) a network N containing a three-ter-

@)

N-A

(b)

A
(c)

Fig. 1—(a) Active network N containing an active three-terminal
element A. (b) Network N with A removed. (c) Active element A,

minal network A; (b) the network N—A, which results
from removing A from N; and (c) the network A. It is
assumed that 4 is not inductively coupled to N —A.

Let Y.,.(N), Y.,,.(N_A) and Y.,.(A) (V, w=1,23, ... , n)
be the admittance coefficients for N, N—A and A, re-

' G. Kron, “Tensor Analysis of Networks,” John Wiley and Sons,
Inc., New York, N. Y.; 1949. In particular, note pp. 389-390.

2 S. R. Deards, “Matrix theory applied to thermionic valve cir-
cuits,” Electronic Eng., vol. 24, pp. 264-277; June, 1952. In this p1per
tables of admittance and impedance coefficients are given for several
basic vacuum tube cirucits (regarded as two terminal-pair elements).

3 J. Shekel, “Matrix representation of transistor circuits,” Proc.
I.R.E., vol. 40, pp. 1493-1497; November, 1952. The method given in
this paper is closely related to that described in the present paper,
However, the paper does not contain tables of impedance and admit-
tance coefficients.
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spectively. From the definitions® of these admittances it
follows at once that

Viwy = Viueveay + Vi 2

with the understanding that Y, is zero for all » and
u which are not associated with the terminals of A.
Equation (2) may be used to reduce the determination
of the Y,,w) to two simpler problems, namely, the cal-
culation of the Y,.w-a and the calculation of the
Yyua). In general there is little or no advantage in using
this reduction. However, when A is a standard network
such as a vacuum tube or a trausistor, the Y,,, may be
obtained from a table of admittance coefficients for A.
In this way, the setting up of node equations for a net-
work N containing one or more active elements A,
Az, - - -, A, is reduced essentially to determining the
admittance coefficients for the passive network N—A,
—A;— - - . —A, (resulting from removing Ay, A, - - -,
An from N) and adding to these the corresponding ad-
mittance coefficients for A, A, - - -, A,, the latter
being obtained from tables such as those given below.

TABLE 1
ApMITTANCE COEFFICIENTS TABLE FOR TitE VAcuuM TUBE

V,e=0 Y,p=0 | Yu=0

Vos=gn Vpp=gp | Yoe=—gp—gm
R — e NS SN = R

Vig= —gu l Yip=—gp ! Ya=g+gn

where g, p and & represent the grid, plate and cathode
terminals, respectively; g, is the transconductance and
gn=1/r,=plate conductance.

TABLE 11
ApMITTANCE COEFFICIENTS TABLE FOR THE TRANSISTOR

Ye € Vee Ve
rotre —re

- re(rodre) +(1—a)ror.] - re(retre)+(1 -‘a)rm - rerotre)+(1—a)rer.

—r

i ’c! Y“ ch
ro+re arc—re

- ’¢(7b+’¢5 +(l_—a)r7;¢' - re(rotro) 4+ (1 —a)rr, - re(rotre)+(1 -—a)nr:

—ry—art,

]’h' }’hc y’bb
_ —r(l—a) G Tre _ ret(1—a)re )
rntr)+(—aynre  rdrtr)+(0—aynre  reretrd) +(1—a)rr.

—re

¢ ¥,y is numerically equal to the current flowing toward the vth
node through a short circuit between the »th node and ground when
(a) all current sources are open-circuited, (b) all nodes except the uth
node are connected to ground, and (c) a potential of one volt is im-
pressed upon the uth node. In the case of a passive network which
does not contain coupled coils, V,, (v5%x) is equal to the negative of
the admittance of the branch connecting the nodes vand z;and V,, is
e(ﬁnl to the sum of the admitiances of the branches connected to the
vth node
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where ¢, ¢ and b represent the emitter, collector and
base terminals respectively; 7., 7., and r, are the in-
cremental emitter, collector and base resistances; and
« is the current amplification factor.

I ! 2

G,

—|~-

G,

o
|

Fig. 3-——Circuit analyzed in example 2.

As an illustration of the method, the node equations
for the circuits shown in Figs. 2 and 3 will be set up.
In the circuit shown in Fig. 2, the node voltage of node
1 is specified and hence the node equation for this node

may be omitted. For nodes 2 and 3 the equations are of

the form

0 =YunE, + VYV 4 Vasls 3

0 =YaE, + Va2 + Visl's 4)

The admittance coefficients in these equations are
calculated in the following manner. Taking Ya,, for
example, one has

Yornv-ay-ap = Gi, )

and from Table 1
V22(A1) = Yiyky = £py + Emy (6)
V22(82) = Yigt, = gpy + &mov (7)

Thus
Yoouwy = Voow—ay—ay) + Vaeap + YVarap

=Gi+ gp, + gm + 8oy T+ g (8)
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Similar calculations for other coefficients yield the
desired node equations

0=—gmErtGrtgpt8mt8ptem)Va—gpVs (9)
()=0—(gp2+gmz) V2+(GL+gp3)V3r (10)

in which the lower case symbols represent quantities
obtained from Table I.

Consider now the network shown in Fig. 3, which will
be recognized as a simplified circuit of a negative-im-
pedance converter. On inspecting the circuit diagram
and making use of Table Il, one readily obtains the
following node equations

o (7b + a"c)El ,
rrs + 7o) + (1 — a)rere
27e+7b+(1 —a)rc :l
G G — - |4
+ [ Rk rro+r) + (1 — a)rercd -

(are — 2r)V;

0=

—— 11
+ rrs 4 7o) + (1 — a)rere (1)
7c(1 - a)El
rers + ro) + (1 — a)ryr,
+ 7 (ar. — 27.)1{2
rrs + ro) + (1 — a)rer,
2re+ o+ (1 — a)re. ] .
G G — V. 12
+[l+ 4+7¢(7b+7c)+(1_a)7b7'r - (12

For the sake of clarity, these equations are rewritten
below in a form which places in evidence the terms ob-
tained from the table.

0= chEl + (Gz + Gs 4+ Vin, + Veaed V2

F+ (YVeo, + Vigen)Vs (13)
0="TYpE1+ (Yoo, + Vi)V
+ (Gl + G«I + };L‘ztz + Yb,b,)l'a. (14)

It will be observed in this case, as in the preceding exam-
ple, most of the terms in the admittance coefficients are
obtained from the table.

When the circuit configuration is such that the mesh
method of analysis is better suited that the node meth-
od, one may use the dual of the procedure outlined
above in conjunction with appropriate tables of im-
pedance coefficients.® In the case of the vacuum tubea

§ Z,uis numerically equal to thevoltage drop induced in thevth mesh
by a unit current in the uth mesh when all voltage sources are short-
circuited and all meshes except the uth mesh are open-circuited. In
the case of a passive network which does not contain coupled coils
and in which all mesh currents have the same positive sense, Z,, is
equal to the sum of the impedances of the branches traversed by the
vgl mesh current, and Z,, (v5£u) is equal to the negative of the im-
pedance of the branch common to »th and uth meshes. It should be
noted that when the mesh method of analysis is used, the network
N —A consists of N with A replaced by a short circuit.
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difficulty arises in that the impedance coefficients asso-
ciated with the grid terminal are infinite. One way of
circumventing this difficulty is to assume that the tube
has a grid return. With this assumption and with the
meshes numbered as in Fig. 4(a), the impedance co-
efficients table assumes the following form

TABLE III

IMPEDANCE COEFFICIENTS TABLE FOR THE VACUUM
TuBE witH A GRID RETURN

Zn=Rg Z|z=0 | Z|a= _Rg
Zn=uR, Zn=ry I In= —#Rg—'p
Zu=—(1+wR, Zun=—1p ' Zu=rp+(14+u)R,

where R, is the grid return resistance, r, is the plate
resistance and p is the voltage amplification factor.

In the case of the transistor there are no such difficul-
ties, and the impedance coefficients (with the meshes
numbered as in Fig. 4(b)) read

TABLE 1V
IMPEDANCE COEFFICIENTS TABLE FOR THE TRANSISTOR

Zu=retry [ Zin=—r Zu=—r1,
Zﬂ='—fm'—fb Zn='b+'c 223='m—'c
Zy=Tm—T, Zy=retre—rn

Zyn= bt £
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where the symbols have the same meaning as in Table I,
and rp=ar..

In conclusion, it will be noted that the method out-
lined here has a twofold advantage over the conven-
tional method. First, its use does not require a redrawing
of the circuit diagram, and second, the process of setting

i |
=lq

¢ U c
] 2
i b
@) (»)

Fig. 4—(a) Vacuum tube with a grid returu. (b) Transistor.

up the node (or mesh) equations is simplified consider-
ably through the use of admittance or impedance
coefficients tables. It will also be noted that the method
can readily be extended to networks containing active
elements other than three-terminal vacuum tubes and
transistors, by constructing admittance or impedance
coefficients tables for such elements.

CTOET0O

CORRECTION

Richard F. Shea, author of the paper, “Transistor
Operation: Stabilization of Operating Points,” which
appeared on pages 1435-1437 of the November, 1952,
issue of the PROCEEDINGS OF THE I.R.E., has brought the
following errors to the attention of the editors:

On page 1435, Equation (3), I;=0 should read I.=0.
Equation (9), Rp¢ should be Ppe.

On page 1436, the eleventh line below Fig. 2 should
be Ppc=10.8 mw instead of 14.6 mw; two lines further,
8.6 mw should be 4.8 mw. Equation (14), S in denomi-
nator should be removed; third line below Fig. 3, 5 mw

should be 1.4 mw.
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An Analysis of Magnetic Shift Register Operation”

EUGENE A. SANDSY, ASSOCIATE, IRE

Summary—The purpose of this paper is to describe quantitatively
the design of a magnetic shift register. The article is divided into 3
sections as follows:

A. A qualitative description of magnetic shift register opera-

tion.

B. The design of a magnetic shift register.

C. The effects of leakage inductance on stability and maxi-

mum speed of operation of a magnetic shift register.

In section B, the equivalent impedance concept discussed in a
previous article by the author? is used in the quantitative analysis of
a magnetic shift register. Optimum design conditions are derived
and variations from optimum design discussed.

In section C, the maximum and minimum allowable values of
leakage inductance are found such that the shift register remains
stable and information is reliably transferred from core to core.

A. A QUALITATIVE DESCRIPTION OF MAGNETIC
SHIFT REGISTER OPERATION

IG. 1 SHOWS A TYPICAL SECTION of a
Fmagnetic shift register consisting of 4 magnetic

cores. Information is put into the first core by
means of the input driver, and then advanced to the
second core by means of the A driver. Fig. 2 shows the
relationship in time of the A driver current, the B
driver current, and the input driver current. The in-
formation being put into the line in Fig. 2 is the binary

ADV. A
DRIVER |

ADV B
ORIVER |

Fig. 1-—Four-core magnetic-shift register. Advance winding 3 1.
Input winding 5-6. Output winding 7-8.

number one zero. The input driver current is in such a
direction as to drive the first core into positive satura-
tion (Bx). The A and B driver currents are in such a
direction as to return the cores to a condition of nega-
tive saturation (—Bja). The core material used has a
rectangular hysteresis loop as shown in Fig. 3. When a
core in the shift register is in the positive residual flux

* Decimal classification: 621.375.2. Original manuscript received
by the Institute, September 6, 1951; revised manuscript received
February 9, 1953,

t+ Magnetics Research Co., Chappaqua, N. Y.

T E. A. Sands, “The behavior of rectangular hysteresis loop mag-
netic materials under current pulse conditions,” Proc. I.R.E., vol.
40, pp. 1246-50; October, 1952,

density condition, it is defined as having a “one” stored
in it, and when it is in the negative residual flux,
it is defined as having a “zero” stored in it.

= r 3! —
A DRIVER CURRENT ‘ ' |

L i L

B DRIVER CURRENT

INPUT CURRENT

) 0

FLUX PATTERN CORE NUMBER | 4 \4—/‘“
l__l_'/ L r—

_ L_.'_//—\_\_l_/_\-

FLUX PATTERN CORE NUMBER 3 mf\_,.

]

T T, T, T,

FLUX PATTERN CORE NUMBER 2

FLUX PATTERN CORE NUMBER 4

Fig. 2—Magnetic-shift register pulse pattern configuration.

The cycle of operation in putting the binary number
one zero into the shift register will now be described.
Let it be assumed that all four cores are initially in the
“zero” state, i.e., they are at the value — By in Fig. 3.
The input driver and the B driver are pulsed, and pro-
duce currents shown in Fig. 2. These are coincident in
time. At time T, (Fig. 2), the input current flows
through the input winding in such a direction as to
change the flux in core 1 to the condition By. The B-
driver current flows through the advance windings of
cores 2 and 4 in such a direction as to magnetize them
to — Ba. The voltage pulse produced at the terminals
of the output winding of core 1 as its flux changes from
—Bpr to By is in such a direction as to drive current
through the back resistance of the series rectifier in the
transfer loop between cores 1 and 2. Therefore, no ap-
preciable demagnetizing current flows into core 2.

At the end of the input and B current pulses, core 1
is at a value of Bg, and all other cores are at a value
— Bpg. At time T, the A driver is pulsed. Its current
produces a magnetizing force in such a direction as to
return cores 1 and 3 to negative saturation. The change
in flux in core 1 produces a voltage at its output-winding
terminals of polarity to drive current through the for-
ward conduction direction of the series rectifier and into



994

core 2. This current is in such a direction as to magnet-
ize core 2 to the condition By. At time T35, the B
current pulse changes core 2 to “zero,” and advances
the information into core 3 in the same manner as de-
scribed for the transfer from 1 to 2. The voltage appear-
ing across the input terminals (5-6) of core 2 is in such
a direction as to drive current into the output winding
of core 1 through the forward conduction direction of
the series rectifier. This effect, which is called “back
flow of information,” is manifested in the small positive
bump occurring in the flux pattern of core 1 at time
T3, and the flux pattern of core 2 at time T

B {GAUSS )
B8R

48
/SLOPE 1S =0

Bm

| S )

H(OERSTEDS)

|
|
|
!
|

1 !
|
!
|

| ]

T

[-B

—

| — —-HM — ]

|

Fig. 3—Pertincut quantitics on static B-H loop.

The back flow of information must be less than a
certain value to maintain a good zero-to-one signal
ratio, and to maintain stability. It is the function of the
scries resistor and shunt rectifier to cut down the
amount of back flow of information. At time T, the
voltage across the input terminals of core 2 is in such a
direction as to make the shunt rectifier conduct. The
series resistor is adjusted to cause a sufficient voltage
drop across it that core 1is not appreciably magnet-
ized. At time T, the A driver current pulse changes
core 3 to the “zero” state, and the information is trans-
ferred to core 4.

B. THE DEsIGN oF A MAGNETIC SuirT REGISTER

The design problem to be considered is that of re-
liably transferring a “one” from one core to another
in a given time and using a minimum amount of input
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energy. Since the magnetic shift register is an iterative
structure, and the transfer is concerned with 3 cores,
namely the core out of which the “1” is being read and
the cores preceding and succeeding this core, for the
purposes of analysis, cores 1, 2, and 3 of Fig. 1 will be
considered as a typical set of 3 and the situation cor-
responding to the transfer of a “1” from core 2 to core 3
will be analyzed. In the previously cited article by the
author! an expression was derived for the equivalent
input resistance per turns squared (Ro) of a rectangular
hysteresis loop magnetic material operating on its sat-
uration hysteresis loop under current pulse conditions.
This was

A(Br+By) X1.26X10-8

Ro= ohms/turns squared
HaTL (ohms/ q )

where

By =Residual flux density in gauss.
By =Saturation flux density produced by Iy in
gauss.
1Ty =Amplitude of the step function of applied field
in oersteds.
A = Cross-sectional area of the core in centimeters
squared.
L =Mean path length of the core in centimeters.
T'=The time it takes for the core to change its
condition from — B to By with the application
of Hy (measured in seconds).

Fig. 4 shows a typical switching time applied ficld-
strength characteristic (FHx vs T) for orthonik cores of
1.1 and 0.5 mil thickness. The product H T is approx-
imately constant in the range 1 to 5 oersteds which
means that Ro is approximately constant and inde-
pendent of applied field strength in this range.

Hy, toErsTEDS)

Hu vs t

0 ——7— — —
S. ]‘ T—
as H (0 ARMCO ORTHONIK CORE 185 LOON"™) | ——

! 12) ARMCO ORTHONIK CORE 183 (.0005")
40— | 4+ = i ' T \ — T
as ' It 1 I [7 I -
aof | |

23

20
»

w

3

g-
8 —
b

8 10 12 14 18 18 20 22 24 26 28
t t(microsEcONDS)

Fig. 4

Fig. § is the equivalent circuit corresponding to the
condition of the transfer of a “1” from core 2 to core 3
of Fig. 1. N3, Ns, N; correspond respectively to the
advance winding (3-4) the input winding (5-6), and
the output winding (7-8). The series resistor in the trans-
fer loop between cores is called Ry, and the forward re-
sistance of the series and shunt rectifiers is called R,
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(assumed to be constant). NgRo is the equivalent re-
sistance of core 3 as viewed from its input winding.
N7Ro is the equivalent resistance of core 1 as viewed
from its output winding. Ns*!Ro is the equivalent re-
sistance of core 2 as viewed from its advance winding.

_ﬁ R L_—_._._ - A——'
s :
v %Nx"n Q.s Ny
o= ﬁ%
(o}
1 —
¢ OF; - T — — - N
! o Ny X’\?n
MM YTRY: s ié \ s
vy %".“r I\")LR,‘ A r Nghy | - é
, N
Na\2 2z S, -2
o | | (hews § 3
— S— ————— S - J
(b)
I —_—
4 O S
] . 2 N 1 Ni '51
'y ‘s IN.R e R,‘[‘},‘.’,n,a‘.,i, i ok
H LRUTY ARG Rn'\vse,/ (R+R),
|
ot=— i S
{c)
Fig. 5—Equivalent circuit for transfer of a one.

In the analysis, the following additional symbols will be
used

T3=Time taken by core 3 to change from “0” to
“1” during transfer.

T,=Time taken by core 2 to change from “1” to
“0” during trans(er.

F;j=TFractional amount of total possible flux change
((Br+Bu)A) in core i (=1, 2, 3) at time T; (§
=2, 3). By definition F;; =1,

R:,=Equivalent input resistance as seen at the ad-
vance winding terminals of core 2 during the
time interval 0 St <T;.

R1+Rf

o 1\752?0
d¢ e e .
— ) = Rate of change of flux with time in core ¢

(1=1, 2, 3).

In what follows, these physical facts must always be
borne in mind:

A. In a shift register in which information is being
transferred reliably, the flux density change in
going from “0” to “1,” or from “1” to “0” is the
same in all cores and is identically (Bg+Buy).
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B. A core out of which a “1” is being transferred
(for example core 2) must change from “1” to
“0” at a slower rate than the core which it is
driving changes from “0” to “1.” This follows
from the fact that after the driving core sat-
urates, no further energy can be transferred by
transformer action to the driven core. There-
fore, ng Ts.

C. The input to the advance winding is a constant
amplitude step-function of current lasting long
enough to insure that all lux changes have been
completed.

D. The cores are identically wound, have equal
cross-sectional areas, and mean path lengths.

The relationship between N; (the output winding)
and Nj (the input winding) will now be considered. From
Fig. 5(a), the voltage across the output winding of
core 2 is

NiF3(B By)A X 108
1\v7 (‘£¢> X 1()"3 = 77 23( E +]‘-‘l)‘ — -
2 3

V7 =

0=t=T;

(1

(1) follows from the fact that the equivalent circuit is
entirely resistive and the input is a constant amplitude
pulse of current. Similarly, the voltage across the input
winding of core 3 is

Ne(Br + Ba)d X 10-8

0= : 0<St<Ts (2
Ty
IFrom the equivalent circuit
ViNs*Ro
Vo — = Vi/1 + . 3)

- le + Rr + Ng2Ro

Equating (2) and (3) and substituting (1) in (3), the
relationship between the number of turns on the output
and input windings is found to be

1\75 = F231\77/1 + N. (-l-)

Therefore, the output winding always has to have more
turns than the input winding.

The flux change in core 1, when a “1” is being trans-
ferred from core 2 to core 3 will now be found. This is
the back flow of information mentioned previously. For
the equivalent representation of Fig. 5(a), the back
flow of information is independent of T and T3, so for
simplicity, the case where Fyi=1 will be discussed
(core 2 and core 3 switch in the same time), and Fyjs= Fy;
found. This is the “0” to “1” ratio and should be less
than 1 to 8. The total flux change in core 1 is

1 ™
Fuo(Br + Ba)d = — Vidt X 10+8, (5)
Ny o
From Fig. 5(a):
Vs(N:*RoR
v, s(N7>RoRr) ©)

~ R\2Rr + N/°Ro) + Rr(N7"Ro + Rr)
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In the usual case, N’Ro is much greater than Rr.
Making use of this in (6)

Vi=V < & ) @)
1= b R1+ Rr )
but
Ns(B Bi)A X 108
V5 - 6( R + T’ll) . (8)
2

Substituting (8) and (7) in (5)

1V5 Rr
N7 R1 + Rr

I"l2 =

)

There are then, two ways to make the “0” to “1” ratio
small. First, R, can be made large with respect to Rr.
Second, the number of turns on the output winding can
be made great—relative to the number of turns on the
input winding. However, the turns ratio is determined
from minimum input energy considerations, and, as will
be shown, stability obtained by increasing N7/Ns can
only be obtained by increasing the input ampere turns
N,I.

An optimum condition will now be found such that
NI is a maximum for a given input N;I. This means
that a maximum number of ampere turns is applied to
core 3 for a given number of ampere turns applied to the
advance winding of core 2. It defines the minimum pos-
sible input energy to transfer a “1” in a given time. It
will be assumed that N;*(Ro) is much greater than Rr so
that the equivalent circuit of Fig. 5(b) reduces to that of
5(c). From 5(c)

I, = N31N7-R0(R1 + Rr)
"7 (Rr + R, + N¢'Ro)* + N.2Ro(R, + R?)

(10)

In this expression I, Ro, N3, R;, and Rr are constant. Nj
will be held constant, and a value of N7 found which
will make I7 a maximum, thereby making NgI7; a maxi-
mum. Setting dI;/dN;=0, and solving

N7 1 +(F23)2

1
d NgI;= NI/2(1+4+—). (11
s Fa an sl7 3/<+F> (11)

23

Examination of (11) shows that NgI; has its maximum

possible value for Fy=1. Corresponding to this value
of Fm

N

5

R1 + Rr = 1V52-R0; 41\75[7 = IV;J. (12)

Physically, these results mean that in an optimum de-
sign, the flux change in cores 2 and 3 proceed at the same
rate (T;=T3;), and the ampere turns applied to the ad-
vance winding of core 2 equals 4 times the ampere turns
applied to the input winding of core 3. To achieve an
optimum design two things must be done. The turns
ratio must be made 2 to 1, and the sum of the rectifier
resistance (Rr) and the series resistance (R;) must be
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made equal to the equivalent resistance of the input
winding of core 3. Before discussing variations from
optimum conditions, an example will be worked to make
the design procedure clear.

The cores to be used are made up of 2 wraps of } inch
wide, 1.1 mil thick orthonik. The core has a mean-path
length of 1.2 inches. Switching time T.=T;=8 usec.
The rectifier selected has a forward resistance =100
ohms. The “0” to “1” ratio=%. From this

Hp=1.5 oersteds (see Fig. 4 Hy vs T curve).
NgI;=21IyL=3.6 ampere turns.
Ro=1.85X10"? ohms per turns squared.
R; =300 ohms (equation (9), Ns/N;=.5, Fya=Fy
=1).
Ns?Ro =400 ohms (equation 12).

Using these values

Ns=147 turns
N;=294 turns
N;I=14.4 ampere turns

The choice of N3 depends on the current available from
the advance driver tube.

The optimum design condition can be equivalently
stated as follows: For a given value of N;I, the fastest
possible transfer time is realized when N;/Ng=2, and
Ri+Rr=NgRo. In a practical design, however, R,+Rr
should be chosen to be smaller than Ng?Ro to allow for
the variation of Ro from core to core, to allow for the ef-
fects of leakage inductance and rectifier capacitance.
The variation of the transfer time (T;) as the ratio
Ri+Rr/Ns*Ro= N is varied will now be considered.

The circuit of Fig. 5(c) reduces to that of Fig. 6(a).
As N is made smaller core 2 takes an increasingly longer
time to switch than core 3. At time T3, when core 3
saturates, its input impedance changes from NgRo to
zero. Therefore, the equivalent circuit of 6(a) must be

EQUIVALENT CIRCUIT TO STUOY VARIATIONS

R tR Ns ) .
IN THE RATIO . e N (N'-) .5
I
J_LL
T = NIR _
4 3
I‘ NyR, “HTUEN) §N,R°N
VALID FOR OSt=< T,
Fig. 6(a)

replaced by that of 6(b) after time T3, and is valid until
time Ty, when core 2 saturates. Switching times T'; and
T; will now be found as functions of N. The total equiva-
lent input resistance as seen at the advance winding
terminals (N;) of Fig. 6(a) is

N3?Ro(1 + N)(N)
N2+ 6N +1

(Rin)a = (13)
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At time Ty, from the voltage-flux time relations in core
3

(Br + B4 2[R T

14
108 Ni(1 + &) (14
so that
(Br + Bu)A(N® + 6N + 1) X 10-8
T; = — — - (19)
2N3;IRoN
The flux change in core 2 at time T is
14+ N

Fzs(Blc + BM)A = —2— (Bu + B,\[)A from (4) (1())

T3 is a minimum for N =1, which confirms the fact that
the faitest possible transfer time corresponds to R,+Rr
= 1V52R0, and N7/1V5 =k

lil .

— — S —

l 'R

= N3 R e =

§N§Rc T’T"N ;«,R,N
|

L a

§ R —

VALID FOR T<tgT,
Fig. 6(b)

After core 3 has switched, core 2 works into the cir-
cuit of Fig. 6(b) for which the equivalent input re-
sistance is

1\732E01\72

Rin)e = ———.
(Ria)s SN + N?

(17)

To find T, use is made of the fact that the ratio of V3
before core 3 has switched to V;after core 3 has switched
is the same as the ratio of (Ri.)s/(R.s)2; so that

Fas/Ts (N+ 1)(N +5)
—————— = (Rin)s/ (Rin)e = ———— - (18
L= gy~ Rl Rinde =0t - U8
T, — T
Substituting (15) and (16) in (18) and solving for T
2N + 6
To=Ts — (a+_)_
N*+o6N+1
B Ba)A(2ZN + 6 108

(2N,IRo)(N)

The table below gives T;/T; and
2N3IRo X 108
’<TBR‘+ BM)7>

as functions of NV

N D T/ T
| 8 1
0.8 9.5 1.18
0.6 12 1.45
0.5 14 1.65
0.3 22 2.29
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SectioN C. THE EFFECTS OF LEAKAGE INDUCTANCE ON
STABILITY AND MAXIMUM SPEED OF OPERATION
OF A MAGNETIC SHIFT REGISTER

Of great importance in the design of a magnetic shift
register is the number of cores that can be driven from
a given sized driver tube. To reduce the energy dissi-
pated per core, it is desirable to reduce the cross-sec-
tional area of the iron to a minimum. The lower limit
on the amount of iron to be used is the maximum allow-
able leakage inductance in the transfer loop. If there is
too much leakage inductance, a “1” cannot be trans-
ferred reliably.

Fig. 6(c) shows an equivalent circuit which takes into
account the leakage inductance in the output winding of
core 2, and the input winding of core 3. All quantities are

Jﬂ_f_ s

5N; L,

“ e
2|

e
| 1‘4&’(|+N)

EQUIVALENT CIRCUIT TAKING INTO ACCOUNT
LEAKAGE INDUCTANCE

Fig. 6(c)

referred to the input winding N,. Lo is the leakage in-
ductance per turns squared. It can be shown that

2(1 4+ N) {1 = (%) (1—¢ -r,/r)}

R )

for N7/1V5 = 2, (20)

where

5Lo (1 + N)

T == — _
Ro " (14 6N + N?)

The condition for maximum allowable leakage in-
ductance consistent with a reliable transfer is found by
setting Fas=1. For all values of Fy3 greater than 1, core
2 switches before core 3. Fig. 7 is a plot of the maximum
allowable N (Nmax), such that Fe =1, for various values
of T/T;. For any value of N greater than Npax, there
«ill not be a reliable transfer. On the same curve is plot-
ted the ratio as a function of T/ T

T
Lo/Ro

The way these curves may be used will be illustrated
in the following example for which N=0.81 and T3=8
psec. From Fig. 7 (page 998) for this value of N

T
— = 0.05, so that T = 0.4 usec.
I,



998

and

||x;|

T
Ro 1.37

Using the core in the example in Section B,

Ro = 1.85 X 10~% ohms per turns squared,

so that
Lo = 0.54 X 10-8 henries per turns squared.

Therefore, the maximum allowable leakage inductance
in the output winding of the previous example is 466 xh
if core 3 is to switch in 8 usec. The expression for Lo, in
this example, can be rearranged as follows

—  0.05RoT,
Lo=——"--.
1.37

In this form, it is seen that the maximum allowable
leakage inductance is proportional to T3, the switching
time of core 3. Therefore, the leakage inductance sets a
lower limit on the switching time obtainable with a
given core.
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Fig. 7

One of the design criteria previously discussed was
the amount of allowable back flow of information. It
was stated that the flux change in core 1, when a “1”
was being transferred from core 2 to core 3, should not
be greater than }(Bgr+Bu)A. Let us assume a flux
change of }(Br+Bu)A has taken place in core 1. On
the next advance A current pulse, a voltage produced
by this back flux appears on the output winding (Ny)
of core 1 in such a direction as to magnetize core 2 in
the positive flux direction. If the flux change in core 2
is greater than in core 1, the magnetic shift register
will become unstable because the noise level builds up
in succeeding cores in the same manner as between
cores 1 and 2. If the noise flux in core 1 is called (d¢)1,,
and the noise flux change produced in core 2 by (d¢),,
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is called (d¢).,, the necessary condition for stability
in the magnetic shift register is that (d¢)s,/(d¢)1, be
less than 1.

The noise voltage appearing at the output terminals
of core 1 lasts about one eighth as long as the voltage
pulse occurring when a “1” is read out because the flux
change is one eighth as great. Examination of Fig. 7
shows that N.. decreases with T5. If Zo is chosen so
that it is about % of the maximum allowable leakage
inductance per turns squared for the reliable transfer
of a “1” in time T3, then it will be great enough so that
for a noise pulse of time duration T3/8, (d¢)2,/(dd)1, is
less than 1. If Lo is too small, the shift register will
become unstable. Therefore, there is an upper limit and
a lower limit as well. If the leakage inductance is too
large, a “1” cannot be transferred reliably; if it is too
small, the shift register becomes unstable. In the exam-
ple worked out, the maximum value of Lo consistent
with the reliable transfer of a “1” was Lo=.54X10"%
henries per turns squared. Values of Lo between 0.067
and 0.54 X 10-8 henries per turns squared would be such
as keep the shift register stable and allow for a reliable
transfer. Since the maximum allowable Lo is propor-
tional to switching time, and the switching time is
proportional to total flux change, the larger the noise
flux, the less stable the register. For this reason, the
stability of the magnetic-shift register is determined by
the smallest noise flux such that (d¢):,/(d¢)1,=1. Once
a noise flux occurs which makes this ratio greater than
1, stability cannot be achieved at some further point
in the shift register.

CONCLUSIONS

1. In a magnetic shift register made of identical
cores, the minimum possible applied field strength neces-
sary to transfer a “1” from one core to another in a given
time T, is 4H ;.

2. The minimum possible applied field-strength con-
dition is achieved by making the turns ratio of output
winding to input winding 2:1, and making the resistance
in the transfer loop (Ri+Rr) equal to the equivalent
resistance of the core as seen {rom its input winding,
(NstRo).

3. The minimum applied field strength condition is
not critical with respect to turns ratio, provided the
resistance in the transfer loop is properly adjusted. For
instance, if a turns ratio of 3 to 1 is selected, and the
resistance in the transfer loop is made twice that of the
equivalent resistance of the core as viewed from its
input winding, the applied field strength need only be
increased from 4H to 4.25H .

4. The applied field strength required to transfer a
“1” in a given time T, varies appreciably with reduction
of the resistance in the transfer loop from its optimum
value. For instance, a reduction of 50 per cent in this
resistance from optimum necessitates an increase in ap-
plied field strength from 4Hy to 6.6H y.
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5. The maximum allowable leakage inductance for
which reliable transfers can be obtained is directly pro-
portional to the product of the equivalent resistance per
turns squared and to the switching time.

6. The leakage inductance is primarily responsible for
the prevention of noise build-up in a magnetic-shift
register.

7. The allowable value of leakage inductance is
bounded. It must be great enough to prevent noise
build-up, but small enough to allow reliable transfer of
information.
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Debunching of Electron Beams Constrained
by Strong Magnetic Fields”

M. CHODOROWT, SENIOR MEMBER, IRE, E. L.

Summary—To obtain a clearer insight into the design of velocity
modulated tubes, a more complete understanding of the bunching
process is required. A theory, to be useful in the design of high power
tubes, should include the effects of space charge and large signals,
Although such a theory has not yet been developed, a small signal
theory, due to Feenberg, including the effects of space charge, has
been obtained for some useful physical configurations. This paper
deals with the experimental confirmation of this theory and the deter-
mination of its range of validity. Numerous experiments were devised
to check the various aspects of the theory, and results of these are
presented. Tests were made on a conventional two-cavity klystron
with a cylindrical drift-tube and gridless gaps at the cavities. Trans-
verse motion of the electrons was constrained by a large axial mag-
netic field. The extrapolation of the theory beyond its obvious range
of validity is shown to be accurate even for large values of the bunch-
ing parameter such as to include the first peak of the output current.

INTRODUCTION

HE FIRST ORDER kinematic theory due to
|l Webster! predicts, for a two-cavity klystron,

I, = 2I,J:(%) (1

where I, is the output radio frequency current, I, is
the direct beam current, and

(2)

x = 7nNa

where N=cycles of transit time in drift-tube and

RF voltage
a = 0
DC voltage

This expression, however, does not include the effect
of the mutual repulsion of electrons due to space charge.
In an attempt to include space charge, Webster? solved

* Decimal classification: R339.3XR138. Original manuscript re-
ceived by the Institute, December 17, 1952.

t Stanford University, Stanford, California.

' D. L. Webster, “T Ke theory of klystron oscillations,” Jour of
Applied Physics, vol. 10, pp. 864-872; December, 1939.

*D. L. Webster, “Cathode-ray bunching,” Jour. of Applied
Physics, vol. 10, pp. 501-508; July, 1939.
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the equations of motion for the infinite beam, assuming
positive ion neutralization, and considering longitudinal
debunching only (no transverse motion of electrons
allowed). The resulting expression for the fundamental
component of the output current is given by

sin Izl)
W)
< sin hI)
£ —
hl

is less than unity. The debunching wave number £ is
defined by the relation

60Ioc\ /2 T (amps)
ha = < 0) = 174/‘/ > (ar ps) =
Vouo V32 (volts)

= 174+/perveance

12=21J1<x (3)

provided

(4)

where a is the beam radius, / is the drift-tube length,
and uo the dc beam velocity. Space charge is seen to
manifest itself in a change of the effective bunching
parameter., A larger voltage at the input gap is re-
quired to maximize the output, but the magnitude of
the output current is not affected. The over-all effect on
the output radio frequency current is described by the
debunching parameter

M= w«,T, (5)

where w,=+/ep/me,=plasma frequency and T =dc
transit time.

The physical phenomenon that is described by (3) is
somewhat as follows. If in a rcgion having uniform
density of positive and negative charge (including the
case in which the negative charge is moving with uni-
form velocity), a small region of charge is displaced from
its equilibrium position, the restoring forces will cause
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this charge to perform an oscillation around this posi-
tion at the plasma frequency. For the infinite beam, this
plasma frequency is a constant depending only on the
charge density and, of course, the mass of the particles.
The amplitude of the oscillation is determined by the
velocity modulation of the electron as it enters the drift
tube, since this determines the initial velocity away
from its equilibrium position in the beam. The behavior
of the electrons is analogous to that of a string of
pendulums tied to a belt moving at the beam velocity
past a gap which excites oscillations in the pendulum,
the initial excitation of cach depending on when it
passes the gap. Although this description of debunching
is satisfactory from the point of view of visualizing the
motion of cach eclectron, it turns out that mathe-
matically these oscillations can be described more con-
veniently in terms of electromagnetic waves propagat-
ing through the beam. It can be shown that the fields
which cause the above motion of electrons can be ex-
pressed as a sum of four waves, each of a different propa-
gation constant v,.. Since two values of vn depend on
the charge density in the beam, these waves are known
as space charge waves. Their velocities differ only
slightly from the beam velocity and thev interfere in
such a way as to produce the net cffect described by
(3). The remaining two waves are unaffected by the
beam.

A more useful result is that due to Feenberg® who has
solved the field equations and the force equation subject
to the proper boundary conditions for some actual beam
configurations. The results are restricted to small
signals, nonrelativistic velocities, positive ion neutral-
ization, and non-crossing of electron trajectories. For the
finite beam the ficlds in the drift tube are made up of
space charge waves whose propagation constants de-
pend on the transverse boundary conditions as well as
the charge density. Moreover, to satisfy the initial con-
ditions at the gaps, infinite sums rather than single
terms of such waves must be taken to represent the
forced modulation. As an example, for a cylindrical drift
tube with no angular variations, the transverse de-
pendence must be of the form Jo(Twr). Allowed values
of T, are determined by boundary conditions at the
walls, a different value of the propagation constant o
corresponding to each value of T,. In order to satisfy
the conditions at the gaps, the known modulation volt-
age at the input must be expressed in an infinite sum
of Jo(T'mr), hence the total fields are of the form

2 i (Amn)ers T o( T mr) (6)

ne=l Mmel

The physical gap configuration determines how many
terms of this infinite expansion in “m” are important.
Strictly speaking, each term of this infinite series cor-
responds to space charge waves of different plasma

3 E. Feenberg, “Notes on velocity modulation,” Sperry Gyroscope
Company Report No. 5221-1043; 1945.
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oscillation frequency, which is no longer determined by
the charge density alone, but by the finiteness of the
drift tube as well. The fields in the drift tube can thus be
considered as a superposition of many space charge
waves of different plasma frequencies. With a large axial
magnetic field two of these infinite sums drop out, and
the resulting output current can be written as

b
onI"<hl, r, k'a, )
a
[2=*’"'A-~—7—7_ (7)

l

where F/lis a function tabulated by Feenberg (Fig. 1), r
is the radial position, k' =w/uo, uo is the dc beam
velocity, @ is the beam radius, and b is the drift tube
radius. Debunching in the finite beam is thus expressed
by the function F, given by Feenberg and reproduced
in Fig. 1 for a typical condition. As before, it is a func-
tion of the debunching parameter A/, but in addition de-
pends on the radial position 7 and the normalized beam
and drift tubz radii #’a and &’b.

L

SMALL SIGNAL FUNCTION F(h&r)

—.4 1 L i 1
NORMALIZED RADIUS §

Fig. 1—Feenberg's small signal function for k'a =2 for gridless gaps,
infinite magnetic field, and beam iilling cylindrical drift tube.

I'cenberg’s theory may be arbitrarily extrapolated to
include large values of the bunching parameter by con-
sidering both the exact solution of the small signal prob-
lem and Webster’s first order hunching theory. For small
values of x, (1) reduces to

[2 = Jox. (8)

On the other hand, the small signal solution of (7) im-
plies that the effective bunching parameter now has a
value of (x(F/l)). Using this value of the bunching
parameter, as obtained by Feenberg for the space charge
problem, the output current for large bunching param-
eters can be written in terms of the usual Bessel func-
tion without regard for the fact that the effective
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bunching parameter was calculated on the basis of small
signals. Thus

&)

F(hl, r, ¥a,
I = Wl{x ;_?Q}

:

which for small signals reduces to the proper form. The
validity of such an arbitrary extrapolation can only be
checked experimentally and is confirmed by the experi-
ments described later in the paper.

GENERAL REMARKS

An inspection of (9) and the Feenberg function F re-
veals some interesting features of the output current.

(a) Since the small signal function F depends on
radial position, the output current density is no longer
constant across the beam. In general, the current density
near the center is smaller, since debunching forces are
stronger there.

(b) The rf current density decreases for increasing
values of &I but not in a simple way, as in the case of the
infinite beam.

(¢) For a sufficiently large value of %/, the output cur-
rent density becomes zero at some radial position re-
gardless of the value of the bunching parameter (i.e.,
driving voltage), since the function F itself becomes zero
(Fig. 1). This first occurs at »=0 and moves outward as
klis increased. The existence and location of this critical
radius would lend strong support to the theory.

(d) For still larger values of X/, the output current
density near the center actually becomes negative. This
reversal should be experimentally observable. Mathe-
matically, the reason for this reversal of current density
can be seen from the nature of the solution required by
presence of walls surrounding the beam. As stated pre-
viously, to satisfy the initial conditions at the gap, it is
necessary to superimpose an infinite set of waves with
different propagation constants. The motion of the
beam is described by adding an infinite set of plasma
oscillations of different amplitudes with slightly dif-
ferent frequencies. Since each plasma wave has a dif-
ferent radial dependence, their sums will interfere dif-
ferently at various radii; in particular, near the center
of the beam these waves interfere in such a way that
electrons there will reach their maximum displacement
earlier than those at the edge, start moving back toward
equilibrium, pass through it, and have displacements
from equilibrium of the opposite sign. This results in a
current density at the center of opposite sign to that at
the edge, and indeed, one can make the obvious state-
ment that electrons right at the edge of the wall must
have their plasma oscillations superimposed in such a
way that there is no debunching at all. Thus the elec-
trons near the wall never have any oscillatory be-
havior, since the longitudinal field at the wall must be
zero.

Alternately, this may be seen by considering the de-
bunching forces themselves. At the wall these forces are

neutralized by image forces outside the beam, but at the
center, these image forces are not as effective, resulting
in stronger debunching. For sufficiently high current
densities (large values of Al), the electron charge density
may be such as to cause an anti-bunch to be formed at
the center, while at the wall, a bunch may exist.

DESCRIPTION OF EXPERIMENTS

(a) Tube Design. To investigate the various aspects
of (9) described in the previous section, a conventional
two-cavity klystron was constructed. A strong axial
magnetic field was used to constrain the beam. Eq. (9)
shows that it is sufficient to specify the parameters i/,
k'a, b/a,and the value of x to completely determine the
normalized output current. The tube was designed to in-
clude a sufficiently wide range of these parameters to be
useful in tube design and at the same time provide ade-
quate information about regions where debunching
forces are large. The parameter il was varied by varying
the tube perveance (changing cathode-anode spacing),
the parameter k’a by changing the dc beam voltage,
and the value of x by changing the input power to the
bunching cavity.

12 T T

NORMALIZED -
| OUTPUT CURRENT

08} flr:)
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1 N I | 1 ]
NORMALIZED RADIUS SQUARED (£)*

Fig. 2—Typical contributions to the output current from various
radial positions for several values of the bunching parameter.

(b) Interpretation of (9). Eq. (9) gives two kinds of
results: first, the current density as a function of radius,
and second the total current which can be obtained by
averaging these contributions over the beam cross-
section. A typical variation of the normalized output
current as a function of radius for k'a=2 and hl=4 is
shown in Fig. 2. The total current (Fig. 3) is propor-
tional to the area under this curve for each value of the
bunching parameter. Universal curves for k’a=2 and
3 are shown in Figs. 4 and 5. These curves apply to
gridless cavities, but can be applied to gridded cavities
if the correct function F is taken from reference 3.

(c) Experiments. The object of the following experi-
ments was to check the various aspects of these curves
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Fig. 5—Design chart for ¥’'a=3.

and to see over what range of parameters they apply.
The total rf current was measured by sweeping the in-
put power to the buncher cavity dynamically and ob-
serving the rectified crystal current from the output
cavity on an oscilloscope. Fig. 6 shows the circuit used
to make these measurements. To obtain absolute values
of the radio frequency current and bunching parameter
x, a careful calibration of the microwave equipment was
made.
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The ratio of shunt impedance R to Q of the cavity isa
quantity independent of loss and can be measured by
perturbation methods.* The Q under operating condi-
tions can be measured by plotting cavity impedance as
a function of frequency in a conventional way. The rela-
tive variations of rf power at both input and output
were obtained using a carefully calibrated square law
crystal. Absolute values of power for a given condition
were obtained by using a matched bolometer and bridge
circuit. Knowing R/Q, Q and the power, the rf volt-
age across the gap can be calculated. The rf current
at the output can be deduced from I'=T1/R, provided
the output voltage is sufficiently small compared to the
beam voltage. This was achicved by loading down the
output cavity.

The individual radial contributions to the output cur-
rent were measurcd by placing a thin metallic sheet just
ahcad of the output cavity. A hole, small compared to
the beam diameter, was drilled in this sheet. By means
of a bellows arrangement, this shect, together with the
hole, was made to traverse the beam so that the hole
explored all radial positions along a given diameter. The
small fraction of the rf current reaching the output
cavity through this hole was observed dynamically as
described. Additionally, the exploring hole was used to
check the uniformity of the dc beam in the drift tube.
The expected reversal of phase of the output current at
a critical radius was checked by comparing its phase
with a reference signal from the input, using a standing
wave dctector padded with matched attenuators at

TUBE UNDER TEST
4 \.—, LOADING TRANSFORMER
MATCHING

O Z°
TRANSFORMER

MODULATED H—v
KLYSTRON
AMPLIFIER

_—
CW__,—
SIGNAL

puT o
vo
t

Fig. 6—Experimental setup.

both ends. If a single frequency signal is fed in from one
end, no reflections are observed. The same argument is
valid for a signal fed in from the other direction. If both
signals are fed in simultaneously, a combination of the
two waves traveling in opposite directions results in a
standing wave. If the phase of one of these is shifted,
the position of the node of the standing wave is also
shifted; in fact, a phase shift of 180 degrces results in a
shift of the node of quarter wavelength. Thus feeding a
portion of the input signal of the tube to one end of a

4+ W. W. Hansen and R. F. Post, “On the measurement of cavity
impedance,” Jour. of Applied Physics, vol. 19, no. 11, pp. 1059-1061;
November, 1948.
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padded standing wave detector, and the signal from the
output cavity to the other end of this detector, a shift
of the node should be observed as the exploring hole is
moved through the critical radius. This 180 degree
phase shift was actually observed. Additional amplifica-
tion was required to raise the output power level suf-
ficiently, but this only introduces a constant phase shift.

DiscussioN oF RESULTS

The results of these experiments are shown in Iigs. 7
and 8 for the casc of optimum bunching. It is sufficient
to discuss this case since the measured output current
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Fig. 7—Comparison of experimental and theoretical results
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Fig. 8—Comparison of experimental and theoretical results for
ka=3.

as a function of the bunching parameter closely follows
the Bessel function Jy(x) (Fig. 3). Before making a com-
parison with predicted results, the theoretical curves
must be modified to include the effect of imperfect beam
shape. The theoretical curves assume a completely uni-
form beam filling the drift tube which was not achieved
in practice. However, a correction can be made, since
the actual beam distribution was known from exploring

hole measurements. The range of modified theoretical
values due to this condition is shown in Figs. 7 and 8
together with the experimental values within the ac-
curacy of calibration of the microwave equipment.

From these curves, a comparison between theory and
experiment can be made. The over-all results of this
comparison are:

(a) Small signal space charge theory due to Feenberg
is valid if the debunching parameter &l is less than 3.5
(i.e., for most practical designs).

(b) The extrapolated theory holds for the same values
of kI but includes all values of the bunching parameter
up to 4 (i.e., well beyond the first peak of output cur-
rent).

(c) For large values of hl, debunching forces appear
larger than given by the extrapolated theory.

(d) For large values of the bunching parameter
(above 4), experimental results no longer agree with
predictions of extended theory. Additional verification
was obtained from cross-sectional studies where the
reversal of rf current at a critical radial position was
confirmed. The position of the critical radius agreed
with predictions for the above ranges of parameters.

CONCLUSION

Evidence has been presented to show that Feenberg’s
small signal space charge theory is valid over a sufh-
ciently wide range to be applicable to meet all reason-
able tube designs. Moreover the extrapolation of this
theory is valid for all values of bunching parameter used
in conventional tubes. In all cases, it is found that the
output radio frequency current decreases for increasing
values of %l, and the voltage at the input required to
maximize the output current increases with &l for all
reasonable tube designs. It is important to note that
voltages at both gaps were kept well below the beam
voltage. The normalized input voltage was at most @ =.3
so that small signal theory can be safely applied to the
input. The output voltage was kept small to simplify
the evaluation of the rf current only. Since the theo-
retically predicted current at the output gap was ob-
tained, the velocity and time of arrival of electrons at
this gap are probably correctly predicted by the theory.
The above knowledge makes it possible to obtain valid
results for large signals at the output by merely inte-
grating the equations of motion of the electrons through
the gap to get the net transfer of power for any given
rf voltage. It would be interesting to confirm this ex-
perimentally. It is indeed fortunate that this theory,
and its extension, can be trusted under conditions for
which it was not intended.
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A Simple Graphical Analysis of a
‘T'wo-Port Waveguide Junction®

J. E. STORERY, L. S. SHEINGOLDY, ASSOCIATE, IRE, AND S. STEIN{,

Summary—A graphical analysis based on the original work of
Deschamps is presented for obtaining the scattering matrix of a
two-port waveguide junction from standing-wave measurements.
The section may have losses, and can be asymmetrical. In addition,
a method is outlined whereby the reflection coefficient of a load
terminating the junction can be obtained graphically from the
measurement of the reflection coefficient as seen through the
junction.

INTRODUCTION

GRAPHICAL METHOD was recently intro-
Aduced by Deschamps! for obtaining the scatter-
ing matrix of a two-port waveguide junction
from a set of standing-wave measurements, Ile also
outlined a procedure whereby the reflection coefficient
of a load terminating the junction can then be obtained
graphically from a measurement of the reflection coeffi-
cient of the load as seen through the junction. (Some of
the ideas involved have also been noted previously.?)
The proofs given by Deschamps were largely in terms
of projective and non-Euclidean geometry.
Deschamps’ method requires less calculation than
the direct algebraic computation of the scattering ma-
trix from the measurements, and fewer measurements
than using the Weissfloch-tangent technique® to ob-
tain the equivalent circuit of the junction. The new
method is general, and can be used without modifica-

* Decimal classification: R118. Original manuscript received by
the Institute, October 16, 1952; revised manuscript received Febru-
ary 27, 1953. The research in this paper was made possible through
support extended Cruft Laboratory, Harvard University, by the
National Research Council and jointly by the Navy Department
(Office of Naval Research), the Signal Corps of the U. S. Army, and
the U. S. Air Force, under ONR Contract NSori-76, T. O. 1.

1 Cruft Laboratory, Harvard University, Cambridge, Mass.

{1 RCA Fellow in Electronics under the National Research
Council, Harvard University.

! G. Deschamps, “Application of Non-Euclidean Geometry to the
Analysis of Waveguide Junctions,” URSI-IRE Spring Mecting, 1952,
Also in sections of Interim Reports 1-8 and Final Report on “Near-
Zone Electromagnetic Waves,” Federal Telecommunications Lab-
oratories, Inc., Contract AF 33-038-13289.

*H. Wheeler and D. Dettinger, “Measuring the efficiency of a
superheterodyne converter by the input impedance circle diagram,”
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tion for lossy, asymmetrical junctions. Also, in its ap-
plication, certain checks are set up for the elimination
of errors of measurement.

Since this new method is of importance to engineers
unfamiliar with higher geometry, its presentation using
more familiar mathematics appears desirable. Certain
additional features of the constructions also are dis-
cussed. The procedure for the use of the method is out-
lined first, with proofs and additional remarks given in
the appendix.

I. PROCEDURE FOR OBTAINING THE SCATTERING MATRIX
OF A Two-PorT JuNcTION

Consider a junction between two guiding systems
(transmission lines or waveguides) indicated sym-
bolically in Fig. 1 as a two-port network. The two sys-
tems need not be identical, e.g., one side could feed into
a two-wire line, the other into a coaxial line.

1 O————— 2
INPUT JUNCTION LIS
TERMINALS 5 (1) (2)  TERMINALS

[ ZC
1 b————02

Fig. 1—Equivalent network representation of a two-port
waveguide junction.

A. The Scattering Matrix

If the junction is equivalent to a linear passive net-
work, its character can be described completely by the
“scattering matrix” S of the junction, where

o=

A typical matrix element S;; has the usual interpreta-
tion of being the reflected (“scattered”) wave at ter-
minal 7 due to a unit-wave incident on the junction at
terminal j.

Owing to reciprocity, Sis=Sy, and Si,=T, where T
is the transmission coefficient of the junction. The im-
pedance matrix is related to the scattering matrix by*

Sl2
S22

Su
S2l

¢ C. G. Montgomery, R. H. Dicke, and E. M. Purcell, Principles
of Microwave Circuits, vol. 8, pp. 146-149, Radiation Laboratory
Series, McGraw-Hill, New York; 1948.
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where Z.® and Z.® are the characteristic impedances
of the two lines. Thus a knowledge of S is equivalent to
a knowledge of Z. The scattering (or impedance) matrix
of a two-port junction is usually obtained by terminat-
ing one side of the junction in various lengths of short-
circuited line and measuring the reflection coefficients as
seen from the other side.

In particular, by making such measurements for
three different positions of the short circuit, it is pos-
sible to compute the scattering matrix of the junction
by solving a system of three linear algebraic equations
for the three unknown matrix elements. To insure ac-
curate results (i.e., to guard against experimental er-
rors), it is necessary to consider more positions of the
short circuit, and essentially recalculate the values of
these matrix clements, comparing them with those pre-
viously obtained.

Alternatively, by taking measurements for many posi-
tions of the short circuit, an equivalent circuit may be
obtained by a modification of the Weissfloch-tangent
technique® which, however, involves considerable labor.

Compared to these two procedures, Deschamps’ ap-
proach is a simple and much less time-consuming graph-
ical technique for obtaining the S-matrix elements from
construction lines and angles. Measurements are needed
for only four positions of the short circuit (6 or 8 may be
used for increased accuracy), with checks possible for
consistency of the data.

B. Graphical Evaluation of Su

Suppose the values of the mecasured reflection coeffi-
cient T =+"¢*# are plotted in the complex plane. (The
harmonic time dependence et/ has been assumed.)
Since by physical considerations 05y’ <1, all possible
values lie within the unit circle, and the diagram is con-
veniently drawn on the usual Smith chart if the reflec-
tion-coefficient circles are available. (The resistance and
reactance lines of the chart are of no concern whatever
in this method.) Moreover, it is well known (see ap-
pendix) that when the output of the junction is con-
nected to an arbitrary load, through a length [ of lossless
line, the values of reflection coefficient measured at the
junction input lie on a circle, Fig. 2, when ] is varied.

Deschamps’ method proceeds as follows: The output
port of the junction is connected to a short-circuited
line of electrical length kI, and the complex reflection
coefficients seen at the input port are measured for four
lengths of line; these lengths are taken in pairs,
kly, kli+w/2; kly, kly+m/2. (A good distribution of the
data may be achieved conveniently by placing the short
circuit at four positions equally spaced along a half-
wavelength of the output line.)

These reflection coefficients are plotted in the com-
plex plane (points P,’ in Fig. 2). The points Py’ (kl=kl)

and Py (kl=Fkl+7/2) are connected by a straight line,
as are Py/(kl=kly) and P,/ (kl=Fkls+m/2); the intersec-
tion of these lines is labeled S;;’ and termed the “cross-
over point.” Also a circle G’ is fitted to the P,’ with cen-
ter C’ located, for example, as the intersection of the per-
pendicular bisectors of the chords P\'Py' and Py'P/('.

10r—, 0— y B = RlkY)
10— g . G P! = PIKE,)
kit Py s PylKte )

VARIEO g 7
. Pl s Plkgs -g—)

7,

X

A
Sn Locus of T
AS LENGTH £ OF
o TERMINATING LINE
1 IS VARIEO (LOSSY
) JUNCTION }
pr

Fig. 2—Plot of measured reflection coefficients.

The line Si’C’ is drawn, and perpendiculars Sy'A4’
and C'B’ are erected as shown in Fig. 3. The intersection
of A’B’ with Sy’ C’ is labeled Sy and termed the “icono-
center.” The complex number corresponding to this point
in the complex plane is the coefficient Sn in magnitude and
phase. Thus the reflection coefficient when the junction
is matched at its output is already determined.

1Sy | = 05y, Arg S, = ¥ (OP,0S,,)
_ SyE' . —

182! = 57— Arg Sy 7 £(OP,C'PJ")
5uC P

189! = —— Arg S, ¥ (S, CIC'PY)

fe———————2r

Fig. 3—Construction for elements of the scattering matrix.

C. Graphical Method— Fvaluation of Sy; and Sx

For the determination of the other elements of S,
alternative procedures (i.e., the measurement of lengths
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and angles different from those used by Deschamps) can
be devised easily by simple geometric considerations,
but Deschamps’ original procedure, as follows, thus far
appears to be the simplest.

It is convenient to know the point on the measured
circle which corresponds to an open circuit at the output
reference plane (i.c., the short circuit placed A/4 away).
Assume first that this point happens to be one of the
measured points, say Pj’. Then draw the line PyK’
through Sy, and the diameter K’'P;’. Also construct
SuE" LS,'C’ shown in Fig. 3. Then, with r the radius
of the measured circle, the values for the matrix ele-
ments are given by

Absolute Phase Angle
Value (directed)

J— —_—

Su OSn (0P, 0S,))
—_— — —_——

Sha SuE'/\/f %{(OP, C'Pa")
- —_——

522 Sl 1C,/r { (Sl |C,, C'Pa”)

The barred quantities are the lengths of the line seg-
ments. The angles are directed angles in the sense that
the two directed-line segments which include the angle
are given, and the angle is that through which the first
segment is rotated into the second; the sign is positive
if the rotation is counterclockwise, negative if clockwise.
(Either direction of rotation may be used, the resulting
angles then differing by 2w, which is of no electrical sig-
nificance. There is also an indeterminacy by = in the
phase of Si,, which is also of no electrical significance.)

If the point corresponding to an open circuit at ter-
minal 2 is not one of the measured points, then any one
of the measured points, say Py’ again, may be used in
the construction. The magnitudes are still found as be-
fore, but the phase angles for S;; and Sz must be cor-
rected as follows: If Py’ corresponds to a short circuit
located at an electrical distance £/ from the terminals of
the junction, while a short circuit located at &l gives the
desired open circuit at these terminals, then the correc-
tion angle is @=2(kl—klo). In terms of this angle,

Phase angle (direcled)

$[x©OP, C'Py")+-a]

Sl2
Sar [X(SuC’, C'Py") +al.

One of the most desirable features of obtaining the
scattering matrix in this manner is that it is possible to
obtain quickly an estimate of errors involved in the
experimental data. This is discussed in Section IIT in
conjunction with an illustrative example.

It is interesting that if the measurements are taken
with an imperfect short circuit (or for that matter with
any arbitrary load at the end of a lossless line of variable
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length, connected to the output port of the junction)
and the constructions are carried out as described, the
values obtained for S;; and the ratio S122/Ses are still
correct.?

I. PrROCEDURE FOR MEASURING AN OBSTACLE
THROUGH A JUNCTION

Measurements made through a discontinuity, such as
an adapting section, sometimes cannot be avoided.
However, the section in which the adaptation occurs
may be viewed as a two-port junction, and the unknown
impedance can then be determined from measurement
by simply adding certain constructions to those of Fig.
3. Two alternative procedures are available at the
moment. However, the first, originally proposed by
Deschamps,! is not discussed since the alternative that
will be described seems simpler and more rapid.

The usual mecasurement is made: The unknown re-
flection coefficient I', is connected at the output ter-
minalsof the junction for which the circle G’ and points C’,
Su’, Su have already been determined, as in Fig. 3;
then the reflection coefficient T,’ at the input-refer-
ence plane is measured as some complex number,
I'.'=v.'¢/*z, and plotted. (Although the work might
well be superimposed on the previous diagram, a new
diagram, Fig. 4, is drawn for clarity, and only the rele-
vant points retained.)

Su Y
(Q'T)(1S,,1)

IR =

Arg Iy

Fig. 4—Construction for I';.

With this point determined, the basic procedure ot
the method, shown in Fig. 4, is as follows

Draw §,,’A’L1S,/'C’, and C'D'1LS,'C’; draw D'4’ ex-
tended to meet C'Sy; (extended) at Q’; and draw 04\
and SyI'.". Then with ', =v,eti¢=

_ . Suld
@] Su) .
arg 'y = ¢ = ¢ — arg Spo = L (Q'T/, Sul'.)) — arg Sy

'I‘x =7

b See, for example, the authors’ Technical Report no. 160, “A
Simple Graphical Analysis of Waveguide Junctions,” Cruft Labora-
tory, Harvard University; August, 1952,
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Note that this method requires the knowledge of the
junction parameter Sp.

Note also that as Sy’ approaches close to C’, the point
Q' tends to fall off the sheet. In this case the following
slightly different construction, which actually is useful
in all cases, may be employed: Referring to Fig. 5, the
lines D'T',’ and C'T.’ are drawn. From the point U’
where S,/ C’ intersects the circle G/, a line is drawn paral-

Sy Iy
i = ==
u'y
B
argfy = (V'Y S, [ -arg S22
arg [+ Arg Spp
A
/ G'
/
/
/
/
/
Iy
7/
/5
1.7
/

Fig. 5—Alternative construction for I';.

lel to A’D’, intersecting C'D’ at V’. Through V' another
line is drawn parallel to D'/, and intersecting C'T';’ in
Y’. (E. W. Matthews, Cruft Laboratory, has pointed
out that V' can be found more simply by marking off
C'V'=8,,C". The fact that C'V=25,,C’ can immediately
be seen from proof, using Fig. 5, by noting that this is
just

c'v c'v: SuC’

c'pr cu’ r

The elimination of the one parallel-line construction
greatly increases both the speed and the accuracy of
the procedure.) Then (see the appendix, part F),

—
'Y', S]]I‘,,') — arg Szg.

I111. APPLICATION TO AN ILLUSTRATIVE EXAMPLE

In most practical situations the power transmitted
through, and reflected from, an arbitrary junction is of
most interest. In addition, one is frequently faced with
the problem of determining the impedance of an arbi-
trary load terminating a two-port junction located some-
where between the standing-wave detector and the
load. In fact, in practically all direct measurements of
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load impedances there exist discontinuities (connectors,
adapters, cables, and so on) between the standing
wave detector and the load to be measured. The usual
procedure involved in determining the impedance of a
load through such a junction has been to determine first
the impedance matrix characterizing the junction, and
then to calculate the impedance of the load from the
measured-input impedance to the combined junction
and load. This procedure is tedious and requires the
knowledge of all the impedance clements representing
the four-terminal network of the junction. Using the
simple graphical construction described above, the load
impedance, usually the only quantity of interest, can
be determined relatively quickly.

As illustration, a typical junction will now be analyzed
and the elements of its scattering matrix determined
graphically. An arbitrary load will then be placed at
the output terminals of the junction and its impedance
also determined graphically. Again, it is emphasized
that the methods described are not unique and quite
possibly simplifications may be made as the technique is
developed in the future.

The experimental data were obtained from standing-
wave measurements on a symmetrical lossy junction,
although the symmetry was not necessary for use of the
method. The characteristic impedance of the input and
output transmission lines were equal. The impedance at
the input terminals was measured with the short-circuit-
ing plunger in the output line at positions of k=0, /8,
7/4, 3n/8, /2, 5v/8, 3w/4, Tr/8, with k=0 corre-
sponding to a short circuit at the output reference
plane (I'=e"7*) and kl=m/2 an open circuit (I'=1).

Instead of only four data points, eight points were
taken in order to provide additional accuracy against
experimental errors. The positions of the short-circuit-
ing pistons were spaced equally along a half-wavelength
in the output line so as to obtain a good distribution of
data.

The experimental values of impedance measured at
the input terminals of the junction are plotted on a
Smith chart in Fig. 6 (following page) for the indicated
positions of the short-circuiting plunger in the output
circuit. Since the constructions are to be carried out in
the reflection-coefficient plane, it is advisable to use a
Smith chart with superimposed reflection-coefficient cir-
cles. Obviously, the accuracy of the results depends on
the accuracy of the constructions; hence, for precision
measurements, an enlarged reflection-coefficient chart
should be used. Here, for a desired three-place accuracy,
graph paper one meter square was used.

Corresponding pairs of data points for kl=(0, 7/2),
(w/8, 57/8), (x/4, 3x/4) and (3w/8, 7w /8) are joined
by straight lines and the nature of intersection observed.
Theoretically these chords should intersect in the cross-
over point Sy,’. Owing to experimental error they may
not, and the quality of their intersection is a measure of
the consistency of the experimental data. Thus, if the
four lines intersect in the manner shown in the enlarged
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Fig. 6—Experimental data plotted on Smith-reflection doefficient chart and constructions for locating Sy’ and C’.

view of the crossover region in Fig. 7, there is an in-
dication of error in one of the two measurements asso-
ciated with what appears to be a “bad” chord, i.e., for
the shorting circuiting piston at either k=x/8 or 5r/8.
Since two extra pairs of points have been taken, it ap-
pears reasonable to disregard this one line and take Sy’
at the center of the tiny triangle formed by the other
three lines. This analysis of the data can be performed
directly as the readings are taken.

It has been shown that all measured points should lie
on a circle of center C’. If the center of the circle is to
be found by the intersection of the perpendicular bi-
sectors of the various chords, a similar situation is en-
countered as in determining the crossover point. Again,

only the six reliable points are used, and an appropriate
center C’ for the circle is chosen at the center of the
triangle. Finally, the circle is drawn with an average
radius, determined by averaging the distances from C’
to the measured points. It is now apparent that the
point corresponding to &l =/8 is the one in error, prob-
ably owing to the fact that the standing-wave measure-
ment was partially masked by noise.

Now that Sy’ and C’ have been found and the circle
G’ drawn, graphical constructions are performed as
shown in Figs. 8 and 9 to determine the amplitudes and
phases of the scattering matrix elements. Although these
amplitude and phase constructions have been carried
out here separately for clarity, in practice all can be per-



1953

Ki=g
180

Fig. 7—Enlarged view of cross-over region.

15,1 = 08, * 33

300

— = “300°

Fig. 8—Graphical determination of amplitudes of scattering
matrix elements.

formed on the same sheet, and, with experience, many of
the construction lines omitted.

Note that the amplitude results of Fig. 8 suffice to de-
termine the division of power between the reflected wave
and that transmitted, when the junction is terminated
in a matched load. In this case, to calculate also a match-
ing network at the input requires additionally only

Storer, Sheingold, and Stein: A Simple Graphical Analysis of a Two-Port Waveguide Junction

1009

.
arg S, = £(OP,0S,) =135°

arg Sy = 5 ¥(OP,C'PY') = 706°

Arg Sy = (5, CICPY) =1328°

OPEN CIRCUIT
AT OUTPUT
TERMINALS
K>

2

2‘\:&/ 300*

270°

Fig. 9—Graphical determination of phase angles of scattering
matrix elements.

rl
ird = M L ey
U'V'
—
arg Iy = X(U'v'.S, I')-arg Sy, = -15.8°
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Fig. 10—Graphical method for obtaining reflection coefficient
of a load terminating a symmetrical waveguide junction.

arg Sp, which is also available from Fig. 8 alone.

Next, an unknown impedance is used to terminate the
junction, instead of the short-circuiting plunger. The
reflection coefficient I',’ =0.70€#° is measured at the in-
put terminals and plotted in Fig. 10. After performing
the indicated constructions the reflection coefficient is
found to be
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|["=‘y‘= l"Y’ = ().787
arg ', = ¢, = L (U'Y', Sul,’) — /Sas = — 115.8°.

The normalized load impedance can now be calculated
as

1471,
Ly = —— = 0.165 — jO.615.
1-1.
APPENDIX

A. The junction as a bilinear transformation

With the junction terminated in a load of reflection
coefficient T, the reflection coefficient I' measured at the
input port is easily expressed in terms of I', using the
definitions of the elements of the scattering matrix, by

AITH & L Su_'_*' (S12® — SuSe)l’

I =Su+ =
1 — SQQF 1 - 5221‘

(1)

This relation between the complex numbers IV and T’
is therefore of the form of a bilincar transformation, of
which certain general properties are well-known.® For
example: a) with straight lines considered as limiting
cases of circles, the bilinear transformation (1) will map
circles in the I'-plane into other circles in the I'-plane,
though generally with a different radii and centers; b)
the transformation is conformal, i.e., if two curves inter-
sect in I' at a certain angle, their images will intersect
in I'" at the same angle, and with the same sense.

Now when the output to the junction consists of a
load characterized by TI'p=+.€e%s, viewed through a
section of lossless line of electrical length kI, the reflec-
tion coefficient terminating the junction is

T = ypelt$,-2kD,

The plot of this T in the complex plane as [ is varied
is a circle G of radius vy, centered at the origin. Hence
when this circle is mapped by (1) into the I'-plane (i.e.,
when measurements are made through the junction),
the image points will lie on some circle G’ of center C';
and, since any diameter of G cuts G orthogonally, its
image in w must be an arc passing through 0’ (image of
the origin O) and intersecting G’ orthogonally (Fig. 11).
Every diameter is thus such an arc. The particular case
of interest at the moment is when the load is a short
circuit, ', = —1, and G therefore the unit circle.

Now from (1) the image of I'=0 is I'"=Su. This
point, labeled O’, or more suggestively, Su, therefore
locates the complex number representing the matrix
element Sy in both magnitude and phase. How to de-
termine this “iconocenter” from the measured points
located around G’ will be discussed later; for the mo-

¢ R. V. Churchill, “Introduction to Complex Variables,” McGraw-
Hill, New York, N. Y.; 1948,
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ment, let it be assumed to be located. Then, in Fig. 11,
the diameter A4,’C’'A4,’ through S, is a particular case
of an arc through O, orthogonal to G’; hence its orig-
inal 4,4, must also have been a diameter of G. Putting
I'=pe? along 4,4 and Sp=|Sy|e = 52, the image of
A3A: is seen from (1) to be

Slzzpeio

¢/ (04arg Sp)

¥ =S + - 6 = constant, p varying.

1-P|S'.'2

N
B
P3

i

(b)

Fig. t1—(a) Original circle in 1V-plane (1) Image circle in
I’-plane.

(a)

This in turn, however, can only be the straight line in
I'!, as p varies, if A,4, is so oriented that
b = (3)

Hence points along the particular diameter 4,'S14." are
given parametrically by

— arg Sa.

C)

The end points 4, and A, (lying on the unit circle) are
characterized by p = F 1. Hence the radius 7 of G’ can be
determined as

' '
— | Ty = T4l

~
Il

__Isel
|~ 1= | Snl?

1 Si?
211 — | Sae

Sia?
14|

=S, the length 0’4/ (or S,,4/) is

(5)

Further, since T}

— | S1e|?
Sudl =|Tap =Syl =—7-—"—- 6
11411 | A lll 1+ISzzl ()
Finally, noting that
SuC’ = r — Sud/Y, (N
it follows that
Sllcl SllAl,
=1———=|[Sn|. ®)

r

Thus, if the point Sy, is known, the construction for
IS-_,2| is given by (8).
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Further, using (8), (5) may be solved for
lSlzlz = 7[1 - ISZZIZ]

1 1 —
. [,z _ ,zl 52212] —_ [,:z — 5.C7i
r r

1 A —
= — (Suk’?)
r

where Sy E’ is drawn as in Fig. 3.
The result that

|Slz| =‘7 (9)

follows immediately.

B. Some geomelric theorems and constructions

Before examining the actual determination of Sy, or
of the phase angles, it will be necessary to point out cer-
tain easily proved® geometric theorems and cons‘ruc-
tions.

Theorem 1: et circles Gy and G; intersect orthogonally
at P, Q; and L be an arbitrary point on arc PQ of circle
Gs, shown in Fig. 12. Draw QL and PL extended to M
and N respectively. Then line MN is a diameter of G,, and
is parallel to the tangent RS drawn at L to G-

Construction 1: Given two circles G, and G, inter-
secting orthogonally at P, Q. A line may then be drawn
through center C, of G,, parallel to the tangent drawn
to G, at any arbitrary point L of arc PQ. For, using Fig.
12, if QL is drawn extended to M, the diameter MC,N
is then the desired line, by theorem 1. (Note PLN is also
a straight line.)

Construction 2: Given a diameter MN of circle G,
and an arbitrary point L within the circle, using Fig. 12,
then a circle G, may be drawn through L, such that
G, and G; intersect orthogonally, and that the tangent

Fig. 12

to Gy at L shall be parallel to M/ N. For, if ML is drawn
extended to Q, and NL extended to P, the circle
through P, L, Q is then the required G,. (Threc points
uniquely determine a circle.)

Construction 3: 1If, in the above, LC, is perpendicular
to MN, a slightly simpler construction is available,
since now PQ is parallel to MN. Thus one can extend
ML to Q, and obtain P by drawing PQ parallel to MN.

Theorem 2: Using Fig. 13, from an external point T,
let TP be drawn tangent to a given circle G of center
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C (TP wmay also be regarded as the radius from center
T, of a second circle intersecting G orthogonally at P).

Fig. 13

Draw chord PQLTC, cutting TC at M. Now draw any
line from T, cutting arc PQ at 4 and chord PAMQ at
B. Then with T4 =d, TB =r, TP =R, the relation holds
that

2R?

10
R+ a° =

This relation between r, d, R holds in particular when
A and B lie along the line T'C. But then, given only a
required value R for the length TP (but without prior
knowledge of G), it will be possible to construct either 4
or B when the other is given (i.e., with R given, the re-
lationship is unique). For, with reference to the interior
of the circle centered at T, of radius TP, the resemblance
to the situation described in Construction 3 is obvious.
This leads to

Construction 4: With Fig. 14, given a circle G, of
center T, and an interior point 4, by drawing diameter
MNL1TA, and applying Construction 3, the line PQ is
obtained with the property that arc PAQ intersects G
orthogonally. But then radius TP is a tangent to the
arc, and if TA (extended) intersects chord PQ at B,
the relation between T4, TB, and TP is just that given
in Theorem 4. Similarly, if B is given, A may be found
by drawing diameter MNLTB, and chord PBQLlTB,
and locating A as the intersection of MQ with TB.

Fig. 14

The fact that in the above construction for locating
(for a given circle) a point of character B from a point
of character A, use has been made of (10) for the case
when A and B lie on the line of centers between the two
circles involved, should not obscure the fact that the ulti-
mate result of Construction 4 is solely that TA, TB,
and the radius R satisfy (10). That is, for any points 4
and B related to a circle by Construction 4, any chord
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drawn through B will determine an arc through 4 neces-
sarily orthogonal to the circle. The relationship is
unique, and Construction 4 is just its prescription.

C. The crossover property

As mentioned in part 4, a short-circuited length of
line has a reflection coefficient
— — e—i2ll’

and the values of T lie on the unit circle G as [ is varied.
Therefore, pairs of values of k! differing by w/2 repre-
sent points at opposite ends of diameters of G. Subse-
quently, when these values are transformed by the
bilinear transformation (1), all diameters of G map into
arcs passing through O’ and intersecting G’ orthogonally,
as in Fig. 11. But then, by Construction 4, a point O
can be found which lies on the chord of any such arc,
and is hence a common point of intersection of all the
chords. This is what has been termed the crossover
point, and the general property may be stated as follows:
Under any conformal transformation which maps circles
into circles, the chords drawn in the image circle be-
tween the images of points originally at opposite ends of
a diameter, all have a point in common; which point,
further, is uniquely related to the image of the original
center, (Note: This could have been shown more directly
by noting that the diameter endpoints have the center
as a center of negative inversion, and such a center must
then also exist under the transformation; or, following
Deschamps, by comparing stereographic and ortho-
graphic projections of a sphere onto itsequatorial
plane.)

The crossover property is the justification for the
work in Section I, where first the crossover point, labeled
there Sy’, was located (knowing @ priorz of its existence)
and then, by the method of Construction 4, the icono-
center Sy was located from Sy’'.

D. “Reversion” of the image circle

Consider two points Py’ and P’ on the image circle
G', where P,y and P, are images in the I'-plane of the
points P, and P, in T of Fig. 15. If O’ is the iconocenter,
there are known to be arcs Py0'Qy and P,/0O'Q.
orthogonal to G'. By Construction 1, applied as shown
in Fig. 15 the diameters N,C'Py"" and N.C'P,' are ob-
tained, which, respectively, are parallel to the tangents
of O to these arcs. Therefore, X P,"”C’'P,"" included be-
tween these lines at C’ is equal to the angle at which the
arcs intersect at O’. But these arcs are themselves the
images of the original diameters through P, and P,, and
by the angle-preserving properties of the bilinear trans-
formation, intersect at the same angle as these original
diameters. Therefore, X P,'C'P,’’= X P,0OP,, so that
the points P,"’ and P,” are located on the circumference
of G’ in the same relative positions as were the original
points P, and P; on G. This process, of going from any
P,’ to a P,” by use of Construction 1 and the particular
point O’ (the iconocenter) may be termed “reversion.”
If reversion is applied to each point of the measured
(image) circle G’, the resulting points (those double-
primed in Fig. 15) will obviously then all be distributed
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around the circumference of G’ in the same relative posi-
tions as were the corresponding original points (i.e.,

" the points of G on which the bilinear transformation

acted). Thus, the “reverted circle,” the set of double-
primed points may be thought of as a scaled-down, and
rotated, version of the original circle G. Note that
nothing has been said in this description about applying
geometrical transformations to points of interior of G'.

%N, B

(@ (b)
Fig. 15—(a) Original circle (b) image.

E. The elements of the scaltering matrix

The phases of the S-matrix elements now may be
calculated by using the reversion process. Referring to
Fig. 11, it has been shown that the angle # at which
A,A.is oriented in the original circle is equal to —arg Saa.
Hence, the latter may be determined by finding 6. Now,

— =
6= X(OP, 0A4,), where P is the point on the real axis
in T at I'=+41 (corresponding to an open circuit at the
junction output). But 4, maps into 4,' and P into a
point P’. Suppose for the moment that the point P’ has
been one of the measured points. Then let reversion be

Fig. 16

applied to the points 4. and P’. By its nat@e 4, is un-
affected, but P’ goes into P'’, as in Fig. 16, so that by
the property of the reversion it follows that

X (C'P",C'Ay) = X (OP, 04,) = 6.
or

— 0

_—

{ (C'A 21’ CIPH)
———

= { (Sucl, C’P”).

arg Sa2 =



’
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The last step follows by inspection.

Next, it follows from (4) that the orientation of 4,'4,’
with respect to the horizontal axis in T is given by
the angle ¢ in Fig. 16, where ¢ =2 arg S;;+6. Or
arg Si2=3(¢—0), so that if on this diagram Q is
a point on the horizontal line through C’, arg Si
=3[X(C’'Q, CP")]. If the real axis of this complex
plane also has been labeled OP, so that OP and C’Q are
parallel, then

o ——
arg S12 = § X (OP, C'P").

These results are given in Section I for the case when P’
is one of the measured points (short circuit placed \/4
past the junction).

If P’ is unavailable and, instead, an arbitrary one of
the measured points, P,’ is reverted into P,’’ and the
angles measured, the difference is just that of the angle
« included between C'P’ and C'P,”. But this angle is
that between the originals of these points in the
I’-plane. With P, corresponding to the use of a length
! of lossless line and P to a length Iy, it follows that

a= (C'P,”’, C'P") = arg (ei%*lo) — arg (e72%),

or
a = 2(kl — k).

This is the quantity which must be added to the meas-
ured angles in each case in order to get the correct values
for arg Sz and arg Sy

F. Measurements of an impedance through the junction

The procedure originally proposed by Deschamps
makes extensive use of the reversion constructions. A
simpler and quicker method has been outlined in Section
I1, and only this method will be discussed.

The proof proceeds from (1), applied to the case of a
junction terminated in an unknown load I';; I',’ is meas-
ured, giving the value

I‘zl=Su+—SnzL—- (11)
1 - Snl‘z
This equation may be solved for I',, yielding
o= —2 ]y

Sz r. — (Su = izj)

22

Suppose now that T’ is plotted in the complex I'-
plane, and also as point @' the complex number
[ S11— (S122/S22) ], as shown in Fig. 17. Then, with

', = v.etx
D] = gy e LES = Sul
[Sez| [T~
Sul'./
" [Sw] - @rS”

and
arg Fz =.¢z = arg (le — Sll) — arg (I‘zl - Ql) ~ arg Sn
—
= X (Q'TS, Sul',)) — arg Soa.

Storer, Sheingold, and Stein: A Simple Graphical Analysis of a Two-Port Waveguide Junction
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It remains to be shown that Q’ is indeed the point ob-
tained by the construction of Fig. 4. This is easily seen
by noting that the point I'=« maps by (1) into just
this value of IV =81 —(S1:%/S2). But '=0 and '=
are inverse® with respect to the unit circle G in the I'-
plane and it is another property of bilinear transforma-
tions that their images (the points S;; and Q') must
be inverse with respect to the image circle G’. That is,
Q' can be located as the point on the radius through Sy,
for which (Q'C’)(S,,C’) =r2, where r is the radius of G'.
That the construction of Fig. 4 gives this result is
readily shown from geometry.5

Fig. 17

As previously noted this method fails if Q' lies off the
paper being used, i.c. if S$;;C’ becomes too small.

However by proceeding from Fig. 4 to the construc-
tion in Fig. 5, a scaled-down version of the picture is
obtained. Further, using the formula

it may be noted from Figs. 4 and 5 that the scaling
factor is just

cU CD SuC”
Q—_'(—f;:ﬁ: tan 6 = ; =|Sn|
and hence that
U _ S,
Q'r.’
or
TV = QT - | Sxl; (13)
and by the parallelism of U’Y’ and Q'T"./,
L WV, Su0)) = & @TS,5uTY). (14)

The results claimed in Section I then follow immedi-
ately from (13), and (14).
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The Gyrator as a 3-Terminal Element”
JACOB SHEKELT, ASSOCIATE, IRE

Summary—A 3-terminal circuit element, that has properties simi-
lar to those of a gyrator, is described. A method is derived to realize
such an element with any unilateral transducer such as a vacuum-
tube or a transistor. The effect of loading a gyrator by admittors in
parallel or in series with its terminals is investigated. It is also shown
that suitable loading of a gyrator may transform it into another gy-
rator of different gyrating admittance.

INTRODUCTION

HE GYRATOR, a 2-terminal-pair network ele-
Tment that violates the theorem of reciprocity,

has been postulated and analyzed by Tellegen.!
Its properties are described by the “gyrating admit-
tance” G, in

I =GV, } )

12 = —GVl

Given such an element, Tellegen proceeds to formulate
a general method for synthesizing networks that may
violate the reciprocity law.?

The physical realization of a gyrator seems to call
for a medium that exhibits gyromagnetic properties.
Such a medium has been used to construct a gyrator
working in microwave frequencies.?

q .
(11) s

(2*)

Fig. 1—Gyrator as a 3-terminal clement.

If we short-circuit terminals 1’ and 2’ of the gyrator
shown in Fig. 1, a 3-terminal element is obtained, whose
admittance matrix, according to (1), is

oG

¢ 0 ()

The 3-terminal element may be used with node 1 or
2 grounded. The indefinite-admittance matrix,* that is

* Decimal classification: R143. Original manuscript received from
the Institute, August 28, 1952; revised manuscript received, March 2,
1953.

t Scientific Department, Ministry of Defense of Israel; Haifa,
Israel.

t B, D. H. Tellegen, “The gyrator, a new electric network ele-
ment 7 Phillips Res. Rep., 3, pp. 81-101; 1948.

*B.D.H. Tellegen, “The synthesis of passive, resistanceless four-
poles that may violate the reciprocity relation,” Phillips Res. Rep., 3,
Pp. 321-—337 1948.

sC.L. Hogan, “The ferromagnetic Faraday effect at mlcrowave
frequencies and its applications—the microwave gyrator, Bell Sys.
Tech. Jour., vol. 31, p. 1; January, 1952,

+J.8 ekel “Matrix representation of transistor circuits,”
L.LR.E., vol. 40 p. 1493; November, 1952.
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obtained from (2) by completing each row and column
to zero, is

0 G -G
-G 0 GJ. 3)
G -G O

When any terminal is grounded, the corresponding row
and column are crossed out. It is obvious that, no matter
which terminal is grounded, the resultant 2 X2 matrix
is always the same as (2) (with a possible reversal of
sign). The 3-terminal gyrator exhibits the same proper-
ties in all grounding positions.

In view of this circular symmetry, the symbol of
Fig. 2 is proposed to represent a 3-terminal gyrator.
When the gyrator is incorporated in a network, ele-
ments Y,,= +G appear in the admittance matrix (p
and g are two out of the three numbers 4, j, %); ¥,,
= 4G if pg is in the order indicated by the arrow, and
—G if pg is in the reverse order. This may also be de-
scribed by a 3-index admittance symbol, indicating the
order of rotation. Fig. 2 shows a gyrator of gyration ad-
mittance

Yin =G, 4)

meaning that, for instance, ;=G and V;;= —G.

Fig. 2—P’roposed symbol for 3-terminal gyrator.

PARALLEL-LOADED GYRATOR

Consider any linear 3-element network, active or
passive, described by a 2X2 admittance matrix

I
Y2l

Yl2

Y (5)

with Vi3 % Ya. The matrix may be split into symmetric
and skew-symmetric components

Vi (Y e+ Vo) “
%(Ym + Yzl) Vo
%(le - Yzl) “
+ %(Yn — Vy) )
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The skew-symmetric part is a gyrator of gyration ad-
mittance

G=4(Vi2— V), (7

and the symmetric part is a network composed of a
triangle of admittors

A=VYn+t+ %(Yw + Y-u)
B=VYu+3¥:+ Y (8)
C= - %(Yw + Y2l)
the whole network being a parallel combination of both,
as Fig. 3 shows. (In this discussion and throughout the
rest of the paper, 4, B, C, P and Q will represent ad-

mittances, in order not to encumber the equations with
indexed Y’s.)

2

Fig. 3—The general 3-terminal network as a
parallel-loaded gyrator.

It is now easy to perceive how an ideal, unloaded
gyrator may be realized. It is only necessary to connect
an admittance —A in parallel with 4, and in the same
manner to “strip off” B and C. As negative resistors or
other negative circuit elements are alrcady acceptable
circuit elements,® the realization of an ideal 3-terminal
gyrator does not necessitate the postulation of any new
components.

We may start with a triode operating in class A.
Let Gn and G, be its mutual conductance and plate
conductance, respectively, and let the grid, anode and
cathode be numbered in the order mentioned. The ad-
mittance matrix for grounded-cathode operation, split
into symmetric and skew-symmetric components, is

, (9
Gm Gp %Gm Gp +%Gm 0
showing that the triode may be regarded as a loaded
gyrator, of gyration admittance

Y32l = %Gm-

(10)
The external loading necessary to “strip” the gyrator is

s H. W. Bode, “Network Analysis and Feedback Amplifier De-
sign,” pp. 185-188; Van Nostrand Publishing Co., New York, N. Y.,
1945,
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shown in Fig. 4. It corresponds to a network whose
admittance matrix is the negative of the symmetric
matrix in (9).

i,

6 -1,
46, ?""

6

Fig. 4.—Realization of an ideal gyrator.

SERIES-LOADED GYRATOR

We will now investigate the properties of circuits
that are composed of a gyrator, with admittors con-
nected in series with some of its terminals.

Fig. 5—Gyrator series-loaded with one admittor.

Fig. 5(a) shows a gyrator with one admittor 4. The
(indefinite) admittance matrix for this network is

|4 0 O —4 |
| o o ¢ - -G |
| : I (11)
(| 0 -G o - G |
. . . . . . . . . . . . |
-4 G -G al

The matrix is written in a partitioned form, for we now
want to eliminate the fourth terminal, and treat it as a
3-terminal network, with terminals 1, 2 and 3 only.
The elimination® results in a 3 X3 admittance matrix

4 0 0 . | -4
0O 0 G |- 1»><‘—G X|l-4 G -G
o ¢ ol ° G

| o G -G

1} G? G2

-G = G——

= || A A |. (12)

|

| G G

16 —-G—-— -

A 4

¢ G. Kron, “Tensor Analysis of Networks,” Chap. X, “Reduction
formulas,” equations 10.2 and 10.7, pp. 243-244, Wiley and Sons
Publishers, New York, N. Y.; 1939,
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This is the same gyrator, parallel-loaded by an admit-
tor G*/A between terminals 2 and 3 as Fig. 5(b) shows.
(This series-parallel transformation is also a property of
the two-terminal-pair gyrator.)!

Consider now a gyrator with two admittors, 4 and B,
in series with two of its terminals as shown in Fig. 6(a).

Fig. 6—Gyrator series-loaded with two admittors.

We will eliminate nodes 4 and 5, and thus find the
equivalent network between nodes 1, 2 and 3. The com-
plete indefinite admittance is

” A 0 0 - -4 0]
0O B 0 - 0 -B|
0O 0 0 - G —G (13)
IR '(,"
0 -B G -G B

Elimination of nodes 4 and 5 results in the admittance
matrix
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(14) reduces to
r G’ -G’ - P
-G’ Q G -0 | (16)
—-P+G —-Q-G P+Q

which is a gyrator G’ parallel-loaded by P and Q as seen
in Fig. 6(b).

The result may be applied to realize a gyrator of any
gyrating admittance out of any given gyrator. If, in
Fig. 6(a), an admittor — P is connected between 1 and
3, and —Q between 2 and 3, the result is an ideal, un-
loaded gyrator of admittance G’. (Given G and G’, 4
and B are not determined uniquely, as only the product
AB appears in the expression for G’.)

Series-loading all three terminals will give a similar
result: a gyrator of different gyrating admittance,
parallel-loaded by three admittors. The complete deri-
vation of this result is not presented here, as it gives no
new effects.

CoNCLUSION

It was shown that a three-terminal element may be
conceived, that has properties similar to those of the
2-terminal-pair gyrator. This element may be considered
as the nucleus of any 3-terminal network that violates
the reciprocity relation. Suitable loading of any such
network, (e.g. vacuum-tube or transistor), by positive
or negative bilateral admittors, may result in stripping
the gyrator to its ideal, unloaded form.

Given a gyrator of any gyrating admittance, it is
possible to realize gyrators of other admittance values
by suitable series and parallel loading.

4 0 0 —A o |
A4 G |t —4 0 -G
O B Oj—|| O —-B X l ' x|
—G B |l 0O —-B G
O 0 O G -G l
4 0 0O —A4
1 B —G —4 0 -G
={0 B 0] — O —B X’
AB4G? G A 0O -B G
O 0 O G -G
i 4 0 O 1 A®B —ABG ABG+AG?
=0 B O0l|- X ABG AB? — A BG+ BG*
AB+G?
lo 0 o —~ABG+AG* ABG+BG* —AG'— BG?
G AG AB —AB—-AG
=———X| —A4B BG AB— BG (14)
A B4+G?
AB—AG —AB—BG AG+ BG
Writing, for short, The necessary components for realizing a 3-terminal
gyrator of any gyrating admittance are: a 3-terminal
ABG AG? BG? element or network that violates the reciprocity rela-
——=("; ——— = P; — = (Q (15) tion, the usual passive and bilateral network elements,
AB + G? AB + G*? AB + G?

and negative resistances.



1953

PROCEEDINGS OF THE IL.RE.

1017

A Method for Improving the Read-Around-Ratio in
Cathode-Ray Storage Tubes”

JOSEF KATESt, ASSOCIATE, IRE

Summary—Cathode-ray storage tubes are subject to interfer-
ence which is caused by secondary electron flow between storage
locations. A method of reducing this interference by modulating the
cathode-ray tube differently during ‘‘action” and ‘‘regeneration”
periods is described. This modulation builds up during ‘‘regenera-
tion” periods a negative charge barrier around each spot. The nega-
tive charge barrier in turn reduces the flow of secondary electrons
from one spot to adjacent spots during ‘‘action” periods. This results
in decreased secondary electron flow from one storage location to
another during ‘‘action” periods at the expense of increased sec-
ondary electron flow between storage locations during ‘‘regenera-
tion” periods. Thus advantage is taken of the fact that practical
computer stores can tolerate during ‘‘regeneration’ periods redis-
tribution currents between adjacent storage locations of the order
of 100 times those flowing during ‘‘action” periods.

I. INTRODUCTION

INCE THE WORK of Williams and Kilburn!
S was published the ordinary cathode-ray tube has

been widely adopted as a high-speed store for
digital electronic computers. However, a serious defect
of the cathode-ray tube store has become apparent,
especially in parallel machines. When the area adjacent
to a given storage location is consulted too frequently,
the content of this storage location is obliterated. The
maximum number of times spots adjacent to a given
spot S may be consulted between regenerations of S
without changing the information stored at S may be
defined as the Read-Around-Ratio (R.A.R.) of S. In
many machines the lowest R.A.R. has been found to
be of the order of 20, while for foolproof performance a

Number of spots in array

R.AR. 2 : :
Regenerations per action

is required. A R.A.R. between 100 and 1,000 is dictated
by the above requirement for the optimum utilization
of cathode-ray storage tubes in practical machines.

A method for increasing the R.A.R. is outlined below.

I11. PoTENTIALS OF THE FACE OF A CATHODE-RAY
STORAGE TUBE

In a cathode-ray storage tube electrostatic charges
are stored in a discrete array (raster) of spots, termed
storage locations, shown in Fig. 1. By charging a storage
location either directly with the primary electron beam,
or indirectly with a secondary electron beam emanating
from an area closely adjacent to the storage location

* Decimal classification: R138.31. Original manuscript received
by the Institute February 235, 1952; revised manuscript received
February 24, 1953.

t Research Engincer, Computation Centre, University of Toron-
to, Toronto, Ontario, Canada.

'F. C. Williams and T. Kilburn, “A storage system for use with
binary digital computing machines,” Proc. [.E.E., (London), part
IL, vol. 96; April 1949,

proper, the storage location may be charged relatively
positively or negatively. Three areas of the inside sur-
face of the cathode-ray tube screen are of interest.

X
RRRRIRS
LR LR

. 0’0’0 L 0.0.

LS K K
LR

LIS R ?
00000000.'.000000

#
K
P2 20 00 00 00 0000

Fig. 1—Array of storage locations.

These are

a) The storage locations proper.

b) The areas adjacent to the storage locations which
are bombarded by the primary beam in order to
furnish secondary electrons to the storage locations
proper whenever the storage location is to be
charged negatively. These areas will be termed sec-
ondary cathodes.

¢) The remainder of the tube screen which serves
neither for storage locations nor as secondary
cathodes. This comprises usually the greater part
of the screen area and will be termed the separa-
tion-area.

The potential diagram?>* of a cross-section of a
cathode-ray storage-tube screen in the absence of beam
current is indicated in Fig. 2. The space between lines
a; and b, is a section of the storage location Si. The space
between b, and ¢; is a section of the secondary cathode
of Si. The space between ¢; and a; is a section of the

2 I.. Brillouin, “Theory of the Williams’ Tube.” Report on the
11th Annual Conference on Physical Electronics held March 29-31,
1951, at M.L.T.

3\W. B. Nottingham, “Bombardment of Insulating Surfaces bv
Electron Beams.” Report on the 11th Annual Conference on Physical
Electronics, March 29-31, 1951, at M.L.T.

4J. Kates, “Space Charge Effects in Cathode-Ray Storare
Tubes.” Ph.D. Thesis, University of Toronto; 1951.
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separation arca between S; and S.. The potential is re-
ferred to that of the clectrode collecting the secondary
electrons, usually the last anode of the tube. It will be
noted that the separation area is at a negative potential
with respect to the secondary electron collector. The
storage locations and secondary cathodes are positive
with respect to the separation area.

=
=2 Storage location Secondary cathode
£ a,(b ¢, a, bfc,
===

-|5v.._§' e

- §
= A dash

distance —

Fig. 2—Potential of a cross-section of the screen,

When the cathode-ray beam bombards a spot on the
tube face, secondary electrons will leave this spot. The
potential of the spot is governed by the potential drop
in the secondary beam flowing to the secondary electron
collector and, in a given tube, depends chiefly on the
primary beam intensity. Some of the secondaries from
the spot will flow to the separation area and to adjacent
storage locations. The separation area will charge to a
potential with respect to that of the storage locations
and sccondary cathodes, such that the integrated sec-
ondary clectron current flowing to any spot of the sep-
aration area is equal to the integrated electron current
leaking off the same spot. Since the secondary electrons
lcave the storage locations and secondary cathodes with
a range of initial cnergies, the separation area has to
charge negatively with respect to the area bombarded
by the primary beam in order to limit the stray sec-
ondary electron current flowing to the separation area.

The full line of Fig. 3 is a potential diagram of a
cross-section of a cathode-ray storage tube face while the
primary beam bombards one spot. Primary and second-
ary electron paths have also been indicated. Vertical po-
tential scale refers solely to the heavy potential lines. A
vertical distance scale would refer to clectron paths.

Primary
electron
becr.n[
%’iﬂ'ﬁ% [ /:;ctmn bo?m
R\

-15v.
\‘u/
dot dash

distance —

Fig. 3—Screen potential during bombardment.

The negative potential of the storage location and its
immediate surroundings is in part due to the space
charge in the clectron beams traveling to and from the
storage location. Hence, when the primary beam is re-
moved, the potential of the storage location and its im-
mediate surroundings will become more positive as indi-
cated by the dotted line of Fig. 3.
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111. “AcTiON” and “REGENERATION” I’ERIODS

The operation of a cathode-ray tube store is divided,
not necessarily equally, into “action” and “regenera-
tion” periods.! During action periods, the store furnishes
some particular portion of its contents to other machine
organs or places new contents into some particular place
in the store.

Regeneration periods are interspersed with action
periods to prevent the loss of information held in the
store due to secondary electron redistribution, electrical
leakage, stray ionization currents and so on. During
successive regencration periods, successive storage loca-
tions are scanned and their contents are restored.

Interference between storage locations is caused by
the flow of secondary electrons from one storage loca-
tion to another. This is aggravated by the fact, that
during action periods the electron beam may bombard
the immediate vicinity of a given storage location S a
considerable number of times, between the times at
which the given storage location S is regeneratd.

Interference could be greatly decreased if the sec-
ondary electron flow between adjacent storage locations
could be decreased or prevented during action periods,
even at expense of increased secondary electron flow be-
tween storage locations during regeneration periods.
This result is achieved by method here proposed.

IV. THEORY OF THE METHOD

The separation area surrounding a given storage loca-
tion and its corresponding secondary cathode, will
charge slightly negatively with respect to the most nega-
tive potential of the storage location and (or) the sec-
ondary cathode. The potential distribution will be such
that the small-charge leakage from the separation area
will just be replaced by secondary electrons from the
area bombarded by primary electrons.

The principle of the method here proposed is to adjust
conditions differently during action and regeneration
periods, so that secondary electrons cannot flow to and
over the separation area from a storage location or sec-
ondary cathode during action periods. This can be
achieved by adding a so-called “guard” period which will
usually be merged with the regeneration period. During
the guard period the storage location and/or the sec-
ondary cathode or some portion of the separation area
is driven to a more negative value than during any
other period by

a) Intensifying the primary beam (i.e. increasing the

beam current, adjusting the beam focus, or a com-
bination of these methods). This increases the
potential drop between the electrode or electrodes
collecting or governing the secondary beam and
the spot bombarded by the primary beam.

b) Pulsing negatively the electrodes or electrode col-

lecting secondary eclectrons or governing flow.

c) Pulsing positively the pick-up electrode; or

d) A combination of some or all of a), b), and ¢).
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The guard period will usually, but not necessarily, be
merged with the regeneration period. During the guard
period the storage location or the secondary cathodes or
some portion of the separation area may be bombarded
by the primary beam. The areas bombarded by the
primary beam must be chosen so that the separation
area is charged to an extent which diminishes or prevents
secondary electron current flow between adjacent stor-
age locations during action periods. Merging the guard
period with the regeneration period achieves this auto-
matically.

This method ensures that during the guard periods
the separation area or a portion thereof is charged so
negatively as to greatly diminish or prevent the flow
of secondaries from one storage location or its secondary
cathode to another storage location during action
periods. The negative charge leaking off the separation
area is replaced chiefly or only during the guard periods.
This is indicated in Fig. 4 where the potential of a spot
is shown during guard (full line) and action (dotted
line) periods.

Primaries
Secon@ ﬁec:nderfes
-25volts 4
5
£°38 (==
3 Seco aries starti
s 8§ §§ rom l’);?s ential hanv%
' 258 insufficient imitial cnergy -
o travel to the scparation arca
distance —

Fig. 4—Potential distribution during “guard” (full line) and
“action” (dotted line) periods.

V. EXAMPLES OF THE METHOD

This section will illustrate a number of ways in which
the method may be applied.

Fig. 5 shows the grid and deflection pulses of a
cathode-ray storage tube during action, regeneration,
and guard periods for both dots and dashes. If this sys-
tem were to be applied to a defocus-focus system, the
focus waveform would take the form of the deflection
waveform shown in Fig. 5.

Another way of applying the method is shown in
Fig. 6 where the potential of the post accelerator (third
anode) is made negative during the guard period.

This may be combined with the beam modulation of
Fig. 5. During the guard period the pick-up plate may
be pulsed positively as shown in Fig. 7. This will have
substantially the same result as the method of Fig. 6.

A way of effecting a similar result is to work with a
defocused beam at all times except during the guard
period at which time the beam is sharply focused. This
is indicated in Fig. 8.

A combination of these methods may be used also.
In every case the potential of a number of spots is de-
pressed either directly (Figs. 5, 6, and 8) or indirectly,

Kates: A Method for Improving the Read-Around-Ratio in Cathode-Ray Storage Tubes

1019

as Fig. 7 shows, while these spots are bombarded by the
primary electron beam. The secondary electrons eman-
ating from these spots charge the separation area so
negatively that subsequently only the fastest second-
aries from action spots can overcome the potential
barrier so created.

-.1 l-— Guard periods —-| I—-

" I 1 c.Rorid
g 1 I~ L Defloction,
+ (Focus)
Dot, Dot , Dash, Dash
‘Reg’ ‘Action” ‘Reg’ Action’
time —

Fig. 5—Intensification of the beam during the guard period.

Focus Deflection
Elocfrode o oPiate Pick-up
dorid ]
:-0-— Guard Periods ——-—‘ I- Post Accslerator
7 n = C.R.Grid
2 1 1 Deflection
K3 s
3 R B e e
time ——

Fig. 6—DPulsing the post accelerator electrode during the guard

period.
I——- Guard periods j;—_-‘
! 11 7 1L __crord
2 1 I Deflection
s A2fer’ b - Pick-up Plats
time —

Fig. 7—Pulsing the pick-up plate during the guard period.

+ Volts —

time —

Fig. 8—Focusing the beam during the guard period.

The method shown in Fig. 5 has been adopted for the
electronic computer model (UTEC) at the University of
Toronto. This method appears to be most suitable be-
cause it results in the least amount of excessive signal
at the input of the pick-up amplifier.

VI. EXPERIMENTAL RESULTS

The method described above was tested on 2BP 1,
3BP1,3]JP 1, and 3 JP 11 tubes. Modulation of the
cathode-ray tube beam similar to the method illustrated
in Fig. 5 was employed throughout these experiments.
Fig. 9 is a photograph of the computer on which these
experiments were carried out.

The cathode-ray tubes were connected as shown in
Fig. 10. Note that the restoring circuit fixes the most
negative potential of the bright-up pulse. Fig. 11 shows
a photograph of typical bright-up pulses. Action and re-
generation periods alternated.
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Fig. 9—University of Toronto electronic computer.

'zso/y.F.

~2000V. Bright-up Pulse

Fig. 10—Connection of cathode-ray tube.

Fig. 11—Typical bright-up pulses.

During action periods, the bright-up pulse was always
flat-topped and of about 3.5 psecs duration. During re-
generation periods, a voltage step E continuously vari-
able from 0 to 40 volts could be superimposed on the
flat-topped bright-up pulse. This voltage step was the
only parameter changed during any one experiment. All

other parameters were adjusted prior to the experiment.
Spots storing positive charges are denoted “zeros” and
spots storing negative charges are denoted “ones.” Sig-
nals due to “ones” were adjusted prior to the experi-
ment so as to be twice the amplitude necessary to just
overcome the discrimination bias separating “ones” from
“zeros.”

Fig. 12 is a short exposure photograph of the face of
the cathode-ray tube during the test. The spots are
numbered in the following way:

482 ... .. 510 512
481 483 ...... 511
450 ... .. 478 480
449 451 . ... .. 479
34 L. 62 64
33 35 ... 63
2 4 ... 30 32
1 3 5 ...... 31.
During 2" consecutive action periods (n=2, 3, - - - - 9)

spot m is bombarded. During the next 2" action periods
spot m+-8 is bombarded. After spot 512 —p(p <8) has
been bombarded the action beam returns to spot 9—p
and so on. In this way every spot in the raster is sub-
jected to 2" consecutive action periods within a fraction
of a second.
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Initially all spots in the raster are cleared to “zeros.”
Due to secondary electron redistribution from the action
spots those spots having a R.A.R. less than 2" will
change into “ones.” Once a spot becomes a “one” it will
remain a “one.” The number of spots having a R.A.R.
less than 2" are counted in 30-second intervals. This
number is plotted for various heights of the step I

and for different values of the R.A.R. (2*) in Figs.
13, 14 and 15, for three typical tubes. Results were simi-
lar for a total of 15 tubes tested. Results also were simi-
lar for the same tube when different operating condi-
tions were employed, such as larger than optimum beam
focus, smaller or larger raster size, different accelerating
voltages and so forth. The actual R.A.R. would, of
course, be sensitive to these variations in operating
parameters, but the variation in R.A.R. with the step
took the same form as illustrated in Figs. 13, 14, 15
and 16.

A programmed R.A.R. test was also employed on a
few tubes. In this test, four spots adjacent to agiven
spot S, (S being initially a “zero”) are each bombarded
for n successive action periods. S is then tested. If S is
still a “zero” = is increased by unity and the above
process repeats. This is continued until S changes into
a “one” or until n reaches the value 128 which corre-
sponds to a R.A.R. of 4 times 128, i.e. 512. The value of

3B 175
30 150F Tube *4 (3Jpn)
— N = 256 x
B 1251 —-—N= (280D
N: 640
20 IOO'\
1 | x ?

N\ ;

No of spots having R.A.R.smaller than N

10 sof \ "

5 25 \ \ -/ /
N S \'\ % F

g 3 Y A S
4 S5° s w0 s 2 B w3
":; S Bright-up step E (volts) —

Fig. 13—Number of spots having R.A.R. less than N plotted
against height of bright-up step E.
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Fig. 14—Number of spots having R.A.R. less than N plotted
against height of bright-up step E.

n is then printed out by the computer and a different
spot S is selected. INig. 16 shows typical values of the
R.A.R. so obtained plotted against the height of the
bright-up step E.
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Fig. 15—Number of spots having R.A.R. less than N plotted
against height of bright-up step E.

7™ -

No. of spots having RAR. smaller than N

o B T2 2 30 %
Bright-up step E (volts)

Figs. 13 to 16 show that the R.A.R. reaches a
definite maximum and then decreases again as the
bright-up step is increased. This would be expected from
the following considerations.

> 51?2 FRTTTRETTSvIN 3 WP 38 { o SVRPTEY - ST UT TIPS
500— //" ) " \
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Bright-up step E (volts) —

Fig. 16—Typical variation of R.A.R. with bright-up step for
3 spots, S1, S3, and S;.
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" #Zero®
signal

Fig. 17—Typical “one” and “zero” signals in the absence of
interference.

"zero"signal
(E=0 Volts)

"zero! gignal
(E=20 Vvolte)

Fig. 18—Output signals from spot S adjacent to action-spot S; in the
absence and presence of 20-volt bright-up step during guard

period.

During each action bombardment of a spot adjacent
to a given spot S, an average redistributed charge p,
will flow to S. During each regeneration bombardment
of a spot adjacent to a given spot S, an average redis-
tributed charge pr will flow to S. Experiment shows that
the effect of the eight spots immediately adjacent to S
only needs to be considered. The total redistributed
charge p which flows to S between two successive regen-
erations of S is given by

p = :Aps + 8pr, (n

where 4 is the number of action bombardments of spots
adjacent to S between two regencrations of S. The
R.A.R. of S will vary inversely as p. Due to the extra
bright-up step I during regenerations, pr will be an
increasing function of E and p4 will be a decreasing
function of E. When E is zero p4 and pg will be sub-
stantially equal. Since the maximum possible 4 is usu-
ally much greater than 8, the decrease in the first term
in (1) will dominate the expression as E is increased
from zero. p4 is bounded as F is increased since it cannot
decrease below zero. pp will increase with increasing /2
in an unbounded fashion.
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Fig. 19—Output signal from S due to 10-volt bright-up step
during guard periods.

Fig. 20—Output signal from S due to 25-volt bright-up step
during guard periods.

For example assume that p,4 and pg are exponentially
dependent on k£ as given by

ps = Ke™*E;  p, = Keb5, 2)

then
p(E) = AKe %k + ZKebE,

which is a concave upward curve having an initial value
of
("1 + 8)Kv

and having a minimum value p(£) min.=2 K+/48 for
a step E given by
1 A

L=—In—.
26 8

Little is known at present about the exact functionad
dependence of p on E. The optimum value of E must,
therefore, be obtained by direct experiment. Experiment
shows that the maximum R.A.R. as a function of E is
broad enough so that a single adjustment for bright-up
step height should suffice for a complete cathode-ray
tube storage system.

Fig. 17 is a photograph of “zero” and “one” output
signals in the absence of interfering secondary electron
currents. Figs. 18, 19 and 20 are photographs of the
signals from a spot S adjacent to a spot S;. During
every action period S; was bombarded. This resulted in
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the maximum flow of interfering secondary electron cur-
rents to S.

To prevent the “zero” stored at S from changing
into a “one” the strobe pulse, shown in Fig. 10, was
disconnected while the photographs of Figs. 18, 19, and
20 were taken. In Fig. 18 the output signals from S
for no bright-up step and for a 20-volt bright-up step
are superimposced. The output signal in the absence of
a step would clearly cause the spot to change into a
“one”if the regeneration loop were actuated by the strobe
pulse. The lower signal shows how the step has reduced
the interference and is almost as good as the “zero”
signal of Fig. 17. Note that the step itself results in a
negative output signal during the rise of the step and a
positive signal during the fall of the step. The latter sig-
nal merges with the positive signal on beam switch off.
As a result the switch-off signals increase with increasing
steps. Fig. 19 shows the output signal from S for a 10-
volt step, and Fig. 20 shows the output signal for a 25-
volt step.

The blurring of the output signals from S is caused by
changes in the positive interference signal during the
time (1 min.) of the exposure. These changes are quite
large and repetitive. They are believed to be due to the
discontinuous nature of charge leakage on the insulator.
It is believed that a wall of negative charge builds up
between S and S;. When the wall charges to a certain
negative potential there is a sudden breakdown and
some of the charges flow to adjacent portions of the
screen resulting in a levelling of the screen potential in
the neighbourhood of S. Just before this breakdown, the
interfering currents to S will be at a minimum, and just
after the breakdown, these currents will be at a maxi-
mum. The actual nature of the variations in the output
signals from S strongly suggests such an explanation.

The variations are erratic yet repetitive. The positive
interference signal always increases suddenly to a maxi-
mum and then decreases in a slower jumpy fashion to a
minimum. The duration of the cycle itself varies quite
greatly. This appears to rule out interference variations
due to steady pulsations, such as raster repetition fre-
quencies, power supply ripple and so on. Signals from
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other spots which receive a negligible flow of interfering
currents were perfectly steady throughout the experi-
ment.

The changes of the maximum interfering signal from
an amplitude of 50 volts for no bright-up step, shown in
Fig. 18, through an amplitude of about 30 volts for a
10-volt step, shown in Fig. 19, and an amplitude of about
6 volts for a 20-volt step, appearing in Fig. 18, to an
amplitude of about 15 volts for a 25-volt step, shown in
Fig. 20, are quite evident. The discrimination bias is 20
volts so that S would change into a “one” for steps up to
10 volts and would be able to store “zeros” for steps
from 15 to 25 volts, in the presence of the interference
from S;.

VI1I. CoNCLUSIONS

The method here proposed adds essentially a new
function to the beam of cathode-ray storage tubes. This
function is to create between storage locations a poten-
tial barrier which greatly reduces or prevents the flow
of secondaries from action spots to adjacent storage lo-
cations. The potential barrier may be thought of as tak-
ing the place of the barrier grid in barrier-grid storage
tubes. Thus the advantages of a barrier grid may be at
least partially realized in a cathode-ray storage tube
without actually incorporating such a grid in the tube.

This method may be combined with other methods®
for improving the R.A.R. The benefits of the several
methods should then be additive. Experimental work
has shown that the method here described gives good
results.
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Stagger-Tuned Looop Antennas for Wide- ;
Band Low-Frequency Reception”

DAVID K. CHENGt SeENIOR MEMBER, IRE AND RALPH A. GALBRAITH?, SENIOR MEMBER, IRE"’

Summary—This paper describes a system of stagger-tuned high-
Q loop antennas designed for 100 kc Loran pulse reception. The indi-
vidual loop antenna outputs are first added in a summing amplifier
followed by a grounded-grid amplifier and a cathode-follower stage
before being fed to the receiver. Based upon preliminary theoretical
analysis, an experimental antenna array is developed, which con-
firms its capability of achieving a wide bandwidth with relatively
small dimensions. A squaring scheme of obtaining omnidirectional
reception property is suggested; and a modified electrolytic tank
method, which is adaptable to the present system in synthesizing a

given response characteristic, is also described.
]:[ SION, where the carrier frequency is in the neigh-
borhood of 100 ke, efficiency and bandwidth
considerations demand an antenna system of large
dimensions if a vertical antenna is used. At 100 kc the
wavelength is 3,000 meters; portable units cannot be
provided with antennas of adequate length. If short an-
tennas were used, the effective Q would be extremely
high, and external damping must be provided in order
to obtain the desired bandwidth for pulse reception.
External damping reduces circuit efficiency. In the
present system, high-Q loop antennas of small dimen-
sions are used. The individual loop antennas are stagger-
tuned to different frequencies within the required band-
width. Their outputs are added in a summing amplifier,
which is followed by a grounded-grid amplifier to im-
prove stability and a cathode-follower stage to match
the input impedance of the receiver unit. It proves to

be a feasible and desirable substitute for long vertical
antennas.

INTRODUCTION
N LOW-FREQUENCY LORAN TRANSMIS-

THE INPUT SUMMING AMPLIFIER

The input summing amplifier is used to add the sig-
nals received by the stagger-tuned loop antennas. The
primary requirements on the part of the summing am-
plifier are: (1), small interaction among the different in-
put channels, (2), low noise, (3), wide band, and (4), lin-
car operation,

The arrangement chosen was a parallel-plate sum-
ming amplifier circuit. There were as many tube sec-
tions as the number of input channels. The plates of all
tube sections were tied together and the output was

* Decimal classification: R125.3XR512.2, Original manuscript re-
ceived by the Institute, August 27, 1952; revised manuscript received
February 11, 1953. Presented National L.R.E. Convention, New
York, N. Y., March 29, 1951. "The work covered by this paper was
done under Contract No AF 28(099)-111 sponsored by Watson
Laboratories, AMC, USAF

t L. C. Smith College of Engineering, Syracuse University, Syra-
cuse, New York.
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taken from across a common plate tuned circuit prép-
erly loaded to give the required bandwidth. When
identical tubes are used, the output voltage can readily
be shown to be

.

W

T Z €oir

€ =
L + nyp fe ]

-~

where e,; are input voltages at the grids; », the total”r

number of input channels; ¥, the admittance of ghe
common load circuit; and g, and Y,, the transcon-
ductance and the plate conductance respectively of the.
tubes. The weighting factors are the same for all chgn-
nels and will decrease as the number of input channels
increases. It is to be pointed out that the input voltages
e,; may be a quite complicated function of frequency
and loop parameters. Type 6J6 miniature dual-triode
tubes were chosen because of their high g. (5,000

micromhos). Special care should be exercised in select-" -

ing the tubes and the associated circuit components to
achicve uniformity for the different input channels. {

If high-transconductance triodes like 6J6 are used,
the noise-equivalent resistance is only several hundred
ohms. This multi-tube parallel-plate arrangement has
considerable improvement in the over-all noise figureZof :
the receiving system as compared to a summing ampli-
fier with resistive feedback and large isolating re-}
sistances in the grid circuit. It also possesses the ad- .

coupling among input channels. A
THE CaSCODE AMPLIFIER AND CATHODE -
FOLLOWER STAGES

If the summing amplifier is connected directly to a
sensitive receiver, the receiving system bursts into oscil-
lation very easily when the gain of the receiver is set
moderately high. In order to maintain the high gam of‘
the receiver and achieve stability at the same tlme, a
grounded-grid amplifier stage is placed between thg
summing amplifier and the input to the receiver. Tb?s
arrangement of grounded-cathode (summing amplifier)
and grounded-grid stages has been referred to as a
cascode amplifier.! It combines the advantages of the.
high voltage amplification and stability of a pentode ant
the low noise factor of a triode. The input resistance of
the grounded-grid stage is very low and approaches thé ’
reciprocal of the transconductance of the tube if its load

we
e Sl o

=%

vantages of high input impedance and almost zero’’

L

Ve

resistance is small in comparison with the plate re- _

! H. Wallman, A. B. MacNee, and C. P. Gadsden, “A low- -noise
amplifier.” Proc. I.R.E., vol. 36, p. 700; June 1948.
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+ 250v.
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0 100 ke
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Fig. 1—Cascode amplifier and cathode follower stages.

sistlmcc. This low resistance accounts for the low ampli-
fication of the summing amplifier stage and hence the
greater stability. This arrangement also has a broad re-
spopse with respect to frequency. With the circuit
shown in Fig. 1, the 3-db band extends from about 40 to
200 ke, and the voltage gain over the range of 70 to 140
ke is substantially constant.

Lowering the load resistance in the grounded-grid
stage would result in a lower input resistance and thus
further improve stability and widen bandwidth, but it
wa? found that this would accentuate the difference in
the! amplification of the different channels in the sum-
midg amplifier due to non-uniformity of tubes and
othr circuit elements. It would also reduce the over-all
vo}lfage amplification.

‘he input to the 100 kc converter leading to the
Loran receiver has a series L.-C tuned circuit for all four
channels. The cascode amplifier arrangement of the
grounded-cathode and grounded-grid stages as described
above, however, has a high output impedance. In order
to achieve a better impedance match, a cathode-follower
stage is designed which serves as an impedance-trans-

«forming device. This circuit is included in Fig. 1.

[

ANALYTICAL DETERMINATION OF SUMMING AMPLIFIER
N OUTPUT WITH STAGGERED INPUTS

Before one can proceed to design a stagger-tuned ioop
antenna system, it is necessary to know the dependence
of its resultant response upon such factors as the number
of loops and their relative orientation, the spacing of
the resonant frequencies, and the Q, the area, and the
number of turns of each individual loop. One method of
analyzing the resultant response would be to use the
modified electrolytic tank method described in the Ap-

" pendix. This method provides a convenient way of
synthesizing the desired amplitude and phase responses
on a cut-and-try basis. However, because of the lack of
timie for constructing and experimenting with an elec-
trofytic tank, this method was not tried. Instead, an

“

£,
Wil

,.,
4 "}

analytical method was developed which is described
below and which may be used with relative ease to find
the response characteristics of the stagger-tuned system.

C
y
i

Ol
Q

(o} (%)

Fig. 2—Equivalent representations of tuned loop antenna circuit.

If each tuned loop antenna is schematically repre-
sented by the circuit in Fig. 2(a) and Fig. 2(b) as its
series equivalent, then

. SR @
€oi = (1 w2> 1w ’
w;? +]in:
Zi=r;{ - - = 3
, (1 w2> w: 3)
w;? +]Q; w;

where w=2xf, f=frequency in cps, w?=1/L;C;, and
Q:=w:L;:/r;=Q of ith loop antenna at its resonant fre-
quency. Substituting (2) and (1) and rearranging terms,
one gets

(4] E2 Z

- Yo+ n¥, i 264

TR
i ]Bi B I B

wile;
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and a;*4B:*=w;% Under the easily realizable condition

(1/4Q:>) K1, further simplification results because
Bi=w;. Thus,
“ =2, + ") g “
1 1 -
(i_1> _ L (i"_+1> _iL
w; 20; w; 20;

In the application under consideration, interest is
centered on frequencies in the range of 90 to 110 kc.
The ratio w/w; then has values very nearly equal to 1.
Since 1/2Q; is usually very small compared with 2, the
first termsin the square bracket, under the summation
sign will in general be much larger than the correspond-
ing second terms, each of the latter having a magnitude
of 1/2 to a good approximation. If one substitutes Aw;
for w —w,, the typical first term can be written as

= (2Q.e; sin 6;)e;, (6)

with

1 w; N

6; = tanl{ —-——). (7
ZQ; Aw;

For loops of equal area, a change in the incoming angu-
lar frequency w changes the angle 8;; the relative values
of the induced voltage e; remain unchanged. The ampli-
tude and phase response of the system can be computed
with relative ease.

|
(Aml <0) W< w. T T w S wy (A(.D >0)

Aw:
A AL )a
A
/ |
7
/ |
o
|
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|
& I
o !
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Fig. 3—Graphical method of determining the contribution of a loop.

Since one can treat (6) as a vector, a graphical method
may also be conveniently employed. It is easy to show
that if a circle of diameter w;/2Q;=r;/2L;=a, is drawn
on the frequency axis at w; for a given loop as shown in
Fig. 3, then for any given angular frequency w, which
determines the length of 4B =Auw;, the vector p; repre-
sented by OC determines the relative contribution of
this particular loop at the given frequency. It is noted
that «; is equal to one half of the 3-db bandwidth of the

PROCEEDINGS OF THE I.R.E.

August

ith loop. The typical first term as expressed in (6) is
4(Q:*/wi)ep:. For the special case of identical loops,
circles of equal diameter /2L may be drawn at the
resonant angular frequencies w; of the individual loops,
and the resultant response determined by adding the
vectors p; accordingly.?

THE lLooP ANTENNAS

The effective height of a loop antenna for vertically
polarized incoming wave is

2rNA
A

le =

) (8

where h,=effective height, N=total number of turns,
A =area of the loop, and A=wavelength of the incom-
ing signal. Equation (8) holds true for loop antennas
of any shape provided that the plane of the loop is in
the direction of the incoming signal and that the thick-
ness of loop sides is very small compared with loop di-
mensions. The cffect of tuning and orientation on the
resultant output is to be accounted for by a staggering
or detuning factor, and a directional factor respectively.

Formulas are usually available for calculating the in-
ductance and the resistance of a loop of given configura-
tion and given number of turns when the size of the wire
is known. But seldom is account taken of the effect of
distributed capacitances. The effective inductance of a
closely wound coil at 100 kc. may indeed be quite dif-
ferent from the so-called low-frequency inductance given
by the formulas neglecting distributed capacitances.

Single-plane spiral-wound coils were used as the loops
because of their inherent advantages of physical com-
pactness, low distributed capacity and high-Q proper-
ties. The final design of the loops has the following
physical data: Outside dimensions 20” X 20", Inside di-
mensions: 6”X6”, Total number of turns: 70, Size of
wire: AWG No. 26, enamel covered. The measured
effective inductance of the loop has an average value of
1.9 millihenrys and its Q, is about 60 at 100 kc.

EXPERIMENTAL INVESTIGATION

Twelve identical loops were used in the experimental
set-up. They were initially tuned to frequencies from
90 to 110 kc at 2 kc intervals, the twelfth loop being
equipped with a variable air condenser which may be
set at any desirable frequency within this range so as to
smooth out the resultant amplitude response. There are
an infinite number of ways to arrange the loop antennas.
It must be settled at some compromise between the
mutual coupling effect, the space occupied, and the re-
ception characteristics. Data presented herein were ob-
tained with all twelve loops in parallel. They were ar-
ranged such that no two loops would have mutual effects
more than those arising from a space separation of 3 feet
and a frequency separation of 4 kec.

? For details and simplifying recirrence formulas, which have been
developed for this purpose, the reader is referred to gtagger- I'uned
Loop Antennas for Wide-Band Low-Frequency Reception,” Watson
Laboratories Contract No. AF 28(099)-111, Final Report, Syracuse
University- September 1950.
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For taking the amplitude and phase characteristics
of the antenna system as a function of frequency, a
special wide-band trf receiver, consisting of two stages
of single-tuned rf amplifier, two stages of resistance-
capacitance coupled amplifier and a tuned power ampli-
fier stage, was constructed. The over-all 3-db bandwidth
of the receiver was over 20 kc and the amplification at
the center of the band was over 4 X108, There are two
output positions on this receiver. At one position, the
output from the power amplifier appears directly at the
output terminals, which may be used to feed an indi-
cator directly for cycle-matching purposes; at the other
position, a detector stage is switched into the circuit but
the by-pass condenser is purposely made small so that
the number of rf cycles can still be counted on the
rectified pulse envelope. The receiver was used in con-
junction with the indicator section of a DAS-4 Loran
set when the actual wave shape of the receiver pulses
was photographed.
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Fig. 4—Amplitude response of a 12-element stagger-tuned loop
antenna system,
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Fig. 5—Phase response of a 12-element stagger-tuned loop
antenna system,

Figs. 4 and 5 show respectively the amplitude and
phase response characteristics of the 12-element stagger-
tuned loop antenna system. It is seen that the 3-db
bandwidth of this system is about 16.5 kc and that the
amplitude response outside of this frequency band drops
quite rapidly, thus reducing noise pick-up outside of the
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band where no significant signal frequency components
are present. The phase characteristic shows the exist-
ence of a linear relationship between the phase shift and
the frequency within the “pass-band.” This linear phase
characteristic is essential for pulse reproduction. There
are minor peaks and dips in the amplitude response, but
they do not prove to be important. The number of peaks
does not correspond to the number of loop antennas be-
cause some of the peaks partly merge and the presence
of mutual-coupling effects has a tendency to make this
more so. Through meticulous retuning, the response
curves can doubtlessly be made more smooth.

The shapes of the Loran pulses as received through
the trf receiver and DAS-4 indicator combination

using stagger-tuned loop antennas under different condi-
tions were recorded photographically. Fig. 6(a) gives

Fig. 6(a)—Pulse shape at the transmitter.

Fig. 6(b)—Envelope of received pulse with twelve stagger-

tuned loops.

the shape of the pulse at the transmitter which was
located 40 miles away from the receiving site, and
Fig. 6(b) shows the envelope of the received pulse when
all twelve loops were used and properly tuned. Each
rf cycle corresponds to a duration of 10 microseconds
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Fig. 7(a)—Received pulse with two If and two hf loops
disconnected.
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Fig. 7(b)—Received pulse with three If and three hf loops
disconnected.

at 100 kc. By comparing these two figures, it is seen
that the received pulse represents a quite good repro-
duction of the pulse at the transmitter. The rise time
is somewhat lengthened, but there is no serious deteri-
oration of the pulse shape.

Fig. 7(a) shows the shape of the received pulse when
two loops from both the low-frequency and the high-
frequency ends of the assigned band were disconnected
from the summing amplifier, leaving the tuning and the
position of the other eight loops unchanged. It is seen
that the rise time is further lengthened and that, the
flat portion of the pulse is no longer visible, although the
amplitude of the pulse is not much reduced. Both of
these effects are accentuated in Fig. 7(b) when three
loops are taken out from both ends of the assigned band.
Here, the reduction in the amplitude of the pulse is more
obvious. The removal of end loops reduces both the
amplitude and the effective bandwidth of the resultant
amplitude response curve.
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Fig. 8(a1)—Received pulse with three If loops disconnected.
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Fig. 8(h)—Received pulse with three hf loops disconnected.

The shapes of the received pulses with three low-fre-
quency loops disconnected, and with three high-
frequency loops disconnected are shown respectively in
Figs. 8(a) and 8(b). The removal of the If loops re-
sulted in a prolonged delay time. It is evident that
Fig. 6(b), with all twelve loops in the circuit and prop-
erly tuned, represents by far the best response.

SCHEME OF ACHIEVING OMNIDIRECTIVITY

For a wide-band antenna system to be omnidirec-
tional to pulse signals, it should be able to give the same
response to signals of frequencies spread over the entire
band from all directions. If the response characteristic
varies appreciably with signal direction, the system will
not be suitable for applications like Loran, wherein
pulses from master and slave stations are to be ac-
curately compared.

Arranging a large number of loops radially or in the
form of a rectangular polygon does not present a solu-
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tion. Fig. 9 depicts the squaring scheme of obtaining
omnidirectional reception property from a loop antenna
system.

As indicated in the figure, the stagger-tuned loops are
arranged in two identical groups placed at right angles
to each other and the outputs of both groups are passed
through a squaring circuit and then added in a summing
amplifier. Ignoring the change in magnitude while
undergoing squaring and.summing operations, which
can easily be compensated for, the resultant output is
the square of the original signal; the directional angle 8
does not influence the response. Although nonlinear
operation is involved in the process, it is not objection-
able because one is interested primarily in the com-
parison of pulse signals coming from different directions
and not in the faithful reproduction of any signal carry-
ing intelligence. Fig. 9 is only schematic, and the loops
should not be placed too closely together in practice.

'\\\
s\"‘»\‘
0\,\\‘" & (R3] coff®
e
> o t}cos ©|
SQUARING SUMMING 20
CIRCUIT AMPLIFIER
oO—
[ et)sin® Aty sin &
SQUARING
CIRCUIT

Fig. 9—The squaring scheme for achieving omnidirectivity.

CONCLUSIONS

The present 12-element stagger-tuned loop antenna
system has a 3-db bandwidth of 16.5 kc and a phase
shift which varies very nearly linearly with frequency
over the desired range. The effective height of the an-
tenna system alone was found to be about 3 meters, and
the gain of the parallel-plate summing amplifier with 12
input channels is in the neighborhood of 4. These prop-
erties together with the experimental evidence of l.oran
pulse reception enable one to conclude that a system of
high-Q loop antennas of small dimensions properly
tuned to different frequencies within the required fre-
quency band is a feasible and desirable substitute of long
vertical antennas for wide-band low-frequency recep-
tion. The squaring scheme provides the means of achiev-
ing of omnidirectivity.

Generally, an effective height of 3 meters is not re-
quired. With the existence of sensitive receivers, an
effective height of one half meter may be sufficient. In
that case, the loops can be made with smaller dimen-
sions and fewer turns. The effective Q of the individual
loops would then be lower and it would be easier to tune
the system to give a uniform amplitude response. How-
ever, analyses® show that the noise figure of a tuned

3 H. G. Pascalar, Master's thesis, L. C. Smith College of En-
gineering, Syracuse University; October 1950.
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loop antenna is very nearly in direct proportion to the
loss resistance of the loop and is inversely proportional
to its radiation resistance. The use of loops of lower Q
would then result in lower circuit efficiency and less im-
provement in the noise figure and the absolute sensi-
tivity* of the system.

It is possible that loops of fewer turns and smaller
dimensions can be made in such a way that the effective
Q is not lowered. The feasibility of employing iron-cored
loops should also be well worth investigating.
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APPENDIX

Modified Electrolytic Tank Method of Analysing the
Response of a Stagger-Tuned Loop Antenna System

A rational function of a complex variable s=0-4jw
can be written in the following form:

116 - s
I"(S) = K—J:l—y
II (s — spk)

k1

(A-1)

where K is a constant, and where the continued product
in the numerator indicates that the function has =,
zeros, and that in the denominator shows that it has #,
poles. If the logarithm of (A-1) is taken, it will be
seen that the logarithm of the magnitude and the phase
of F(s) are analogous to the expression for the electro-
static potential distribution around =, equal negative
line charges placed at positions corresponding to the
zeros and n, similar positive line charges at the loca-
tions of the poles. Consequently, with a suitable choice
of constants, equipotential curves around these line
charges correspond to curves of constant absolute mag-
nitude of F(s), and an orthogonal set of curves cor-
responds to lines of constant phase of F(s).

In homogeneous and isotropic medium where the
Ohm’s law is obeyed, the results of electrostatic theory
may be applied directly to the state of dynamic equi-
librium represented by a steady current flow. Hansen
and Lundstrom® have utilized this principle to determine
experimentally the magnitude and phase of impedance
and gain functions by means of an electrolytic tank. It
should be stressed, however, that the usefulness of the
electrolytic tank method depends primarily upon the de-

+D. O. North, “The absolute sensitivity of radio receivers,”
RCA Review, vol. 16, p. 337; January 1942,

5 \V. W. Hansen and O. C. Lundstrom, “Experimental determina-
tion of impedance functions by the use of an electrolytic tank,”
Proc. I.R.E, vol. 33, pp. 528-534; August 1945.
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termination of the positions in the complex plane of the
zeros and poles of the function concerned. This method
will, therefore, be ineffective if the zeros and/or poles
of the functions under consideration are difficult to
locate.

From (1) and (2) in the text and replacing jw by s,
one can easily show that

gm L w;%;
F(s) = eo(s) = — : A-2
() = eals) Y,,+nY,,.§(s-—s.-)(s—Si*)’ CS
where the conjugate poles are
g +8n (A3)
Si= — — —— = - i -
oV el e T T
LA N 8. (A-4)
T = - — == S8 = i i -
2L; I LC; 4L T

For a single loop antenna (z=1) there will be two poles
at s; and s,* in the complex plane and two zeros at in-
finity. For two loops (n=2), two additional poles at s,
and s;* and two additional zeros 3, and 5.* result, where
the zeros 5, and 3,* have to be determined from the fol-
lowing quadratic equation:

w1%(s — 52)(s — 52*) + w(s — 51)(s — 5,*) = 0.

With # loops, an algebraic equation of 2(z —1)th degree
has to be solved in order to determine the new zeros.
This may prove to be very difficult and render the elec-
trolytic tank method impractical. The modified method®
to be described below solves this difficulty.

Expressing (A-2) in partial fraction form:

F(s) =
gm n wle 1 1
T YL+ a¥, S 28 [s +oai— B s+ et jﬁ;:l'
(A-5)

But s=¢+jw, hence
gm D, wi'e;

2
Yo+ nV, im0 28:

(@ = B8) + jlo + @)
X
[(a +a)?+ (w— B)?

2

F(s) =

(w + By + jle + at):l
(a‘ + an)2 + (w + 6-)

(A-6)

Now consider the case of a negative line charge of
strength D, per unit length located at each pole in the
second gquadrant and an equal positive line charge at each
pole in the third quadrant. The potential due to these
line charges at any point s =¢ +jw in the complex plane
will be

¢ Dr. W. R. LePage, Professor of Electrical Engineering, Syracuse
University.
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V== X Dilln Vi F P F @ B

lM:

i
B,
—In (o + &) + (w + Br)?), (A-7)

where B is a constant whose value depends on the per-
mittivity of the medium and the units employed. From

(A-7), one easily obtains,
14 1 »
— =-_-%D
da B k?l *
- [ o+« 0+ a :I
(0+a)+ (w—Br)? (04 )2+ (w+ Bu)?
(A-8)
14 1 .2
A D,
ow B

[»_ e 5:: w4+_ﬁk ) :I
0+ a)+ (0 — B (0 + a)? + (0 + Bi)?

(A-9)
and
:14 i1 1 =
— —_— i — D
ow tJ do B ,§ :

[(w—ﬁk)-i-j(d-i-a)

] (w+ﬁk) +J(<r+a) ]
(0 + @) + (w — Bi)?

(¢ + a)? + (@ + 84)?
(A-10)

Comparing (A-6) and (A-10), it is readily seen that if
as many pairs of electrodes as there are pairs of conju-
gate poles (which equals the number of loop antennas)
are put in the electrolytic tank, negative in the second
quadrant and positive in the third quadrant, the po-
tential gradient in the w and o directions along the real
frequency axis will be proportional respectively to the
real and imaginary parts of the response function F(s)
at real frequencies. One condition must here be satisfied,

that is:
w;’e;
< ) = Constant (A-11)
B:D;
i=any number from 1 to #n, or
wi’e; 61
i = 2 N 1. (A-12)
wi’ey B

When dissipation is low («;<<8;, w;==f;) and if the loops
are identical and with the same orientation (e;=¢,),
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one can write

(A-13)

In practice, (A-13) means that the current flowing to or
from an electrode should be approximately propor-
tional to its distance from the origin in the complex
plane.
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This modified method has the advantage that only
the positions of the poles need be known. There is no
need of solving algebraic equations of high order because
the location of zeros does not have to be determined.
The effect on the resultant response function by the
addition of an extra loop-antenna input channel can
be determined experimentally by introducing another
pair of electrodes without additional difficulty.

Amplitude Stability in Oscillating Systems’

NORMAN R. SCOTT, SENIOR MEMBER, IRE}

Summary—As a supplement to the Kryloff and Bogoliuboff
method of determining amplitude of oscillation in quasilinear sys-
tems, a method based upon energy balance is presented. From the
energy balance condition, a criterion for stability of oscillation is
deduced for the case of one degree of freedom. The treatment is then
generalized to systems of n degrees of freedom, and the n stability
criteria are derived in terms of rates of change, with respect to
amplitude, of the power supplied and dissipated in the n oscillations,

UCH INSIGHT INTO the problem of ampli-
M tude stability in oscillating systems can be

gained by a consideration of the general oscil-
latory circuit of Fig. 1.

-

Fig. 1—Equivalent circuit.

In this circuit N. L. represents a nonlinear element
which performs the dual functions of: (1) supplying the
energy to overcome losses in G, the tank circuit shunt
conductance, and (2) limiting the amplitude of oscilla-
tion to some finite value. The amount of nonlinearity
need not be large. In fact, the analysis presented here
applies only to systems in which the nonlinearity is
small. However, virtually all sine wave oscillators belong
to this class.

The volt-amp. characteristic of the nonlinear element
may be represented by:

i=av+ v+ yv* + et + ptf, (1)
and G,, the nonlinear conductance is
di
G, = y = a4+ 28y + 3vv® + 4ev® + Spvt. (2)
v

* Decimal classification: R140. Original manuscript received by
tl(;e5 Institute, May 11, 1952; revised manuscript received January f,
1953.

t Department of Electrical Engineering, University of Michigan,
Ann Arbor, Michigan,

The differential equation for the circuit is:

Ci+ (G+Gn)i+To=0 3)

If the nonlinearity is small, this equation may be
written as:

Ci+ To+ uf(v,9) =0 4)

where p is a small parameter. The method of Kryloff
and Bogoliuboff' may be applied to give as the solution:

(5)

p = qe (G+Gat2C cos wi

where:

G, = -1 f f(a cos 6) cos 6d6. (6)
Td J o
This equivalent linearized conductance is one which
gives rise to the same fundamental component of cur-
rent as the actual nonlinear conductance when a voltage
of v=a cos w! is impressed.
For a nonlinear element such as that of (1), we obtain:
1 o

G,=- f [aa cos 68+ Ba? cos? 6+ ya?® cos® 0] cos 6d8  (7)
0

wa
= a+{ya®, (8)

where we have used only 3 terms of the polynomial for
simplicity. At equilibrium:

G+G.=0

at=

4
— (G )
3y
An alternate method of solving for the equilibrium
amplitude of oscillation consists of recognizing that the
steady-state amplitude is that value at which the aver-
age energy supplied by the nonlinear element is equal
to the average energy dissipated in the linear passive

part of the system.
|: 1 7. ] a’G
f fodt | = — -
T Jo 2

' N. Minorsky, “Introduction to Nonlinear Mechanics,” Chap.
10. J. W. Edwards, Ann Arbor, Michigan; 1947.

(10)

— lim

T'—w
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If the nonlinearity is sufficiently well represented by a
third-degree polynomial, then this leads to:

(11)

a? =

— 2wt
37(01

which is the same value we found in (9). This result has
also been derived by Van der Pol.?

Graphical representations of power supplied by the
nonlinear element and dissipated by the linear element
may be used to determine stable and unstable levels
of amplitude. Pp, the power dissipated, is a parabolic
function of amplitude, and Pg, the power supplied, may
be any shape curve, depending on the nonlinearity.
Fig. 2 shows some possible curves.

Each point of intersection of a Pp curve with a Pg
curve is a potential stationary value for the amplitude
of oscillation. However, each such point must be in-
spected for stability. We may imagine the amplitude to
be perturbed from its stationary value and determine
the effect this perturbation has on the exponential factor
in (5) which determines the growth or decay of the oscil-
lation. If the sign of the exponent is such as to return
the amplitude to its value prior to the perturbation,
then the equilibrium is a stable one. However, if the
sign of the exponent is such as to increase the change in
the amplitude in the direction of the perturbation, then
the equilibrium is unstable. This is equivalent to stating
that only those points of intersection are stable for
which

oPp 0Ps
da da

(12)

We must also recognize that there may ecxist semi-
stable points of equilibrium, which are stable or un-
stable for either an upward or a downward perturbation
of the amplitude, but not for both.

We may now identify as stable points in Fig. 2 the
intersection in 2(a), points 1 and 3 in 2(c), point 2 in
2(d), point 2 in 2(¢), and 3 in 2(f). Unstable points are
the intersection in 2(b), point 2 in 2(c), point 1 and 2(d),
point 3 in 2(e), and 2 in 2(f). Semistable points are the
points of tangency in 2(e) and 2(f). Thus point 1 of 2(e)
is stable for a downward perturbation of the amplitude
and unstable for an upward perturbation, while the con-
verse is true of point 1 in 2(f).

Since it is not possible in a physical system for the
energy supplied or dissipated to be a multiple valued
function of the amplitude, it is evident that stable and
unstable points of equilibrium must alternate. However,
it is also necessary to include semistable points in this
generalization. In the language of nonlinear mechanics,
stable and unstable limit cycles must alternate, and a
limit cycle stable from the inside but unstable from the

? B. Van der Pol, “The nonlinear theory of electric oscillations,”
Proc. I.R.E., vol. 22, pp. 1051-1086; September, 1934.
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outside must enclose an unstable limit cycle and be en-
closed by a stable limit cycle, while the converse is true
for a limit cycle unstable from the inside but stable from
the outside.

The possibility of simultaneous oscillations occurring
at two or more different frequencies in the same circuit
is well-known and has frequently been described and in-
vestigated.3=®* The problem of determining the stability
of such multiple oscillations may be attacked by meth-
ods similar to those we have employed here for circuits
of one degree of freedom. Thus, for two degrees of free-
dom power supplied and power dissipated become func-
tions of a, and a,, the two amplitudes of oscillation.

Py Py
Py
P P P
.V v
(a) (b}
[0 [
0,
3 P, 2 /
(3
[ o P Py
1
1
v v
(¢) (d)
Py 2
P 3p e

(e)

Fig. 2—Curves of power supplied and power dissipated vs.
amplitude of voltage.

Although for one degree of freedom a simple criterion
regarding the relative slopes of Pg and Pp at a point
of equilibrium was sufficient to determine the stability,
one intuitively expects the situation to be more complex
for two degrees of freedom. Thus along a line of inter-
section of Pgand Pp there is an infinite number of points
characterized by the same relative slopes of Psand Pp.

3 L. V. Skinner, “Criteria for Stability in Circuits Containing Non-
linear Resistance,” Ph.D. Thesis, University of Illinois; June, 1948.

* W. H. Huggins, “Multifrequency bunching in reflex klystrons,”
Proc. I.LR.E., vol. 36, pp. 624-630; May, 1948.

_8J. S. Schaffner, “Almost Sinusoidal Oscillations in Nonlinear

Systems,” University of Illinois Engineering Experiment Station,
Bulletin Series No. 395; May, 1951.
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Some additional criterion is needed to determine which,
if any, of these points is stable. To do this we employ
the method of perturbations, taking the initial perturba-
tions to be small enough so that the calculation of their
growth or decay may be handled as a linear problem.
We shall derive the criteria for # degrees of frecedom
and then apply these results to the cases of two and
three degrees of freedom. We define:

Pg;=power supplied to the jth oscillation
Pp;=power dissipated in the jth oscillation
a;=amplitude of the jth oscillation

If all ¢; undergo small perturbations, all Pg; will also
be perturbed. Evidently:

dPs; OPg; da; » 9Ps; d(ai?
& = _ El.—— = Z -—s;...(_. ? 0 (13)
dt i1 da; dt il 6((1; ) dt

If the system is stable, all Pgs; and a; will return to their
initial values, and we will have

dPs;
—0
dt

1

which will occur when all

d(a:®)
dt

~—n
It may be shown that:
2a:%0;

WD 2G4 6)
dt - G‘ 1 et/

(14)

where 8,; is the logarithmic decrement of the linear cir-
cuit at the frequency €; of the sth oscillation, G; is the
conductance of the linear circuit at £;, and G,; is the
equivalent linearized conductance of the nonlinear cir-
cuit at ;.

Now let all amplitudes of oscillation undergo small
perturbations:

r
a* = ai’ + Ay

(15)

where a; is the steady-state amplitude at the point
where we are investigating stability, a; is the per-
turbed amplitude, and A; is the difference of their
squares. Then:

d(a/*)  d(as’) = dA;
ol dt
2 (l.',2 + A.)B i
= — _( G. : [Gi + fi(au? + Ay, a2?

+ AZ: tT Ty amz + An)]’

where fi(aiu2+A41, an?+A4,, - - - a,2+4,) is the equiva-
lent linearized conductance at frequency €; and ampli-
tudes a; - - - ax. Of course, the term d(ay?)/dt is zero,
since a;, is the steady-state amplitude. However, it will
be convenient to carry the term along in our equations.

(16)
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We have now:
dy;  d(a?) d(ai?)
—(—1—!- - dt o di
= — g(‘“'z“ao‘ [f-‘(aln2 + 4y, am2 + An)
G 17
— fian? -+ -, amz)]
2460,

[Gi "‘fu'(ala2 + Ah Tty amz + An)]

G;

Now a Taylor’s Series expansion of f; can be made
and substituted into this equation. However, since we
are postulating small perturbations of the system, we
may omit second and higher order terms. We thus ob-

tain:
dA; 2a:%00: &\ 9fs
s g ]
(ﬂ G.‘ k=1 6(ak2)

240 00;

G;

[Gi +f;(01.2, T amz)]v (18)
which is a system of # first order differential equations
each containing n# unknowns. Equation (18) may be

rewritten as:

A; = Z: a.',-A,' (19)
j=1

where

i = e B Gk ot JEE
i = | Gis i @15 * ", Cns

G () '
2a:,%0  Of;

d;y; = — ——- . 21
J G oap) (21)
The characteristic equation for this system is:

I (a1 — p) a2 c Q1
a2y (a2 — p) - - -
; =0. (22
f a, s (aim - P)

The roots of this equation are the exponents in the solu-
tions for the A;, and evidently must have no positive
parts if the perturbations are to die out, i.e., if the ampli-
tudes of oscillation are to be stable. This condition is
insured by Routh’s criterion, which, in the case of three
degrees of freedom, requires that:

(a) an + a4 a3 <0,

(b) — (an + az2+ ass) - (611022 + @11a33 + 20033

~ @12821 — G13031 — G23833) — (@11020033

— @11823832 — @12821833 + @12031033

+ a138n1a3: — a13a3a2) > 0, (23)
) @11022033 — @j1832893 — 12021033 + @12031023

+ @13ana3 — ananan > 0.
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For two degrees of freedom the criteria become:

(a) an + a2 <0,

(b) — (@11 + a22) - (4n@s2 — apan) > 0, (29)

which may be obtained from (23) by climinating all
terms having 3's in the subscripts.

The power supplied at each frequency can be ex-
pressed in terms of the amplitude of that oscillation
and the equivalent linearized conductance. Thus:

alcz ai'lz
PSt' = = 2 Gci = = fi(ahz; a202; Tty aluz) (25)
Also
al'lz
Pp.' = + 2 G.‘. (26)
Now let
P; = Pp; — Ps..

In terms of these quantities the criteria (24) now be-
come:

( ) 801 3P1 + 802 aP2 >
a - - ’
Gl 6(a1'-’) G;z a(azz) (?7)
dPy 8P,  aPsi s )
(b)

d(ar?) 8(as?)  9(as®) 9(ar?)
The three criteria for the case of three degrees of free-
dom can be readily written down in similar manner, but
to save space, only criterion (a) is given:

aP, Sz 9P;
Gs 9(as?)

b 0P, oz
G 3(012) Gz 6(022)

>0. (28

This is of the same form as (27)(a), but contains more
terms. By dividing out the factor (an+ax-+as), (23)(b)
is seen to be dimensionally a sum of double products of
derivatives of power. It is thus of the same form as (27)
(b), but also includes more terms. Criterion (23) (c) may
be recognized as a new form of criterion, however, which
is made up of terms which are triple products of deriva-
tives of power. If we now recall the stability criterion
for one degree of freedom, namely, (0Pp/d.) > (dPs/da)
or equivalently, (8Pp/da?) >(dPs/da?), the trend of
the stability criteria becomes evident. As the degrees
of freedom are increased, so also are the stability cri-
teria, the same number being required as there are de-
grees of freedom. Successive criteria which are added
as required by additional degrees of freedom become suc-
cessively more complex, while those criteria already
established retain their basic form, but add more terms.

The first criterion is a relation between rates of change
of power supplied and power dissipated. The other cri-
teria apparently represent higher order energy balance
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and interchange relations among the various oscilla-
tions. The number of criteria appearing in a given case
is equal to the number of degrees of freedom of the oscil-
latory circuit, provided the system is not in internal res-
onance, a condition in which the oscillations are syn-
chronized and their frequencies are in ratios of small
integers. In systems in which internal resonance occurs,
additional criteria arise to represent the requirements
for stability of synchronization. This has been studied
by Fontana for two degrees of freedom with internal
resonance.®

In conclusion it should be noted that the analysis pre-
sented here is of particular application to the stability of
systems subjected to small perturbations. However, if
the perturbation is large, the question of whether it
will increase or will return to zero is unaffected unless
the perturbation is so large as to carry the system be-
vond an adjacent limit cycle. In this case the perturba-
tion cannot return to zero, and the response of the sys-
tem is radically changed. Thus, in Fig. 2(c), a small
perturbation of the amplitude about point 1 will always
decay to zero. If the perturbation is large enough to
carry the amplitude beyond point 2, however, the ampli-
tude will continue to increase to the value correspond-
ing to point 3. The limiting size of perturbation to which
any amplitude may be subjected without crossing an
adjacent limit cycle is, of course, known as soon as the
equilibrium amplitudes have been calculated. If, how-
ever, the perturbation is large, but not large enough to
cross an adjacent limit cycle, the system will behave
qualitatively the same as it would for small perturba-
tions. For this reason, the question of whether an equi-
librium point is stable or unstable is best handled by
assuming small perturbations and obtaining a system
of linear differential equations. For the more general
case in which perturbations may be large and precise,
information is desired as to their manner of growth or
decay, and the resulting differential equations describing
them must be nonlinear. However, the nonlinearity in-
volved is of the same type as that in the original prob-
lem of determining amplitudes of equilibrium, and the
solution of this problem may be expected to be no more
difficult than that of the amplitude problem. An inter-
esting aspect of this problem which is currently being
studied by several investigators is the determination of
the optimum type of nonlinearity to be included in a
system to obtain a particular desired behavior of the
perturbed system.
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The Constants in the Equation for Atmospheric

Refractive Index at
ERNEST K. SMITH, JR.f, MEMBER,

Summary—Recent improvements in microwave techniques have
resulted in precise measurements which indicate that the conven-
tional constants K; =79°K/mb and K.’ =4,800°K in the expression
for the refractivity of air, N=(n—1)10¢=[K;/Ti(p+K,' e/T) should
be revised. Various laboratoiies appear to have arrived at this con-
clusion independently. In much of radio propagation work the abso-
lute value of the refractive index of the atmosphere is of small mo-
ment. However, in some work it is important and it seems highly de-
sirable to decide upon a particular set of constants.

Through consideration of the various recent experiments this pa-
per arrives at a relation

77.6

T

e
p + 4,810—
T

where

p=total pressure in millibars

e =partial pressure of water vapor in millibars

T =absolute temperature =°C+-273

This expression is considered to be good to 0.5 per cent in N for
frequencies up to 30,000 m¢ and normally encountered ranges of tem-
peratures, pressure and humidity.

ECENT IMPROVEMENTS in microwave tech-
niques have resulted in measurements at the
National Bureau of Standards,! the National

Physical Laboratory? and elsewhere®* which have in-
dicated that the conventional constants in the expres-
sion for the refractive index of air at radio frequencies
should be revised. Various lahoratories appear to have
arrived at this conclusion independently with the result
that there are several different sets of constants in cur-
rent use.’=? The sources of these recent changes, such
as have been run to earth, have been found to be based
on individual rather than collective results. Almost all
of the proposed constants seem to represent a substan-
tial improvement over the former values. The authors
propose a set of constants derived from what is felt to
be the most reliable of the recent microwave and optical
measurements of the refractive index of dry air and
from a recent survey of water vapor Debye constants.
It is hoped these new constants will provide a common
meeting ground for the laboratories desiring change
rather than inject just another set of values into the field.

* Decimal classification: R216.3. Original manuscript received by
the Institute, October 10, 1952,

t Central Radio Propagation Laboratory, Boulder, Colorado.

1 G. Birnbaum, S. J. Kryder and H. Lyons, “Microwave measure-
ments of ;he dielectric properties of gases,” Jour. Appl. Phys., vol. 22,
p. 95; 1951.

2 L. Essen and K. D. Froome, “The refractive indices and dielec-
tric constants of air and its principal constituents at 24,000 Mc/s,”
Proc. Phys. Soc. (L.ondon), B, vol. 64, p. 862; 1951.

3 C. M. Crain, Phys. Rev., vol. 74, p. 691; 1948,

4\V. F. Gabricl, Proc. I.R.I2., vol. 40, p. 940; August, 1952.

5 \V, E. Phillips, Proc. I.R.E., vol. 38, p. 786; 1950. See also com-
ments by C. M. grain, Proc. [.R.E., vol. 40, p. 164; February, 1952.

¢ C. 1. Aslakson and C. O. Fickeissen, Trans. Amer. Geoph. Un.,
vol. 31, p. 819; 1950.

7 Research Interim Engineering Report No. 13, p. 23, Cornell
University E. E.; October 23, 1951.

8 L. Essen and K. D. Froome, Nature, vol. 167, p. 512; 1951.
9 L. J. Anderson, NEL Report No. 279, page 3; 1952.

Radio Frequencies®
IRE, AND STANLEY WEINTRAUBft

For an accuracy of 0.59% in N, the scaled-up re-
fractivity of moist air [N=(n—1)10%, where n is the
refractive index] some simplifying assumptions may be
made if the use of the relation is to be restricted to
certain limits of the variables. The limits in this case
restrict its use to temperature ranges of —50 to +40°C,
total pressures of 200 to 1,100 mb, water vapor partial
pressures of 0 to 30 mb and a frequency range of 0 to
30,000 mc. The constituents of dry air and even water
vapor may be assumed to obey the ideal gas law.!? The
refractive index of water vapor, a polar molecule with
an electric dipole, may be represented by a two-term
Debye relation.!* The permeability of air at radio fre-
quencies due to oxygen may be taken! as 14+0.4X10-8.
Dispersion may be neglected. The Lorentz polarization
term may be ignored.'* Absolute zero for temperature
may be taken as —273°C rather than —273.16°C.

There has been no proof of variation in the composi-
tion of the dry gases of the free atmosphere either with
latitude or with height up to the ionosphere.’ The water
vapor content, of course, varies widely. As contribu-
tions to the total refractive index obey an additive rule,
a three-term expression may be formulated! in which
the first term expresses the sum of the distortions of
electronic charges of the dry gas molecules under the
influence of an applied eclectromagnetic field, the second
term this distortion for water vapor, and the third term
the effect of the orientation of the electric dipoles of
water vapor under the influence of a field. Thus, using
N for the scaled-up refractivity [N =(n—1)109]

€

N = :
TZ

4 [
K.;+K27+K3 (1)

where:

n =the refractive index at radio frequencies
pa=partial pressurc of the dry gases

e = partial pressure of water vapor

T =absolute temperature

In radio work one is interested in propagation through
the free atmosphere, therefore the composition of air
should be taken to include an average amount of carbon
dioxide. However, laboratory measurements usually are
made on CO,-free air due to variable concentrations of
CO: in the laboratory. Hence the values of e—1 orig-

10 H Barrell and J. E. Sears, “On the refraction and dispersion of
air for the visible spectrum,” Philos. Trans. A., vol. 238, p. 2; 1940.

!l “Propagation of Short Radio \Vaves,” Edited by D. E. Kerr,
Radiation Laboratory Series, McGraw-Hill Book Co., Inc., N. Y.
vol. 13, p. 189, 1951. '

12 Ibid., p. 643.

13 “lonospheric radio propagation,” National Bureau of Stand-
ards, Circ. 462, p. 35; June 1948,
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inally published for CO:free air have been adjusted
for 0.03% CO: content by raising them 0.029,. These
values are also given on a real rather than an ideal gas
basis. Three determinations shown in Table I are con-
sidered. The first shown, that of Barrell,"¥ is an average
of the constant term (n for A= ») of the optical Cauchy
dispersion equations for standard air used in three of
the principal metrology laboratories of the world. Theo-
retical considerations indicate that the dielectric con-
stant for dry air will be the same for optical and radio
frequencies. Barrell’s value is converted to dielectric
constant from the relation n=+/ue with u, the perme-
ability taken as unity at optical frequencies. The second
value, that of Birnbaum, Kryder and Lyons' was orig-
inally published on an ideal basis but has here been
converted to the value pertinent to real gases. Last de-
termination, (Essen and Froome?) has been adjusted to
include COs. Uncertainties listed are standard errors.

TABLE 1

DRryY AIR REFRACTIVE INDEX AND DIELECTRIC CONSTANT
AT 0°C AND 1 ATMOSPHERE

Freq. of
Measure-
ment

Meals\;lred (e—1)10¢  Year

Optical 2877400 575.6 £0.1; 1951

1. Barrell!
2. Birnbaum, Kry-
derand Lyons!

9,000 mc

575.8 £0.3, 1951

3 Essen and
Froome? 24,000 mc 288.2, 0.1

Mean Value of (¢—1)10%
Mean Value of Nt

576.1 £0.2
575.75£0.1,

1951

288.04 £ 0.05

1 Derived from n=+/ué¢ where u—1=0.4 X 107¢ is taken for radio
frequencies to account for the permeability.

The statistical mean value of dielectric constant is
then converted to refractive index. The constant K, is
evaluated from

V=K1 )
T
which stems from (1) when e¢=0. Setting N =288.04,
$=1,013.25 mb, T=273°C and solving for K;:
o

KX
K| (= 77.607 i‘ 0.013 ——=0
mb

3)

A recent survey of determinations of the dielectric
constant of water vapor in the microwave region by
Birnbaum and Chatterjee® is used to evaluate the water
vapor constants K, and K® in (1). Assuming ideal gas
behavior, which is permissible here as only low partial
pressures are of interest, the constants may be evalu-
ated from the Debye constants 4 and B (molar polariza-
tion P=A+B/T) determined by Birnbaum and Chat-
terjee. This results in:

14 H. Barrell, “The dispersion of air between 2500A and 6500A,”
Jour. Opt. Soc. Amer., vol. 41, p. 295; 1951.

15 G, Birnbaum and S. K. Chatterjee, “The diclectric constant

of water vapor in the microwave region,” Jour. Appl. Phys., vol. 23,
p. 220; February, 1952.
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°K
Ki=1Tl.g+ 8.5 — 4
mb
o K2
Ks = (3.747 + 0.03,)10° (5)
mb

where the uncertainties are again standard errors. Sub-
stituting the values of (3), (4) and (5) in (1) and re-
ducing the values to three figures where significant

Da e e
N=776—+72—+43.75 X 105 — . (6)
T T T?
Utilizing the total pressure p = ps+e one may write
? e e
N=77.6——6—+43.75 X 10° . (7
T T 2
TABLE 11
TABLE oF CONSTANTS USED By DIFFERENT AUTHORS
P e e
N=(ﬂ —l)lO°=K. '—+K2 —+K3 —_—
T T 17
Year K] Kz K;x 108
1. Schelleng, Burrows 1933 79 675 1.35
& Ferrell's
2. Englund, Crawford 1935 79.1 68.3 3.81
& Mumford'?
3. Waynick's 1940 79 68.5 3.72
4. Smith-Rose & 1943 79 68 3.77
Stickland!®
5. Burrows & Attwood- 1946 79 68 3.8
NDRC»
6. Met. Factors in Prop- 1946 79 68 3.8
agation®
7. Kerr, Rad. Labs., 1951 79 (79) 3.8
vol. 1311
8. Essen & Froome? 1951 77.64 64.68 3.718
9. Smith & Weintraub 1952 77.6 72 3.75

For use in the limited temperature range —350°C to
+40°C, negligible error is incurred through lumping the
second and third terms in (7). This may be accomplished
by dividing these terms by e/T and solving for the com-
posite constant, Ky, in the relation:

3.75 X 10% K,
S 6=t ®)
T T
which, for T =273°K, results in:
K, =3.73 X 108, (9)
The two-term formula for moist air is now
N =177 6-p—+3 73)(105-3- (10)
O 7 =

16 J. C. Schelleng, C. R. Burrows, and E. B. Ferrell, “Ultra-short-
wave propagation,” Proc. .R.E., vol. 21, p. 427; 1933.

17 C. R. Englund, A. B. Crawford, and \V. W. Mumford, “Further
results of a study of ultra~short-wave transmission phenomena,” Bell
Sys. Tech. Jour., vol. 14, p. 369; 1935.

18 A. H. Waynick, “Experiments on the propagation of ultra-
short radio waves,” Proc. I.R.E., vol. 28, p. 468; 1940.

” R. L. Smith-Rose and A. C. Strickland, “A study of propaga-
tion over the ultra-short-wave radio link between Guernsey and
England on wavelengths of 5 and 8 meters,” J.I.E.E., vol. 90, 11,
p. 12; 1943,

# “Radio Wave Propagation,” Consolidated Sumumary Technical
Report on the Committee on Propagation, NDRC. Edited by C. R.
Burrows and S. S. Attwood, p. 219 (Academic Press Inc., New York,
N.Y. 1949)

% “Meteorological Factors in Radio Wave Propagation,” The
Physical Society, London: 1946. Foreword.
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which may be written

N 77'6( + 4.81 X 103 e) (11)
N =— . e .
T p T

These last two relations are the ones proposed for gener-
al radio meteorological use.

Listed in Table II are some of the values of K;, K2
and K; that have been used by authors through the
years. In examples 1 through 7 the constant K was
drawn from the Smithsonian I’hysical Tables (1933).

The water vapor constants K, and Kjin examples 2
through 7 represent an average of the determinations of
several different workers in each case. Essen and Froome
in example 8 relied on their own excellent experimental
work to evaluate K; and K;. Their value of K, is seen
from Table I to be in excellent agreement with the
values of Barrell and of Birnbaum, Kryder and Lyons.
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However, their value for K3 is low because of the fact
that their measured value of the dielectric constant of
water vapor is about 19, lower than those deter-
mined by other recent workers in the field. It is true
that their measurements were performed in a region
adjacent to the 1.35 cm water vapor absorption band,
but this effect has been shown to be too small to ac-
count for the discrepancy. As Essen and Froome did not
have refractive index determinations over the wide tem-
perature range necessary to evaluate K, and Kj inde-
pendently, they utilized an optical value of refractive
index (K3;=0) to determine K, Consequently, their
value for K, is about 109, low at radio frequencies;
however, the effect of this on the equation is negligible.

The authors wish to thank Mr. George Birnbaum, Dr.
Arthur Maryott, Mr. Jack W. Herbstreit and Mr.
Kenneth A. Norton for their advice and assistance in
this work.

Reduction of Forced Error in Closed-Loop Systems®

LLEONARD

Summary—This paper illustrates a method for reducing the
forced-dynamic error in servomechanisms by design based on error
coefficients. After a brief review of the dependence of the forced dy-
namic error upon error coefficients, the relationship between error
coefficients and the parameters of a servomechanism is derived.
This relationship is then used to show how closed-loop systems can
be modified to obtain favorable error coefficients that reduce the
forced-dynamic error. The method has been tested by simulation,
and photographs of simulator response show how the effect of ad-
ditional integrations can be achieved by error-coefficient adjustment.

I. INTRODUCTION

N A PERFECT POSITIONAIL. SERVOMECH-
I[ ANISM, the output position would always be

aligned with the input command position regardless
of noise, disturbing torques, or variations in the input
position. As it is impossible to build a perfect positional
servomechanism, good design practice consists largely
of trying to reduce the following components of error:

1. Noise error, due to the transmission of input

and internal noise to the output.

. Position error, caused by disturbing torques.

3. Transient error, due to initial conditions or in-
put discontinuities. By definition, this error
disappears in one response time after which the
output remains within five per cent of the cor-
rect output for a step change in the input.!

4. Forced dynamic error, which exists after one
response time and is due to variations in the
input command position.

N

* Decimal classification: 621.675.104. Original manuscript re-
ceived by the Institute, December 24, 1952.

t Instrumentation Laboratory, Massachusetts Institute of Tech-
nology, Cambridge, Mass.

1 C. 8. Draper, \V. McKay, and S. Lees, “Instrument Engineer-
ing,” vol. 1, McGraw-Hill Book Co., Inc., New York, N. Y.; 1952.

H. KINGT?

This paper illustrates a method for reducing the
forced dynamic component of error by design based on
error coefficients.?® After a brief review of the de-
pendence of the forced dynamic error upon error co-
efficients, the relationship between error coefficients and
the parameters of a servomechanism is derived. This
relationship is then used to show how closed-loop sys-
tems can be modified to obtain favorable error co-
efficients that reduce the forced dynamic error. The
method has been tested by simulation, and photographs
of simulator response show how the effect of additional
integrations can be achieved by error coefficient adjust-
ment. Specifically, it is shown (1) how a loop with no
integrations can be made to have zero positional and
velocity error and (2) how a loop with one integration
can be made to have zero velocity and acceleration
error.

[I. RELATIONSHIP BETWEEN FORCED-DYNAMIC
ERROR AND ERROR COEFFICIENTS

If the input to a servo system varies continuously
with time, then there will be a forced dynamic error
E(t) between the desired input g¢ia(f) and the actual
system output gout(t). For finite derivatives of the input
function, the forced dynamic error can generally be ex-

2 H. M. James, N. B. Nichols, and R. S. Phillips, “Theory of
Servomechanisms,” vol. 25, Rad. Lab. Series, McGraw-Hill Book
Co., Inc., New York, N. Y.; 1947.

3 G. H. Floyd, Jr., and R. H. Eisengrein, “Design of Fire-Control
Systems,” Servomechanisms Lahoratory, M.1.T., Cambridge, Mass.
(Confidential), July, 1950.

4 J. L. Bower, “A note on the error coefficients of a servomecha-
nism,” Jour. Appl. Phys., vol. 21; July, 1950.

5 H. Chestnut and R. W. Naver, “Servomechanisms and Regulat-
%GKYS)'SR;[S“ Design,” vol. 1, John Wiley & Sons, Inc., New York,

. Y.; 1951,
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panded in a series as

1l d?
E(t) = aogin(t) + ay ((17 qin(t) + azd—t2 gin(t) + -+ -

n

d
n—_— Gin T 1
+ 4 () + (1)

where

E(t) is the forced dynamic error.

gin(t) is the input function.

ao=zero-order (positional) error coefficient.

a1 =first-derivative (velocity) error coefficient.
a,=second-derivative (acceleration) error coefficient.
a,=mn'-derivative error coefficient.

For example, if gin(f) can be represented as 1+40.1¢
+0.01¢2, the error as a function of time, after initial
conditions have disappeared, can be evaluated com-
pletely as

E(0) = ao{l 4 0. 14 + 0.01¢2) + a3(0.1 4 0.021)
+ 112(0.02).

It can be seen that the error coefficients lead directly to
the evaluation of the resulting error for all values of
time rather than only for time equal to infinity, as with
error constants, which have been treated elsewhere in
the literature.*3

I11. Ev.LUATION OF ERROR COEFFICIENTS

A perfect servo is defined as one having all error co-
efficients equal to zero. In practice, it is desired to make
as many of the lower-order error coefficients zero as pos-
sible. This is equivalent to making the more familiar
error constants K,, K,, K,, etc., infinite.

The error coefficients can be calculated by considering
the Laplace transform of the error between the input
and the output of the system.

Let

L(s) = gourls) — ¢in(s), ()

where E(s) is the Laplace transform of the error E(f)
between the output and input quantities go..(t) and
gin(t). Dividing both sides of (2) by gia(s) yields

E(s) qout(s)
— = - 1], 3
qin(s) [ qin(S) :I <2

where goui(5)/gin(s) is the closed-loop transfer function
if zero initial conditions are assumed. Equation (3) can
be expanded in a Maclaurin series for small values of s
as

E
(s) =aot+as+as’+ - +aus"+---. (&)
Qin
From the similarity between (1) and (4), it can be seen
that the a's are the so-called error coefficients.
¢ H. M, James, et al., loc cil.
7 H. Chestnut and R. W. Mayer, loc cit.

¢ G. S. Brown and D. P. Campbell, “Principles of Servomecha-
nisms,” John Wiley & Sons, Inc., New York, N. Y.; 1948,
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It is possible to evaluate successive error coefficients
from the following relationships derived from 4)

. L(s)
a, = I‘I_I‘no [:]:(s)]’ (5a)
a = lim l[ E(s) — ao,] (5b)
=0 5 L giu(s)
owoim [ LGS oo

Instead of calculating error coefficients from the Mac-
laurin expansion of [(gout/gi,.)(s)—l], it is easier and
more instructive to calculate the values from (Gout
/qin) (s), which is the familiar closed-loop transfer func-
tion. From (3) and (4), it can be seen that

Gout

Gin

(s)=14atas+as’+ - Fas"+---. (6)

Equation (6) is used to calculate the error coefficients.
Let

do' = 1 + ao (7)
and
Gout 2o+ ms 4+ s+ - - - 4 yusn
(5) = = - ®
Gin L+ dis+dos?+ - - + d,sm
Then, from (6), (7) and (8);
a,’ = lim [qout (s)] = n,, 9
0 Qin
1 ou
a, = lim — Fq : (s) — (lo':l = n — ao'd,, 10)
=20 S L Gin
1 ou
a; = lim - ~Fq : (s) — ay’ — a.s]
20 s? L Qin
= No — do’dz - (lldl, (11)
1r - n—1
a, = lim et (s) — a’ — u;..s":l
=0 S"L @in k=1
n—1
= nn— adn — 2 ayd, . (12)
y=1

Equation (12) provides a simple method of computing
higher-order error coefficients in terms of lower-order
error coefficients. Moreover, (8) and (12) give an insight
into how (gou:/gia)(s) should be modified to provide the
desired error coefficients. For example, with all the
lower-order error coefficients up to a, equal to zero, the
coefficient a, is made zero by making n, equal d..

IV. METHODS OF OBTAINING ZERO ERROR
COEFFICIENTS

To correlate the desired error coefficients with the
parameters of (gout/gin)(s), two block diagrams are next
examined in detail in order to see how error coefficients
of order #n and #n+-1 can be made equal to zero in single
loops containing integrations of order 7. Photographs
of test results are shown.
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A. Loop with No Integrations

First, it is shown how the the system of Fig. 1, which
contains no integrations, can be modified to obtain zero
positional and zero velocity error coefhcients. With K,
gain compensation inserted into the feedback loop of
Fig. 1. (gout/qin) (s} can be written as follows
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In order to illustrate the effectiveness of the proposed
method of compensation, the block diagram of Fig. 2
was examined on the General-Purpose Simulator at the
Instrumentation Laboratory, Massachusetts Institute
of Technology, and photographs were taken of the
transient response as seen on an oscilloscope. The pic-

K\T\T; KT, + K743 K
(ki) e
14+ KK, 1+ KK 1+ KK

N : (13)

Qin - N 1.7y + KK,T''T; T, + Ty + KK,T, + KK.T;
s? + s +1

1 + KK,

Equations (7) and (9) show that for ao to be equal to
zero, (14K K,) must equal K. Therefore K; must equal
(1—(1/K)), and with this value the system of Fig. 1
now can be classified as a positional servomechanism
since it has zero positional error. The same system con-
figuration with unity feedback, however, does not meet
with the zero positional error requirement of a servo.

T,se! Tysel Tous
P DL g | m—
T,s+l Tysel
| r 3
. 1 K2 e pa—
L J' {73 - moditying necvork

Fig. 1—General closed-loop system containing no integration.

T 4 ) T,sel Tous
- el [ ™ o Toeel e
r--
l x la
| ! 777 - modifying network
[ S bad

Fig. 2—Sample loop containing no integrations.

To determine a;, (10) is now used

KT, 4+ K73 T4+ T3+ KK.T, + KK.T (14)
l == — .
T F KK, 1+ KK,
But
KK, =K — 1, (15)
therefore
K(T\+ T3) = Te— Ty — (K= 1)(T''+ T4)
dy = , (16)
K
TW+T;—Ty,— T,
- i 3 (17)
K

By adding a network to the forward loop so that the
sum of the time constants in the numerator equals the
sum of the time constants in the denominator, the servo
will now have a zero velocity error coefficient.

1+ KK,

tures of Fig. 3 show that the forced-dynamicerror of this
specific system has been reduced by using eight-tenths
feedback instead of unity feedback. Furthermore, the
gain of the feedback loop K is not critical in the system.
As long as K is between six-tenths and unity, the forced-
dynamic error of the system would be less than that
present with unity feedback.

It can also be seen from the pictures of Fig. 3 that
the forced dynamic error for a ramp input has been
reduced to zero by insertion of a passive network in

Lot for step input

K =0.8 T «T

K « 0.6 T, =T

Ervor for ramp input

K =08 T,=T

T, 0.8 T,=02 K - 0.8 T, - 16 T,~10

X = 0.8 T,~30

T,-26 T,=20 X - 0.8 T, =56

Fig. 3—Simulator results obtained for system of Fig. 2.
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the forward path. As there is a wide choice in the
parameters of the actual network used, the transient
error responses are shown for several different networks.

B. Single Loop with One Integration

It will now be shown how the system of Fig. 4, which
contains a single integration, can be modified to obtain
zero velocity and acceleration coefficients.

Tysel Four

Qe + T s+1

“lm

Ts il Tes+1

Jl- Tys sl ‘I
| Teser |

rea

"7 - woditying necwork

Fig. 4—General closed-loop system containing one integration.

As a first modification, the network (Tss+1)/(Tes+1)
is placed in the feedback path. Then

Ts+1 ><T.a,s-’;-l K
Qout TzS“I" 1 TqS+ 1 L)
(9= S )
Qin 14 Tis+1 Z‘ss-‘l’-l Tss+lx£
T Tas+17 Tes+1” Tes+17 s
2 3
Qout (5)= no+m15+nes +_nss_ N (19)
Qin 1+d15+d252+d353+d454
where
no = 1
m =T+ Ts+ T
ne = T'Ts+ ThTe+ T3Ts
1 (20)
=T+ Ts+Ts+—
K
1
dy = T'"Ts+ TsTs + TnTs + E (Te+ T4+ To).

From these equations, used in conjunction with (12), it
is seen that
ay = 0,

and

a)

1
=.T1+T3+T,—(T,+T3+T5+E>. (21)

1
e ()

Therefore, a, is dependent only upon the parameters of
the feedback path and the gain of the forward path.
Specifically, in order (or a, to be equal to zero, Ts must
equal T5+(1/K). With T equal to zero and a, made
equal to zero by the proper choice of T, a; is now given
by

ay = ThTs+ T'Te+ T3T¢ — ThT;

1
~ (T2 + Tu+ To). (22)
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Because Tg=1/K, then

(23)

With a, equal to zero, a, can, therefore, be made cqual to
zero by ensuring that in the forward part of the loop the
sum of the first-order time constants in the numerator is
equal to the sum of the first-order time constants in the
denominator plus 1/K.

p———-——
1, + Ls 1 I Tys+1 ) Tour
s 0.04s5° » 0.25 + ] T,s+l

= L oo

| Tl g
| Toei | =

-
a :___: = modifying network

Fig. 5—Sample loop containing one integration.

To illustrate further the results obtainable by the use
of error coefficients, the block diagram of Iig. 5 was
also examined on the General Purpose Simulator. The
results, summarized in Fig. 6, show that it is possible to
obtain zero velocity and zero acceleration error co-
efficients without appreciably changing the stability or
response time of the system.

C. Generalized Technique

The effect of a servo in the feedback loop, such as in
Fig. 7, is considered next. For a constant angular
velocity input gia, the following steady-state equations
can be written

q.in
= Qin — 24
@r=g¢ i (24)
q'ou
Q1 = Qout — K: (25)
q‘in = q-uut- (26)

For gou: to be equal to gin, K4 must therefore equal K.
However, from the viewpoint of the over-all loop, the
servo in the feedback path is equal to the passive net-
work 1/[14(1/K)s], which is identical with the
modifying network that was calculated for the servo in
Fig. 4. Consequently, the modifying passive network
acts as though it were a servo having the proper velocity
constant. In fact, any passive network which has a
transfer function equal to the closed-loop transfer func-
tion of a servo having the correct velocity constant can
be used in the feedback path of Fig. 4 to obtain a zero
velocity error coefficient. In general, this analog method
can be used for selecting the network necessary to make
a. equal to zero in a loop containing # integrations where
n is 1 or larger.

D. Alternate Compensation Techniques

Previously in this paper, emphasis has been placed on
using a network in the feedback path in order to make
the a, error coefficient equal to zero in an # integration
loop. In many cases, it may be impossible or inconven-
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~ Step response

T,=T7,;

T,= L0

T,=38 T 2 Ty,=10 T,6=12167
1 2 4

T,= 1.67 T, =387 T,w2 T,~10 T, =167

Lrroe for coastant-scceleration input

T,=T T,-T,

Fig. 6—Simulator results obtained for system of Fig. 5.

T,=T,

ient to put a network in the feedback path, due to the
nature of the system components. However, even with a
unity feedback path, it may still be possible to have the
desired error coefficient. Fig. 8 shows two possible ways
in which this may be done. In multiloop systems more
ways are possible and the equivalent method of com-
pensation will depend, to a large extent, upon the in-
genuity of the designer.

E. Use of Additional Integrations

In a single-loop system with unity feedback, higher-
order error coefficients can be made equal to zero by the
insertion of additional integrations in the forward path.
Thus, the compensation techniques developed in this
paper are mathematically equivalent to the use of extra
integrations in the forward path of a unity feedback sys-
tem. For example, the system of Fig. 5, which contains
only one integration and two passive compensating net-
works, is mathematically equivalent to a system with
unity feedback and three integrations in the forward
path. In general, each additional passive compensation
network in a single-loop system can be replaced by an
active integrator. However, in multiloop systems, it may
be possible to have one network take the place of several
integrators.

V. EFFECT OF ZERO ERROR COEFFICIENT
MODIFICATIONS UPON SYSTEM RESPONSE

A. Stability and Bandwidth

It has been shown in the preceding section that the
passive network used in the feedback loop is equivalent
to a servo. If the bandwidth of the equivalent servois
sufficiently larger than the bandwidth of the original

-

T,= 10 T,~ 1.67

T

\= 387 T,=2 T <10 T, = 0L67

-t AA +
=

Fig. 7—Example of system containing a servo in the feedback path

1, +
% lPFl’ ""

iPFl,
four
PFl, —
lPF), -1
fin 1 + L}
i1, IPF), leF),

PF), = performance function of
forward path

[PF), « pettormaace tunctina of
modilying network

Fig. 8—Equivalent methods of compensation.
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loop, then the over-all loop will see unity feedback inside
its bandwidth. Since unity feedback does not change the
phase lag at the resonant frequency, the passive network
will not appreciably affect the stability or bandwidth
of the over-all loop. Therefore, it is generally possible to
design the passive network used in the feedback path so
that it does not adversely affect the stability or band-
width of the over-all loop. Moreover, if the original loop
has marginal stability as a result of trying to achieve a
large error constant, then both the stability and error
constants of the loop can be increased by reducing the
forward loop gain and using a network in the feedback
loop.

The modifying network used in the forward loop has
the function of making the a.1 error coefficient equal to
zero in an »n integration loop. In a zero integration loop,
this network should be such that the sum of the numera-
tor time constants is equal to the sum of the denom-
inator time constants. Since only the over-all sum is
important, the networks shown below can be considered
equivalent in the steady state.

S5s+1 Is+1
7s + 1 3s+1

2s + 1
X .
Is+1

Consequently, there is a wide latitude in the choice of the
modifying network, and it may be possible to pick the
forward loop network so that it does not affect the sta-
bility or bandwidth. Likewise, in higher-order systems
there is a wide latitude in the choice of the modifying
network.

3s+1
6s+1

T, ~-08
Error foz seep inpuc

lncegral of above error Integral of above ervor

T,=02

Error for step inpw

Fig. 9—Effect of modifications on transient
response of system of Fig. 2.

B. Reshaping of Transient Response

It is known that the set of linear differential operators
with constant coefficients is commutative.® Conse-
quently, since a ramp function is the integral of a step
function, the error response to a ramp input of a linear
system with constant coefficients can be found by in-

? F. B. Hildebrand, “Advanced Calculus for Engineers,” Prentice-
Hall, Inc., New York, N. Y.; 1949,
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tegrating the error response of the system for a step in-
put. Similarly, the error response for a constant accel-
eration input is the double integral of the error response
for a step input. Making higher-order error coefficients
equal to zero, therefore, means that the error response
to a step input is modified so that higher integrals of this
response become equal to zero. This is illustrated in the
pictures of Fig. 9.

VI. ConcLusION

A method has been presented for reducing the forced
dynamic error in a closed-loop system. In general,
there is a wide latitude in the specific parameters of the
networks used to accomplish this effect, and it is possi-
ble to design a network that does not appreciably
change the stability or response time of the system.

Furthermore, even though it is a matching method of
compensation that assumes the system parameters do
not change, significant reduction of forced dynamic error
can often be obtained without the network parameters
having to be set precisely. For example, if a network
1/(T3s+1) is used instead of the theoretically correct
network 1/(Tes+1) in the feedback path of Fig. 4, then
the forced dynamic error for a ramp input will be less
than would be present with unity feedback as long as
0<T7<2T,. The choice of the network can be facili-
tated by the following general rule:

In a single loop containing % integrations, the
error coefficient a, is independent of the dynamic
lags of the forward path. It does, however, depend
upon the gain of the forward path and the parame-
ters of the feedback path. Specifically, in a loop
containing no integrations, a zero positional error
coefficient can be obtained by using a feedback
path gain of one minus the reciprocal of the gain
of the forward path. In a loop containing one in-
tegration, .a zero velocity error coefficient can be
obtained by using the feedback network (Z%s
+1)/(Tes+1), where Ts equals Ts plus the re-
ciprocal of the gain of the forward path.

Although this paper is restricted to the consideration
of positional servomechanisms, the techniques devel-
oped here are applicable to a larger class of systems. If
it is desired that the output g.u¢ be some function of the
input f(gin), then the system error may be defined as
gout—f(qin). With this definition of error, a new set of
error coefficients may be formulated in terms of the
system parameters. The system parameters may then
be modified intelligently to reduce the forced dynamic
error. Finally, since the compensation used is con-
tingent upon modifying the feedback loop, it has been
shown conclusively that servo performance can be im-
proved by using other than unity feedback.

G,
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Theory of AFC Synchronization”

WOLF J. GRUEN{, MEMBER, IRE

Summary—The general solution for the important design param-
eters of an automatic frequency and phase-control system is pre-
sented. These parameters include the transient response, frequency
response and noise bandwidth of the system, as well as the hold-in
range and pull-in range of synchronization.

I. INTRODUCTION

UTOMATIC FREQUENCY and phase-control
A systems have been used for a number of years

* for the horizontal-sweep synchronization in tele-
vision reccivers, and more recently have found applica-
tion for the synchronization of the color subcarrier in
the proposed NTSC color-television system. A block
diagram of a general AFC system is shown in Fig. 1.

el(‘ﬂ) ed ec ez (‘Pz)

Fig. 1 —Block diagram of A.F.C. loop.

The phase of the transmitted synchronizing signal e, is
compared to the phase of a local oscillator signal e, in a
phase discriminator D. The resulting discriminator out-
put voltage is proportional to the phase difference of the
two signals, and is fed through a control network F to a
frequency-control stage C. This stage controls the fre-
quency and phase of a local oscillator O in accordance
with the synchronizing information, thereby keeping
the two signals in perfect synchronism. Although in
practice the transmitted reference signal is often pulsed
and the oscillator comparison voltage non-sinusoidal,
the analysis is carried out for sinusoidal signal voltages.
The theory, however, can be extended for a particular
problem by writing the applied voltages in terms of a
FFourier scries instead of the simple sine function. An
AFC system is essentially a servomechanism, and the
notation that will be used is the onc followed by many
workers in this ficld. An attempt will be made to present
the response characteristics in dimensionless form in
order to obtain a universal plot of the response curves.

II. DERIVATION OF THE Basic EQuaTioN

If it is assumed that the discriminator is a balanced
phase detector composed of peak-detecting diodes, the
discriminator-output voltage can be derived from the
vector diagram in Fig. 2. For sinusoidal variation with
time, the synchronizing signal ¢, and the reference signal

* Decimal classification: R583.5. Original manuscript received

by the Institute, August 21, 1952; revised manuscript received Feh-
ruary 25, 1953.

t General Electric Co., Syracuse, N. Y.
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e, can be written
e, = E, cos ¢, ¢))
and
es = E, sin ¢2. (2)

¢, and ¢ are functions of time and, for reasons of sim-
plicity in the later development, it is arbitrarily assumed
that ¢, and ¢: are in quadrature when the system is per-
fectly synchronized, that is when ¢, =¢..

Fig. 2—Discriminator vector diagram.

While one of the discriminator diodes is fed with the
sum of e, and e,/2, the other is fed with the difference
of these two vectors as shown in Fig. 2. The resulting
rectified voltages Es and Ej can be established by
simple trigonometric relations. Defining a difference
phase

¢ = ¢1— ¢, (3)
one obtains
2
Eut = E?+ ‘_42— + E,E, sin ¢ (4)
and
E;?
Eg? = E? 4+ e E\E, sin ¢. (5

The discriminator output voltage e, is equal to the dif-
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ference of the two rectified voltages, so that -
2E,\E,

3

Egy + Eg

If the amplitude E, of the synchronizing signal is larger
than the amplitude E, of the reference signal, one ob-
tains

eq=Eun — Eg =

in . (6)

Ey+ Epp~2E,. @)
The discriminator output voltage then becomes
eq = E,sin ¢ )]

and is independent of the amplitude E, of the synchro-
nizing signal. As ¢, and ¢, are time-varying parameters,
it should be kept in mind that the discriminator time
constant ought to be shorter than the reciprocal of the
highest difference {requency d¢/dt, which is of impor-
tance for the operation of the system.

Denoting the transfer function of the control net-
work F as F(p), the oscillator control voltage becomes

e = F(p)E; sin ¢. 9)

Assuming furthermore that the oscillator has a linear-
control characteristic of a slope S, and that the free-
running oscillator frequency is wq, the actual oscillator
frequency in operational notation becomes

P¢2 = Wo + Sec- (10)
Substituting (3) and (9) into (10) then gives
po + SEL(p) sin ¢ = pp1 — wo. (11)

The product SE, repeats itself throughout this paper
and shall be defined as the gain constant

K = SE,. (12)

K represents the maximum frequency shift at the out-
put of the system per radian phase shift at the input.
It has the dimension of radians/second.

Equation (11) can be simplified further by measuring
the phase angles in a coordinate system which moves at
the free-running speed wy of the local oscillator. One
obtains

pé + F(p)K sin ¢ = pe, (13)

This equation represents the general differential equa-
tion of the AFC feedback loop. p¢ is the instantaneous-
difference frequency between the synchronizing signal
and the controlled-oscillator signal and p¢, is the in-
stantaneous-difference frequency between the syn-
chronizing signal and the free-running oscillator signal.

Equation (13) shows that all AFC systems with
identical gain constants K and unity d.c. gain through
the control network have the same steady-state solu-
tion, provided that the difference frequency p¢, is con-
stant. If this difference frequency is defined as

Aw = P¢1 = W1 — Wo,

(14)
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the steady-state solution is

0 ¢ Aw
sing = — -
K

(15)
This means the system has a steady-state phase error
which is proportional to the initial detuning Aw and
inversely proportional to the gain constant K. Since the
maximum value of sin ¢ in (15) is +1, the system will
hold synchronism over a frequency range

| Awtola-in| < K.

(16)

Equations (15) and (16) thus define the static perform-
ance limit of the system.

III. LINEAR ANALYSIS

An AFC system, once it is synchronized, behaves like
a low-pass filter. To study its performance it is per-
missible, for practical signal-to-noise ratios, to sub-
stitute the angle for the sine function in (13). Then, with
the definition of (3), one obtains

p$: + KF(p)¢: = KF(p)1. (17)

This equation relates the output phase ¢, of the syn-
chronized system to the input phase ¢,. It permits an
evaluation of the behavior of the system to small dis-
turbances of the input phase, if the transfer function
F(p) of the control network is specified.

a. F(p)=1

This is the simplest possible AFC system, and repre-
sents a direct connection between the discriminator out-
put and the oscillator control stage. Equation (17) then
becomes

P2 + Koz = Ko (18)

If the initial detuning is zero, the transient response of
the system to a sudden step of input phase |¢1| is

G () =1 — K,

| 1]

Likewise, the frequency response of the system to a
sine-wave modulation of the input phase is

2 1
2 (o) = ————

1 1+_w
Tk

The simple AFC system thus behaves like an RC-filter
and has a cut-off frequency of

w, = K [radians/sec].

(19)

(20)

(21)

George! has shown that the m.s. phase error of the
system under the influence of random interference is
proportional to the noise bandwidth, which is defined as

1'T. S. George, “Synchronizing systems for dot interlaced color
TV,” Proc. I.R.E.; February, 1951.
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4w ¢ 2
B = f 122 Gy | do.
—o0 ¢l
The integration has to be carried out from — « to +

since the noise components on both sides of the carrier
are demodulated. Inserting (20) into (22) then yields

(22)

B = 7K [radians/sec]. (23)

It was shown in (15) that for small steady-state
phase errors due to average frequency drift, the gain
constant K has to be made as large as possible, while
now for good noise immunity, i.c., narrow bandwidth,
the gain constant has to be made as small as possible. A
proper compromise of gain then must be found to insure
adequate performance of the system for all require-
ments. This difficulty, however, can be overcome by the
use of a more elaborate control network.

R, R
&= — va —_—
" L
ey €. ey SO €c
Ca
T° 1
(a) (b)
T, = R,C T,=RC,
T, =(R*+R,)C T, =R(C,*C,)
e 1+ T
Cd 1+ Tap
Fig. 3—Proportional plus integral control networks.
1 + Tlp
b. F(p) = ———
1 + sz

Networks of this type are called proportional-plus
integral-control networks? and typical network con-
figurations are shown in Fig. 3. Inserting the above
transfer function into (17) yields

1 T1 <
+ K ) P2+ — @2
2 T2

T2

pid: + <

T

T1
por + — o

T T

=K (24)
¢y and ¢, are again relative phase angles, measured in a
coordinate system which moves at the free-running
speed of the local oscillator. To integrate (24), it is con-
venient to introduce the following parameters

K
Wy = — (25)

T2

2 G. S. Brown and D. P. Campbell, “Principles of Servomecha-
nisms,” John Wiley & Sons Publishing Co., New York, N.Y.; 1948.
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and

1 T1
2w, =—+K—-

T2 T2

(26)

w, is the resonance frequency of the system in the ab-
sence of any damping, and { is the ratio of actual-to-
critical damping. In terms of the new parameters the
time constants of the control network are

2¢ 1
"W =—-—_
w, K (27)
and
K
Ta = . (28)
w,?

With these definitions (24) becomes

P2¢2 + wan[’(ﬁz + wn2¢2

w,?

= <2§-wn - ?) P + w21 (29)

The transient response of the system to a sudden step
of input phase |¢:] is found by integration of (29) and
the initial condition for the oscillator frequency is ob-
tained from (10). The transient response then is

= :2 ) =1—ce 'f"’"‘l:cos V1= (2wl
1

Wn
{ K V1 2wt (30
i — o sin £2 wy 30)

For ¢ <1 the system is underdamped (oscillatory), for
¢ =1 critically damped and for {>1 overdamped (non-
oscillatory). In order to avoid sluggishness of the sys-
tem, a rule of thumb may be followed making. 4 <¢ <12
The transient response of (30) can be plotted in dimen-
sionless form if certain specifications are made for the
ratio w,/K. As the time constant 7, of the control net-
work must be positive or can at most be equal to zero,
the maximum value for w,/K is found from (27), yielding

W
— = 2¢.

Kl (31)

In this case the control network is reduced to a single
time constant network (r;=0). On the other hand, if
for a fixed value of w, the gain of the system is in-
creased towards infinity, the minimum value for w,/K
bhecomes

W,

. = 0.
K | min (32)

Fig. 4 shows the transient response of the system for
these two limits and for a damping ratio of {=0.5.
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Fig. 4—Transient response for { =0.5.

The frequency response of the system is readily found
from (24) and one obtains

14 262 (1 O )
¢2 . / g-wn 2g-K
o) =—— (33)
b1 w w
()
Wn Wy

Its magnitude is plotted in Fig. 5 for the two limit
values of w,/K and for a damping ratio {=0.5. The
curves show that the cut-off frequency of the system,
for {=0.5, is approximately

we ™ w, [radians/sec.].

(34)

If ¢ and ¢, in (33) are assumed to be the input and
output voltage of a four-terminal low-pass filter, the

frequency response leads to the equivalent circuit of
Fig. 6.

o)
o o
I

Fig. 6—Iiquivalent low-pass filter.

The noise bandwidth of the system is established by
inserting (33) into (22) and one obtains
w
(l( ) (35)
4 w,

1+42(“’>2 [1 o ]2
5 Wn %K
- w)\? w
o))
w, Wy
The integration, which can be carried out by partial
fractions with the help of tables, yields

+a0

I
€
B

4z 4w"+<&)2+1

CHE Tk

B=— "
2

(36)

TWy.
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T:(ro)l db

+b

-2

Fig. 5—Frequency response for { =0.5.

For small values of w,/K, it is readily established that
this expression has a minimum when ¢ =0.5. Hence, the
noise bandwidths for the limit values of w,/K and ¢=0.5
become

B| (oyyxr-1 = w0, = 7K [radians/sec] (37)

and

B[ (wnlK)-0 = 27w, [radians/sec]. (38)

The above derivations, as well as the response curves
of Figs. 4 and 5, show that the bandwidth and the gain
constant of the system can be adjusted independently if
a double time-constant control network is employed.

¢. Example

The theory is best illustrated by means of an exam-
ple. Suppose an AFC system is to be designed, having
a steady state phase error of not more than 3° and a
noise bandwidth of 1,000 cps. The local oscillator drift
shall be assumed with 1,500 cps.

The required gain constant is obtained from (15),
yielding
Aw 27x-1,500

K =— =
sin ¢

- = 180,000 radians/sec.
sin 3°
Since K is large in comparison to the required band-

width, the resonance frequency of the system is estab-
lished from (38).

B 27-1,000
Wp = — = ——— =

1,000 radians/sec.
27 27

The two time constants of the control network, as-
suming a damping ratio of 0.5, are determined from
(27) and (28) respectively

2t 1 1 1

T=———= - &~ 102 sec,
w, K 1,000 180,000

and

K 180,000
= 0.18 sec.

T 11,0000

w?
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These values K, 71, and 7; completely define the AFC
system. A proper choice of gain distribution and control-
network impedance still has to be made to fit a par-
ticular design. For example, if the peak amplitude of the
sinusoidal oscillator reference voltage is E;=6 volts,
the sensitivity of the oscillator control stage must be
S$=230,000 radians/sec/volt to provide the necessary
gain constant of 180,000 radians/sec. Furthermore, if
the capacitor C for the control network of Fig. 3(a)
is assumed to be 0.22 uf, the resistors R; and R be-
come 4.7 kQ and 820 kQ respectively, to yicld the desired
time constants.

IV. NoN-LINEAR ANALYSIS

While it was permissible to assume small phase angles
for the study of the synchronized system, thereby lin-
earizing the differential (13), this simplification cannot
be made for the evaluation of the pull-in performance of
the system. The pull-in range of synchronization is de-
fined as the range of difference frequencies, p¢i, be-
tween the input signal and the free-running oscillator
signal, over which the system can reach synchronisni.
Since the difference phase ¢ can vary over many radians
during pull-in, it is necessary to integrate the nonlinear
equation to establish the limit of synchronization.

Assuming that the frequency of the input signal is
constant as defined by (14), (13) can be written

pé + F(p)K sin ¢ = Aw. (39)
Mathematically then, the pull-in range of synchroniza-
tion is the maximum value of Aw for which, irrespective
of the initial condition of the system, the phase differ-
ence ¢ reaches a steady state value. To solve (39), the

transfer function of the control network again must be
defined.

a. F(p) =1

The pull-in performance for this case has been treated
in detail by Labin.? With F(p) =1 (39) can be integrated
by separation of the variables and it is readily found
that the system synchronizes for all values of |Aw| < K.
The condition for pull-in then is '

| Aw IPull—in < K. (40)

Large pull-in range and narrow-noise bandwidth thus
are incompatible requirements for this system.

14+
b PP =
. 2

Inserting this transfer function into (39) and carrying
out the differentiation yields

d? 1 K A
d—:-}—[—-}-chosqS](Z—f—}——sincp:—w-

T2 T2 T2 T2

(41)

3 Edouard Labin, “Theorie de la synchronization par controle de
phase,” Philips Res. Rep., (in French); August, 1941.
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This equation can be simplified by inserting the co-
efficients defined in (25) and (26), and by dividing the
resulting equation by w,?. This leads to the dimension-
less equation.

d% + [w,. + (2 w,.) ] de¢
w,2d? K J K . w,dt

1 o 0 o
sin = —
K

(42)

A further simplification is possible by defining a di-
mensionless difference frequency

do
wedl

y = (43)

and one obtains a first order differential equation from
which the dimensionless time w,! has been eliminated.
It follows

wn
- ) 4
do y K <2§- K>C08¢ (44

There is presently no analytical method available to
solve this equation. However, the equation completely
defines the slope of the solution curve y(¢) at all points
of a ¢ —y plane, except for the points of stable and un-
stable equilibrium, y=0; Aw/K=sin ¢. The limit of
synchronization can thus be found graphically by
starting the system with an infinitestimal velocity Ay
at a point of unstable equilibrium, y=0; ¢ =r—sin™
Aw/K, and finding the value of Aw/K for which the solu-
tion curve just reaches the next point of unstableequi-
librium located aty=0;¢ = 37w —sin~'Aw/K. The method
is discussed by Stoker¢ and has been used by Tellier and
Preston® to find the pull-in range for a single time con-
stant AFC system.

To establish the limit curve of synchronization for
given values of { and w,/K, a number of solution curves
have to be plotted with Aw/K as parameter. The limit
of pull-in range in terms of Aw/K then can be inter-
polated to any desired degree of accuracy. The result,
obtained in this manner, is shown in the dimensionless
graph of Fig. 7, where Aw/K is plotted as a function of
w./K for a damping ratio { =0.5. Since this curve repre-
sents the stability limit of synchronization for the sys-
tem, the time required to reach synchronism is infinite
when starting from any point on the limit curve. The
same applies to any point on the Aw/K-axis, with excep-
tion of the point Aw/K =0, since this axis describes a
system having either infinite gain or zero bandwidth,
and neither case has any real practical significance. The
practical pull-in range of synchronization, therefore,
lies inside the solid boundary. The individual points

1958 J. ]. Stoker, “Non-linear vibrations,” Interscience; New York,
$G. W. Prestonand J. C. Tellier, “The Lock-in Performance of an
A.F.C. Circuit,” Proc. [.R.E.; February, 1953.
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entered in Fig. 7 represent the measured pull-in curve
of a particular system for which the damping ratio was
maintained at {=0.5. For small values of w,/K this

AW
K

D>

Fig. 7—P’ull-in range of synchronization for {=0.5.

pull-in curve can be approximated by its circle of curva-
ture which, as indicated by the dotted line, is tangent
to the Aw/K-axis and whose center lies on the w,/K-
axis. The pull-in range thus can be expressed ana-
lytically by the equation of the circle of curvature. If
its radius is denoted by ¢, the circle is given by

PROCEEDINGS OF THE I.R.E.
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(w” r)2+ < Aw)z % (45)
K K/

Hence, for (w,/K)—0, the pull-in range of synchroniza-
tion is approximately

| Awpynin j,(w,,/l\')*o < V2w, K — wa? > /28w, K. (46)

¢ can be interpreted as a constant of proportionality
which depends on the particular design of the system,
and which increases as the system gets closer to the theo-
retical limit of synchronization.

Equation (46) shows that the pull-in range for small
values of w,/ K is proportional to the square root of the
product of the cut-off frequency w, and the gain con-
stant K. Since the bandwidth of a double time constant
AFC system can be adjusted independently of the gain
constant, the pull-in range of such a system can exceed
the noise bandwidth by any desired amount.

\". CONCLUSIONS

The performance of an AFC system can be described
by three paramecters. These are the gain constant K,
the damping ratio ¢ and the resonance or cut-off {re-
quency w,. These parameters are specified by the re-
quirements of a particular application and define the
over-all design of the system. It has been shown that
among the systems with zero, single and double time
constant control networks, only the latter fulfills the
requirement for achieving good noise immunity, small
steady-state phase error and large pull-in range.

A New Solution for the Current and Voltage Dis-
tributions on Cylindrical, Elliptical, Conical
or Other Axisymmetrical Antennas®
0. ZINKE}

ABSTRACT!

YO FIND THE CURRENT DISTRIBUTION

T[ we only need four results derived from a treatment

of the problem by means of Maxwell’s equations:

1. The voltage (the scalar potential) varies nearly
sinusoidally along a cylindrical antenna

V = Vaex [cos 2 L-+ l"~ .

Rmd /5 + lu - z:l
j ——sin 2 - - . 1
+7J 7 in 27 S (1)

* Decimal classification: R120. Original manuscript received by
the Institute, April 16, 1952.

1 Zentrallaboratorium, Siemens and Halske Aktiengesellschaft,
Munich, Germany.

! For complete paper order Document 3923 from American Docu-
mentation Institute Auxiliary Publications Project, I’hoto-duplica-
tion Service, Library of Congress, Washington, D. C. $2.00 for micro-
film; or $3.75 for photoprints readable without optical aid.

L =length of the half of the antenna.

I, =equivalent length of the end plate =ro\/2.

z=variable, reckoned from the plan of symmetry
along the surface of the antenna

A =wavelength.

R..q =radiation resistance = f(L/\).

Z =characteristic ~impedance=120 (log,

—const.) ohms.

2L/D

2. The field strength E, normal to the antenna sur-
face is derived from E,= —3¢/dn as in the electrostatic
case

E, = —

T —

d¢stut[ L + lu - 2
— | cos 2

n

Riaa L+l,,—z:|
j in 27— — . 2
+]Z sin 27 S (2)
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Herein de.i/dn is found either by field plotting or ex-
perimentally in the electrolytic trough or by calculation
(method of Southwell).
3. The charge ¢ per unit length of the antenna surface
is obtained as product of the known field strength E,
and the antenna radius r
q= E,.Eoé.9121rl’o. (3)
4. By the continuity law of the current dI./dz=jwqg
=jwE €€e127re we thus know the slope of the current

at any point z. The current I, itself is now after in-
tegration

j ‘ dd’stﬂt[ L + 1,, — 2
= 70 cos 2w
60Q zem L4, dll A
Rr:\(l L+ o = & 21z
+ j———sin 2= = :|d<——~>. 4
I Z A A 4

From (4) it is obvious that the irregularities of the
function ro(d¢si/dn) govern the distortion of the current
curve. For homogeneous lines 7o and d@aw.:/dn are con-
stant; for clliptical antennas the product ro(dgsi./dn)
is constant (except the ends). In accordance with
(4) the current distribution will thus remain sinusoidal.

For cylindrical antennas, however, d¢.../dn varies
rapidly with z along the surface. The influence of the
“distortion function” ro(dpsia/dn) is particularly re-
markable in the case of voltage resonance as seen in
Fig. 1 where

(a) shows the field strength Fyu = — (ddain/dn),

(b) the two voltage components V; and V3 according
to (1).

(c) gives the two charges ¢ and g» corresponding to

(3).

The charge q is strongly distorted near the feed
point. The integration of the charge distribution curves
¢ and g2 yields at once the currents , and 7, as shown
in (d) of Fig. 1. The main current 4, presents a maxi-
mum at the zero point of V; and ¢.. The length from
the antenna end to this maximum is nearly A/4. It is
only now that antenna shortening begins. The current
7, becomes zero when the negative area of ¢, equals the
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Fig. 1—\Voltage charge and current dependent on z for an
antenna at voltage resonance (L <\/2).

positive area. Such is the case at z=4". Now hn—h' is
considerably smaller than N\/4.

The shortening of the cylindrical antenna at anti-
resonance is thus determined by the strong-charge ac-
cumulation near the feeding gap. The reason of the non-
sinusoidal current distribution is not radiation but lack
of uniformity in the static surface charge. Radiation
merely produces a second component in phase quad-
rature to the reactive component, according to (4).

CTNEZTO



1050

PROCEEDINGS OF THE IL.R.E.

Wide-Band Phase-Delay Circuit”

HARRY SOHONY, SENIOR MEMBER, IRE

Summary—A wide-band phase-delay circuit can be constructed
provided phase delay is made to depend on both differences in length
and differences in cutoff frequencies of the waveguides of the circuit.

INTRODUCTION

N UHF EQUIPMENT where signals of the same
]:[ frequency are fed through two or more parallel

channels it is sometimes desirable to cause a phase
shift to be developed between signals in two of the
channels. This might be to produce an arbitrary phase
difference or to compensate for a phase shift introduced
in some other part of the equipment.

Suppose that two lengths of waveguide are supplied
with signals of the same frequency and phase at the
input end. The relative phase at the output end will be
determined by the lengths of the guides and by the
respective guide wavelengths.

If the waveguides are identical except for length, a
phase difference will be produced proportional to the
difference in lengths. If the operating frequency is
changed by accident, or by modulation, the phase shift
will be changed. If, on the other hand, the waveguides
are of the same length, the phase difference can be
produced by making them have different guide wave-
lengths. In this case a change in operating frequency
also will change the phase difference, but the change
will now be in the opposite direction.

WiIDE-BAND Prase-DeLay CirculT

It was suggested that by combining these two meth-
ods of obtaining phase delay the variation of the phase
difference with frequency might be reduced, therchy
producing a wide-band phase-delay circuit.

Let ¢ be the phase difference obtained in two guides
of lengths L, and L,.

Let f=the operating frequency.

Ji=the cutoff frequency for guide 1.
f2=the cutoff frequency for guide 2.
N, A, and A, the wavelengths in free space
corresponding to f, fi; and f,.
Ao =the guide wavelength obtained in guide 1.
fo, No=the design frequency and corresponding
wavclength in free space.

* Decimal classification: R310. Original manuscript received by
the Institute, October 10, 1950; revised manuscript received Feb-
ruary 26, 1953. The work described here was done by the Engineering
Products Dept., RCA Victor Division, Radio Corporation of America,
an associated contractor of the Applied Physics Laboratory, The
Johns Hopkins University, operating under contract NOrd-9826.
N. I. Korman was responsible for the development engineering.

t Associate Professor, Moore School of Electrical Engineering,
University of Pennsylvania, Philadelphia, Pa.
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Since the guide wavelength for guide 1 is
N A c )
2 /‘/1—)2 \/fz—_.fl? ’
A2
the total phase delay produced in guide 1 is, in radians
2#L, 2#l, _ o

phase delay = \ = ——\f* = f% (2)

ol ¢

A similar expression holds for guide 2; consequently the
total phase difference obtained in the two guides is

21!'L2 e — 21!'L1 —
p V=2 — e VIt=fit (3)

¢=

With four parameters, L,, Lo, fi, f2, to be determined,
one would expect to be able to impose four conditions
on the design. The primary objective is to produce a
requisite phase shift ¢ and to maintain the phase shift
as constant as possible in spite of frequency variations.
The objective can be better understood by referring to
Taylor’s series for the phase shift

b=t =10 (‘fi-‘j)o+ ALl (f‘f;f?;)+ @

To produce a very wide-band device it would be well to
have as many derivatives equal zero as possible. There-
fore one might try to choose the four parameters such
that ¢, has the required value and the first three deriva-
tives are equal to zero. However, it is pointed out below
that only the first derivative can he made zero.

Since the second and third derivatives cannot be made
zero, two other specifications are required to produce a
unique design. A design procedure is given below which
gives a coupler having a minimum length for a required
range of operating frequencies. Hence the four specifica-
tions used are

1. Specific phase difference, ¢

2. Wide-Band operation; first derivative equals zero.

3. Specified frequency range.

4. Minimum length of complete coupler.

Substituting f=f, in (3) the expression for ¢, is oh-
tained

27
to=— [LVF =72 = LVIF=T2 ()

Introducing two new symbols

1/ ir
m, = 1——,
fo?

2
2 = 1 - "y 6
m /‘/ P (6)
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(5) becomes

21l'fo
4

¢o = [Lzmz - lel]- €]

The derivatives are obtained by repeated differentia-
tion of (3) with respect of f. At f=f, the first three
derivatives are written in terms of m; and m,.

d¢ 2a[ Ly I,

G chaal ®
(if 0 c LLmg n,

d* 27 [ L, L,

(5 55
df*/o cfo Lm®*  ms?

((13¢> (i [Ll L, n L, Ll]
as? o_ cfo? Lmy® mo? ma® m® .

The first derivative can be made zero by making

L, L,

(10)

o (11)
Mo my
In this case
i# 2r L[ 1 1
G A I
df*/o  cfo malm®  ma?

d*¢ 6rl. [ 1 1 1 1
(- el 2l i
df*/o  cfoma Lmy? moy? m: om.t

Clearly these cannot be made zero unless m, equals
m,. If use is made of (7) and (11) these derivatives can
be written in terms of the phase difference desired

((1205) _ bo
df*/o  m®myfe®

((13¢) 3do (1 1 1 )
(1_[3 o— 1”12"122_[03 1”12 1”22 ’
By substituting (14) and (15) into (4) and rearranging
slightly, the result obtained is two terms in Taylor's
series for the fractional variation of phase difference

with frequency

ol .

(14)
(15)

bo fo 2my’m,®
1 1
1 — — —
+ (ffﬁ)s L T
fo 2my4n,?
It is convenient to rewrite (7)

21l' L'_v

b0 = x— ; ("l'_»2 - m,”). (17)
0 2

Taking Ls/m.=L,/m; as constant, the maximum
effect is obtained by making m, as large and m, as small
as possible. Hence for a given ¢ this same choice will
make the length of the coupler a minimum.

Now if m, is small and m, is large, according to (6)
fiis large and f, is small. In order to estimate the possible

Sohon: Wide-Band Phase-Delay Circuit
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range of values of fy and f; consider a standard wave-
guide 0.75X%0.375 inches. This has a cutoff frequency
7.87 kmc and the recommended range of operation is
10 to 15 kmc. Since

10 f <15
0 f 15
1.27 = —— <= <—"— =1.91, (18)
7.87° f1  71.87
where f, is the cutoff frequency of the guide. Similarly
1.27gi§ 1.91, (19)
2
where f, is the cutoff frequency of guide 2.
Assume for definiteness L,> L; then m,>m, and
ST,
f S
therefore
o f
1.27€ — <> < 1.91. (20)
N Sa
If the range of operation is given by fo F, then
- + F
gl Tl S < 1.91, 21)
fx fe

and to obtain maximum separation between f; and f,
and hence between m,; and m., use the equalities in (21).

Jo—F ,
N = T (22)
So+F
S = 1.’91' : (23)

Equations (22) and (23) along with (5) and (11) give
four relations to determine uniquely the four parame-
ters Ll, Lz, fl, and fz.

NUMERICAL EXAMPLE

Suppose that a coupler is desired that produces a 90°
phase shift, to operate between 4 and 5 kmc. Then
fo=4.5 kmc and F=0.5 kmc, and (22) and (23) give

4
—— = 3.15 kmc
1.27
5

N (24)

f

7= 2.62 kmc. (25)

The values given in (24) and (25) are extreme values.
For example f; can be made less than 3.15 and/or f,
can be made greater than 2.62 if desired. If there is a
standard waveguide available having a cutoff frequency
between 2.62 and 3.15 it can be used in place of one of
the waveguides called for. However, if these extreme
values are used, the over-all length of the coupler will
be a minimum. If it is decided to use these extreme
values then waveguides having cutoff frequencies 2.62
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and 3.15 kmc should be constructed. Their cross sec-
tions will be 2.25X1.125 and 1.875X0.937 inches in-
side.

To determine the deviation expected compute m, and
mq and substitute into (16).

2
m*=1— f—l~ = (.500. (26)
Jo?
my? =1 —fi = 0.660, (27)
Jo?
Use
i R (28)
fo
Hence
¢ — &o 0.1112
do  2(0.509)(0.660)
1 1
o.1113{(1 — —*—-—<>
0.509  0.660
2(0.509)(0. 660)
= 0.0184 F 0.00507. (29)

This variation is about 2 per cent compared to a
variation of 20 per cent as would Le experienced if the
phase difference were obtained by difference in guide
length alone. In the expression above one sign corre-
sponds to one side of the [requency band, the other sign
to the opposite side of the band. HHence the design can
be improved by choosing the design frequency, fo, to
one side of the central frequency. In this way the varia-
tion in phase can be made the same at both sides of
the operating range. This requirement will not be inves-
tigated here.

Solving (16) for L.,

A m
e r 002, (30)
2 may? — m? 27
For a phase difference of one-quarter cycle
20.1
L2=T=S.02 in. (31)
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and

n .
lo— =4.39in,
ms

L[ =

If it would be more convenient to have greater
lengths the design can be changed to bring f; and f,
nearer equality. In this illustration where the working
range is 4 to 5 kmc the guides adopted have normal
working ranges of 3.33 to 5 and 4 to 6 kmc. One of these
could be replaced by a guide having a normal working
range of, say, 3.67 to 5.5 kmec. Not only will this change
increase the over-all length but it will also reduce the
deviation computed in (29).

CONCLUSION

If the required range of operation is less than two-to-
three this type coupler can be used. Determine the cut-
off frequencies of the guides to satisly (22) and (23).
If a standard waveguide has a cutoff frequency between
the cutoff frequencies computed, then the standard
guide can be used and its cutoff {requency should re-
place one of those determined in (22) and (23) in the
computations that follow. If no standard waveguide can
be used, it will be necessary to have two custom-made
guides instead of one. After it has been determined
whether a standard guide can be used the length of the
coupler is computed as in (17) or (30). If the computed
length is unsatisfactory it can be increased by choosing
the cutoff frequencies closer together. Generally the
length computed, as in the example above, is a mini-
mum. Ilowever, if the arbitrary selection of a standard
waveguide has brought the two cutoff frequencies closer
together than the values obtained by (22) and (23),
the length will be greater than the minimum. In such
a case it will be possible to reduce the length by dis-
carding the standard waveguide and using two custom-
made guides with a greater difference between their
cutoff frequencies.

In constructing these couplers, the difference in
length has been obtained by bending the guides to arcs
of circles. The same theory and method of construction
has also been used to obtain a “zero phase shift” angle
by designing for ¢, equal to 27 radians.

C2ANEETO
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Coding by Feedback Methods®

B. D. SMITH{, ASSOCIATE, IRE

Summary—This paper describes the basic feedback coder; that
is, a device which converts an analog quantity such as a voltage into a
digital quantity such as a binary number by the feedback method.
The basic feedback coder consists of a decoding device or network
together with an error amplifier and control circuits. The decoding
network and its operation as a feedback element to produce a coding
system are described in terms of a number system having any base,
b. The particular case of a binary coder (base 2) is considered in de-
tail. In addition, feedback coding systems employing a binary coded
decimal number system are discussed. The advantages and disad-
vantages of the feedback method as compared to other coding meth-
ods are discussed. A method of nonlinear coding (or signal compres-
sion) directly in the coding process is presented.

INTRODUCTION

HERE are many fields in which the transmission

and processing of information can best be done by

digital methods rather than analog methods. Pulse
code modulation systems, digital computers, and digital
data transmitters are examples of systems which process
information in numerical form. There are many appli-
cations in which analog-to-digital conversion devices or
coders are required so that the digital equipment can ac-
cept input information in analog form, such as a voltage
or current. The purpose of this paper is to describe the
basic feedback method of converting an electrical sig-
nal, in the form of a voltage or current, into digital form,
such as a binary number.

A number of coding methods have been described in
the literature. The counting method!? and the coding
tube method?® have been employed in the past. The feed-
back method*5 has not received as much attention, al-
though it offers some advantages over the counting and
coding tube methods.

DEcopING NETWORKS

The term “feedback” as applied to coding methods
means that some form of a decoder (a device to convert
from digital to analog form) is used as an integral part
of the coder together with an error amplifier and control
circuits. An accurate coder can be made by employing
an accurate decoder as a feedback element.

* Decimal classification: 621.375.2. Original manuscript received
by the Institute, August 29, 1952; revised manuscript received Febru-
ary 3, 1933.

t Melpar, Inc., 452 Swann Ave., Alexandria, Va.

1 A, H. Reeves, United States Patent Number 2,272,070 (Inter-
national Standard Electric Corp.); February 3, 1942,

2 H. S. Black, and J. O. Edson, “PCM equipment,” Elec. Eng.,
vol. 66, p. 1122; November, 1947.

3 L. A. Meacham, and E. Peterson, “An experimental multichan-
nel pulse code modulation system of toll quality,” Bell Sys. Tech.
Jour., vol. 27, p. 1; January, 1948.

4\, M. Goodall, “Telephony by pulse code modulation,” Bell
Sys. Tech. Jour., vol. 26, p. 395; July, 1947.

8 B. D. Sinith, “Pulse-Code Modulation Method,” M.S. Thesis,
M.I.T., Cambridge, Mass.; June, 1948.

The principle of operation of a decoder is based di-
rectly upon the definition of a number. Any number is
represented by a series of digits, a1, @s, a;, and so on,
each of which can have one of a number of integral val-
ues beginning with zero. The number of digit values is
the base, b, of the number system; for example, in the
binary system (base 2) the digits can be either 0 or 1,
and in the decimal system (base 10) they can be any in-
teger from 0 to 9. A number is usually written with the
least significant digit, a,, last, and has a numerical value,
n, defined by (1).

K
n o= 2 ab*L

k=al

(1)

For example,
10101 (base 2) = 1 X 244+ 0 X 2341 X 22
4+ 0 X 21 41 X 2° = 21 (base 10).

If the digits of a number are represented by voltage or
current sources, then it is possible to construct networks
such as are shown in Figs. 1 and 2 in which the output
voltage or current is related to the voltage sources in the
same manner as (1). These networks act as decoders
since they convert the digital information determined
by the states of the sources, e; to ex, into an analog quan-
tity which is the output voltage or current. Fig. 1 shows

gn éb"ﬂ éb’zﬂ b'"*R
1 I
| ! 1
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Fig. 1—Shunt resistor decoding network and equivalent circuit.

a shunt resistor network and its equivalent circuit. The
equivalent circuit is obtained by applying the superpo-
sition theorem. The open-circuit voltage, the short-cir-
cuit current, and the voltage or current into any con-
stant load resistance are all proportional to the number
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represented by the voltage sources. Fig. 2 shows a lad-
der network having the same properties. The advantage
of this network is that the impedances seen by the
sources are more equal. The sources, if they are to repre-
sent the digits of a number, will have a finite number of
stable states corresponding to the number base. The

(] e

1 T

Fig. 2—Ladder resistor decoding network and equivalent circuit.

base 2 requires the simplest type of source since only
two stable states are required. The sources in this case
may be replaced by bistable devices such as flip-flops,
switches, relays, and so forth. The use of a higher num-
ber base requires multistable devices such as stepping
relays or combinations of bistable devices. Fig. 3 shows
a binary decoding network in which the sources are re-

- — e —————— .. - ar_g —0V
1. |
A+ ?— i
a, az a3 9K
o% T ox T of \- o'/ It
L & ! —— e
I N O — J +

| |
1|||.' £
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AW oV

/El\ E"zi-i"
N

- k={

R
Re® 2ot

N =BINARY NUMBER

Fig. 3—Binary decoding network and equivalent circuit.

placed by relay or switch contacts and a single common
“battery” E. The equivalent circuit is also shown in Fig.
3. The output voltage is proportional to the binary num-
ber represented by the contacts a; to ax. If the bistable
devices have internal impedance, it should be taken into
account by reducing network resistors appropriately.
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FEEDBACK CODER OPERATION

The basic feedback coder is shown in Fig. 4. The
equivalent circuit of the decoding network, consisting
of a voltage source proportional to the number, #, and
an equivalent series resistance, is shown instead of the
complete decoding network. The digits of the decoding
network are controlled by the control circuits in re-
sponse to the output of an error amplifier. The voltage
to be coded, V;, is connected through an input resistor,
R;, to the input of the error amplifier. The output of the
decoding network is also fed to the input of the error
amplifier as in a conventional feedback system. The ba-
sic coding process is to change the digits of the decoding
network so as to minimize the error signal at the input
to the error amplifier. The purpose of the amplifier is to
indicate whether the error signal is above or below a
certain potential, which for convenience will be consid-
ered zero or ground potential so that the output of the
amplifier indicates the polarity of the error signal. If the
error signal is above ground by any amount, the output

DECODING NETWORK
—
[ R

-——AN——O

Rg Vi
VOLTAGE TO
BE COOED
ERROR
SIGNAL

B
- [ q | - o /ERRDR

1 2 3 x| AMPLIFIER
i s

' CONTROL CIRCUITS
L

—J

— —

!

Fig. 4—Basic feedback coder.

of the amplifier will be a positive voltage; if the error
signal is below ground by any amount, the output of the
amplifier will be a negative voltage. When the error sig-
nal is minimized, the number represented by the digits
a1 to ax will be the correct representation of V;with the
appropriate sign, scale factor, and zero intercept deter-
mined by the polarity, resistor values, and dc level of the
decoding network.

There are two basic methods of controlling the digits
in response to the error signal. One method consists of
counting in unit steps only. For example, the number,
n, represented by the digits can be made, 0, 1, 2, 3, and
so on, until the error signal changes sign, at which time
counting is stopped and the value of each digit read out.

The other method, which requires fewer operations,
is to determine each digit in sequence, beginning with
the most significant digit. For example, all digits may
be initially reset to zero except the first (imost signifi-
cant) digit which is set to 5—1, where b is the number
base. If the error signal is negative, the first digit is not
changed. If the error signal is positive, the first digit is
changed to b—2, b—3, and so forth, until the error sig-
nal goes negative, at which point the first digit is not
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changed further. The second digit is then changed to
b—1. If the error signal stays negative, the second digit
is not changed. If the error signal goes positive, the sec-
ond digit is changed to b—2, b— 3, and so on, until the
crror signal goes negative, at which point the second
digit is not changed further. This same process is con-
tinued until the least significant digit is measured. An-
other variation of this method is its complement, that is,
the digits are initially reset to b— 1 except the first which
is set to 0. The first digit is changed to 1, 2, 3, and so on,
until the error signal goes positive. This process is con-
tinued in the same manner to measure all of the digits.
A third variation is to initially reset all digits to zero
(including the first), and change the first digit to 1, 2, 3,
and so forth, until the error signal goes positive. The
first digit is then set back one unit, and the second
digit is measured in the same manner. In any case a
maximum of K(b—1) operations are required as com-
pared to b¥ operations with the “counting” method.

As mentioned previously, the digits of a number hav-
ing a base greater than 2 can be represented by combina-
tions of bistable devices. An example is the binary-coded
decimal system in which a decimal digit is represented
by four binary digits. In this case a single decimal digit
in the decoding network would be replaced by four bi-
stable sources and four weighting resistors. The coding
process may be conducted as given above, or it may be
conducted as if the coder were actually a binary coder,
that is, the value of each binary digit representing a dec-
imal digit may be determined in sequence. Any general
coded b-base system may be employed in this manner
provided ecach element of the particular code has a fixed
weighting factor. For example, a coded decimal system
cmploying a four-element code to represent a decimal
number in which the weights of the elements are 5, 4, 2,
1, respectively, can be used. In this case the coding
process would begin with all digits reset to 0 except the
first which is set to 5. If the error signal is negative, the
5 is retained. If the error signal is positive, the element
representing 5 is reset to zero. In the next step a 4 is
added, and the error signal indicates whether or not the
element representing 4 should be retained or reset to
zero. This process is continued for the remaining cle-
ments of the first decimal digit so that one decimal digit
is measured in four steps. The same process is continued
for the remaining decimal digits. It should be noted that
a four-element code for a decimal digit results in six
unused combinations since 16 combinations of four ele-
ments are possible. The coder will not generate any of
these unused combinations provided the input voltage
is within the range for which the coder was designed.

Binary FEEDBACK CODER

The description of the coding process above is for the
general case of any number base, b. For a binary coder
the coding system is the simplest. Fig. 5 shows one type
of binary feedback coder in block diagram form. In this
figure the digits arc represented by flip-flops, and the
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Fig. 5—Binary feedback coder.

control circuits consist of one gate circuit for each digit
except the last. For convenience, the order of numbering
the flip-flops and the like is reversed, so that subscript 1
corresponds to the most significant digit since this digit
is determined first. A source of timing pulses, X,
through Xk, is required. These pulses are phased in time
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Fig. 6—Waveforms of binary coder shown in Fig. 5.

so that X, occurs first, X2 second, X3 third, and so on,
as shown in Fig. 6. Initially, all flip-flops are set to zero
by pulse X, except FF1 which is set to 1. If the error
signal is negative, then FF1 is not changed further. If
the error signal is positive, then FF1 is reset to 0 by
means of GT1 when pulse X, occurs. FF2 is set to 1 by
the same pulse X3, and if the error signal is then nega-
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tive, FF2 is not changed fucrther. If the error signal is
positive, then FF2 is reset to 0 by means of GT2 when
pulse X3 occurs. FF3 is set to 1 by pulse X3, and so on.
The same process is repeated through all of the digits.
Fig. 6 shows typical waveforms of the timing pulses, the
flip-flop outputs, the error signal, and the serial code
output (error amplifier output) for a particular value of
the input voltage, V. The dotted lines show other pos-
sible waveforms produced by the flip-flops for other val-
ues of Vy. The error signal waveform shows that the
error signal changes at each step in the coding process
s0 as to approach zero. There need be no lost time be-
tween individual coding processes, that is, the first digit
of one code can follow immediately after the last digit
of the preceding code.

Fig. 7—Modulation pattern of an eight-digit coder.

Fig. 7 shows two views of the modulation pattern of
an 8-digit binary feedback coder. This pattern is ob-
tained by applying a slowly varying voltage simultane-
ously to the coder and to the Y-axis of an oscilloscope.
The oscilloscope beam is swept horizontally in syn-
chronization with the coder repetition rate so that a
raster similar to a television raster is produced. \WWhen
the Z-axis (intensity) is modulated by the output pulse
code, the characteristic patterns shown in Fig. 7 are ob-
tained. The upper view shows the complete pattern ob-
tained with the slowly varying signal covering the full
range of the coder (256 levels). The lower view shows the
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same pattern with the signal fed to the coder attenuated
so as to cover only 20 levels. This results in an “ex-
panded” view showing the details of the last digit which
are unresolved in the upper view. Both patterns cover
(horizontally) one complete code group and five digits
of the following code group. The time scale is 4.1 usec
per digit. There is an unused time interval following
each code to provide sufficient sampling time since this
particular coder is used in a multiplex system. The “ex-
panded” view of the modulation pattern shows that the
eighth digit is reasonably uniform and free of noise.
This type of modulation pattern is useful in aligning the
coder and detecting errors in the operation of the coder.

SEr1AL CopE OUuTPUT

It should be noted that the digital information ob-
tained from the coding process is obtained from the
output of the error amplifier. In a binary coder, for ex-
ample, the error amplifier output is a serial binary pulse
code, as shown in Fig. 6, which is suitable for transmis-
sion to a remote point or for use in a digital computer.
The serial code output is a binary number proportional
to the input voltage, V;. The state of the flip-flops at
the end of the coding period is actually the complement
of this number for the particular circuit and polarities
assumed in Figs. 5 and 6. There is no need to read out
or otherwise sense the condition of the flip-flops unless
all digits must be transmitted in parallel or in some un-
usual manner. The most significant digit always occurs
first in time in the serial output of a feedback coder.

In the general b-base coder the error amplifier out-
put is also a serial pulse code of a particular type de-
pending upon how the coding is conducted. If the cod-
ing process is conducted by counting in unit steps, then
the serial output is a pulse whose duration is variable
in unit steps; that is, a 0 is represented by a pulse of
zero duration, a 1 by a pulse of 1 unit duration,a 2 bya
pulse of 2 units duration, and so on. It is of passing in-
terest to note that if a binary coder is considered a spe-
cial case (b=2) of the general b-base coder, then the
binary code output might be considered as a series of
pulses of 0 or 1 unit duration and not a series of pulses
of 0 or 1 unit amplitude. If a coded b-base number sys-
tem is employed and the coding process is conducted as
if the coder were straight binary, then the error ampli-
fier output is a serial code in which each b-base digit is
represented by a serial pulse code. For example, in a
two-digit decimal coder using a code in which each deci-
mal digit is composed of four elements, the serial out-
put would be an eight pulse code. The first four pulses
would be the coded decimal representation of the first
decimal digit, and the last four elements the representa-
tion of the last or least significant decimal digit. A feed-
back coder operates so that the digits and also the ele-
ments of each digit are produced in the order of their
significance, that is, the most significant element of the
most significant digit first, and so forth. The so-called
“excess—3” decimal code (that is, 0=0011, 1=0100,
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2=0101, and so on) can be generated directly provided
cach decimal register in the coder is reset to 0011 instcad
of 0000 and set to 1000 when the first element of that
particular decimal digit is to be found. Otherwise the
control circuits are the same as a binary coder.

CoMPARISON WITH OTHER CODING METIIODS

The relative merits of the feedback coding method in
comparison with the counting and coding tube meth-
ods depend, of course, upon the particular application;
but certain general advantages and disadvantages can
be given. With respect to the counting method of binary
coding, these points of comparison are important:

1. With the counting method it is necessary to op-
erate two coders alternately or provide a temporary
storage register if no lost time can be tolerated in a serial
output coder. This is due to the fact that a single counter
cannot be read out at the same time it is counting. With
a feedback coder the first digit of one code group can
follow immediately after the last digit of the preceding
code group with no lost time.

2. Serial output is obtained very simply in a feedback
coder. With respect to parallel output, the two methods
are approximately equal in complexity.

3. With respect to speed, the feedback coder can be
made considerably faster because of the fewer operations
required.

4. With respect to accuracy and reliability, the two
methods are approximately equal. Since the bistable
clements in a feedback coder are cither set or reset in-
stead of being triggered as in a flip-flop counter chain,
better reliability can be attained. However, there are
sources of errors in a feedback coder (such as inac-
curacies in the decoding network resistors) which do not
occur with the counting method.

In a comparison of the feedback method with the cod-
ing tube method, the following points are important:

1. The coding tube method requires separate circuits
for quantization since large coding errors can occur if
the coding tube input changes even a small amount
during the coding process. With the feedback coder no
such circuits are required; if the signal changes during
the coding process, the generated code always corre-
sponds to some value of the input signal in between the
values at the beginning and end of the coding period.

2. With the feedback method it is not necessary to
use special nonbinary codes, such as the Grey or reflected
binary code, to eliminate errors such as are produced
when the input signal is on the dividing lines between
levels in a coding tube. This source of error is eliminated
by the internal positive feedback or “flip-flop” action de-
signed into the error amplifier of a feedback coder.

3. With respect to speed, the coding tube method is
definitely superior. A coding tube system has been de-
veloped which is suitable for coding wide-band signals
such as television, indicating a coding speed which is ap-
proximately 50 times that of the feedback coder whose
modulation pattern is shown in Fig. 7.
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4. In accuracy, the two methods are comparable.

5. The coding tube method makes it possible to trans-
mit a binary code with the least significant digit first,
which permits the use of simpler decoding devices, such
as the Shannon-Rack decoder.

The choice of one or the other of these coding methods
depends upon all of the factors involved, such as speed,
accuracy, size, weight, ruggedness, and the requirements
of the over-all system in which it is to be employed.
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Fig. 8—Nonlinear decoding network and equivalent circuit.

NoNLINEAR CODING M ETHODS

The feedback coding method offers the possibility of
nonlinear coding or signal compression in the coding
process. Fig. 8 shows a binary decoding network which
is nonlinear in that the impedance seen at point Vis a
function of the settings of the switches. The equivalent
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Fig. 9—Characteristic curves of the decoding network shownin Fig. 8.

circuit in terms of a current source and equivalent re-
sistance is also shown in Fig. 8. The short-circuit cur-
rent is linear with 7, but the open-circuit voltage is pro-
portional to n divided by a constant minus n. That is, as
the switches are changed from one number to the next,
the open-circuit voltage will lie on one of the curves
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(section of hyperbolas) shown in Fig. 9, depending upon
the value of the constant m. A decoder of this type pro-
duces a voltage which is an expanded (positive curva-
ture) function of the binary number, n. By using this
tvpe decoder in the feedback loop of a feedback coder,
n will be a compressed (negative curvature) function of
the input voltage to the coder. A cathode follower can
be used to preserve the open-circuit condition for the
network. The over-all transfer function from the volt-
age input to a coder, to the output voltage of a decoder
in a complete system will be linear. The effect of the
compression-expansion process is that signals, such as
speech, which require a wide dynamic range can be
transmitted with less average quantization distortion.
Symmetrical compression and expansion curves can be
obtained by modifying the coding and decoding proces-
ses for plus-minus operation.

In comparison with other compression systems, such
as are obtained by the use of varistors or other nonlinear
impedances, this method has the advantage of possibly
better over-all system linearity without the need for
closely matching pairs of varistors. The compression
curves arc mathematically defined and can be changed
readily if desired. Simple networks producing smooth
nonlinear curves other than sections of hyperbolas
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should be possible but have not been found. The non-
linear codes represent an additional step toward the
ideal coding system prescribed by information theory
which takes into account all @ priori information on the
inputs, outputs, and noise in a communication system.

CoxNCLUSIONS

The problem of analog-to-digital conversion can be
solved by a number of coding systems, one of which is
the feedback system described in this paper. A feedback
coder can be made as accurate as coders using other
methods, and in many applications offers some ad-
vantages. The feedback coder can be designed to operate
with any number base and with the coded-decimal sys-
tems used in computers, but is simplest when employed
as a binary coder to generate a serial pulse code. The
feedback coder can be employed to generate a number
which is a nonlinear function of the input signal, suitable
for use where signal compression is desired.
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“Synthesis of Narrow-Band Direct-Coupled Filters”*

H. J. RIBLET

J. Reed:! Dr. Riblet's recent paper is based on the
simple but erroneous theory that one is dealing with
constant shunt susceptances. His formula (7) can read-
ily be shown to be identical with that of Mumford’s.?
Since the contribution® of the frequency consciousness
of inductive irises to the Q of filter stages like those Dr.
Riblet considers is of the order of 10 per cent, it would
seem that this contribution is definitely not a second-
order effect.

H.]J. Riblet: I am indebted to John Reed for drawing
my attention to the applicability of the results of his
paper entitled, “Low Q Microwave Filters” to the de-
sign of narrow-band filters. In my examination of the
literature, I was misled by the title of his paper. The
numerical equivalence between my expression for the
Q of a cavity, equation (7), and the formulas used by

* H. ]. Riblet, “Synthesis of narrow-band direct-coupled filters,”
Proc. I.R.E., vol. 40, pp. 1219-1223; October, 1952.

! Raytheon Manufacturing Co., Newton, Mass.

2\W. W. Mumford, “Maximally flat filters in waveguide,” Bell
Sys. Tech. Jour., vol. XXVII, p. 699, Fig. 11; October, 1948.

? J. Reed, “Low Q microwave filters,” Proc. I.R.E., vol. 38, p.
794, Formula 8 and Table I; July, 1950.

Mumford was shown in graphs submitted with the first
version of the paper and then omitted finally in the
interest of brevity. Mr. Reed is correct in his observa-
tion that equation (7) and Mumford’s Q=+/B4+4B?
tan—! (2/B)/4 are identical. Those who wonder why
my exact expression (7) and the approximate expression
used by Mumford are identical will find the answer in a
slight difference in the definition of Q.
 Whether or not the 10-per cent error, referred to by
Reed, in the Q's of the end cavities of “maximally
flat” filters is significant in the design of narrow-band
filters is open to question in view of the approximate
nature of the entire procedure and the considerable
experimental success which previous workers have had
using the assumption of constant susceptance. Never-
theless, the inclusion of this frequency dependence does
appear to be sound; and since it involves no additional
design effort, it certainly merits serious considcration.
For this purpose, the method of my paper is immedi-
ately applicable. In proceeding from equation (2) to the
first-order admittance transformation of the anti-
resonant element analogous to equation (4), one only
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has to include the variation of ¢ with respect to . For
inductances, B= —AMg, and it is readily found that
dp/dQ=sin ¢, cos ¢y, where ¢o+ (2ml/Ago) =Yo=0 at
antiresonance. For capacitances, B=4/Ag and(d¢/d)
= —gin ¢o cos ¢ at antiresonance. Then we find that
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For the inductive case this is identically equivalent to
Mr. Reed’s equation (8).
The extension to the design of direct-coupled filters
proceeds as in my paper. Analogous to (9) we find
(1 — c0s o + k1Q) + (k2 — 1OV,

V,= (9)
(kz — 1) + j(1 + cos ¢o — k SZ)Yo

_ ](1 + Cos ¢o - klﬂ) + szYo

kzﬂ +](1 — COS ¢o + klﬂ)

where

ky = £ sin? ¢p-cos ¢o
ks = ¢ F sin ¢g- cos ¢y,

and the upper signs are used with inductances and the
lower signs with capacitances. A pair of such anti-
resonant elements separated by a half-guide wave-

4)
and for (10)

[(l—cos ¢’ )(1—cos ¢o')+AQ]+ BQY,

(109

T Ca+j[(1+cos #o')(1+cos ") —DQ]Ys

where

length has the first-order admittance transformation, 3r

(14cos ¢o)(w(1+cos ¢o) —2k2)2

e (14cos ¢o) (1 —cos ¢o)+2k, cos ¢¢,QT

Y."—‘

(1—cos ¢o) (r(1—cos ¢o) —2k3) 2

1+j

(14cos ¢o) (1 —cos ¢o) +2k;y cos ¢

For frequencies in the pass band of the filter Yy=~1,

and we may expand by the binomial theorem and obtain

sin? ¢o

cos ¢o(m — ko)

equation (11).

A= klll(l —COoSs ¢ol) + kll(l —Cos ¢o”) a
B=ky'+ks"'+(x/2— k') cos ¢’ —(r/2— k2') cos ¢o”’

—-—-2-—-1r/2 cos ¢o’ cos ¢o”’.

0 C= kzl+ kz”— (1I'/2 - kz”) COoS ¢ol+(1l'/2 - kz’) COS ¢o”
(5 3r w
7% -——2———2— cos ¢o’ cos ¢y,

D=ky'(14cos ¢o'")+ k"' (1+cos ¢o').

As before, equivalence at resonance is established by
Moreover, an approximate first-order

(7" equivalence can be obtained by a suitable transforma-
tion of the  scale, for any given numerical case.
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A Note on Sommerfeld’s 1909 Pa-
per*

Sommerfeld presented, in his 1909 paper,!
the development of approximate expressions
for the field strength due to a vertical oscil-
lating doublet located at the surface of a
plane earth with arbitrary electrical proper-
ties. Sommerfeld's formulas, however, have
been found to be in error. Though Niessen
discussed the mathematical error appearing
in Sommerfeld’s derivation in a 1937 article?
(in German), the contents of this paper are
not very widely known. Thus, articles still
appear rather frequently in the literature
giving erroneous explanations as to why
Sommerfeld’s results are in error, two of the
more notable of these being the papers by
Kahan and Eckart?® and Epstein.*

The purpose of this note is to point out
that, as explained by Niessen, the error is
due to an incorrect choice of a square root
that appears in Sommerfeld’s variable, a.
The angle of a? falls in the first quadrant,
and Sommerfeld made the natural but er-

* Received by the Institute, March 30 1953. Pre.
pared at Cornell University under U. Air Force
Contract AF 33(038)-1091. Now with Electncal En-
gineering Research Laboratory, The University of
Texas, Austin, Texas.

1 Sommerfeld, Ann. Physik, 28, p. 665; 1909,

? Niessen, Ann. Physik, 29, p. 585; 1937.

195' Kahnn and Eckart, Proc. IRE 38, p. 807;

¢ Epstein, Proc. Nat. Acad. Sci.. 33, p. 195; 1947,

roneous choice of placing a in the first
quadrant. A closer analysis reveals that the
proper angle to be associated with a is in the
third quadrant.

The critical portion of Sommerfeld’s
derivation involves the approximating of an
integral where the path of integration is
along the positive real axis. This integral is
converted into one whose path is around a
branch cut and a pole. The contributions to
the integral associated with the portion of
the path around the branch cut and around
the pole will be denoted by Q and P, re-
spectively. Sommerfeld arrived at the same
results by two methods, the first involving
evaluating Q and P independently by inte-
grating around the branch cut and pole
separately, and the second involving deter-
mination of the value of (Q+P) by em-
ploying a single path inclosing both the
branch cut and the pole. Sommerfeld's
formulas have been found to be in error by
an amount equal to P.

Some of the shortcomings of the explana-
tions given in references 3 and 4 as to why
Sommerfeld’s results are incorrect are given
briefly below. Epstein notes that P satisfies
the wave equation and, indeed, all the con-
ditions of a solution, except that it is singu-
ar at r=0 for all z and not just at =0, as
required by the problem. Thus Sommerfeld’s
initial integral satisfies the same conditions
when the path of integration is along the

positive real axis and when the path is
transformed to pass around the other side of
the pole, except for the type of singularity
at r=0. Epstein interprets this as showing
that Sommerfeld’s uniqueness proof is not
valid and that the transformed path must
indeed be the correct one, since this changes
Sommerfeld’s results by P, the amount they
are in error. Actually Sommerfeld embodies
the type of singularity at r=0 into his
uniqueness proof which is perfectly valid. A
quick and easy check of Sommerfeld's in-
tegral with the path along the positive real
axis reveals that it is singular at r=0 for
z=0 only and thus is the correct path to be
taken in this problem rather than the path
suggested by Epstein.

Kahan and Eckart point out that a
saddle point is located between the pole and
the branch cut. If the value of the residue of
the pole is thought of as being calculated by
the saddle point method, the major con-
tribution comes from that portion of the
path in the neighborhood of the saddle point.
They reason, on the basis of the path of in-
tegration encircling the branch cut and pole
separately, that there will be a contribution
to Q when the integration path passes the
saddle point (but in the opposite direction)
that will just cancel P and that Sommerfeld
must have overlooked the existence of the
saddle point and so does not properly take it
into account. However, when considering
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this path of integration Sommerfeld ob-
tained an asymptotic series and replaced it
by a function having the same asymptotic
expansion. He carefully pointed out that,
simply due to the character of asymptotic
expansions, his results could be in error by
an amount of the order of magnitude of P,
the consideration of the saddle point thus
being of no importance. Sommerfeld actu-
ally considers the single path inclosing both
the branch cut and pole when developing
the convergent series expansion, which
rigorously verifies his final results. Thus
Kahan and Eckart's comments are not
relevant,
Bos M. FANNIN
Electrical Engineering Research Laboratory
The University of Texas
Austin, Texas

Collector-Base Impedance of a
Junction Transistor*

Recently, J. M. Early! described an ex-
tension of Shockley’s theory for the current
voltage relationships of a junction transistor
which explained certain experimental re-
sults. For example, Early’s analysis included
an explanation for observed values of collec-
tor resistance.

1t is possible to extend Early’s analysis to
include the effect of the frequency of the ac
variations. As a result of this further exten-
sion, an experimentally observed frequency
variation of the open-circuit collector-base
admittance of fused-impurity p-n-p junction
transistors has been explained.? The nature
of this frequency variation may be descrilyed
moderately well by an (approximate) expres-
sion of the form?

I/Zu(l’) = ijn + 8e
+ jwCaltanh (jurp) 2/ (Gurp)¥2], (1)

where it is assumed that the internal base
impedance is small in comparison with the
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right-hand member of (1). In this equation,
222® is the open-circuit collector-base imped-
ance; C, is the barrier capacitance of the col-
lector-base diode; g. is the low-frequency col-
lector conductance, a theoretical value for
which was calculated by Early; Cq is a dif-
fusion capacitance due to charge stored in
the base-layer of the transistor by the dc
emitter current; and 7p is a constant that
may be determined from the alpha-cutoff
frequency* we/2x of the transistor from the
relation 7p=2.43/w.. The diffusion capaci-
tance Cy may be determined from the differ-
ence between the value of the low-frequency
collector-base capacitance corresponding to
a given emitter current and that for zero
emitter current.

Alternatively, the nature of the fre-
quency variation of 2.®, as well as that of
the current-amplification factor « may be
described approximately by a new equivalent
circuit employing an RC transmission line,
as shown in Fig. 1. In this circuit, z,, 25 are
complex emitter and base impedances, u is a
complex form of the voltage-feedback factor
introduced by Early, ao, g. and C, are as de-
fined above, and r4 and cq are the per-unit-
length constants of the line of length w, i.e.,
ra=Ra/w, ca=Cas/w, with Cy as defined
above, and with Ry=7p/Ca.

At low frequencies, the open-circuit col-
lector-base admittance reduces to that of a
parallel combination of the conductance g,
the collector capacitance C., and the addi-
tional diffusion capacitance Ca. As the fre-
quency is increased, the open-circuit collec-
tor-base conductance increases with in-
creasing frequency, ultimately as '/,
whereas the capacitance decreases with in-
creasing frequency as ™12 from its low-fre-
quency value of (C.4+Cs) to an ultimate
value of C..

R. L. PrITCHARD
Communications Research Section
General Electric Co.

Schenectady, N. Y.
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Fig. 1—Equivalent circuit including RC transmission line
for junction transistor.

* Received by the Institute, December 22, 1952,

1 J. M. Early, “Effects of space-charge layer widen-
ing in junction transistors,” Proc. I.R.E., vol. 40, pp.
1401-1406; November, 1952,

? Details of the extension and the experimental re-
sults will be described by the writer in a forthcoming
paper.

3 This expression follows from the theoretical re-

sult if it is assumed that the low-frequency value av of
the current-amplification factor is close to unity.

¢ Alpha-cutoff fr Yy we/2w is defined as the
frequency for which the amplitude of the current-am-
plification factor « is 3 db below its low-frequency
value ao. According to Shockley’s theory (W. Shock-
ley, ¢t al.. “p-n junction transistors,” Phys. Rev., vol.
83. no, 1, p. 161; July 1, 1951), the frequency varia-
tion of « under certain conditions may be described
by the expression as/cosh(jwrp)!/t. Hence, when wrp
=243, |a| =0.707 as. For further details, see R. L.
Pritchard, “Frequency variations of current-amplifi-
cation factor for junction transistors,” Proc. I.R.E,,
vol. 40, appendix, pp. 1480-1481; November, 1952
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Remarks on the Neutrino Com-
munication System*

There have recently appeared in these
pages two communications dealing with the
possible role played by the neutrino in tele-
pathic communication. Hammond! first sug-
gested that the neutrino may be the agency
for such communication, and based his sug-
gestion primarily upon the fact that the
interaction of neutrinos with matter is ex-
tremely small; so small that barriers would
not interfere with telepathic transmission.
Following this suggestion, Tyson? noted
that the potassium isotope of mass 40, which
is radioactive, is found in human organisms
and would be expected to emit ncutrinos
during its decay process. This writer pointed
out further that the amount of K% in the
human brain would result in the emission of
some 400 neutrinos per second.

Apart from any considerations of the
evidence for or against telepathic communi-
cation, it should be evident that the neu-
trino can play no part in such a phenome-
non. In the first place, the argument set
forth by Hammond regarding the great
penetrating power of the neutrino applies as
well to the interaction of this particle with
the brain. The detection of a neutrino signal
implies the transfer of energy to the re-
ceiver, while the fact is that the neutrino has
not yet been observed directly simply be-
cause its interaction with matter is so very
weak. Experiments to date have succeeded
only in establishing upper limits to the cross-
sections, the limits Dheing imposed by the
sensitivity of the detection equipment.
‘T'hese measurements have shown that the
scattering cross-section? is certainly less than
10-% cm?/electron, while the cross-section
for the expected process of inverse g-decay
is estimated* to be of the order of 10~% cm?2,
Unless there is some process, entirely out-
side our present knowledge, through which a
neutrino can transfer encrgy to a free elec-
tron with good probability, the weak inter-
action argues most strongly against its par-
ticipation in thought transmission.

In addition, one must consider the ques-
tion of noise in the communication channel.
All radioactive sources which decay via a
beta process emit neutrinos with energies
ranging from zero to several Mev in some
cases, For example, the C" present in the
body emits some 2-10? neutrinos/sec, and
the radium in a typical luminous dial watch
produces about 10¢ neutrinos/sec. While the
neutrino emission from such sources, and
from the natural radioactivity in the earth, is
considerably greater than that from the K0
in the brain, even these sources are negligible
in comparison with the emission from the
sun. This is so great that the neutrino in-
tensity at the earth is estimated® to be 10
neutrinos/sec-cm?. Nor would this be the
only major neutrino flux on the earth. In
the vicinity of a high power reactor one

* Received by the Institute, April 8, 1953.

1A. L. Hammond, “ Note on Telephathic Com-
munication,” Proc. 1.R.E,, vol. 40, p. 605; May, 1952.

2 G. N. Tyson, “On the possibilities of a neutrino
communication system,” Proc. L.R.E,, vol. 41, p.
294; February, 1953,

3 J. H, Barrett, Phys. Rev., vol. 79, p. 907; 1950.

4H. A. Bethe, “Elementary Nuclear Theory,”
John Wiley and Sons, Inc., New York; 1947,

$ E. Fermi, “Nuclear Physics,” Rev. Ld., U. of
Chicago Press, Chicago; 1950.



1953

could expect a flux of the order of 101

neutrinos/sec-cm?, and even at a distance of

10 miles from the explosion of a nominal

atomic bomb, the flux at the end of the first

minute would be some 10 neutrinos/sec-

cm?. The transmission of a neutrino signal

in the presence of such a high noise level is
inconceivable.

M. H. Suamos

Physics Department

Washington Square College

New York University

Response Characteristics*

“I'he Response Characteristics of Re-
sistance-Reactance  Ladder  Networks,”
treated by R. R. Kenyon in the May issue of
the ’rocEEDINGS oF THE I.R.E., can be ob-
tained with much greater facility by means
of the methods presented in my paper on the
same type of network.!

) SIN X

-,

w-tne118

€0s x

Fig. 1.—Posilioning of ¢/"8’ to satisfy sin{n + 1)¢’
= sin nd’.

It has been shown there (Eq. j) that for
the n-sectinn network of Fig. 1:

Eo» _ _sinh (/]

iy~ sinh (i Do —sinhmg O

coshg =1+ E-
2
is equivalent to Kenyon's or Tschudi’s?
Eo 1
Eia -

3 ama(pTI™

Gm.n

n 4+ m)

2m

where the variables p and s are interchange-
able.

The partial-fraction expansion of the
voltage transfer ratio (j)

Ly

I':l"n

o 17 L __l
Zoam,,.(p'r)m q (T — bm.n)
3 Bm'n

=2 b

is required in connection with transient
problems. In order to obtain it, the roots

* Received by the Institute, May 23, 1951,

1 Leo Storch. “The Multisection RC Filter Net-
work Problems,” Proc LR.E., pp 1456-1458; No-
vember, 1951.

7 R. R. Kenyon, “Response characteristics of re-
sistance-reactance ladder networks,” Proc. I.R.E.,
vol. 39, pp. 557-559; May, 1951.

E. W. Tschudi, "Admittance and Transfer Func-
tion for a n-Mesh RC Filter Network,” Proc. L.R.E.,
vol. 38, pp. 309-310; March, 1950.

Correspondence

b.a® Of 2.2 _o@m.a(pT)™=0 must be found.
Rather than solve this n’th order equation,
consider the equivalent equation

sinh (n + 1)8 = sinh no.

It is satisfied by purely imaginary values of
6(8=36"), such that
*— (n+ 1) =nt,
as is apparent from Fig. I. Consequently, the
complete solution is
T
n+1
m=1,23---,n

Since pT=2 (cosh §—1), the n roots
pT =bn.» are given by

0 =02m—-1

= am,

bmn = 2(cos am — 1).

While Kenyon's method requires the solu-
tion of an #'th order equation, n being the
number of network sections, the present
method reduces the process to looking up the
values in a table of cosines. The simplifica-
tion is very substantial when several sections
are involved.

Furthermore, even the coefficients of the
partial fractions can be compared with
greater economy by means of this method.
Since the roots are all linear and distinct, the
cocfficients B,,., are given by

sinh 8

Bmm eJ -
d
5 {sinh ( + 1)8 — sinh 58]

T

Gmjam
_ 1 — cos 2am
- (21 + 1) cos nam

If the input &gy is of the unit impulse
form (Dirac function), so that the Laplace
transform E; =1, then the output voltage
as a function of time is given directly and
without intermediate calculations by

e T n

| 1 — cos 2am
2+ 1)Taa

£2 €08 Xy /T

eo,,, =
& COS Hatm

am = (2m — 1) Z_IITTi. m=1,23---,n

Supposing the input voltage ¢;, to be a
unit step function (Heaviside function), the
partial fraction 1/p is added and the co-
efficients of the other partial fractions be-
come

Bm'n

1 + cos am

T — . .
(21 + 1) cos nam

Consequently, the output voltage as a
function of time is given explicitly by
~—IT =n
¢ ,lﬁtﬁxm« e2cone, /T

COoS napm

= e
“ow mr1=

am = (2m —-_ 1) 2v”3-1~. m= 1,2 3'... , n.

LEo Storcu

Advanced Electronics Techniques Dept.
Hughes Aircraft Co.

Culver City, Calif.

3 This byn.n and the one used in foolnole reference 1
bave entirely different meanings.
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A Note on the Impedance Trans-
formation Properties of the Folded
Dipole*

The impedance transformation prop-
erties of the half wave folded dipole (Fig. 1)
have been investigated by R. Guertler!
under the following restrictions: (a) The
cross-section dimensions of the elements and
the distance between them is small in com-
parison with A/2. (b) The elements are of
circular (or nearly circular) cross section.
() [az/a1>1; s/a:22,5 (Fig. 1)). It is the
purpose of this note to point out a way of
removing restrictions (b)(c).

1
+

|
!
|
|
|
!

[ o pmm— o]

2(11

|

1

|
20,

!

!

|

Fig. 1—The folded dipole.

As shown in reference 1 the impedance
transformation of the folded dipole is given

by: R
1
== 2 1
R (1 + n)? e))
where Ry is the input impedance of the folded
dipole, R, the input impedance of the simple
dipole, and 7 stands for the current ratio:

I
=— 2
"= (2)
From the equation of continuity (Div
j = —iwp)
L2, 3)
,
or:
I 2
2, e
I Q1

* Original manuscript received by the Institute
April 27, 1953,

VR, Guertler, “Impedance transformation in
folded dipoles,” Proc. LLR.E., Vol. 38, p. 1042; Sep-
tember, 1950.
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The impedance transformation is thus
defined by the ratio of charges in the ele-
ments. The ratio of charges ¢, and ¢; can be
found with the aid of the condition that the
scalar potential on the conductor boundary
remains constant at any cross section of the
dipole (A’A’"—Fig, 1).

Assuming a sinusoidal charge distribu-
tion along the Z direction (Fig. 2).

2x7’
o(='y's) = J(y) cos =1 (5)
where ¢ represents the charge distribution
and x'y'z’—a point of the surface of the
conductors. The scalar potential is given by :

4;,, f f f % lela~'ay'az,  (6)

the integration should be carried out over
the whole surface of the conductors; [q] is
the retarded charge, and r=/(x—x')?+(y
—3)*+(2—2)%. By a proper choice of the
time origin, the retarded charge can be
written as:

¢ =

lg] = f(='y") cos Zsz cos ?. )

substituting (7) into (6) and considering the
plane 2=0;:

Pao = #tofff(x,y,)

where:

n=viE-—31+ - y)E+n

Contributors to Proceedings of

PROCEEDINGS OF THE I.R.E.

The integral in parenthesis has been solved
by Guertler,! who has shown that when
V{x—x")24(y—y')2<K\/2 the following ap-
proximation holds:

Y5z )

e

(x;y;0)

Fig. 2—Folded dipole with arbitrary geometry
of cross section.

August
I’Z, 2171
€O0S ——— C0S§ ——
A2 A A
ff—u
(] L4}
A

& |n STV 9)
(=) + (v — )]
where A4 is a constant; substituting (9) into
(8) we have:

1 2.7
to=— [ [ 19
- —dx'dy’ (10)

"=+ o - yrn
but this is the well known equation of the
two dimentional electrostatic field.?

From (10) together with the boundary
condition that ¢ should be constant on the
surface of the elements at any cross section,
we may conclude: When the cross section
dimensions of the folded dipole are small (in
comparison with A/2) the ratio of charges
in the elements is approximately equal to
the electrostatic charge ratio of infinitely
long conductors having the same cross sec-
tion as the folded dipole, all the conductors
being on the same potential.

Considering the elements as quasi-line
charges?® immediately leads to the solution
given in reference 1. The charge ratio for
arbitrary cross sections can be found con-
veniently with the aid of the electrolytic
tank.

MOSHE ZAKHAIM

Ministry of Defence

Scientific Department

Dept. of IZlectronics

Israel

2J. A. Stratton, “Electromagnetic Theory,” Mc-
Graw-Hill Book Co., p. 219; 1941.

1 E, Weber, “Electromagnetic Fields,” John Wiley
and Sons, vol. 1, p. 106; 1950.
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Monte I. Burgett, Jr. (8'42-A"43-SM’51)
was born in Midland, Ark. on March 8, 1921.
He attended llendrix College and Georgia
School of Technol-
ogy where in 1943 he
received the BS in
EE degree, Co-opera-
tive DP’lan. He re-
ceived his MS in EE
degree from the Uni-
versity of Pennsyl-
vania in 1951.

In 1943 Mr. Bur-
gett joined Ihilco
Corporation and has
been with that com-
pany ever since. Dur-
ing the war yeuars, he worked on airborne
radar and bombing equipment, and after-
ward on auto radio and television tuner de-
velopment. Since 1950 he has been working
on color systems and receivers in the Re-
search Department where he serves as a
project engineer.

Mr. Burgett joined the faculty of Drexel
Institute of Technology Evening College in
1948, and organized the clectronics option
of Electrical Engineering. From 1950 to
1952, he served as Assistant Head of the
Drexel Electrical Engineering Department.

M. BurGETT, JR.

For a photograph and biography of
Davip K. CHENG, see page 998 of the Au-
gust, 1952 issue of the PROCEEDINGS OF THE
LR,

o,
o<

For a photograph and biography of
MarviN CHODOROW, see page 163 of the
January, 1953 issue of the PROCEEDINGS OF
THE I.R.E.
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G. C. Dacey was born on January 23,
1921, in Chicago, lllinois. He received the
B.S. degree in electrical engineering from
University of Illinois
in 1942. Upon gradu-
ation he joined the
staff of the Westing-
house Research Lab-
oratories where he
worked on the devel-
opment of “Resna-
trons” and high-
power magnetrons,

At the end of the
war he enrolled at
the California Insti-
tute of Technology
and completed his studies for the I’h.D. de-

G. C. Dacey

gree in 1950. He remained at the Institute
for a year as the A. O. Smith Post-Doctoral
Fellow studying radio tracer methods in the
investigation of metals.

In 1951, Dr. Dacey joined the staff of the
Bell Telephone Laboratories as a member of
the transistor physics group.

Dr. Dacey is a member of A.P.S,, Eta
Kappa Nu, Tau Beta I’i, Sigma Tau, Phi
Kappal’hi, and Sigma Xi.
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Frederic H. Dickson (S'38-A’43) was
born in Bristol, Colorado, on January 10,
1916. He received the B.S. in electrical en-
gineering from Ore-
gon State College in
1939, where he was a
graduate assistant in
electrical engineering
until 1940, Prior to
entry in military
service in 1942, he
was an instructor in
the Air Corps Tech-
nical Schools. Mr.
Dickson served as an
assistant radio of-
ficer, Allied Forces
Headquarters and as Assistant Signal Of-

F. H. DicksoN
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ficer, 15th Army Group in the European
theatre and returned from overseas as
Executive Officer and later Commanding
Officer of the Signal Corps Radio Propaga-
tion Unit. Upon release from military
service in 1946, he joined the Office of the
Chief Signal Officer and has been active in
application engineering and operational re-
search in the field of radio-wave propaga-
tion. He is presently Chief of the Radio
Propagation Section.

Mr. Dickson is a member of the USA
National Committee, URSI, Chairman of
US Commission 1V, URSI and is a regis-
tered professional engineer in the District of
Columbia.

For a photograph and biography of
Jounx J. EGLi, see page 163 of the January,
1953 issue of the PNOCEEDINGS OF THE [.R.E.

Ralph A. Galbraith was born on August
1, 1911 in Ash Grove, Mo. He received the
B.S. degree in 1933 from the University of
Missouri and the
Ph.D. in Electrical
Engineering from
Yale University in
1937.

Dr. Galbraith has
held the posts of re-
search engineer for
the Detroit Edison
Company in 1937,
and research editor,
the following year.
From 1938 until 1939,
he was an instructor
in electrical engineering at the University of
Missouri, and from 1939 until 1944, an as-
sistant professor to associate professor of
electrical engineering at the University of
Texas. During the summer of 1941 he was
research engineer at Century Electric Com-
pany. e was a staff member at M.LT.
Radar School from 1944 until 1946, and pro-
fessor of electrical engineering at Georgia
Institute of Technology in 1946. For the
next five years Dr. Galbraith was chairman
in the department of clectrical engineering
at Syracuse University.

From that time until now he has been
dean of the college of engineering at Syracuse
University.

R. A. GALBRAITH
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Edward L. Ginzton (S'39-A'40-SM’46-
F’51) was born in Russia on December 27,
1915, and came to the United States in 1929.
He received the B.S.
degree in electrical
engineering from the
University of Cali-
fornia in 1936, and
the M.S. degree from
the same institution
in 1937, For graduate
study at Stanford
University, he re-
ceived the E.E. de-
gree in 1938, and the
Ph.D. degree in 1940.

From 1937 until
1939 Dr. Ginzton acted as assistant in teach-
ing and research at Stanford University, and
in 1940 he became a research associate in
the physics department.

P )+

E. L. GiNzTON
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From 1940 until 1946 Dr. Ginzton was
employed in the research laboratories of
the Sperry Gyroscope Company. From 1946
to 1948, he has been an assistant professor of
applied physics at Stanford University, and
an Assistant Director of the Microwave
Laboratory. In 1948 he became an associate
professor, and in 1951, professor of applied
physics and electrical engineering.

Dr. Ginzton has been the Director of the
Microwave Laboratory since 1949. He has
also been a member of the Executive Com-
mittee of the Board of Directors of Varian
Associates from 1948 to date. He is a mem-
ber of Sigma Xi, Tau Beta Pi, and Eta
Kappa Nu.
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Wolf J. Gruen (M'47) was born in Berlin,
Germany, on September 21, 1914. e re-
ceived the Dipl. Ing. E.T.H. degree in elec-

trical engineering

from the Swiss Fed-
eral Ins. of Technol-
. ogy in Zurich, in
' 1940, and the M.E.E.
degree from Syracuse
University in 1952.
From 1944 to

. —
% 1946 Mr. Gruen was
in charge of the
{ N Laboratory of the

Long Lines Depart-
W. J. GRUEN ment of the Ericsson
Telephone Company
in Mexico City, Mexico. In 1946 he im-
migrated to this country and joined the Ad-
vanced FM Development Group of the
Hazeltine Electronics Corporation in New
York.

Since August 1947, Mr. Gruen has been
associated with the Receiver Department of
the General Electric Company. He is cur-
rently a Section Engineer in charge of a de-
velopment section, engaged in monochrome
and color-television circuit development.

Mr. Gruen is a member of Panel 15,
NTSC, and has been active on several sub-
committees of the NTSC. He currently
serves on the Membership Committee of the
Syracuse Section of the I.R.E. He is a
member of the Scientific Research Society of
America, RESA,
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For a photograph and biography of
J. W. HERBSTREIT, see page 606 of the May,
1952 issue of the PROCEEDINGS OF THE .R.E.

0.0

William R. Hewlett (S’35-A"38-SM'47-
F’48) was born in 1913 at Ann Arbor, Mich.
He received the A.B. degree from Stanford
University in 1934,
and the M.S. degree
from the Massachu-
setts Institute of
Technology in 1936.
In 1939 he received
the E.E. degree from
Stanford University,
after spending the
period from 1936 to
1938 engaged in elec-
tromedical research
in Palo Alto, Calif.

In 1939, Mr.
Hewlett joined David Packard in starting

W. R. HEwLETT
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the Hewlett-Packard Company in Palo
Alto. During the war he was on active duty
with the Army, first assigned to the office of
the Chief Signal Officer, and then to the New
Developments Division of the War Depart-
ment’s Special Staff in Washington, D.C.
Since 1946, he has been associated with the
Hewlett-Packard Company.

Mr. Hewlett is a member of Sigma Xi
and the American Institute of Electrical
Engineers. He received the I.R.E. Fellow
award “for his initiative in the development
of special radio measuring techniques.”

Roland B. Holt was born on July 21,
1920, in San Antouio, Texas. Ile received his
AL.B. degree from the University of Texas in
1940; his M.A. de-
gree from the Uni-
versity of Texas in
1942; and his Ph.D.
degree from Har-
vard University in
1947.

During the period
1942-1950, Dr. Hoit
held the positions of

rescarch  associate,
National Research
Roranp HoLt Council Predoctoral
Fellow, Instructor

and Assistant Professor of Physics at Har-
vard University.

In 1950 Dr. Ilolt became Director of the
Cyclotron Laboratory at Ilarvard Uni-
versity, a position he held until 1952. Dur-
ing the fall of 1951 he became President of
Scientific Specialties Corporation, the posi-
tion he currently holds as well as President
of Transistor Products, Inc.

Ph.D. thesis work involved a study of the
role of hydrogen peroxide in the thermal
reaction between hydrogen and oxygen.

During World War II at the Radio Re-
search Laboratory of Harvard University,
Dr. Holt did work in the ficld of radio
countermeasures.

Dr. Holt is a member of Phi Beta Kappa,
Sigma Xi, I.R.E. (senior member), and the
APS.

Richard A. Johnson was born in Worces-
ter, Massachusetts on June 30, 1926. For
two years during the war he was in Navy
Radar program after
which he received the
A.B. degree in phys-
ics from Dartmouth
in 1948. He con-
tinued his studies at
Harvard University,
receiving the NM.S.
Degree in 1930 and
the Ph.D. Degree in
Engineering Science
and Applied Physics
in 1952. At Harvard
he did research in gas
discharge physics and the theory of random
processes. At present, Dr. Johnson is af-
filiated with Transistor Products, Inc.,
He is a member of A.P.S., Phi Beta Kappa
and Sigma Xi.

R. A. JoHNsoN
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Josef Kates (S'45-A’52) was born on
May 5, 1021, in Vienna, Austria. He re-
ceived the B.A. degree in the mathematics
and physics honor
course in 1948, the
M.A. degree in ap-
plied mathematics in
1949, and the Ph.D.
degree in physics in
1951, all at the Uni-
versity of T'oronto.

From 1944 to
1948, Dr. Kates
worked on problems
related to vacuum
tubes with Rog-
ers Electronic Tubes,
Ltd., Toronto. Since 1948 he has heen en-
gaged in the development and design of digi-
tal computers with the Computation Centre
of the University of Toronto.

Dr. Kates is & member of the Association
of Professional Engincers of Ontario, the
Canadian Association of Physicists, and the
Canadian Mathematical Congress.

Joser KaTtEs
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Leonard H. King (5'46-A"49) was born
in New York City on July 27, 1925. After
serving in the Army from October 1943 to
May 1946, he en-
tered the Massa-
chusetts Institute of
Technology and re-
ceived a BB.S. degree
in electrical engineer-
ing in June 1950. Mr.
King became a re-
search assistant in
the M.LT. Instru-
mentation® Labora-
tory and received the
M.S. degree in elec-
trical engineering in
June 1951. Since then, he has worked as a
research engineer in the airborne fire control
section of the M.I.T. Instrumentation Lab-
oratory and presently is in charge of the con-
trol aspects of a prototype fire control sys-
tem.

Mr. King is an associate member of
Sigma Xi.

Leonarn . Kine
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Geoffrey Knight, Jr. was horn on July
15, 1922, in Washington D. C. e received
his A.B. degree, magna cum laude, from
Amherst College in
1943 and his Ph.D.
in theoretical physics
from M.L.T. in 1949,

From 1949 to
1951 Dr. Knight
worked in the fields
of transistor technol-
ogy and transistor
applications for In-
ternational Business
Machines Corpora-
tion. In 1951 he
joined Scientific Spe-
cialties Corporation, eventually transferring
to its affiliate, Transistor Products, Inc.
Here he has been chiefly concerned with the
design of equipment for measuring tran-
sistor characteristics and with transistor
circuit applications.

GEOFFREY KNiGur
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He is a member of the A.P.S., Phi Beta
Kappa, and Sigma Xi.

Ervin Joseph Nalos was born in Prague,
Czechoslovakia, September 10, 1924. He
graduated from King Edward High School,
Vancouver, Canada,
in 1941. In 1946 he
received the degree of
Bachelor of Applied
Science in electrical
_ engineering, and in
¢ 1947, the degree of
Master of Applied
Science from the Uni-
versity of British Col-
umbia. He contin-
ued graduate study
as a research and
teaching assistant at
the Microwave Laboratory at Stanford Uni-
versity under a Sperry Gyroscope Company
fellowship, obtaining his Ph.D. in 1951.

Since then Dr. Nalos has hecen a Research
Associtte at the Microwave Laboratory,
where he is active in high power microwave
tube research and the student laboratory
instruction program. He is a member of
Sigma Xi.
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Raymond J. Nordlund (M’46-SM'50)
was born in New Lffington, South Dakota,
on April 20, 1911. Hereceived the B.S. in EE
Degree from South
Dakota State College
in 1933, and com-
pleted basic require-
ments for the NL.S.
Degree in Radiation
at Ohio State Univer-
sity in 1948.

From March,
1934, until June,
1941, Mr. Nordlund
was engaged in vari-
ous phases of high-
way design and engi-
neering for the South Dakota State Highway
Commission. In June, 1941, he joined the
staff of the Signal Corps Aircraft Radio Lab-
oratory, \right Field, Ohio, undertaking re-
search in “night effect” in radio-compass air-
borne navigation.

During 1942 Mr. Nordlund was engaged
in component development for the first ra-
dar-navigation systems to be used by the
U. S. Air Force, SCR-521, SCR-517, and
AN/ADPQ-5. From March, 1943, to January,
1946, he served as project engineer for devel-
opment of a fire-control radar system and a
high-resolution radar bombing system in
Radar Laboratory, Wright Field. From Jan-
uary, 1946, to October, 1948, he served as
Chief, Ground Position Indicating Systems
Unit and as Asst. Chief, Bombing Branch,
Aircraft Radiation Laboratory. He was
Chief, Strategic Bombing Branch, Arma-
ment Laboratory from October, 1948, to
April, 1951. At the present time his post is
that of Bombing Consultant, Armament
Lahoratory, Wright Air Development Cen-
ter, Dayton, Ohio.

Mr. Nordlund is a member of Sigma Tau,
and has served on a sub-panel of the Re-

R. J. NorpbLUND
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search and Development Board for several
years. He holds the rank of Major, USAFR.
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Ian M. Ross was horn in Southport,
England, on August 15, 1927, He received the
B.A. and M.A. degrees in engineering from
the University of
Cambridge in 1948
and 1952. He re-
ceived the Ph.D. de-
gree from Cambridge
in 1952 for an inves-
tigation of low-fre-
quency noise in vac-
uum tubes and semi-
conductors.

Dr. Ross joined
the staff of Bell Tele-
phone Laboratories
in February 1952 and
has been since that time a member of the
transistor physics group.
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o,
[

For a photograph and biography of
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Norman R. Scott (SM’46) was born in
Brooklyn, N. Y., on May 15, 1918. He re-
ceived BB.S. and )!L.S. degrees in 1941 from
Massachusetts Insti-
tute of Technology,
where he was enrolled
in  the cooperative
course in  Electri-
cal Enginering. He
worked at the Gen-
eral I-lectric Co. dur-
ing his undergraduate
training and for a
short time after
graduation. In 1941
he entered the U. S,
Army, serving for five
years. He concluded his service with the
rank of Major and the position of Chief of
Special I’rojects Laboratory. He joined the
faculty of the Dept. of Electrical IEngineer-
ing at the University of Illinois in 1946 and
received his Ph.D. there in 1950. He is now
Asst. Professor of Electrical Engincering at
the University of Michigan.

Dr. Scott is a menther of Sigma Xi, Eta
Kappa Nu, and Phi Kappa Phi.
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Leonard S. Sheingold (S§'46-A’50) was
born in Boston, Mass., on January 14, 1921.
He served in the United States Army from
1942 to 1945.

In 1947 DMr.
Sheingold  received
the B.E.E. degree
from Syracuse Uni-
versity. In 1948 and
1949, he was an in-
structor in electrical
engineering at Syra-
cause lUniversity. He
received the M.E.E.
degree from Syracuse
University in 1949,
From 1949 to 1952,
he was a graduate student in the Dept.
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of Engineering Science and Applied Physics
at Harvard University.

Mr. Sheingold obtained the A.M. degree
from Harvard in 1950 and the Ph.D. degree
in Applied Physics in 1953.

During the summers of 1950 and 1951,
Dr. Sheingold was employed as a Microwave
Engineer for Sylvania Electrical Products
Inc., and served as a consultant during
1952. At present Dr. Sheingold is employed
as an engineering specialist with the Engi-
neering Lab. of Sylvania Electric Products
Inc., Boston, Mass.

Dr. Sheingold is a member of Sigma Xi,
Sigma Pi Sigma, and is a member of the
papers committee of the Boston Section of
the LR.E.
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For a photograph and biography of
JAcoB SHEKEL, see page 1611 of the Novem-
ber, 1952, issue of the PROCEEDINGS OF THE
I.R.E.

.l

Blanchard D. Smith, Jr. (§'45-A’50)
was born in New Orleans, La. on August
22, 1925. He received the B.S. degree in
electrical engineering
from the Georgia In-
stitute of Technology
in 1945 and the M.S.
degree in electrical
engineering from the
Massachusetts Insti-
tute of Technology
in 1948.

Mr. Smith was a
commissioned officer
in the U. S. Navy
as a radar instructor.
He was a research as-
sistant at the Research Laboratory of
Electronics, M.1.T., working on telemetering
systems and pulse-code modulation.

Since 1948 Mr. Smith has been em-
polyed by Melpar, Inc. At present he is a
consulting project engineer on electronic re-
search and development projects.

Mr. Smith is a member of Phi Kappa
Phi, Tau Beta Pi, Eta Kappa Nu, Sigma Xi.

B. D. SMmitH, JR.

Ernest K. Smith, Jr. (A’46-M'48) was
born in Peiping, China, on May 31, 1922,
He came to the United States in 1940 and
entered Swarthmore
College, where he re-
ceived the B.A. in
Physicsin 1944. After
graduation, he went
into the Army and
spent the following
two years with the
Signal Corps Radio
Propagation  Unit,
Baltimore,Maryland.
Mr. Smith joined the
Engineering Depart-
ment of the Mutual
Broadcasting System in 1946 and later be-

ERNEST K. SMITH,

Contributors to Proceedings of the I.R.E.

came Chief of the Plans and Allocations
Division. In 1949, he entered the School of
Electrical Engineering at Cornell University
and received the M.S. degree in 1951.

Mr. Smith was employed by the Central
Radio Propagation Laboratory of the Na-
tional Bureau of Standards in Boulder,
Colorado from June 1951 to September 1952.
He is now a candidate for the Ph.D. degree
at Cornell University.

.l

Harry Sohon (A’28-VA’39-SM’'50) was
born on November 24, 1904, in New York
City. He received the E.E. degree from Cor-
nell University in
1926. After gradua-
tion he worked for
the General Electric
Company for two
years,

Mr. Sohon re-
turned to Cornell on
a McMullin Fellow-
ship and received the
M.E.E. degree in
1930. Joining the
staff at Cornell as
Instructor, he earned
the Ph.D. degree in 1932, He continued
teaching at Cornell until 1942 when he was
appointed Asst. Professor of Electrical En-
gineering at the University of Connecticut
where he remained a year before accepting a
similar appointment at the Moore School,
University of Pennsylvania, from 1943 to
1945.

Following a year as advanced develop-
ment engineer in the aviation engineering
section of RCA-Victor, Mr. Sohon returned
to the Moore School in 1946. In 1951 he was
appointed Associate Professor of Electrical
Engineering and also Associate Supervisor of
Research at the Moore School.

Mr. Sohon is licensed as a professional
engineer in the State of Pennsylvania and is
a member of Eta Kappa Nu, Phi Kappa Phi,
Sigma Xi, the Engineers Club of Philadel-
phia, the American Society for Engineering
Education, the American Association of
University Professors, and the American In-
stitute of Electrical Engineers.

HARRY SOHON

..

.l

Seymour Stein (S8'53) was born in
Brooklyn, New York, on April 4, 1928. He
received the B.E.E. degree from City
College, New York,
in 1949, and the M .S.
degree in Applied
Science from Har-
vard University in
1950. He is now
studying at Harvard
toward a Ph.D. in
in Applied Science.

Mr. Stein was a
Teaching Fellow at
Harvard during 1950-

S. STEIN 51, and is now an
RCA Fellow in Elec-
tronics, under the National Research

Council (1951-1953).
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Mr. Stein is a member of Eta Kappa Nu,
Tau Beta Pi, and Sigma Xi.

James E. Storer was born in Buffalo,
N. Y., on October 26, 1927. IHe received the
A.B. degree in physics in June, 1947, from
Cornell University,
followed by the M.S.
and Ph.D. degrees in
1948 and 1951, re-
spectively, both from
the Dept. of En-
gineering  Sciences
and Applied Physics
at Harvard Univer-
sity. While at Har-
vard, he held an
Atomic Energy Comn-
mission  Fellowship.
He is a member of

JAMES E. STORER

the Sigma Xi Society.

Dr. Storer was Research Fellow at the
Electronics Research Lab., 1951-53, and
Lecturer in the Div. of Applied Science,
Harvard, 1952-53. Currently he is Asst. Pro-
fessor in the Div. of Applied Science, doing
research in the fields of Electromagnetic
Theory and Random Processes.

..

Stanley Weintraub was born in New
York, N. Y., on April 4, 1922, He entered
the City College of New York in 1939,
leaving in 1942 to
join the Signal Corps
Radar Laboratory,
enlisting in the Sig-
nal Corps the same
year. He served asan
airborne radar tech-
nician in the India-
Burma theater from
1943 to 1946. Mr.
Weintraub returned
to CCNY, receiving
the B.S. degree in
Physics in 1947,
From 1947 until 1949 he was in the Mechan-
ical Instruments Section of the National
Bureau of Standards, Boulder, Colo. Since
1949 he has been with the Central Radio
Propagation Laboratory of the Bureau
where he is now a member of the radio-
meteorological group of the Tropospheric
Propagation Research Section.

S. WEINTRAUB

K

For a photograph and biography of G. S.
WICKIZER, see page 1731 of the December,
1952 issue of the PROCEEDINGS OF THE I.R.E.

For a photograph and biography of
LotF1 A. ZADEH, see page 1128 of the Sep-
tember, 1952, issue of the PROCEEDINGS OF
THE [.R.E.
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ForEIGN MEMBERS MAY Pay
Duks witn UNESCO Courons

The attention of foreign members is
called to the avail ibility of UNESCO Cou-
pouns for paying IRIZ membership dues. This
coupon is issued by the United Nations
Educational, Scientific and Cultural Organ-
ization to facilitate payments of this nature
between UNESCO member countries,

UNESCO Coupons may be purchased
with local currency fro.n the national Distrib-
uting Body of each participating country or
from UNESCO regional offices. The ad-
dresses of Distributing Bodies and UNESCO
offices are given below.

Distributing Bodies

Austria—Aussenhandelstelle fur Buch
und Graphik, Grunangergasse 4, Vienna I;
British Colonial and Trust Territories—
Unesco Book Coupons, c/o Book Tokens
Ltd.,, 28 Little Russell Street, London,
W.C.1; Burma—The Secretary, National
Commission Secretariat, Government of
Burma, 545-547 Merchant Street, Rangoon;
Cambodia—Ministere de I'Education Na-
tionale ct de la Jeuncsse, Phnom Penh;
Ceylon—The Secretary, National Commis-
sion for Unesco, Ministry of Education,
Colombo; Czechoslovakia—Orbis Company,
37 Narodni, Prague 1; Egypt—Administra-
tion of General Culture, Ministry of liduca-

Caleniar of

COMING EVENTS

IRE-ONR-Univ. of Calif. Symposium
on Statistical Methods in Com-
munication Engineering, Berkeley,
Calif., August 17-18

IRE Western Convention and Elec-
tronic Show, Civic Auditorium,
San Francisco, Calif.,, August
19-21

International Sight and Sound Expo-
sition and Audio Fair, Chicago,
I1l., September 1-3

Conference on Nuclear Engineering,
University of California, Berkeley,
September 9-11

National Electronics
Hotel Sherman,
September 28-30

URSI Fall Technical Meeting, Otta-
wa, Canada, October 5-8

PGUE-Acoustical Society Sympos-
ium, Case Institute of Technology,
Cleveland, Ohio, October 15-17

1953 IRE-RTMA Radio Fall Meeting,
Toronto, Ont., October 26-28

Conference on Radio Meteorology,
University of Texas, Austin, No-
vember 9-12

Joint IRE-AIEE 6th Annual Confer-
ence on Electronic Instrumenta-
tion in Medicine and Nucleonics,
New York City, November 18-20

Conference,
Chicago, Ill.,

tion, Cairo; France—Direction des Biblio-
theques de France, 55 rue Saint Dominique,
Paris-7e.

French Colonial Territories—Direction
des Bibliotheques de France, §5 rue Saint-
Dominique, Paris-7¢; Germany—(Bundes-
republik) Notgemeinschaft der deutschen
Wissenschaft, Buechelstrasse 55, Bad Godes-
berg bei Bonn; Hungary—Kultura, P.O.B.
149, Budapest 62; India—Ministry of Edu-
cation, New Delhi 3; Indonesia—Ministry
of Education and Culture, Djalan Tijlatjap
4, Djakarta; Israel—Dr. G. J. Ehrlich, Im-
port Licensing Office, Ministry of Education
and Culture, Hakirya; Italy—Commissione
Nazionale dell'Unesco, Villa Massimo, Via
di Villa Massimo, Rome; Japan—Society for
the Promotion of Science, c/o Science Coun-
cil of Japan, Ueno Park, Tokyo, Japan;
Pakistan—The Minister of Education and
Industries (Education Division), Govern-
ment of Pakistan, Karachi.

Persia—Persian National Commission for
Unesco, Avenue du Nusee, Teheran; Syria—
The Secretary, Syrian National Commission,
Ministry of Education, Damascus; Thai-
land—The Thailand National Commission
for Unesco, Ministry of Education, Bang-
kok; Union of South Africa—The Secretary,
Department of Education, Arts and Science,
New Standard Bank Buildings, Pretoria;
U.S.A.—Unesco Office, UN Building, Room
2201, New York 17, N. Y.; United Kingdom
—Unesco Book Coupons, c/o Book Tokens
Ltd., 28 Little Russell Street, London,
W.C.1; Yugoslavia—Secretaire do la Com-
mission Nationale de la Republique popu-
laire federative de Yougoslavie pour
I"Unesco Moskovska 51, Belgrade.

UNESCO Offices

(Covering Afghanistan, Burma, Ceylon,
China, Egypt, Hashemite, Jordan, India,
Indochina, Indonesia, Iraq, Israel, Japan,
Korea, Lebanon, Persia, Philippines, Pak-
istan, Saudi Arabia, Syria, Thailand, Tur-
key.)

East Asia—Unesco Science Co-operation
Office, United Nations Building, 106
Whangpoo Road, Shanghai, China and
Unesco Science Co-operation Office, United
Nations Building, Padre Faura, Manila,
Philippines; Middle East—Unesco Science
Co-operation Office, 8 Sh. el Salamlik, Gar-
den City, Cairo, LEgypt and Unesco Science
Co-operation Office, Istanbul Teknik Uni-
versitesi, Gumussuyu, Istanbul, Turkey;
South Asia—Unesco Sciency Co-operation
Office, University Buildings, Delhi, India;
South-East Asia—Unesco Science Co-opera-
tion Office, Merdeka Seletan 11 Pav.,
Djakarta, Indonesia.

IRE SEcTIiONS FORMED IN
LoNG ISLAND AND ELMIRA

At its May 5 meeting the IRE Board of
Directors approved the establishment of the
Long Island Section (formerly a Subsection
of New York Section) in Region 2 and the
Elmira-Corning Section in Region 4.

These raise IRE Sections to 67.

IRE AuTtiiors First CALL

Prospective authors for the National
Convention please submit: name, address,
title of paper, 100-word abstract and in-
formational up to 500 words (both in trip-
licate), to B. R. Lester, IRE, 1 East 79 St.,
New York, N. Y. by November.

W. R. G. BakEr
RECIPIENT OF Two AWARDS

Dr.W. R. G. Baker (A'19-F’28), General
Electric Company vice president and past
president of the IRE, was recently presented
the Medal of Freedom by the Honorable
Earl D. Johnson, Under Secretary of the
Army, during ceremonies in the Pentagon,
and the Medal of Honor by the Radio-
Television Manmnfacturers Association at

their annual convention in Chicago.

Dr. Baker was awarded the Medal of
Freedom for accelerating the application of
electronics to the solution of Army research
and development problems. He led a mis-
sion of leading scientists and industrialists
to Korea in the summer of 1952, to study the
problem of utilizing electronic devices and
principles to the maximum extent, thereby
increasing the effectiveness of the individual
soldier and reducing the cost of human life.

ULTRASONICS ENGINEERING

The First Administrative Committee
meeting of the Professional Group on Ultra-
sonics Engineering was held on' May 6, 1953
in Washington, D. C.

Members of the committee are: Chair-
man of the Group: A. L. Lane, Naval Ord-
nance Laboratory; Vice-chairman, M. D.
Fagen, Bell Telephone Laboratories; Secre-
tary, J. Hunter, John Carroll University;
and W. G. Cady, California Institute of
Technology; W. J. Fry, University of Illi-
nois; Frank Massa, Massa Laboratories;
Oskar Mattiat, Clevite-Brush Development
Co., P. L. Smith, Naval Research Lab.;
W. J. Mayo-Wells, Johns Hopkins Univ.

Committee chairmen are as follows:
Paper Procurement and Publications, O.
Mattiat; Membership, M. D. Fagen; Sec-
tional Activities, J. Hunter; Finance, P. L.
Smith; Legal, W. J. Mayo-Wells.

Plans were made to sponsor a session on
ultrasonics engineering at the National
Electronics Conference in September.
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NATIONAL TELEMETERING CONFERENCE BANQUET

Among those who attended the National Telemetering Conference jointly sponsored by the IRE,
AIEE. IAS and ISA were (l. to r.) R. S. Gardner of AIEE; Dr. Harvard Hull of IAS, conference treasurer;
D. J. E. Hobson, Stanford Research Institute, banquet speaker; Kipling Adams, General Radio Co.; John
Doremus, Allen G. Caldwell Manufacturing Co., conference chairman; W. A. Wildhack of ISA; L. G.

Cumming, IRE Technical Secretary.

Organization for Engineering Unity

The following report to the member-
ship is published at the direction of the
IRE Board of Directors.—The Editor

For several years, earnest and detailed
efforts have been made by a group of engi-
neers broadly representative of leading engi-
neering societies to promote unity in the
engineering profession. Their further purpose
was to afford both a forum and a spokesman,
so to speak, for engineers on matters of such
broad scope as might transcend the defined
fields of individual engineering societies.

The body chosen in mid-1949 to study
these matters, under the general auspices of
the Engineers Joint Council and about fif-
teen collaborating engineering societies
(which had appointed their representatives),
was known as the "Exploratory Group to
Consider the Increased Unity of the Engi-
neering Profession.”” The IRE was repre-
sented on this Exploratory Group.

It was evident at once that any concrete
procedures for an increase in the “unity’’ of
the engineering profession were necessarily
complex, multi-element matters.

More specifically, three major difficulties
were immediately encountered. The first of
these may be briefly described as follows.
The attractiveness of the broad concept of
engineering unity was diminished as soon as
an attempt was made to define at least
some of the specific objectives and proce-
dures of the unity organization. Indeed, up
to this time there are some persons who,
while sympathetic to the broad concept of
engineering unification, find no definite or
concrete proposals or aims which seem suffi-
cient at this time to command support. The
second difficulty arose from the conflict be-
tween a unification based on engineering-
society membership and control and a con-

solidation based on individual membership
and control, independent of the existing
societies. The third problem sprang from
varying definitions of the scope and author-
ity of individual engineering societies. Some
of these regard themselves as restricted
closely to scientific and technical matters.
Others wish to go further afield, in some
cases impinging on the fields of political,
legislative, or even labor-representational
activities. Some societies do not regard
themselves as authorized to speak for their
membership on any but highly technical
matters, except perhaps after a special vali-
dating vote by the membership. Others take
almost the opposite stand as to their right
to commit their membership on a wide
variety of subjects.

These problems were brought into sharp
focus for the IRE by the receipt of an invita-
tion from the Engineers Joint Council (EJC)
to join a broadened and modified version of
that body planned to function as an engi-
neering unity organization.

One of the objectives of the expanded
EJC was the development of sound public
policies respecting national and interna-
tional affairs. This aim could be interpreted
as permitting the direct influencing of legis-
lation—a course of action believed to be
favored by some in the EJC. Further, a
simple majority vote of the Council might
be regarded as sufficient to initiate such ac-
tion. The IRE has consistently refrained, as
a matter of established policy, from any
such action either as a society or through its
Sections.

The new body would also administer,
on behalf of the engineering profession,
those activities authorized by a majority of
the constituent societies of the Council. The
implication would seem to be that while the
individual engineer is to be represented,
only the constituent societies would enjoy

individual membership. The IRE has con-
sistently held to the position that the IRL
is not entitled to represent its members as
individual members of the engineering pro-
fession. Presumably an IRE constitutional
amendment would be needed to authorize
the IRE Board of Directors thus to repre-
sent its membership more widely and to
extend that power of representation to
another body of its choice.

While the IRE does not take a stand as
a society even on technical matters when
dealing with outside agencies, it dves pro-
vide facilities for independent bodies such as
the Joint Technical Advisory Committee.
This method of operation has proved satis-
factory (and is similar to the excellent prec-
edent of the Royal Society, Great Britain,
which, throughout its long and distinguished
history, has carefully avoided ever taking a
position as a society, while assisting wher-
ever possible in the formation and work of
any commission established to deal with
national problems).

At the March 27, 1953 meeting of the
IRE Board of Directors, the Board consid-
ered at length the EJC invitation and ex-
pressed its viewpoint in the following
unanimously approved resolution:

Whereas, Our study of the Constitution of
the Engineers Joint Council, adopted De-
cember 7, 1952, has revealed that acceptance
by The Institute of Radio Engineers of the
invitation to join the Engineers Joint Coun-
cil would necessitate abrogation of two basic
policies of long standing: one, that the Insti-
tute shall not engage directly or indirectly in
legislative activity; aud the other, that the
Institute, as a society, is not entitled to
represent its members as individual mem-
bers of the engineering profession or as a
body on social or general professional mat-
ters, and shall not, as a society, take a stand
even on techunical matters; therefore be it

Resolved, That, after careful deliberation,
the Board of Directors has come to the con-
clusion that it is not desirable to reverse
these policies at this time in order to permit
affiliation with the Engineers Joint Council;
and be it further

Resolved, I'hat, therefore, The Institute of
Radio Engineers must regretfully decline the
invitation to join the Engineers Joint
Council.

However, the Board looked favorably
upon co-operative activity with the EJC on
any specific problems of mutual interest in
which the Institute can engage within the
above stated framework. The Board further
emphasized that the action taken was
believed by it to be in the best interests of
the Institute and its members. It should be
added that, in the opinion of the Board, a
unity organization of the type envisioned
could function more appropriately and effec-
tively as an individual membership society
rather than as a coalition of professional
engineering societies. And, further, the
Board directed that the preceding informa-
tion should appear in the I’ROCEEDINGS OF
THE I.R.E. as a report to the membership
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AIRBORNE ELEcCTROXNICS

The Philadelphia Chapter of the Pro-
fessional Group on Airborne Electronics
elected \V. \V. Felton, Franklin Institute,
president; R. J. Esser, Raymond Rosen En-
gineering ’roducts, vice-president; and C. E.
Dolberg, Philco Corp., secretary. At a recent
mecting at the Naval Air Development
Center in Johnsville, I’a., C. S. Vasaka, en-
gineer with the Center, gave a paper en-
titled the “Effects of Radio Interference on
Airborne Electronics.” He discussed the
necessity for reduction of radio interference,
the methods of reduction, testing, and the
test equipment involved.

ANTENNAS AND PROPAGATION

The new officers and administrative com-
mittee of the I’rofessional Group on Anten-
nas and P’ropagation are: Chairman, . S.
Carter; Vice Chairman, D. C. Ports; Secre-
tary-"T'reasurer, P, H. Smith; George Sin-
clair; A. H. Waynick; J. B. Smyth; 11. G.
Booker; . A. Finke; J. S. Brown; L. J.
Chu; R. B. Jacques; L. C. Van Atta; H. W.
Wells.

Avbpio

The Cincinnati Chapter of the IP’rofes-
sional Group on Audio met under the Chair-
manship of R. IE. Kolo recently at the Hotel
Gibson, and Engineering Society Hdqts.
G. J. Schulmerich, president of Schulmerich
Electronics Inc. spoke about “Carillons.”
He discussed the characteristics of the tones
produced by cast bells and covered the
methods used in his carillonic bells to secure
comparable results. C. A. Maynard, vice
president, Indiana Steel I’roducts Co.,
talked about “Magnetic Structures for
Audio and Acoustic Devices.” He covered
the characteristics of, and magnetic and
physical limitations of, permanent magnet
materials used in structures for audio and
acoustic devices, and the design and appli-
cation of magnets to such structures.

The newly formed Houston Chapter held
an organizational mecting in May at which
L. A. Geddes was clected head. D. I’. Carl-
ton demonstrated his two latest versions of
small folded horns, one with an 8-inch
speaker and a tweeter, and other with two
8-inch speakers. (Drawings are available
upon request, care of Humble QOil.) He also
demonstrated a console with a Mclntosh
amplifier, Rek-O-Nut turntable, and switch-
ing facilities permitting the selection of vari-
ous output impedances and particular
speaker. The PGA tapescript and slides of
“A Single Ended Push-Pull Amplifier” by
Peterson and Sinclair of General Radio were
shown, and Roy Brougher demonstrated a
modilied version of this type of amplifier.
James Hallenburg showed a message re-
peater. The next meeting will coincide with
the beginning of binaural FM broadcasts,
probably in August.

The Philadelphia Chapter recently held
two meetings in the Edison Building pre-
sided over by S. C. Spielman, and W. G.
Chancy. Lowell Good, RCA, spoke on “De-
sign I'actors for Audio Amplifiers,” present-
ing what performance characteristics are
needed for a suitable amplifier and how these
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requirements are being met in commercial
amplifiers. He covered power, distortion,
noise, stability, reliability, and efficiency as
they affect satisfactory design. H. H. Scott,
president of H. H. Scott, Inc., gave a paper
“Component Integration of Sound Repro-
ducing Systems” in which he discussed the
over-all problems of high-fidelity audio sys-
tems, particularly the contributions of the
transducer, amplifier, and the loudspeaker
system. He covered the application of dy-
namic noise suppression to phonographic re-
production from the new low noise records
in detail.

BroapcAST TRANSMISSION SYSTEMS

The Boston Chapter of the Professional
Group on Broadcast Transmission Systems
met recently at the studios of WCOP with
I’. K. Baldwin as Chairman. D. W. Bodle of
Bell Telephone Labs spoke on “Lightning
Protection of Transmitter Plants.” Staff
members of 15 broadcast stations attended.
New officers of the Chapter are Sidney
Stadig, WBZ-TV, Chairman; Hollis Gray,
WHDH, Vice-Chairman; and Fearing Pratt,
N.E. Tel. & Tel., Secretary.

The Chicago Chapter met recently under
the Chairmanship of Stephen Bushman;
F. M. Dukat, Receiving Tube Division of
Raytheon Mfg. Co., was the speaker. In
“Some Crystal Application Problems in Ra-
dio and Television Receivers,” he discussed
the use of crystals as low frequency multi-
pliers and uhf mixers, using slides of graphs
as illustration. He brought out that video
detector performance is affected by the back
voltage characteristic of the crystal, the
temperature at which the crystal is operat-
ing, and the capacity and resistance loading
of the crystal upon the detector circuit. Mul-
tiplier crystals are similar to video detector
crystals, but are chosen for their higher
front-to-back resistance ratio and better
high frequency characteristics. UHF mixer
crystals have a much lower front resistance,
lower back voltage range and less capacity
than the detector type crystals. Sufficient os-
cillator current must be injected into the
mixer crystal to achieve optimum conver-
sion efficiency. However, the crystal cannot
be driven too far in the reverse current direc-
tion because of the increase in noise tem-
perature of the crystal. Officers for the com-
ing year are: Chairman, J. T. Williams; Vice-
Chairman, K. R. Decho; Secretary, J. F.
White,

The Los Angeles Chapter met recently
in the Conference Room of the IAS Building
with D. E. Foster presiding. A. A. Barco,
RCA Labs, spoke on “Developments in the
Application of Transistors.” At a later meet-
ing E. P. Thias and Robert Eland of Stand-
ard Coil Products talked about “An 82-
Channel Turret Tuner.” Officers for the
coming year will be: Chairman, Stanley
Cutler, Pacific Mercury TV Mfg. Co.; Vice-
Chairman, J. T. McAllister, Hoffman Radio
Corp.; and Secretary-Treasurer, A. J. Ar-
man, Stevens Co.

Circuit THEORY

The Chicago Chapter of the I’rofessional
Group on Circuit Theory met at the West-

ern Society of Engineers Building recently
under the Chairmanship of L. E. Pepper-
berg. Speuaker of the evening was B. S.
Parmet, project engineer with Motorola,
Inc., who discussed “The Design of Max-
imally Flat Amplitude and Time Delay Fil-
ters.”

ELtcTtrON DEVICES
NorTH SHORE CHAPTER FORMED

The establishment of a North
Shore Chapter of the [Professional
Group on Electron Devices (Boston
Section) has been approved by the
lixecutive Committee of the Institute.

Interested members please contact
G. E. Carter, Jr., Bomac Labs., Inc.,
Salem Road, Beverly, Mass.

NEwW Group oN ELicTRONIC
COMPONENT PARTS

The need for a professional group con-
cerned with the ficld of component parts has
caused such a group to be established. Of-
ficially called the “Electronic Component
Parts Professional Group,” its interest will be
confined to the characteristics, limitations,
applications, development, performance, and
reliability of component parts. Membership
will be open to all IRE members. Engineers
interested are invited to join.

Officers of the Group are: Chairman,
F. A. Paul, supervisor, reliability group,
Northrup Aircraft Co., Hawthorne, Calif.;
Vice-Chairman, A. \W. Rogers, chief, com-
ponents and materials branch, Squier Signal
Lab., SCEL, Fort Monmouth, N. J.; Secre-
tary-Treasurer, C. G. Walance, Research
& Devel. Labs., Hughes Aircraft Co., Culver
City, Calif. Administrative committee mem-
bers are: M. J. Ainsworth, Bendix Corp.,
7250 Laurel Canyon Bivd., N. Hollywood,
Calif.; J. T. Brothers, components section,
Philco Corp., Philadelphia 34, Penn.; J. A.
Csepely, Air Arm Div., Westinghouse Elec-
tric Corp., Friendship International Airport,
Baltimore, Md.; F. B. Haynes, supervisor
Electronics Product Service Sect., Glenn L.
Martin Co., Baltimore; L.. K. Lee, Advanced
Techniques Lab., Stanford Research Insti-
tute, Stanford, Calif.; H. E. May, tube ap-
plication co-ordinator, Motorola, Inc., 4545
Augusta Blvd., Chicago 51, 11l.; L. Podolsky,
technical asst. to the president, Sprague
Electric Co., No. Adams, Mass.; G. Shapiro,
Electronics Div., National Bureau of Stand-
ards, Washington 25, D. C.; W. G. Tuller,
Melpar Electronics, Inc., 452 Swann Ave.,
Alexandria, Va.

ENGINEERING MANAGEMENT

The Chicago Chapter of the Professional
Group on Engineering Management met re-
cently with F. W. Schor as Chairman. A. \W.
Graf, patent lawyer, spoke about “Patent
Law as it Concerns Employers and Em-
ployees.” A panel of ten members discussed
the subject further with Mr. Graf following
his talk.
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TrcaNicALl. CoOMMITTEE NOTES

Under the chairmanship of D. C. Ports
the Antennas and Waveguides Committee
met on May 20. There was a discussion of
Standards Committee actions on Waveguide
terms. The latter part of the meeting was
taken up with a discussion of Component
definitions.

The Circuits Committce convened May
22 under the chairmanship of W. R. Ben-
nett. W. A. Lynch, Chairman of Subcom-
mittee 4.7 reported recommendations made
at a meeting of his subcommittee concerning
the list of feedback terms Appendix “A” 53
IRE 4. M3. The committee reviewed the
above definitions.

The Electron Devices Committee con-
vened on May 8 under the chairmanship
of G. D. O'Neill. In the absence of R. B.
Janes there was no report on Phototube
Methods of Test. If the revised phototube
definitions are satisfactory to Mr. Janes they
will be started on Grand Tour. A report was
relayed from Mr. Janes that his subcommit-
tee has considercd the latest revised pro-
posals (Storage Tube Definitions) and that
ncarly all replies are in from a questionnaire
sent to interested parties outside the sub-
committee.

The Facsimile Committee met on May 8
under its new Chairman, Henry Burkhard.
The activities of the committee under its
former Chairman were reviewed and the
following summary was given by J. H.
Hackenberg. A general revision of the “1942
Standards on Facsimile: Definitions of
Terms” has brought up to date the defini-
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tions, which now encompass electronic as
well as mechanical scanning techniques. In-
cluded are new recording techniques which
separate the recording field from the closely
related art of television. A list was given of
the terms that had been acted upon, revised,
and approved in present form by the com-
mittee. Also listed were the definitions under
discussion but not acted upon. Another item
under consideration by the committee is a
test chart. On March 6, 1953 it was agreed
that essentials of a test chart include four
indicators of amplitude or density fidelity,
and fifteen which serve to indicate the fidel-
ity of dimension or positioning of the picture
clemnents. A readability chart has been under
discussion by the committee and some stud-
ies have heen made but no definite action
taken. The most recent proposal described
in the Minutes of March 6, 1953 meeting
looks promising, and may supplant the read-
ability chart. After reading the summary of
activities the scope of the committee was re-
viewed.

The Information Theory and Modulation
Systems Committee met on April 21 under
the chairmanship of \W. G. Tuller. It was
moved, seconded, and passed that the defini-
tions (under consideration by the commit-
tee), in agreement with the broader point of
view, are on communication theory rather
than information theory and should be so
headed. The remainder of the meeting was
spent in a discussion of the above definitions.

The Navigation Aids Committee con-
vened on May 25 under the chairmanship
of P. C. Sandretto. Some time was spent dis-
cussing the definitions tentatively approved
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at the April 27 meeting. Revisions were
made in a number of them. Final review of
the proposcd definitions has now been com-
pleted.

On May 11 the Video Techniques Com-
mittee met under the chairmanship of W. J.
Poch. The proposed standard on the Meth-
ods of Measurement of Aspect Ratio and
Geometric Distortion tentatively approved
at the last meeting was reviewed. After sev-
eral minor corrections it was given final ap-
proval for consideration by the Standards
Committee by unanimous vote of those
present. A. J. Baracket reported that it was
the intention of his subcommittee to con-
tinue its consideration of Methods of Geo-
metric Distortion with emphasis on effects
due to changes in scanning-beam velocity.
It is understood that the Subcommittee on
Video Signal Transmission is preparing a
report on a method of measurement involy-
ing the use of a step signal in combination
with a super-imposed high-frequency sine-
wave. The Chairman reported that L. G.
Grignon's paper entitled “Television Video
Recording on Film” was returned to the
Subcommittee on Utilization with the sug-
gestion that minor revisions be made to re-
flect the changes in the art since the paper
was prepared. The proposed Standards on
Methods of Measurement of Pulse Quanti-
tics, Part I previously distributed to the
committee members was discussed. Defini-
tions approved at the previous mecting were
again reviewed. The list of those definitions
in the Video Techniques field previously
issued in published form were reviewed and
approved with a few exceptions.
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Wednesday, 10:00 A.M., August 19
SessioN I: ELEcTRON DEvICES |
Chatrman, M. Chodorow, Stanford Univ.

“A 1.8-4 KMC High Gain Wide-Band TWT
Amplifier,” S. F. Kaisel, L. A. Roberts,
and R. P. Lagerstrom, Stanford Univ.

“A Wide-Band Power Mixer Tube,” H. R.
Johnson, Hughes Research and Develop-
ment Laboratories

“A Wide-Tuning Range Microwave Oscilla-
tor/Amplifier,” J. L. Putz and W. R.
Luebke, Stanford Univ.

“Helix-Type Backward-Wave Oscillators,”
D. A. Watkins, Stanford Univ.

“Cross-Modulation in Traveling-Wave Am-
plifiers,” A. W. C. Nation and J. W.
Christie, Univ. of Washington

SessioN I1: CompuTERS |
Chagrman, L. D. Stevens, IBM

“A  Series-to-Parallel Data Converter,”
G. A. Neff, R. L. Sink, and H. E. Burke,
Consolidated Engineering Corp.

“pA New Analog-to-Digital Voltage Con-
verter,” J. Zweizig, California Institute
of Technology

“An Analog-to-Digital Conversion System

* Sponsored jointly by TRE Region 7 and the
West Coast Electronic Manufacturers Association,

with Printed Decimal Read-Out,” J. L.
Lindesmith, Clary Multiplier Corp.

“An Analog-to-Digital Converter,” A. D.
Scarbrough, Hughes Aircraft Co.

“The Analyzing Reader,” D. H. Shepard,
Intelligent Machines Research Corp.

Sess1oN 111: NoISE AND SIGNAL
SPECTRA

Chagrman, \V. W. Harman, Stanford Univ.

“lnstantaneous or Measurable Frequency
Spectra,” A. D. Watt and V. J. Zurick,
National Bureau of Standards

“The Response of Linear Systems to Non-
Gaussian Noise,” B. Gold and G. O.
Young, Hughes Research and Develop-
ment Laboratories

“Linear Detection of Nonstationary Noise-
Like Signals,” Ralph Deutsch, Hughes
Research & Development Laboratories

“A System of Noise Analysis,” S. D. Wan-
lass and D. M. Jacob, Hughes Research
and Development Laboratories

Wednesday, 2:30 P.M., August 19

SessioN I1V: CoMPUTERS 11

Chairman, Torben Meisling, Univ. of
California

“An Improved Reading System for Mag-

netically Recorded Digital Data,” Sam-
uel Lubkin, Underwood Corp.

“Magnetic Materials for Digital Com-
puters,” D. R. Brown, Massachusetts
Institute of Technology

“Panel Discussion on the Relative Mlerits of
Different Memory I'ypes,” Aoderator:
P. L. Morton, Univ. of California

SESSION V: AIRBORNE ELECTRONICS

Chairman, A. R. Ellis, Stanford Research
Institute

“The Air Navigation Development Board's
Program for the Development’ of the
Common System of Air Navigation and
Traffic Control,” D. K. Martin, Air
Navigation Development Board

“The Measurement of ’erformance of Air-
borne Voice-Modulated Communication
Systems,” E. J. Moorc and John Taylor,
Stanford Research Institute

“Corona Interference Reduction by Polar-
ity Discrimination,” M. M. Newman,
Li.ghtning and Transients Research In-
stitute

“Magnetic Amplifiers and Their Applica-
tions,” Victor Boros and David Sedd-
man, Polytechnic Rescarch and Develop-
ment Co.

“Airborne Weather Radar for Transport
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Aircraft,” Richard White, Trans World
Airlines

SEsSION VI: INSTRUMENTATION |

Chairman, D. B, Sinclair, General
Radio Co.

“The Application of Counter Techniques to
Precision Frequency Measurements,”
A. F. Boff, Berkeley Scientific Div.,
Beckman Instruments

“Two Timing-Circuit Innovations,” H. B.
Brooks, Hughes Aircraft Co.

“Strain Gage Oscillator,” E. A. Varallo,
Raymond Rosen Engineering Products

“Measurements of Time Jitter in Trains of
Video Pulses,” J. L. Fitch and R. R.
Buss, Stanford Univ.

“A Peak-Reading Vacuum-Tube Voltmeter
Which Has a Long Decay Time and is
Capable of Measuring the Amplitude of
Short Pulses,” L. S. Cutler, Gertsch
Products

SessioN VII: ELECTRON DEVICES
Chasrman, T. Moreno, Varian Associates

“Convection Current Noise—Theory and
Experiment,” S. V. Yadavalli, Univ.
of California

“Microwave Oscillator Stability,” George
Hetland and R. R. Buss, Stanford Univ.

“Air-Coolers for High-Power Vacuum
Tubes,” A. L. London, Stanford Univ.

“A High-Power High-Gain X-Band Pulsed
Amplifier Klystron and Driver Multi-
‘plier,” L. Zitelli, Varian Associates

“A High-Gain K-Band Amplifier,” W. G.

" Abraham and F. L. Salisbury, Varian
Associates

“Operating Behavior of High-Power Pulsed
Klystrons,” John Jasherg, Stanford
Univ.

Thursday, 10:00 A.M., August 20
SEssioN VIII: TRANSISTORS

Chairman, (to be announced)

“Recovery-Time Measurements on DPoint-
Contact Germanium Diodes,” Morgan
McMahon, T. E. Firle, and J. F. Roach,
Hughes Aircraft Co.

“A Point-Emitter Junction-Collector Tran-
sistor,” R. H. Kingston, MIT

“Measurement of the Small Signal Parame-
ters of Transistors,” Geoffrey Knight,
Jr., R. A. Johnson, and R. B. Holt, Tran-
sistor Products, Inc.

“Rapid Determination of Some Electrical
Propertics of Semiconductors,” Luther
Davis, Jr., Lawrence Rubin, and W. D.
Straub, Raytheon Manufacturing Co.

’ SessioN 1X: ANTENNAS |
Chairman, A. S. Dunbar, Dalmo Victor Co.

“Design and Performance of Rotationally
Symmetric Feeds for Paraboloidal Re-
flectors,” H. W. Haas, R. W. Dressel,
and R. D. Ewing, New Mexico College
of Agriculture and Mechanic Arts

“A New Antenna Feed Having Equal E
and H Plane Patterns,” Alvin Chlavin,
Hughes Aircraft Co.

“Waveguide Slot Arrays of Large Squint
Angle,” R. J. Adams and A. M. Lide,
Naval Research Laboratory

“The Impedance Properties of Narrow Ra-
diating Slots in the Broad Face of Rec-
tangular Waveguides,” Arthur A, Oliner,
Polytechnic Institute of Brooklyn
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“Principles of Spiral Scanners for Equal
Pulse Distribution,” J. Richard Huynen,
Dalmo Victor Co.

“Boresight Theory for Homogeneous Di-
electric Radomes,” M. C. Horton,
W. E. L. Boyce, and E. O. Hartig,
Goodyear Aircraft Corp.

Thursday, 10:00 A.M., August 20

SEss1ON X: NUCLEAR RADIATION
MEASUREMENTS

Chairman, H. S. Bright, U. S. Naval
Radiological Defense Laboratory
(Tentative Topics)

“Gamma and Electron Spectrometry with
Crystals at High Energy”

“A Discussion of Some Unsolved Instru-
mentation Problems in Nuclear Physics”

“The Current Status of Radiation Detector
Development”

“Neutron Source Standardization”

SessION XI: SERVOMECHANISMS

Chasrman, O. J. Smith, Univ. of
California

“Nonlinear Control Systems with Random
Inputs,” R. C. Booton, Jr., MIT

“Comparison of Linear and Nonlinear
Servomechanism Response,” T. M.
Stout, Univ. of Washington

“Time Quantization in a Feedback System,”
J. F. Waddell and H. D. Morris, Univ.
of California

“Stability of Feedback Systems Using a
Dual Locus Diagram,” Paul Jones, Cali-
fornia Institute of Technology

“Geometrical Interpretation of the Response
of Linear Systems to Special Inputs,”
J. R. Moore, North American Aviation

Thursday, 2:30 P.M., August 20
SessioN XII: TransisTor CIRCUITS

Chatrman, H, M. Zeidler, Stanford
Research Institute

“Recent Developments in Transistors,”
Irving Wolff, RCA

“Transistor Shift Registers,” R. H. Baker,
I. L. Lebow, and R. E. McMahon, MIT,

“A Point Contact Transistor VHF FM
Transmitter,” D. E. Thomas, Bell Tele-
phone Laboratories

“A Four-Digit Transistor Accumulator,”
D. J. Eckl, MIT

“A Transistor Feedback Amplifier for Car-
rier Frequency Applications,” J. C.
Lozier and D. D. Cherry, Bell Telephone
Laboratories

SessioN XIII: MiICROWAVE THEORY
& TECHNIQUES

Chairman, E. T. Jaynes, Stanford Univ.

“Mode Representations in Open and Closed
Uniform Waveguides,” Nathan Marcu-
vitz, Polytechnic Institute of Brooklyn

“Applications of Coupled Helices,” P. D.
Lacy, Hewlett-Packard Co.

“New Applications of Faraday Rotation in
Waveguides,” A. G. Fox, M. T. Weiss,
and S. E. Miller, Bell Telephone Lab-
oratories

“Nonreciprocal Circuits Comprising Fer-
rite-Loaded Rectangular Waveguides,”
A. G.Fox, M. T. Weiss, and S. E. Miller,
Bell Telephone Laboratories

“The Generation of Electromagnetic Oscil-
lations in the Microwave Region Using
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an Adiabatic Kind of Amplification,”
Gedalia Held, Univ. of California

SessioN XIV: ANTENNas 11

Chasrman, J. T. Bolljahn, Stanford
Research Institute

“Arrays of Closely Spaced Nonresonant
Slots,” R. J. Stegen and R. H. Reed,
Hughes Aircraft Co.

“Diffraction Theory and the Patterns of
Suppressed Antennas,” George Sinclair,
Univ. of Toronto

“Beam-Shaping and Optimum Bandwidth
Methods Applied to UHF TV Trans-
mitting Antennas,” John Ruze and J. E.
Martin, The Gabriel Laboratories

“Voltage Protection of Isolated Cap Air-
craft Antennas,” R. L. Tanner, Stanford
Research Institute

“A Slotted Cylinder Omnirange Projector,”
J. P. Shanklin, Collins Radio Co.

SEssION XV: SERVOMECHANISM
EQuIiPMENT

Chasrman, O. J. Smith, U. of Cal.

“A Method of Analysis and Synthesis of
Closed-Loop Servo Systems Containing
Small Discontinuous Type Nonlineari-
ties,” D. T. McRuer and R. G. Halliday

“Optimum Lead-Controller Synthesis in
Feedback-Control Systems, L. G. Wal-
ters, U. of Cal., Los Angeles

“Predictor Servomechanisms,”
Silva, U. of Cal., Berkeley

“A Complex-Frequency Generator, Yale
Barkan, Hughes Aircraft Corp.

“Development of Precision Servo-Controlled
Potentiometer-Setting Equipment,”
L. L. Gordon, Electronic Associated, Inc.

Lawrence

Thursday, 8:00 P.M., August 20
SEssioN XVI: CoLor TELEVISION

Chairman, W. H. Doberty, Bell
Telephone Laboratories

Speakers:

W. R. G. Baker, Vice-President, General
Electric Co. and Chairman of the Na-
tional Television System Committee

Donald G. Fink, Director of Research,
Philco Corp., and Chairman, Panel 12
of the NTSC

Friday, 10:00 A.M., August 21
SEssioN XVII: Aubio SyMposiuM

Chasrman, Vincent Salmon, Stanford
Research Institute

Panel:

“Microphones,” W. B. Snow, Western Elec-
tro-Acoustic Laboratory

“Recording,” F. G. Lennert, Ampex Corp.

“Amplifiers,” A. N. Curtis, RCA Victor Di-
vision

“Loudspeakers,” R. H. Smith, Univ. of Cal.

SessioN XVIII: Circurt THEORY |

Chairman, B. ]J. Bennett, Stanford
Research Institute

“The Practical Implication and Applications
of Formal Network Theory,” D. F. Tut-
tle, Stanford Univ. :

“Design of a Simple Band-Pass Amplifier
with Approximate Ideal Frequency Char-
acteristics,” W. E. Bradley, Philco Corp.
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“Quasi-Distortionless  Filter Functions,”
J. L. Stewart, Univ. of Michigan

“Fluctuation Noise Theory as Applied to
Circuit Design,” T. S. George, Air Force
Missile Test Center, Patrick Air Force
Base

SessioN XIX: MicrRowavE THEORY
& TecuN1QuEs 11

Chairman, J. R. Whinnery, Univ. of
California

“A Microwave Oscillograph,” R. C. Honey,
Stanford Research Institute

“Instrumentation of Microwave Electron
Resonance in Magnetic Fields,” R. C.
Mackey and W. D. Hershberger, Univ.
California

“An Improved Cross Guide Directional
Coupler,” H. J. Riblet, Microwave De-
velopment Laboratories

“T'wo Novel Types of Waveguide Switches,”
Amasa Pratt, Century Electronics, Divi-
sion of Century Metalcraft Corp.

“Broad-Banding Circular Polarizing Trans-
ducers,” D. L. Margerum, Microwave
Engineering. Co.

SEssION XX : PROPAGATION—GENERAL

Chairman, A. M. Peterson, Stanford
Univ.

“\Vaveguiding on Surfaces with and without
Loss,” F. J. Zucker, Air Force Cam-
bridge Research Center

“«A New Solution to the Ionospheric Wave
Equation,” A. J. Mallinckrodt, The
Ralph M. Parsons Co.

“Jonosphere Sounding by Cross-Correlation
Techniques,” . B. Gallagher and A. M.
Peterson, Stanford Univ.

“The Long-Distance Horizontal Directivity
of a 13.7 MC Antenna,” Richard Silber-
stein, National Bureau of Standards

Friday, 2:30 P.M., August 21

SEssioN XXI: PROPAGATION,
VHF & UHF
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Chairman, J. B. Smyth, U. S. Naval
Electronics Laboratory

“Results of Tropospheric Propagation
Measurements on Frequencies from 92
to 1046 MC at the Cheyenne Mountain
Field Station,” A. F. Barghausen and
K. O. Hornberg, National Bureau of
Standards

“Characteristic of an 8.6 mm Radio Trans-
mission Path,” C. W. Tolbert and A. W.
Straiton, The University of Texas

“An Investigation of the Variation of VHF
Field Strength Beyond Line-of-Sight,”
G. H. Keitel and H. M. Swarm, Univ. of

Washington
“Ajr-to-Air Propagation—Experimental and
Theoretical Results,” M. S. Wong,

Wright Air Development Center

“The Role of Angular Distance in Tro-
pospheric Radio-Wave Propagation,”
K. A. Norton, National Bureau of
Standards

“Normal Propagation of Short Radio Waves
Well Beyond the Horizon,” T. J. Car-
roll and R. M. Ring, MIT

SessioN XXII: Circuit THEORY 11

Chairman, G. L. Matthaci, Univ. of
California

“Solving Physical Systems with Very Large
Number of Variables in Easy Stages,”
Gabriel Kron, General Electric Co.

“Matrix Analysis of Linear Time-Varying
Circuits,” L. A. Pipes, Univ. of California
and U. S. Naval Ordnance Test Station

“Unbalanced RLC Networks Containing
Only One Resistance and One Real
Transformer,” Louis Weinberg, Hughes
Research and Development Labs.

“An Iterative Method for Network Syn-
thesis,” R. E. Scott, MIT and R. L.
Blanchard, Transonics, Inc.

SessioN XXIII: INSTRUMENTATION []

Chairman, W. B. Wholey, Hewlett-
Packard Co.
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“Measurement Problems in VHF-UHF Tel-
evision Antenna Systems,” R. A. Soder-
man, General Radio Co.

“An Auto Impedance Meter for VHF-
UHF,” John Ebert, Polytechnic Research
Development Co.

“A Ratiometer,” N. L. Pappas, Hewlett-
Packard Co.

“An Improved Method of Measuring the
Current Amplification of Junction-Type
Transistors,” F. R. Stansel, Bell Tele-
phone Laboratories

SessioN XXIV: Aublio

Chairman, Roy Long, Stanford Research
Institute

“Stereophonic Tape System,” R. H. Snyder,
Ampex Electric Corp.

“Application and Suggestions for Research
Concerning Acoustical Problems in
Medical Areas,” J. K. Hilliard, Altec
Lansing Corp.

“An Investigation of the Air Chamber of
Horn-Type Loudspeakers,” Bob H.
Smith, Univ. of California

“A Simple Calibration Technique for Low
Sensitivity Transducers,” W. J. Gallo-
way, Signal Corps Engineering Labora-
tories and Univ. of California

Friday, 8:00 P.M., August 21
SEssioN XXV: MebpicaL ELECTRONICS

Chairman, A. J. Morris, USN Office of
Naval Research

“Area Display by Electronic Mapping,
Especially of the Electrical Activity of
the Heart,” Stanford Goldman, Syracuse
Univ.

“Electronic Mapping of the Brain,” A. R.
Tunturi, Univ. of Oregon Medical School

“Radioactive Tracer Mapping,” H. O.
Anger and C. A. Tobias, Donner Lab-
oratory of Medical Physics and the
Univ. of California

Isaac L. Auerbach (S'46-M’49-SM’51)
has been appointed manager of the Special
Electronic Iiquipment Department of the
Burroughs Adding
Machine Co. He will
primarily be con-
cerned with defense
equipment and mag-
netic development re-
search for the gov-
ernment.

Formerly a re-
search engineer, Mr.
Auerbach has been
engaged in the design
of electronic data
processing  systems
and initiated work on magnetic components
and circuits. He was responsible for the de-
sign of the static magnetic memory system
for the ENIAC.

A native of Philadelphia, Mr. Auerbach
received the B.S. degree in electrical engi-
neering from Drexel Institute of Technology
in 1943. He did graduate work at the Massa-

I. L. AUERBACH

chusetts Institute of Technology and Har-
vard University, from which he received the
M.S. in applied physics in 1947.

From 1943 to 1946 Mr. Auerbach served
as a Navy radar officer, in 1945 assigned to
the Naval Research Laboratory for work on
IF systems. Prior to joining Burroughs he
worked on the BINAC and UNIVAC sys-
tems at the Eckert-Mauchly Division of
Remington Rand, Inc., and was a tube engi-
neer with the Electronic Tube Corporation.

Mr. Auerbach is chairman of the Phila-
delphia chapter of the Professional Group on
Electronic Computers. He is also a member
of Eta Kappa Nu, the American Institute of
Electrical Engineers, Association for Com-
puting Machinery, the Scientific Research
Society of America, and a registered profes-
sional engineer in the state of Pennsylvania.

Robert B. Beetham (S'34-A'36) has been
named works manager of the Hicksville,
N. Y. plant of Amperex Electronic Corp.

Mr. Beetham had been associated with
the Airborne Instrument Laboratory, Mine-
ola, N. Y., since 1949, where he held the

positions of executive
rrr g | assistant to the vice
B = | president in charge
\ of research and engi-
neering,andsince1951
executive  assistant
director of research
and engincering.

Mr. Beetham was
born in Jewett, Ohio
on July 6, 1904.He re-
ceived the B.S. degree
in electrical engineer-
ing from Ohio State
University in 1934 and the M.S. in 1936.

Following graduation Mr. Beetham be-
came affiliated with the Collins Radio Com-
pany, Ames, la. A radio engineer, he even-
tually became assistant to the president.

Mr. Beetham has served on several IRE
committees and is an associate member of
the A.LLE. and a member of Eta Kappa Nu.

R. B. BEETHAM
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Gano Dunn (F'15-L'50) interna-
tionally known engineer and builder
and president of the J. G. White Engi-
neering Corpo-
ration of New
York City,
died recently.

Mr. Dunn
was born in
New York City
on October 18,
1870. He re-
ceived the B.S.
degree  from
the College of
GANO DunN oo Cil\}: o

New York in
1889, and from Columbia University
in 1891 the first degree of the first
class in clectrical engineering awarded
degrees in the United States. He Later
attended RCA Institutes, and held a
first-class commercial radio operittor’s
license,

Following graduation, Mr. Dunn
joined the Crocker-\Wheeler Com-
pany and assisted in the design of
motors, generators, transformers and
other electrical apparatus. He sulyse-
quently became chief engineer, vice-
president and a director of that com-
pany.

Mr. Dunn became associated with
the J. G. \White Engineering Corpora-
tion in 1911 as vice-president in
charge of engineering and construc-
tion. As president from 1913 on, he di-
rected many outstanding construc-
tion projects, among which were 13
transatlantic radio stations, the origi-
nal Government aviation station at
Langley Field, and roads, bridges,
power plants, and irrigation systems
in Latin America.

Mr. Dunn waselected a director of
the Radio Corporation of America in
1938. He was also a director of RCA
Communications, Inc., and the Na-
tional Broadcasting Company. Active
in the furtherance of education, he
was chairman of the trustees and for-
mer president of Cooper Union for the
Advancement of Science and Art. He
was a member of the Visiting Com-
mittee of Harvard Engineering School
and former president of the American
Institute of Electrical Engineers.

Mr. Dunn was an officer or dele-
gate on many scientific committees
and special governmental commis-
sions, including the Science Advisory
Board of President Roosevelt. Presi-
dent Hoover offered the directorship
of the Bureau of Standards to him.
He was asked to consider the secre-
taryship of the Smithsonian Institu-
tion, and twice declined the presi-
dency of the Massachusetts Institute
of Technology.

Among the awards presented to
Mr. Dunn were the Townsend Harris
Medal of the College of the City of

New York, the Thomas A. Edison
Medal of the American Institute of
Electrical Engineers, the Egleston
Medal of Columbia University, Hoo-
ver Medal of the National Engineer-
ing Societics, Modern Pionecer Award
of the National Association of Manu-
facturers, and the Peter Cooper Medal
of the Cooper Union.

Honorary degrees of Mr. Dunn in-
clude the D.Sc. from Columbia, Rut-
gers, Lehigh, and New York Univer-
sities, the College of the City of New
York, and the LL.D. degree from Bow-
doin College, Brunswick, Maine.

Mr. Dunn was honorary secretary
for the United States of the Institute
of Electrical Engineers and honorary
president of the Pan-American Soci-
ety.

Mr. Dunn was a fellow of the
Royal Microscopy Society and the
New York Academy of Sciences, and
a member of the American Society of
Civil Engineers, American Society of
Mechanical Engincers, American
Academy of Arts and Sciences, Amer-
ican Philosophical Society, Optical
Society of America, New York His-
torical Society, and the New York
Zoological Society, Phi Beta Kappa,
Sigma Xi, Phi Beta Pi, and Delta
Kappa Epsilon.

%
o<

George F. Maedel (M'43-SM'43), for-
merly vice president and gencral superin-
tendent of the RCA Institutes, has been
elevated to the presi-
dency of the Insti-
tutes.

Mr. G. F. Macdel
joined RCA Insti-
tutes in 1933 as the
first instructor of the
mathematics depart-
ment. He transferred
to the radio fre-
quency department
in 1936, where he
became chief instruc-
tor in 1940. Mr.
Macdel was appointed assistant superin-
tendent of the Institutes in 1944, and be-
came superintendent in 1947. The next year
he was elected to his former position as vice
president and general superintendent.

A native of Brooklyn, Mr. Maedel was
born there on July 21, 1903. He received the
ALB. degree in 1924 and the E.E. degree in
1926 from Columbia University.

Mr. Maedel began his career with the
New York Edison Company, where he
worked in their planning bureau for a year
following graduation. He joined the New
York Telephone Company in 1927, to do
traffic engineering. From 1931-1933 he
headed the Audio Products Engineering
Company, where he was concerned with
installing public address systems.

Mr. Maedel is a licensed professional
engineer in the state of New York.

GEORGEF. MaAEDEL

Paul N. Bergquist (M'48), broadcast con-
sultant, has been appointed field sales repre-
sentative for broadcast equipment for the
RCA Victor Division of the Radio Corpora-
tion of America.

Mr. Bergquist was born in Spokane,
Wash,, on October 8, 1919, Ile received the
B.S. degree in electrical engincering from
State College, Pullman, Wash., in 1942.
During his college years he was a radio op-
erator for various northwestern radio sta-
tions.

In 1942 he joined the U. S. Navy asa ra-
dar officer and attended radar school at
Harvard University and Massachusetts [n-
stitute of Technology. He served as a train-
ing and maintenance officer and later as staff
radar officer of the Naval Air Advanced
Training Command responsible for the train-
ing in and maintenance of radar of nineteen
Naval Air stations.

After separating from the service in 1946,
Mr. Bergquist became a radio engineer with
Glen D. Gillett and Associates, later a part-
ner of Gillett and Bergquist.

o,
g

Major William S. Dawson (\'49) has as-
sumed command of the 1300th Student
Squadron of the Air Resupply and Commu-
nications Service, Mountain Ilome Air Force
Base, Idaho.

Major Dawson recently returned from
Japan, where he was Director of Plans and
Requirements for 1808th Airways and Air
Communications Service Wing. He was re-
sponsible for supervision of planning and en-
gineering of communications facilities and
clectronic navigational aids throughout the
Pacific and Korea. He had been Deputy Di-
rector until that position was created.

During the past sixteen years Major
Dawson has served in military aviation in
meteorological and communications assign-
ments such as commanding officer of an
AACS Squadron and at the Headquarters
of the former Army Air Corps.

Major Dawson is a member of the Amer-
ican Geophysical Union, American Institute
of Physics, American Meteorological Society,
American Association for Advancement of
Science, and the Institute of Aeronautical
Sciences.

%
o<

J. Walton Colvin (M’S1) has been ap-
pointed manager of government sales for the
Communication Division of Bendix Radio.

Mr. Colvin joined Bendix in 1942 as a
vhf instructor. He successively became tech-
nical advisor to the Mediterranean Head-
quarters of the Air Force from 1944-46, avi-
ation service engineer, and aviation sales en-
gineer. Since 1948 he has been merchandis-
ing manager, dealing in Air Force sales.

A native of Somerset, Va., Mr. Colvin
was born on December 30, 1914. He is a
graduate of the National Radio Institute of
Washington, D. C,, and Northwestern Insti-
tute, Ames, Iowa.

Previous to his association with Bendix
Mr. Colvin operated his own radio, electrical
sales, and service business,
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David E. Cavenaugh (A'46), Aircraft
Transformer Corporation, Long Branch,
N. J., has been elevated from the position of
assistant to chief engineer.

Mr. Cavenaugh was born on September
26, 1919 in North Carolina. He received the
B.S. degree in electrical engineering from the
Georgia School of Technology, Atlanta, Ga.,
in 1940.

Following graduation Mr. Cavenaugh
worked briefly for the Atlantic Coast Line
Railroad Company as a special apprentice
before joining the U. S. Army Signal Corps.
As a captain Mr. Cavenaugh was concerned
with communication of all types and the or-
ganization, planning, and training for a sig-
nal operation battalion until 1944,

Mr. Cavenaugh joined Bell Telephone
Laboratories in 1945. As a member of the
power apparatus group he was concerned
with small power transformer design and
high voltage cathode-ray tube power sup-
plies. He joined the Aircraft Transformer
Corporation in 1952.

Mr. Cavenaugh isa member of the AIEE.

Fred W. Albertson (A'33-M'44-SM'49),
radio engineer, attorney at law, and partner
of Dow, Lohnes and Albertson, Washington,
D.C., hasbeenelected
president of the Fed-
eral Communications
Bar Association.

Mr. Albertsonwas
born in Fairgrove,
Mich., on September
29, 1908. He received
the A.B. degree from
the University of
Michiganin 1931 and
the LL.B.in 1934. He
was admitted to the
bar in Michigan the
same year, the District of Columbia in 1935,
the Supreme Court of the United States in
1940, U. S. Treasury Department in 1935,
Federal Communications Commission, In-
terstate Commerce Commission, and Securi-
ties and Exchange Comimission in 1936, and
other boards and commissions.

Mr. Albertson has been an amateur radio
operator since 1920 and holder of a commer-
cial license since 1925, from which date he
did work as chief operator and engineer un-
til 1934. He became a registered professional
electrical-communications engineer in the
District of Columbia in 1952,

Since 1934 Mr. Albertson has been radio
law counsel for numerous radio, telegraph,
telephone and broadcast companies and sta~
tions, consulting radio engineering firms, and
radio manufacturing companies. These in-
clude Westinghouse Electric Co., Radio En-
gineering Laboratories, Inc., Gulf Research
and Development Co., Major Edwin H.
Armstrong, FM Development Foundation,
Paul F. Godley Co., Raymond M. Wilmotte,
and others.

Mr. Albertson has been active in IRE
activities of the Detroit and Washington
Sections and nationally, having served in

F. W. ALBERTSON

various offices of the Washington Section
and on the national committees of Public
Relations, Awards, and Constitution and
By-Laws. He is currently on the Board of
Editors and Membership committees.

Mr. Albertson is a member and former
president of the Washington Radio Club and
the University of Michigan Radio Club (of
which he was co-founder). He is a charter
member and has held various offices in the
Engineers Club of Washington and Federal
Communications Bar Association.

Among the other professional societies to
which Mr. Albertson belongs are the Acad-
emy of Arts and Sciences, the Philosophical
Society of Washington, the Radio Pioneers,
Delta Theta Pi, American Bar Association,
Bar Association of the District of Columbia,
and the American Judicature Society.

D. W. Gunn (M’47) has been appointed
to the newly created post of assistant general
sales manager of the radio and television
tube division of Syl-
vania Electric Prod-
ucts, Inc. He will
continue his duties as
salesequipment man-
ager. '

Mr. Gunn has
been with Sylvania
since 1931, when he
started as a factory
engineer in Salem,
Mass. In 1936 he be-
came a sales engineer
in Chicago, and since
then has worked successively as a quality en-
gineer, supervisor of quality control, eastern
district sales engineer, east central district
sales engineer, and assistant to the general
sales manager. He became equipment sales
manager in 1951.

Born in New York state in 1907, Mr.
Gunn received the B.E.E. degree from
Northeastern University, Boston, Mass. in
1929. He then joined the New England
Power Co., later the Raytheon Manufactur-
ing Co., Newton, Mass. as a production en-
gineer.

D. W. Gunn

Lawrence A. Hyland (A’29), vice presi-
dent of Bendix Aviation Corp., has been
placed in charge of its engineering program.

Formerly in charge of Bendix research,
Mr. Hyland has been a vice president since
1949, He joined Bendix in 1935, when the
Radio Research Company which he founded
became affiliated with Bendix, and in 1937
became general manager of radio operations,
and vice president of Bendix Radio Corp. In
1943 he was elevated to executive engineer
of the Aviation Corp.

Mr. Hyland was born in Woodlawn,
Nova Scotia on August 26, 1897. In 1917 he
joined the U. S. Army, serving as a radio
sergeant. In 1920 he transferred to the avia-
tion branch of the U. S. Navy as a chief ra-
dioman. He participated in the first blind
landing of a flying boat by radio in 1921. He

was given a special discharge in 1926 to be-
come an assistant, later associate radio engi-
neer at the Naval Research Laboratory.
Here he first observed and proved the prin-
ciple of radar detection of aircraft in 1931.

In 1950 Mr. Hyland received the Navy's
highest civilian honor, the Distinguishec
Public Service Award, for his “great service
to science and to the welfare of the United
States through his early contribution to the
development of radar.” He is credited with
more than 40 inventions, including the ra-
dio-shielded spark plug which made possible
modern aircraft communications by clearing
up interference, the Navy radio wing-loop
direction finder, and frequency indicators.

Mr. Hyland is a member of the Guided
Missiles Committee of the U. S. Research
and Development Board, the Industry and
Adyvisory Board of the U. S. Air Force Arn-
old Engineering Development Center, the
Institute of Naval Engineers, and the Soci-
ety of Automotive Engineers.

John K. Mitchell (A’40-SM'46) has
joined the newly organized Barth Engineer-
ing and Manufacturing Co. of Milldale,
Conn. as vice presi-
dentand general sales
manager. This com-
pany was called the
Barth Manufactur-
ing Co. under former
\ Ay ownership.

7 Mr. Mitchell was
- in

formerly associated
J. K. MITCHELL

with Sperry Gyro-
scope Co., Great
Neck, L. I. Since
1946 he had been a
sales representative,
and more recently that company's repre-
sentative to the U. S. Navy,

Mr. Mitchell was born in East Orange,
N. J., on November 10, 1906. He received
the B.S. degree in electrical engineering from
the Newark College of Engineering in 1936.
While serving in the Navy from 1942-45 he
attended Bowdoin College’s pre-radar course,
the Massachusetts Institute of Technology's
Radar School and the Naval Research Lab-
oratory's special project school.

Mr. Mitchell then became an anti-jam-
ming officer in the Bureau of Aeronautics,
conducted field tests of anti-jamming de-
vices, was an aide to a Navy Liaison officer
at the Radio Research Laboratory and Ra-
diation Laboratory in Cambridge, Mass.,
and finally officer in charge of the Radio Re-
search Navy Office of the Radio Research
Laboratory at Harvard University.

Before joining the Navy in 1942 Mr.
Mitchell had served from 1923-27 as a radio-
man in the submarine service. He then
worked for a year with the New York Tele-
phone Co. before joining the New Jersey
Telephone Co. Until 1938 he held various
positions with this company, at which time
he became an instructor in electrical engi-
neering at the Newark Technical School.

Mr. Mitchell is a military member of the
Society of Naval Engineers.
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ACOUSTICS AND AUDIO FREQUENCIES

534.2:534.011 1874

An Acoustic Gyrator—W. E. Kock. (Arch.
elekt. Ubertragung, vol. 7, p. 106; Feb. 1953.
In English.) A device is described which is the
acoustic analogue of the microwave gyrator de-
scribed by Hogan (1233 of 1952). The required
nonreciprocal rotation of the plane of polariza-
tion of transverse acoustic waves propagated in
a tube is accomplished by rotating a section of
the tube at high speed.

534.21-13 1875

On Sound Waves of Finite Amplitude—
E. T. Copson. (Proc. Roy. Soc. A., vol. 216, pp.
539-547; Feb. 24, 1953.) An analytical solution
of Riemann’s equations for the one-dimensional
propagation of sound waves of finite amplitude
in a gas obeying the adiabatic law p = kpvy is ob-
tained for any value of the parameter 7.

534.231 1876

The Sound Field of a Piston Source—E. W.
Guptill (Canad. Jour. Phys., vol. 31, pp. 393—
401; March 1953.) “An exact solution is pre-
sented for the sound field between two infinite
walls when the source is a piston in one of the
walls. A method is also outlined for the case of
a source having any amplitude distribution
which is a function only of radial distance from
the center of the source.”

534.231 1877

The Acoustic Radiation of the Rectangular
Piston Membrane—H. Stenzel. (Acustica, vol.
2, pp. 263-281; 1952. In German.) General
formulas are obtained for calculating the sound
field immediately in front of the membrane.
The adjacent field is calculated by graphical in-
tegration. Field contours for square membranes
with different dimension/wavelength ratios are
shown. General formulas for the radiation im-
pedance are derived; its two components are
calculated and represented graphically for

l The index to the Abstracts and Reterences published in th.e PROC. L.R.E,, from
February, 1952 through January, 1953, is published by the Wireless Engineer and

may be purchased for $0.68 (including postage) from the Institute of Radio Engi-
neers, 1 East 79th St., New York, 21 N. Y. As suppliers are limited, the publishers
ask us to stress the need for early application for copies. Included wi'h the Index
is a selected list of journals scanned for abstracting with publishers’ addresses.

membranes with sides in ratio 1, 2, 5 and 10 to
1.

534.231 1878

The Physics of Sound Radiation Pressure—
F. Borgnis. (Z. Phys., vol. 134, pp. 363-376;
Feb. 6, 1953.) The radiation pressure of a free
beam of a plane compression wave incident nor-
mally on a plane obstacle is investigated by
means of the hydrodynamic impulse law; this
method gives a clear physical idea of the forces
on the obstacle. The formulas are derived in
terms of both Euler and Lagrange variables.
Making use of Brillouin's tensor potential a
boundary condition for the beam is derived
which takes account of the energy exchange be-
tween the beam and the ambient inedium; this
boundary condition leads to a simple relation
between the radiation pressure and the differ-
ence of the energy densities on the two sides of
the obstacle. As a particular case, the radiation
pressure on the boundary surface between two
immiscible fluids is considered.

534.232:534.321.9 1879

Ultrasonic Whistles—A. E. Crawford. (Re-
search, Lond., vol. 6, pp. 106-110; March 1953.)
Descriptions are given of generators of reso-
nant-cavity and resonant-wedge type using gas
or liquid exciting jets; these are useful for low-
power applications such as experiments on ul-
trasonic propagation in gases, and the emulsifi-
cation of low-viscosity liquids. Power is pro-
vided by a compressor or pump.

534.241:551.510.52 1880

Study of the Echoes of Acoustic Waves in
the Stratified Region of the Troposphere—
G. Eckart. (Acustica, vol. 2, pp. 256-262; 1952,
In French.) Methods of Bremmer and of
Schelkunoff are applied to derive wave equa-
tions for sound propagation in a stratified at-
mosphere. The importance of the terms which
render the analogy to em wave propagation in-
complete (Eckart & Lienard, Jan. 4) is clearly
shown.

534.26 1881

On Acoustic Diffraction through an Aper-
ture in a Plane Screen—J. W. Miles. (A custica,
vol. 2, pp. 287-291; 1952, In English.) Gener-
alized Fourier transforms are applied to derive
equations for the scattered wave. The aperture
impedance is expressed in variational form and
compared with the Kirchhoff approximation.
Reflection from a disk and diffraction at a cir-
cular aperture for the case of oblique incidence
are considered. (See also 2686 of 1952.)

534.3 1882

Experimental Study of the Acoustic, Physio-
logical and Psychophysiological Conditions re-
lating to the Aesthetics of Music—R. Husson.
(Ann. Télécommun., vol. 8, pp. 51-72; Feb.
1953.)

534.32:621.396.619.11 1883

Perception of Amplitude Modulations—
H. Ebel. (Akust. Beihefte, no. 4, pp. 246-250;
1952.) Modulation at high frequencies is per-
ceptible at modulation levels lower than that
required for perception of low-frequency modu-
lation. Amplitude modulations are less dis-
cernible in speech and music than in pure tones.
Experimental results agree with those of
Zwicker (303 of February) and give an indica-
tion of the limiting distortion factor of a loud-
speaker for agreeable reproduction.

534.321.9 1884

Ultrasonics in Solids—G. Bradfield. (Re-
search (London), vol. 6, pp. 68-79; Feb. 1953.)
Thermal vibrations in solids are discussed in re-
lation to physical constants, and the applica-
tion of ultrasonic and vhf techniques in elas-
ticity measurements is described. Different
forms of BaTiO; transducer are shown and ap-
plications of ultrasonics in different technical
fields are reviewed.

534.321.9:621.391.6 1885

Use of Ultrasonics in Telephony—L. Pimo-
now. (Ann. Télécommun., vol. 8, pp. 28-30;
Jan. 1953.) Measurements have been made of
the attenuation of ultrasonic waves propagated
in various media, e.g. metal wires, water-filled
pipes and air. As a result, equipment has been
developed for short-range telephony by means
of modulated ultrasonic waves. For two-way
operation a suppressed-carrier system may be
used; for one-way operation the carrier should
be retained. A system is described suitable for
conference-room use, with air as the medium of
propagation. The carrier-frequency range is 16—
100 kc and the radiated power 2-3 W. The re-
ceiver is carried on a headband.

534.44 1886

Frequency Analysis of Acoustic Phenomena
—R. Bierl. (A kust. Beihefte, no. 4, pp. 225-235;
1952.) The application of a spectral-function
diagram derived from the Fourier integral in
filter-circuit and integration methods of wave-
form analysis is illustrated. Waveforms consid-
ered are rectangular and exponential pulses,
and sine waves with rectangular and exponen-
tial envelopes. The time variation of amplitude
and the relative phase of individual frequency
components are determined for a limited
number of components from the width and po-
sition of maxima and the angular velocity of the
radius vector of the spectral-function diagram.

534.6:534.321.2 1887

Measurement of Harmonic Intervals of the
Musical Scale based on the Subjective Sensa-
tion of Consonance—M. Barkechli. (Acustica,
vol. 2, pp. 242-250; 1952. In French.)

534.6:621.395.623 1888
The Problem of the Artificial Ear for Cali-
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brating Telephone Receivers—I. Barducci.
(Arch. elekt. Ubertragung, vol. 7, pp. 155-157;
March 1953.) (See Schiaffino, 1814 of 1952.)

534.62 1889

New Anechoic Chamber of the Technische
Hochschule, Karlsruhe—H. Ebel and P. Mau-
rer. (Akust. Beihefte, no. 4, pp. 253-256; 1952.)
The design and construction of an anechoic
chamber are described. By combining wedge-
shiaped absorbers and damped Helinholtz reso-
nators an absorption factor of 999, for fre-
quencies down to 160 cps is attained. Total
thickness of the wall lagging is 61 cm. Absorp-
tion characteristics of the material and of the
complete chamber are compared.

534.75 1890

Contribution to a Scientific Theory of Sin-
gle-Channel Transmission of Sound (Part 2)—
P. Burkowitz. (Funk u. Ton, vol. 7, pp. 10-26;
Jan. 1953.) The significance of the amplitude
and path-time ratios of reflected and direct
sound, and their relation to tonal quality, are
discussed (Part 1: 1229 of May).

534.771 1891

The Békésy Audiometer of the Technische
Hochschule, Stuttgart—\V. Kaiser. (AZkust.
Beilefte, no. 4, pp. 235-238; 1952.) Modifica-
tions to the audiometer (Békésy, 3325 of 1949),
have been made so that threshold intensities
throughout the region of audibility may be ac-
curately determined.

534.771:534.61 1892

The Trend of the Modulation Threshold in
the Audible Range—E. Zwicker and \V. Kaiser.
(Akust. Beihefte, no. 4, pp. 239-246; 1952.) Au-
diometer methods were used to determine the
thireshold of perceptibility of loudness and
pitch variations of pure tones modulated by a
4-cps tone at different modulation levels. Re-
sults for cases of defective and also of normal
hearing are discussed.

534.84 1893

Diffusion in Architectural Acoustics—
W. Furrer and A, Lauber. (Acustica, vol. 2, pp.
251-256; 1952. In German.) Analysis of re-
suits of measurements shows that the irregu-
larities in the frequency characteristic of a room
are not a direct measure of the homogeneity of
the sound field, but the mean height of the
peaks is a parameter related directly to the
“diffusion,” or field homogenecity. This parame-
ter has been determined at frequencies around
375 cps and 1650 cps for 11 studios and halls
varying in size from 37 m? to 20,000 m?, Two
examples are discussed.

534.843 1894
Boundary Conditions for the Acoustic Wave
Equation—T. Vogel. (Acustica, vol. 2, pp. 281—
286; 1952. In French.) The concept of spe-
cific normal impedance is discussed in relation
to the boundary conditions obtaining for sound
propagation in a closed space. Experimental re-
sults for a simple case are at variance with this
concept. A modified hypothesis is suggested in-
volving two specific impedances, one normal
and one tangential to the surface considered.

534.843:534.24.001.57 1895

Reflection of Sound at Surfaces with Peri-
odic Structure—E. Meyer and L. Bohn. (A kust,
Beihefte, no. 4, pp. 195-207; 1952.) The efficacy
of uniformly spaced diffusing clements fixed to
plane walls has been investigated on small-scale
models, using frequencies in the range 15-60 kc.
A diffusion index is calculated, which is the ra-
tio of the reflected sound energy outside the
20°-region of the geometrical reflection to the
total reflected energy. The dependence of this
index on wavelength, width and depth of the
projections and angle of incidence of the sound
beam, is discussed for projecting elements of
semicircular, triangular and rectangular cross-
gection in front of (a) perfectly absorbing, (b)
perfectly reflecting surfaces.

Abstracts and References

534.846.6 1896

Measurement of the Reflecting Power of
Ceilings, using Ultrasonics—F. Canac. (Comp.
Rend. Acad. Sci. (Paris), vol. 236, pp. 467-469;
Feb. 2, 1953.) The effectiveness of ceiling treat-
ments such as hollow panels for controlling the
reverberation time of halls is investigated by
using small-scale models together with propor-
tionately increased frequencies.

621.395.61 1897

Sensitivity of Microphones to Stray Mag-
netic Fields—L. J. Anderson. (Trans. Inst.
Radio Engrs., vol. AU-1, pp. 1-6; Jan./Feb.
1953.) Equipment is described and simple the-
ory is given for (a) comparison of various types
of microphone with respect to their sensitiv-
ity to hum ficlds, (b) measurement of hum
fields existing in the ncighborhood of micro-
phones. Charts show the hum spectra observed
in some particular cases.

621.395.61:534.612 1898

An Experimental Probe Microphone for the
Measurement of Sound Pressures—R. B.
Archbold. (P. O. Elect. Eng. Jour., vol. 45, part
4, pp. 145-148; Jan. 1953.) Account of the de-
velopment of a microphone designed primarily
for acceptance tests on telephone apparatus. A
long narrow tube is coupled to the diaphragm,
and the sensitivity/frequency characteristic is
smoothed by introducing a small amount of
lamb’s wool into each end of the tube.

621.395.623.8:621.396.645.371 1899

Portable P.A. [public-address equipment]—
E. Griffiths (Wireless World, vol. 59, pp. 201-
204; May 1953.) Description of equipment giv-
ing an output of 8W with <19, distortion for
use in small halls. It includes record player, am-
plifier, loudspeaker and power pack, the whole
contained in two cases of about equal size and
weight. The negative-feedback amplifier has ar-
rangements for either single-ended or push-pull
input, the latter being more suitable for use
with the crystal pickup.

621.395.625(083.74):621.396.822 1900

Standards on Sound Recording and Repro-
ducing: Methods of Measurement of Noise,
1953—(Proc. L.R.E., vol. 41, pp. 508-512;
May 1953.) Standard 53 IRE 1951.

621.395.625.3 1901

Print-Through Effect in Magnetic Tape for
Sound Recording—H. J. Tafel. (Fernmeldetech.
Z., vol. 6, pp. 17-24; Jan. 1953.) An experi-
mental investigation of printing through, in ad-
jacent windings of rolled tape, in respect of the
intensity and permanence of this magnetiza-
tion. Its dependence on the temperature, and
on the duration, frequency and intensity of the
original magnetization is assessed.

621.395.625.3:534.76 1902
A Practical Binaural Recording System—
O. C. Bixler. (Trans. Inst. Radio Engrs., vol.
AU-1, pp. 14-22; Jan./Feb. 1953.) Modifica-
tions to commercial tape recording and repro-
ducing equipment are described resulting in a
simple stereoplionic system comprising two mi-
crophones and two loudspeakers, each channel
using half the tape. Various applications are in-
dicated, including court-room reporting. Broad-
casting tests were made by connecting one
microphone to an A.M. transmitter and the
other to a F.M. transmitter, the listener using
A.M. and F.M. receivers simultaneously.

621.395.92:621.314.7 1903

Transistorized Hearing Aids—]J. D. Fahne-
stock. (Electronics, vol. 26, pp. 154-155; April
1953.) Circuit and performance details are
given of various commercially available hearing
aids using (a) subminiature valves and tran-
sistors or (b) transistors exclusively. Only junc-
tion-type transistors are used, with grounded-
emitter circuits. Noise level is discussed. Some
models have facilities for switching from micro-
phone to a telephone pickup coil.
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681.84 1904

Piezo-electric Crystal Pick-ups—S. Kelly.
(Jour. Brit. IRE, vol. 13, pp. 161-170; March
1953.) Bimorph crystal elements are used, usu-
ally torsional in the case of Rochelle salt, and
always benders in the case of BaTiO;. Design
methods make use of equivalent electrical cir-
cuits. Needle-tip impedance can be reduced to
obtain satisfactory tracking at a needle pressure
of <5 gm. Frequency response can be levelled
from 20 cps to 20 kc, using simple equalizers.
Wear and distortion are discussed. Details are
given of a two-stylus pickup for 78- and 331/3-
rpm records.

AERIALS AND TRANSMISSION LINES

621.315.2.015.7 1905

Theory of Pulse Technique for Coaxial Ca-
bles—P. Behrend. (Z. angew. Phys., vol. 5, pp.
61-64; Feb. 1953.) Analysis is given for the
deformation experienced by rectangular or
half-sine-curve pulses traversing a coaxial ca-
ble, the transfer function of the cable being
assumed to be a subfunction of a Laplace trans-
form. Results are shown in graphs.

621.392.21.09 1906

Physical Explanation of the Surface Wave
on a Dielectric-Coated Line-—P. J. M. Clavicr.
(Cébles & Trans. (Paris), vol. 7, pp. 34-38;
Jan. 1953.) The propagation of a surface wave
is treated as a series of reflections alternately at
the metal surface and the dielectric/air inter-
face. By analogy with wavegnide propagation
an Eg mode is defined. Below the limiting fre-
quency for progagation along the tine, energy is
radiated and the mode analogy is destroyed.
The relation between angle of incidence on the
reflecting surfaces and the phase and group ve-
locities is illustrated and the variation of the
latterasa function of frequency is shown graph-
ically.

621.392.26:621.315.61 1907

Propagation in Waveguides filled Longi-
tudinally with Two or More Dielectrics—L. G.
Chambers. (Brit. Jour. Appl. Phys., vol. 4, pp.
39-45; Feb. 1953.) Discussion of the propaga-
tion of pure TE and TM modes in inhomogene-
ously filled rectangular and circular wave-
guides, summarizing the results of research
work publighed since 1943. 16 references.

621.396.67 1908

An Alternative Method of solving Hallén's
Integral Equation and its Application to Anten-
nas near Resonance—R. King. (Jour. Appl.
Phys., vol. 24, pp. 140-147; Feb. 1953.) Hal-
len’s equation is separated into two equations
for the in-phase and quadrature-phase current
components respectively; these are solved by
an iteration method. For values of aerial elec-
trical half-length near odd multiples of A\/4, at
least a third-order solution is required for the
accurate determination of in-phase current and
conductance. Conductance values for a range
of radii are evaluated using the third-order for-
mula; comparison with experimental results in-
dicates that for antennas near resonance, just
as for very short and very long antennas, ac-
count must be taken in the iteration procedure
of both the current components.

621.396.67 1909

Power Gain of Curtain Arrays of Aerials—
P. Hammond. (Wireless Eng., vol. 30, pp. 108—
111; May 1953.) The directional concentration
of power by systems comprising uniforinly
spaced antennas carrying cqui-phase currents
is investigated using the concept of radiation
resistance. The field due to an infinitely long
filament is first considered and a solution is ob-
tained in terms of Bessel functions of zero order
and of the first and second kinds. From this the
power output can be determined for a single
antenna and for combinations of various num-
bers of antennas in arrays. For a spacing of
about 3\/4 between elements, the power gain
passes through a maximum, it value being
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then about 509, greater than the value for A/2
spacing. This maximum is also obtained for
finite-height antennas and for arrays having
depth as well as width.

621.396.67:621.315.612.4:621.396.611.4 1910
Quasi-Degenerated Modes in High-e Di~
electric Cavities—Schlicke. (See 1942.)

621.396.67:621.396.9 1911
Moulded Plastic Radar Scanners and
Stressed Components—(Engineering (Lon-

don), vol. 175, pp. 28-29; Jan. 2, 1953.) The
14-ft. radar reflector described consists of a
sandwich-like construction having outer layers
of agbestos-fibre material impregnated with
phenolic resin and a resin-impregnated paper-
honeycomb core. It is as strong as, stiffer than,
and weighs half as much as a reflector made of
Al alloy; resistance to weathering is good.

621.396.677 1912

Reception Diagrams of Rhombic Aerials in
a Vertical Plane—]. Dufour. (Tech. Miu.
Schweiz. Telegr.-TelephVerw., vol. 31, pp. 65~
72; March 1, 1953. In French.) Measurements
were made of the received signal strength on
the ground, at Chitonnaye, using an airborne
transmitter. Results obtained with two slightly
different rhombic aerials were compared with
the theoretical values for frequencies of 5, 10,
15, 20, 25 and 30 mc. Good agreement was
found. There is a strong ground reflection at 6-7
km from the station, giving rise to marked in-
terference for angles of incidence <8° from the
horizontal.

621.396.677 1913

A Theory of Plane Reflectors in Microwave
Antenna Systems—H. L. Knudsen and M. An-
dreasen. (Trans. Dan. Acad. Tech. Sci., no. 3,
pp. 3-57; 1952.) Values are calculated for the
field reflected from an apparently circular re-
flector illuminated by a point radiator; they
differ considerably from results obtained by
Aasma. For the case of a finite-size radiator, the
calculations are based on the assumption of rec-
tangular radiator and reflector apertures.
Curves are presented from which the reflected
field and the gain can be read directly or deter-
mined by a combination of two readings. Errors
introduced by the simplifying assumptions are
discussed. Fresne! integrals and related func-
tions are used in the analysis; relevant tables
and curves are given.

621.396.677:621.392.26 1914

Second-Order Beams of Slotted-Wave-
guide Arrays—H. Gruenberg. (Canad. Jour.
Phys., vol. 31, pp. §5-69; Jan. 1953.) Second-
order beams due to slot offset have escaped de-
tection because they are not located in the
plane containing the waveguide axis, where the
radiation pattern is usually measured. The pat-
terns of the second-order beams for a wave-
guide with staggered slots are analyzed by con-
sidering an approximately equivalent arrange-
ment of two parallel linear arrays separated by
twice the weighted mean offset. The second-or-
der beams can be suppressed by using (a) an
array with all slots aligned and appropriate
corrugations in the waveguide wall, or (b) a
conventional waveguide array fitted with a
horn incorporating a parallel-plate section
(3343 of 1952).

621.396.677:621.392.26 1915

Theory of Waveguide-Fed Slots radiating
into Parallel-Plate Regions—L. Lewin. (Jour.
Appl. Phys., vol. 24, p. 232; Feb. 1953.) Sim-
pler alternative expressions are derived for in-
tegrals introduced in the original paper by
Gruenberg (3343 of 1952).

621.396.677.029.62 1916

Theory of Artificial Slot Antennas—A. Ata-
man. (Bull. Tech. Univ. Istanbul, vol. 4, pp.
71-89; 1951. In {English.) The term “artificial
slot” is applied to a radiator comprising a di-
electric rod of rectangular cross-section, lying
on a conducting surface and having two sides
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covered with metal plates between whose upper
edges an electric field is established. Such de-
vices are useful for the frequency range 100-300
mc, and may have advantages over a true slot-
ted aerial for use in high-speed aircraft. Analy-
sis is given, treating the arrangement as a uni-
formly loaded transmission line. A determina-
tion is made of the properties of the dielectric
required to give satisfactory radiation ecffi-
ciency; high permeability and low losses arc de-
sirable. A nunerical calculation is made for a
N2 aerial to operate at 200 mc with a slot
width of 2 cm; for a material with a dielectric
constant of 10 the slot depth is 0.5 cm.

621.396.677.5:621.318.132 1917

Receiving Properties of a Wire Loop with a
Spheroidal Core—]. R. Wait. (Canad. Jour.
Tech., vol. 31, pp. 9-14; Jan. 1953.) The rela-
tive gain of a loop antenna with spheroidal core
is calculated, assuming core losses to be ncg-
ligible, an assumption which is justified for fer-
romagnetic ceramics at frequencies of the order
of 200 kc or lower. The magnetic properties of
modern ferromagnetic materials are used to
good advantage when the spheroid is highly
clongated or very much flattened.

CIRCUITS AND CIRCUIT ELEMENTS

621.3.011.22/,23:621.315.512 1918
Internal Alternating-Current Resistance
and Reactance of Conductors of Circular Cross-
Section—P. M. Prache. (Cdbles & Trans.
(Paris), vol. 7, pp. 28-33; Jan. 1953.) A numer-
ical table is presented for simple and accurate
calculations for solid conductors and for thin or
thick tubes. Proximity effect is neglected.

621.3.014/.016:621.3.012.1 1919

Vector Representation in the Time Plane of
Electrical Potential Difference, Current and
Power varying Sinusoidally in Time—G. Kous-
koff. (Rev. gén. Elect., vol. 62, pp. 86-90; Feb.
1953.) The varying magnitudes are considered,
according to a method originally used by Fres-
nel, as the resultant of two imaginary vectors of
equal and constant length, rotating at the same
rate in opposite senses. The imaginary plane
containing these vectors is called the “time
plane.” The impedances of a circuit to the two
vector components of a sinusoidally varying
current arc defined, and the method of repre-
senting power, i.e. the product of voltage and
current, is explained.

621.3.015.7:621.387.4 1920

A New Pulse-Analyzer Design—C. W.
Johnstone. (Nucleonics, vol. 11, pp. 36—41;
Jan. 1953.) Description, with detailed circuit
diagrams, of a single-channel analyzer which
serves as the basic design for multichannel ana-
lyzers, details being given of a 10-channel ana-
lyzer. Positive pulses are accepted in the ampli-
tude range 3-103 V plus the sum of channel
widths. The width and position of the channels
can be changed quickly without requiring re-
calibration. The design is simple and relatively
few tubes are required.

621.316.86:537.312.6 1921

Resistor Temperature Coefficients—F. A.
Paul. (Tele-Tech, vol. 12, pp. 52-53, 120; Jan.
1953.) Tests were carried out on four types of
pyrolytic-carbon-film resistor and one type of
metal-film resistor, several samples of ecach
type, of different resistance ratings, being used.
The resilts obtained for the temperature range
from = 30) to 4+120° C are shown graphically.
The temperature coefficients of the carbon-filin
resistors are considerably lower than those of
carbon-composition resistors. The coecfficients
are negative and much greater than those of
wire-wound resistors, though this is not the case
for borrocarbon-film resistors [2365 of 1951
(Grisdale et al.)).

621.318.4.011 1922

Determination of Voltage, Current, and
Magnetic Field Distributions together with the
Self-Capacitance, Inductance and H.F. Resist-
ance of Single-Layer Coils—A. E. S. Mostafa

August

and M. K. Gohar. (Proc. IRE, vol. 41, pp.
537-547; May 1953.) A theoretical investiga-
tion is made which is applicable to coils of in-
termediate lengths. The number and magni-
tudes of the harmonics are calculated, and their
effect on the self-capacitance is indicated. Ex-
perimental results obtained by other workers
support the theoretical results.

621.318.42:538.221 1923

Ferrite Core Inductors—H. A. Stone, Jr.
(Bell Sys. Tech. Jour., vol. 32, pp. 265-291;
March 1953.) Design of inductors for communi-
cation equipment is considered particularly
from the point of view of the best use of the
properties of ferrites. Advantages of ferrite
compared with metal cores for high-frequency
low-power applications include (@) higher Q
values, (b) smaller volume, and (¢) greater ease
of adjustment.

621.318.42:621.311.6 1924

Miniaturization of Airborne Filter Chokes
—W. E. Tanner. (Electronics, vol. 26, pp. 180~
183; April 1953.) A calculation chart is given
for chokes using 7-mil laminations of 4% Si
steel with square stack; usc of the chart is il-
lustrated by numerical examples.

621.319.4 1925

The Power Factor and Capacitance of Mica
Capacitors at Low Frequencies—P. R. Bray.
(Jour. Sci. Instr., vol. 30, pp. 49-51; Feb.
1953.) Experimental results confirm an empiri-
cal law of the form af™ (m negative and frac-
tional) for the power factor over the range 1-30
cps at normal temperatures. They also confirm
a relation between frequency, power factor and
capacitance. Power factors as high as 0.01 have
been found at 1 ¢ps, corresponding to increases
of nearly 2% in capacitance over the values at
higher frequencies.

621.392.2:621.3.015.3 1926

Calculation of Transient Phenomena in
Electrically Short Networks by means of Fou-
rier Integrals—E. Adams. (Jst. Z. Telegr. Teleph.
Funk Fernsehtech., vol. 7, pp. 1-10 and 36-40;
Jan./April 1953.) Fourier integrals are applied
to the determination of the frequency spectra of
(a) periodic functions, (b) nonperiodic functions
including step functions. The resuits are used
in discussion of the distortion and initial con-
ditions in short networks to which an impulse
voltage is applied.

621.392.5 1927

Design of Practical Linear Networks with
Optimum Signal/Noise Ratios—K. Halbach.
(Helv. Phys. Acta., vol. 26, pp. 65-74; Feb. 15,
1953. In German.) A general method is de-
scribed for the design of networks for which the
relation between the input and output signals
is represented by linear equations, the fre-
quency spectra of signal and noise being as-
sumed known. The application of the method of
analysis in the design of the optimum ioniza-
tion-chamber amplifier is illustrated, and the
signal/noise ratios attainable are compared
with those for an RC discriminating network
and a delay-line clipping circuit.

621.392.5 1928

Applications of T Networks—M. Alixant.
(Radio Tech. Dig., Edn Jranc., vol. 6, pp. 301-
316; 1952.) Adaptation of paper by Lavagnino
(3032 of 1952) incorporating additional mate-
rial. $3 references.

621.392.5 1929

Synthesis of Transfer Functions with Poles
Restricted to the Negative Real Axis—L. Wein-
berz. (Jour. Appl. Phys., vol. 24, pp. 207-216;
Feb. 1953.) A procedure for the synthesis of
general RC transfer functions by means of un-
balanced networks is described. The transfer
function need not be minimum-phase, but may
have zeros anywhere in the complex plane ex-
cept on the positive real axis. Use is made of
techniques described by Guillemin (2462 of
1949), but the problem is simplified by use also
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of a network theorem due to Adler, enabling
zero shifting to be performed in two directions
from within the total network. In an example
worked out, 26 network clements are used,
whereas the Guillemin procedure would require
66.

621.392.5:538.652:546.289 1930

Hall-Effect Modulators and “Gyrators”
employing Magnetic-Field-Independent Ori-
entations in Germanium—W. P. Mason, W. H.
Hewitt and R. F. Wick. (Jour. Appl. Phys.,
vol. 24, pp. 166-175; Feb. 1953.) The applica-
tion of the Hall effect in Ge to the measurement
of magnetic flux has been described previously
[Pearson, 3172 of 1948). Further applications
are now described to (@) a product modulator,
in which the current corresponding to one sig-
nal is passed through the Ge crystal while that
corresponding to the other is used to produce
the magnetic field, and (b) a circuit element
with nonreciprocal transmission properties, or
gyrator. In these applications a crystal orienta-
tion is used for which the transverse magneto-
resistance effects are zero and the variation of
the Hall-effect cocfficient with flux up to 20,000
gauss is } 2%,. The experimental determination
of this orientation is described.

621.392.52 1931

The Development of the Electrical Filter by
K. W. Wagner's Methods—T. Laurent. (Arch.
elekt. Ubertragung, vol. 7, pp. 126-135; March
1953.) Wagner's method of filter design, which
is based on consideration of the filter as a lad-
der of matched reflection-free sections, is com-
pared with methods developed by Zobel, Cauer
and others; it is concluded that the principles
laid down by Wagner have lost none of their
original validity or usefuiness.

621.392.52 1932
Some Designs of Ladder Filter, Results Ob-
tained and Methods of Calculation—D. Staryn-
kevitch. (Cébles & Trans. (Paris), vol. 7, pp.
3-15; Jan. 1953.) The principle of matching
half-sections and transforming impedances in
designing filters with a minimuin number of
components is illustrated in two examples: a
narrow-band band-pass filter for 612 ke, and a
filter with a 4-mc pass band centered on 10 mc.
Formulas relating to the transformation of T-
type quadripoles to II-type and vice versa, and
to various types of quadripoles for impedance
matching, are collected in appendices.

621.392.52:[621.392.26<621.315.212 1933
U.H.F. Band-Pass Filters—]. C. Simon and
G. Broussaud. (Ann. Radioélect., vol. 8, pp. 3-
19; Jan. 1953.) A direct method is developed for
designing waveguide and coaxial-line filters; the
characteristics of a 3-cavity filter are calcu-
lated. Transverse obstacles comprising sets of
thin pins are shown to be better than dia-
phragms, windows or single pins from the point
of view of losses and of manufacture and adjust-
ment. Cavities with Q values of 100-200 can
easily be obtained using four pins of diameter
1-2 mm. Design charts are given, and several
types of filter are described and illustrated.

621.392.52.011.21 1934
Admittance and Transfer Function of a
Multimesh Resistance-Capacitance Filter Net-
work—B. K. Bhattacharyya. (Indian Jour.
Phys., vol. 26, pp. 563-574; Nov. 1952.) The
impedance function of an n-mesh RC network
is expressed as a recurring continued fraction
which is then resolved into the quotient of two
polynomials, the admittance function being the
reciprocal of this quotient. The transfer func-
tion is then determined. The corresponding for-
mulae for an n-mesh CR network are derived.

621.392.52.029.64:621.396.611.4 1935

Determination of the Bandwidth of Band-
Pass Filters for Centimetre Waves—E. Ledi-
negg and P. Urban. (Arch. elekt. Ubertragung,
vol. 7, pp. 99-105; Feb. 1953.) Theory devel-
oped previously (1115 of 1951) is used to ana-
lyze the band-pass-filter operation of an arbi-
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trary arrangement of coupled cavity resona-
tors. A detailed treatment is given for the sys-
tem comprising two stagger-tuned coupled res-
onators.

621.392.53 1936

Spectrum Equalization—G. G. Gouriet.
(Wireless Eng., vol. 30, pp. 112-123; May
1953.) The transfer characteristics of nearly all
forms of linear quadripoles can be equalized as
regards both amplitude and phase by adding to
the response function its successive time deriva-
tives or integrals. The method may be applied
to systems for which the equivalent passive
quadripole is not realizable, e¢.g. a scanning
aperture. Application of the method to servo-
control and television is discussed.

621.392.54 1937

U.H.F. Magnetic Attenuator—F. Reggia.
(Radio & Telev. News, Radio-Electronic Eng.
Sec., vol. 49, pp. 12-14, 24; April 1953.) Con-
struction details and performance curves are
given for attenuators of the type previously
described (1237 of 1952).

621.392.54:621.392.26 1938

Cut-Off Attenuators for Waveguide Circuits
—G. Klitte. (Fernmeldetedh. Z., vol. 6, pp. 86~
89; Feb. 1953.) An equivalent-circuit analysis
and report of measurements on short and long
cut-off sections providing attenuation respec-
tively less than and greater than 15 db. Be-
yond a certain length the reduction in attenua-
tion due to reflections at the junction is con-
stant, so that calibration measurements on
long sections are unnecessary.

621.396.6-4621.385):629.13.05 1939

Reliability of Airborne Electronic Compo-
nents—B. G. Bromber and R. D. Hill, Jr. (Proc.
IRE, vol. 41, pp. 513-516; May 1953.) An anal-
ysis is made of typical failures. Reliability may
be improved by modifications to present-day
components and by substitution of less vulnera-
ble elements, such as transistors and magnetic
amplifiers.

621.396.611.1 1940

Forced Oscillations with Nonlinear Restor-
ing Force—C. Hayashi. (Jowr. Appl. Phys., vol.
24, pp. 198-207; Feb. 1953.) Both transient and
steady-state oscillations are studied. The origi-
nal differential equation characterized by a
nonlinear term is transformed to the following
first-order differential equation:—

dy/dx  Y(x, y)/X(x, 3).

Following Poincaré and Bendixson, the sin-
gularities and the integral curves of this equa-
tion are discussed, the former being correlated
with the steady states and the latter with the
transient states of oscillation. The integral
curves yield the relation between the initial
conditions and the stcady-state solutions. Fun-
damental and subharmonic oscillations of order
§ are investigated. The theoretical results are
compared with measurements made on a cir-
cuit containing a saturable iron core; satisfac-
tory agreement is found.

621.396.611.1 1941

Response of a Series of Resonant Circuits
to an Applied E.M.F. whose Frequency is a
Linear Function of Time—]. Marique. (Ann.
Télécommun., vol. 8, pp. 43-50; Feb. 1953.) A
formula is derived for the response of two or
three RLC circuits in series to an e.m.f. of unit
amplitude represented by the expression e(f)
= exp. j(wot+ €?)], where ¢ is half the frequency-
sweep speed. The fluctuations in the response
curve of a single circuit are very much reduced
when several circuits are connected in series.
The increase of selectivity obtainable is inves-
tigated, and frequency-sweep speeds permissi-
ble for one, two and three circuits are deter-
mined.

621.396.611.4:621.315.612.4:621.396.67 1942
Quasi-Degenerated Modes in High-¢ Di-
electric Cavities—H. M. Schlicke. (Jour. Appl.
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Phys., vol. 24, pp. 187-191; Feb. 1953.) A theo-
retical and practical investigation is made of
resonators comprising solid circular cylinders
composed of materials such as titanates, having
permittivities of 2500-10,000, with or without
metallization of the surfaces. As a consequence
of the high permittivities, cavity-resomator tech-
niques can be used in the vhf range. For cylin-
ders with the ends not metallized, quasi-de-
generate TE modes can be realized. Tuning can
be effected by inserting magnetic rods or by
applying conductive disks externally. A design
for an antenna developed from the TEgy
mode resonator comprises a dielectric spiral
coiled round a magnetic rod. Practical disad-
vantages inhcrent in these high-permittivity
dielectrics are indicated.

621.396.615:621.316.729 1943

The Method of Analytical Signals. Study of
the Synchronization of Amplitude-Limited Os-
cillators—]. Daguet. (Ann. Télécommun., vol.
8, pp. 2-10; Jan. 1953.) A method based on that
of Ville (1020 of 1950) is used to determine the
frequency limits within which synchronization
can be effected for a single-tuned self-limiting
tube oscillator. The synchronization range is
given by 2Aw/w<E./QE, where Aw is the dif-
ference between the frequency of the synchroni-
zation voltage Eq and the natural frequency w
of the oscillator, and E is the amplitude of the
oscillation in the steady state. The phase angle
between the two voltages varies from 0 for
Aw=0 to 90° for AwmAwma. A system with
wide synchronization range is discussed; this
incorporates a phase discriminator whose out-
put, proportional to the phase angle between
synchronization and oscillator voltages, is ap-
plied to a reactance tube which in turn con-
trols oscillator frequency.

621.396.615:621.392.4/.5 1944
The Use of Admittance Diagrams in Oscil-
lator Analysis—H. J. Reich. (Proc. IRE, vol.
41, pp. 522-528; May 1953.) A digest of the
available information on this technique.

621.396.615:621.396.822:529.786 1945

Effect of Background Noise on the Fre-
quency of Tube Oscillators. Ultimate Accuracy
of Electronic Clocks—A. Blaquiére. (Ann. Ra-
dioklect., vol. 8, pp. 36-80; Jan. 1953.) Fuller
account of work noted previously (2163 of 1952,
968 of April, and back references).

621.396.615.17 1946

How to design Bistable Multivibrators—
R. Pressman. (Electronics, vol. 26, pp. 164-168;
April 1953.) The design procedure described is
intended to ensure reliable operation in spite of
deviations of resistors from nominal values,
varjations of supply voltage, and deterioration
of tube-cathode emission. Formulas are given
for determining the appropriate values of cou-
pling capacitance. Triggering networks for
dealing with pulses of different amplitude and
duration are shown.

621.396.645 1947

The Effective Bandwidth of Video Ampli-
fiers—F. Tischer. (Kungl. tck. Hégsk. Handl.,
Stockholin, no. 63, pp. 1-32; 1953.) Expanded
version of 3050 of 1952.

621.396.645:621.396.615.142.2 1948

Fluctuation Noise in a Microwave Super-
regenerative Amplifier—T. S. George and
H. Urkowitz. (Proc. LLR.E., vol. 41, pp. 516~
521; May 1953.) The theory of operation of a
superregenerative amplifier is reviewed; Rice's
representation of noise current by a Fourier
series (2169 of 1945 and back references) is
used in the expression for the amplifier output.
A study is made of the particular conditions
when a reflex klystron is used in the amplifier;
expressions are derived for the noise figure in
terms of the klystron parameters. The overall
noise figure can be reduced by introducing
beam current, with its associated shot noise,
during the quiescent interval.
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621.396.645.018.424 1949

Calculation of Compensated Wide-Band
Amplifiers—H. Laett. (Tech. Mitl. schweis.
Telegr.- Teleph. Verw., vol. 31, pp. 72-80;
March 1, 1953. In German and French.) Loss
of amplification with increasing frequency, due
to the output capacitance of the amplifier tube,
is compensated by including inductance in the
circuit. Three arrangements are discussed,
namely parallel compensation, series compen-
sation and double compensation. Abacs to
facilitate calculations are presented.

621.396.645.35 1950

D.C. Amplifiers with Negative Feedback—
A. Ehmert. (Z. angew. Phys., vol. 5, pp. 24-33;
Jan. 1953.) Methods are described for auto-
matically compensating the input impedance of
current amplifiers or the input admittance of
voltage amplifiers. Details are given of the de-
sign and performance of scveral circuits for
measurement purposes, in which very high in-
put impedance with low capacitance isachieved.

621.396.654.371:621.317.733 1951

The Wien Bridge as a Frequency-Deter-
mining Element in Selective Amplifiers—H. J.
Stéhr. (Funk u. Ton, vol. 7, pp. 27-33; Jan.
1953.) Analysis of the balance condition in a
bridge circuit suppressing the amplifier feed-
back voltage at a fixed frequency.

621.396.662.029.63 1952

Coaxial-Cavity Tuning Element for U.H.F.
—(Radio & Telev. News, Radio-Electronic Eng.
Sec., vol. 49, pp. 15-16, 30; April 1953.) The de-
sign is described of a unit which can be used in
television tuners and test instruments for the
470-890 mc band. The unit consists essentially
of a metal cylinder with an axial conductor
having a gap at the center to form a variable
capacitor for tuning. An accurately machined
low-loss dielectric tube separates core and cyl-
inder and serves as a close-fitting guide for the
tuning plunger. Applications of the unit in a sig-
nal generator, a frequency-sweep generator, a
wavemeter, and a grid-dip meter are described
briefly.

621.396.665:621.316.86 1953

A.G.C. by Means of Miniature NTC Resis-
tors with Heating Element—G. H. Schouten.
(Electronic Applic. Bull., vol. 12, pp. 33-37;
Feb. 1951.) The negative-temperature-coeffi-
cient resistors are surrounded by the heating
element and enclosed in an evacuated glass
tube, the resistor being included in the input
circuit of an amplifier and the heating element
in the input circuit to obtain efficient a.g.c.
Practical circuit details are given and operating
characteristics of the NTC resistors are shown
graphically.

621.397.645.029.62 1954

Fundamental Problems of H.F. and LF.
Amplifiers for TV Reception: Part 3—Feedback
and Practical Considerations following on the
Theory—A. G. W. Uitjens. (Electronic Applic.
Bull., vol. 12, pp. 41-64; Feb. 1951.) A de-
tailed discussion is presented of the effects in
television amplifiers of feedback (a) via the
cathode-grid capacitance, (b) via the anode-
grid capacitance, (¢) via the anode-cathode ca-
pacitance. The necessary formulas are derived
for an amplifying stage in which all three types
of feedback are present, so that their interac-
tions can be investigated theoretically. The de-
tailed discussion is, however, confined to sys-
tems in which only one form of feedback is
present. The theory is illustrated by practical
examples in amplifier design.

621.392.52 1955
Filter Design Data for Communication En-
gineers—J. H. Mole. (Book Review.) Publish-
ers: E. & F. N. Spon, London, 252 pp., 63s.
(Wireless Eng., vol. 30, pp. 129-130; May
1953.) The book is intended to supplement ex-
isting textbooks by providing charts, tables and
formulas in convenient form; it is concerned
mainly with image-parameter (Zobel) filters.
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GENERAL PHYSICS

530.12 1956
The Relativistic Electromagnetic Equations
in a Material Medium—N. W, Taylor. (Aust.
Jour. Phys., vol. 6, pp. 1-9; March 1953.) The
general relativistic e.m. equations for a mate-
rial medium are expressed in the form of a sin-
gle four-vector density equation. The field
tensor has six different complex components
instead of three, as in the case of a free me-
dium. The classical equations are obtained by
geparating the real and imaginary parts.

530.145:621.314.7 1957

Transistors: Theory and Application: Part
2=—Energy Levels in Transistor Electronics—
A. Coblenz and H. L. Owens. (Electronics, vol.
26, pp. 138-141; April 1953.) A simplified ex-
position of some of the fundamentals of quan-
tum mechanics relevant to an understanding of
transistor operation.

530.145.6:537.311.33:621.396.11 1958

Some Particular Features of Tropospheric
Propagation and their Analogies in Wave Me-
chanics—Ortusi. (See 2112.)

537.122:621.317.318 1959

A Precise Determination of the Charge of
the Electron from Shot Noise—L. Stigmark.
(Ark. Fys., vol. 5, pp. 399-426; Oct. 26, 1952.)
The electron charge e is calculated from the
shot fluctuations of saturation current in a spe-
cially constructed diode connected across a
tuned circuit resonant at 600 kc. From preci-
gion measurements of circuit parameters and
the mean-square value of shot noise, the final
result obtained is e=(4.79710.012)X 1010
esu.

537.311.33 1960

Electron Spin in Semiconductors—E. A.
Guggenheim. (Proc. Phys. Soc. (London), vol.
66, pp. 121-122; Jan. 1, 1953.) Theory is de-
veloped showing that, starting from equilib-
rium electron distribution expressed in terms of
absolute activity, it is possible correctly to take
account of electron spin.

$37.523/.525 1961

High~Frequency Discharges in Gases—
G. D. Morgan. (Sci. Progr., vol. 41, pp. 22-41;
Jan. 1953.) Discussion of the main character-
istics and the mechanism of HF discharges, in-
dicating their practical applications. 70 refer-
ences.

537.525:537.533 1962

Field Emission of Electrons in Discharges
—F. L. Jones and E. T. de la Perrelle. (Proc.
Roy. Soc. A, vol. 216, pp. 267-279; Jan. 22,
1953.) Substantial emission of 104 to 10% elec-
trons/second was obtained from cathodes of
oxidized Ni and W with electric fields of about
100 kV/cm. By relating this emission to the
electric field by the Fowler-Nordheim equation,
the effective work function and emitting area
of the gource of the electrons for oxidized Ni
and W were estimated as about 0.5 eV and
10713 cm? respectively. These results are dis-
cussed.

537.533 1963

Field Electron Emission and Work Func-
tion of Crystal Surfaces—M. Drechsler and
E. W. Miiller. (Z. Phys., vol. 134, pp. 208-221;
Jan. 20, 1953.) The field close to the surface is
determined by measurements on models in an
electrolyte tank. Formulas are derived for the
density of the field-emission current. These are
verified by field-electron-microscope observa-
tions on W crystals.

537.562:538.122 1964

Plasma in a Magnetic Field—A. Schliiter,
(Ann. Phys., Lpz., vol. 10, pp. 422-429; July
15, 1952.) The results obtained by considering
plasma (a) from the electron-motion point of
view, (b) on the basis of kinetic theory, are dis-
cussed and reconciled.

August

537.562:538.56 1965

The Relation between Various Types of
Plasma Oscillation—A. Schliter. (Ann. Phys.
Lpz., vol. 10, pp. 418-421; July 15, 1952) A
dispersion relation is derived which applies to
plasma oscillations, electron and ion oscillations
of the Larmor type and to magnetohydrody-
namic waves.

538:621.3.01 1966

Definition of Magnetic Quantities—G. Ober-
dorfer. (Arch. elekt. Ubertragung, vol. 7, pp.
136-142; March 1953.) A critical examination
is made of the nomenclature hitherto used for
magnetic quantitics, and proposals are made
for definitions which fit in with modern ideas
without unnecessarily disturbing established
usage. Precise definitions are given of field
strength, polarization, magnetization, suscep-
tibility and magnetizability.

538.221 1967

Some Magnetic Properties of Metals: Part
5—Magnetic Behaviour of a Cylindrical Sys-
tem of Electrons for All Magnetic Fields—
R. B. Dingle. (Proc. Roy. Soc. A (l.ondon), vol.
216, pp. 118-142; Jan. 7, 1953.) The Schrs-
dinger equation is solved for an electron moving
in a uniform magnetic field 7/, the boundary of
the system being a cylinder with its axis along
the direction of the field. Two entirely different
types of wave function are possible, one type
leading to the small Landau diamagnetism of
large systems (Part 1: 2489 of 1952), the other
to the larger diamagnetism of small systems
(Part 4: 1005 of April). Taking account of the
occupied states of both types, the steady con-
tributions to the magnetic susceptibility are
determiued for low, high and intermediate tem-
peratures.

538.221 1968

Collective Electron Ferromagnetism: a
Generalization of the Treatment and an Analy-
gis of Experimental Results—K. L. Hunt.
(Proc. Roy. Soc. A (London), vol. 216, pp. 103—
117; Jan. 7, 1953.) A term involving the fourth
power of the magnetization is introduced into
Stoner's expression for the energy associated
with magnetization. If parameter values are
suitably chosen, the properties of Ni show a
high degree of coordination, and the mag-
netization/temperature curves for Ni-Co and
Ni-Cu alloys can be interpreted simply.

538.3 1969

Tentative Theory of Nonlinear Electrody-
namics: Part 2—K. Bechert. (Ann. Phys.,
Lpz., vol. 10, pp. 430-448; July 15, 1952.) Part
1: 618 of 1951,

538.561:537.533/.534 1970

Production of Radio Waves by means of the
Tcherenkov Effect—C. A. Klein. (Ann. Télé-
commun., vol. 8, pp. 38-42; Feb. 1953.) The
Tcherenkov effect consists in the emission of
em radiation by a particle traveling through a
medium with a velocity greater than that of
light. The essential results of Frank & Tamm’'s
theory of the effect (Compt. Rend. Acad. Sci.
(URSS), vol. 14, pp. 109-114; 1937) are quoted
and references given to accounts of experi-
mental verifications of the theory, using elec-
trons and also protons. The possibility of pro-
ducing em waves in the range between the far
infrared and uhf by means of the effect in a
narrow channel is discussed. It is concluded
that intense sources of em waves should result
from the use of powerful beams consisting of
packets of electrons. Simple arrangements
should suffice for cm and mm waves, but diffi-
culties will certainly be experienced in the case
of still shorter waves.

538.566:535.42 1971

A Rigorous Treatment of the Diffraction of
Electromagnetic Waves by a Slit—R. Miiller
and K. Westpfahl. (Z. Phys., vol. 134, pp. 245-
263; Feb, 6, 1953.) Wave-polarization compo-
nents parallel to and perpendicular to the slit
are considered. An integral equation for the
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electric field strength in the slit is found by the
method of Levine & Schiwinger (83 and 1897 of
1950), and an exact solution is obtained by de-
veloping the kernel in a power sgeries of the
product of wave number and slit width.) The
far-ficld intensity and the transmisgion factor
of the slit are calculated and compared with the
results of Morse and Rubenstein (905 of 1939).
The relation of the work to that of Sommerfeld
(Vorlesung itber theorctische Physik, Bd IV,
Optik, §39) and of Groschwitz and Hénl (2183
of 1952) is discussed.

538.566:535.42 1972
The Three-Dimensional Problem of the
Diffraction of Monochromatic Electromagnetic
Waves—D. Z. Avazashvili. (Compl. Rend.
Acad. Sci. (URSS), vol. 28, pp. 29-32; Jan. 1,
1952. In Russian.) The distribution of the em
field in space for a given distribution of field at
a boundary surface is discussed, and conditions
are established for the existence of a solution
obtained previousty (Trudy Tbilisskovo Mate-
malicheskovo Instilula, vol. 8, p. 109; 1940).

538.566:621.318.423:621.385.029.6 1973

The Propagation of Electromagnetic Waves
along a Conical Helix with Variable Pitch—
G. Hellgren. (Chalmers tek. Ilégsk Handl., no.
130, 13 pp.; 1953.) Theorctical analysis. Ex-
pressions are derived for the reflection coeffi-
cient, which may be practically zero, and for
the impedance characteristics.

538.63 1974

Galvanomagnetic Effects in Conductors—
D. K. C. MacConald and K. Sarginson. (Rep.
Progr. Phys., vol. 15, pp. 249-274; 1952.) A re-
view of the Ilall effect and mnagnetoresistance in
conductors, with primary reference to metals
(including ferromagnetic materials); semicon-
ductors are mentioned briefly. A physical sur-
vey of the whole field is first made; in the sec-
ond part a more mathematical treatment is
given of some of the major problems involved.
Over 60 references.

538.632 1975

Hall Effect—O. Lindberg. (Proc. LRIE,,
vol. 41, p. 507; May 1953.) Correction to paper
noted in 713 of March.

538.652 1976

Magnetostriction—E. \W. Lec. (Sci. Progr.,
vol. 41, pp. 58-77; Jan. 1953.) Discussion of
magnetostriction phenomena in single crystals
and in multicrystal materials. Three effects are
distinguished: (a) form effect, (b) “forced” mag-
netostriction, (¢) spontaneous linear magneto-
striction.

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA

523.5:621.396.9 1977

On the Nature of the Decay of a Meteor
Trail—]. Feinstein. (Proc. Phys. Soc. (lLon-
don), vol. 65, p. 741; Sept. 1, 1952.) Critical dis-
cussion of the theories of Kaiser and Closs
(1108 of 1952) and of Greenhow (2493 of 1952).

523.5:621.396.9 1978

On the Decay of Radio Echoes from Meteor
Trails—T. R. Kaiser and J. S. Greenhow.
(Proc. Phys. Soc. (London), vol, 66, pp. 150-
151; Feb. 1, 1953.) Discussion shows that ob-
served phenomena are explicable by the the-
ories of Kaiser and Closs (2208 of 1952) and of
Greenhow (2493 of 1952). Many points of dis-
agreement between observation and Feinstein’s
theory (1885 of 1951 and 1977 above) are
noted.

523.5:621.396.9 1979

An Experimental Study of Radio Reflec-
tions from Meteor Trails—R. L. Closs, J. A.
Clegg and T. R. Kaiser. (Phil. Mag., vol. 44,
pp. 313-324; March 1953.) The dependence of
the echoes on the polarization of the incident
wave has been investigated and the existence of
resonance scattering with transverse polariza-
tion verified.

Abstracts and References

523.72 1980

Thermal Theories of the High-Intensity
Components of Solar Radio-Frequency Radia-
tions—]J. . Piddington. (Proc. Phys. Soc.
(London), vol. 66, pp. 97-104; Feb. 1, 1953.)
Thermal theories of the origin of enhanced RF
radiation from regions which occasionally at-
tain brightness temnperatures of 101 deg K or
more are discussed. None of the theories is
found capable of explaining the available ob-
servational data. It is concluded that all three
radiation components are generated by the or-
dered (nonthermal) motion of electrons.

523.72:523.746 1981

A Method of Analysis of the Directivity of
Solar Radio Emission from Sunspots—T. Ta-
kakura. (Nature (London), vol. 171, p. 445;
March 7, 1953.)

523.72:531.758:523.745 1982

An Estimate of the Density and Motion of
Solar Material from Observed Characteristics
of Solar Radio Qutbursts—H. K. Sen. (Ausl.
Jour. Phys., vol. 6, pp. 67-72; March 1953.)
Theory previously given by Feinstein and Sen
(104 of 1952) is extended and applied to the ob-
servations made in Australia by Wild and Mc-
Cready (1629 of 1951) and by Wild (1630, 2169
and 2170 of 1951) of the spectra of solar RF out-
bursts in the range 70-130 mc. The dispersion
equation, involving the velocity of solar mate-
rial erupting into a static corona and the tem-
peratures and densities of the material and of
the corona, enables the velocity of the material
to be estimated as about 500 km/s, with a par-
ticle density of about 10%/cm3,

523.74/.75:[550.38 + 551.510.5 1983

Solar and Terrestrial Relationships—D. H.
MclIntosh. (Met. Mag. (London), vol. 82, pp.
11-15; Jan. 1953.) The general problem of the
relation between solar activity on the one hand
and meteorological, geomagnetic and iono-
spheric phenomena on the other is reviewed,
with special reference to an account by Scher-
hag (Wellerkarte, No. 74, March 14, 1952) of
events which heinterprets as being related to an
intense solar eruption on Feb. 24, 1952, No such
flare has been reported. It is concluded that no
clear evidence has yet been given of a direct re-
lation between solar phenomena and meteoro-
logical efiects.

523.746'1952.10/.12” 1984
Provisional Sunspot-Numbers for October

to December, 1952—M. Waldmeier. (Jour.

Geophys. Res., vol. 58, p. 112; March 1953.)

538.122:523 1985

The Origin of Magnetic Fields in Moving
Plasma—L. Biermann. (Ann. Phys., Lpz., vol.
10, pp. 413-417; July 15, 1952.) Discussion in-
dicates that ditfusion effects produce suffi-
ciently large emf’s in rotating masses of ionized
gas to account for the existence of solar and
stellar magnetic fields.

550.372:621.396.11 1986

Effect of a Large Dielectric Constant on
Ground-Wave Propagation—Wait and Camp-
bell. (See 2113.)

550.381952.10/.12" 1987

Cheltenham  [Maryland] Three-Hour-
Range, Indexes K for October to December,
1952—R. R. Bodle. (Jour. Geophys. Res., vol.
58, p. 112; March 1953.)

550.3851952.07/.12" 1988

Principal Magnetic Storms [July-Dec.
1952}—(Jour. Geophys. Res., vol. 58, pp. 113~
115; March 1953.)

550.386 1989

International Data on Magnetic Distur-
bances, Third Quarter, 1952—]. Bartels and
J. Veldkamp. (Jonr. Geophys. Res., vol. 58, pp.
109-111; March 1953.)

551.510.3:535.325 1990
The Constants in the Equation tor Atmos-

1079

pheric Refractive Index at Radio Frequencies
—E. K. Smith, Jr. and S, Weintraub. (Jour.
Res. Nual. Bur. Sland., vol. 50, pp. 39-41; Jan.
1953.) The formuia for scaled-up refractivity N
for air is N=(K;/T)[p+ K's(e/T)], where K,
K1, are constants. The value proposed for A
is derived from recent reliable microwave and
optical measurements of the refractive index of
dry air by Barrell (Jour. Opt. Soc. Amer., vol.
41, pp. 295-299, 1951, Birnbaum e/ al. (1426 of
1951) and Essen and IFroome (1371 of 1952),
after adjustment to allow for an average
amount of CQs; in the coniposition of the air.
KYisderived from two other constantsobtained
from measurements of the diclectric constant of
water vapour by Birnbaum and Chatterjee
{2269 of 1952 (please note additional author)].
A table of values of the constants used by vari-
ous workers from 1933 to 1952 is given, with
comments on discrepancies.

551.510.52 1991
The Geographical and Height Distribution
of the Gradient of Refractive Index—-B. R.
Bean. (Proc. I.R.E,, vol. 14, pp. 549-550;
May 1953.) Charts are presented of the Febru-
ary and August distributions of the effective
earth's radius factor over the U.S.A., and of the
vertical distribution of refractive-index gradi-
ent for warm, temnperate and cold clitnates.

551.510.535 1992

Long-Delay Ionospheric Echoes at 150 kc
—1J. J. Gibbons, R. L. Sclirag and A. I11. Way-
nick. ( Nature (London), vol. 171, pp. 444 -445;
March 7, 1953.) A report of results obtained at
Pennsylvania State Colicge lonosphere Re-
search Laboratory, using a vertical-incidence
pulse transmitter with 2-M\V peak power. Re-
cordings with a S-min exposure werce made
every half hour front 2000 to 0400 LMST of the
signals received on an antenna system suitable
for receiving circularly polarized waves. Three
records, obtained on November 9, 1952, showed
an isolated echo corresponding to a retlection
height of about 900 km. The echo ounly ap-
peared on the records of the extraordinary
wave. Similar records were obtained on two
subsequent nights. Dossible explanations of
these long-delay echoes are considered; they
may be due to reflections from a region above
the height of maximum ionization of the Fa re-
gion.

551.510.535 1993

On the Comparative Increases of the F, and
F; Ionizations from Sunspot Minimum to Sun-
spot maximum—N. Ghiosh. (Jour. Geophys.
Res., vol. 58, pp. 41-51; March 1953.) The pro-
portionate increase of ionization, from the
epoch of sunspot minimum to sunspot maxi-
muin, is not the same for the 19} as for the Iy
layer, being of the order of 1.6 for the former
and 3.0 for the latter. Assuming (a) the F re-
gion to be due to ionization of atomic oxygen,
(b) an increase in temperature with height
above the I mmaximum, (¢) an effective reconi-
bination coefficient decreasing rapidly with
height, calculations are made for three different
ionosphere models, the results being in each
case in satisfuctory agreement with observa-
tions.

551.510.535:523.78 1994

Effect of the Solar Eclipse of 25th February
1952 on the Ionosphere E Layer in Equatorial
Africa—S. Estrabaud. (Compl. Rend. Acad. Sci.
(Paris), vol. 236, pp. 833-835; Feb. 23, 1952.)
A report and discussion of observations of E-
laver critical frequencies at Bangui. The criti-
cal frequency of the E; layer decreased sud-
denly at the conmencement of the eclipse and
was soon masked by that of the E; layer. A
graph of the observed values of fo/I¢ shows that
the effects of the eclipse were certainly percep-
tible some 5 to 20 minutes before the first con-
tact. An explanation of the observed effects is
based on the assuniption of two solar regions
more active than the rest, one in the corona
near the western edge of the disk, the other near
the eastern edge.
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551.510.535:[537.29 4+ 538.69 1995

Electromagnetic Effects in the Ionosphere:
Effects of Crossed Constant-Magnetic and Al-
ternating-Electric Fields—R. Jancel and T.
Kahan. (Compt. Rend. Acad. Sci. (Paris), vol.
236, pp. 788-790; Feb. 23, 1953.) The effect of
the crossed fields on the distribution of the ve-
locities of the free electrons in an ionized gas is
studied ,by means of the general equation of
Boltzmann, collisions between electrons being
assumed negligible. The result obtained in-
cludes, as particular cases, those of Druyvestyn
(1930 Abstracts, p. 350 and 1700 of 1935),
Chapman and Cowling (The Mathematical
Theory of Nonuniform Gases) and Margenau
(3246 of 1946).

551.510.535:551.55:621.396.9 1996

A Study of Winds in the Ionosphere by Ra-
dio Methods—]. H. Chapman. (Canad. Jour.
Phys., vol. 31, pp. 120-131; Jan. 1953.) Report
of an investigation made using Mitra's method
(96 of 1950). The measurements were made in
Ottawa, and later in Montreal, and covered a
period of a year. At a nominal height of 110 km
(E layer) the speed of the wind showed a mean
daily variation of approximately half-day pe-
riod and about 40 m/s amplitude. This varia-
tion can be explained on the basis of tidal os-
cillations in the atmosphere. A variation corre-
sponding to lunar atmospheric tides has also
been detected at this level. The winds in the
F region appear to increase in speed with in-
crease of magnetic activity; this effect is not ob-
served in the E region except during severe
ionospheric disturbances.

551.510.535:551.594.12 1997
A Procedure for the Determination of the
Vertical Distribution of the Electron Density in
the Ionosphere—L. A. Manning. (Jour. Geo-
phys. Res., vol. 58, pp. 117-118; March 1953.)
Comment on 409 of February (Kelso).

551.510.535:621.3.087.4 1998

An Ionosphere Recorder for Low Frequen-
cies—]J. C. Blair, J. N. Brownand J. M. Watts.
(Jour. Geophys. Res., vol. 58, pp. 99-107;
March 1953.) Based on HF recorder design,
this beat-frequency instrument covers the range
50 kc-1 mc and uses a single-loop antenna
about 350 ft long by 150 ft high. Sample rec-
ords are reproduced.

551.594.5 1999

Radio Measurements and Auroral Electron
Densities—P. A. Forsyth. (Jour. Geophys. Res.,
vol. 58, pp. 53-66; March 1953.) Simultaneous
recordings of 56- and 106.5-mc echoes from
auroral clouds were made at Saskatoon. A large
number of echoes at 56 mc were found for which
there were no corresponding echoes at 106.5
mc, and the echo amplitude ratio for the two
frequencies varied widely. Critical reflections
from small volumes of intense ionization scem
the most probable explanation of these obser-
vations, where intense auroral displays are con-
cerned. This would involve electron densities of
the order of 10*/cm?® in small volumes of the
aurora for periods of time short in comparison
with the duration of the display.

551.594.5+523.5+551.510.535:621.396.9
2000
Long-Duration Echoes from Aurora, Mete-
ors, and Ionospheric Back-Scatter—D. W. R.
McKinley and P. M. Millman. (Canad. Jour.
Phys., vol. 31, pp. 171-181; Feb. 1953.) A re-
port of radar echoes of unusual types observed
in the course of the Ottawa meteor-research
program. 20-us pulses with a peak power of
200400 kW were radiated on a frequency of 33
mc. Some of the echoes were correlated with
visual observations of aurora. The extremely
long duration (9 min to over 30 min) of some
meteor echoes was probably caused by abnor-
mal ionospheric conditions. Weak semiperma-
nent echoes (duration up to or over 1 hour) are
attributed to reflection at vertical or near-ver-
tical incidence from irregularities in the lower
ionosphere, possibly the same as those respon-

PROCEEDINGS OF THE ILR.E.

sible for the long-range propagation reported
by Bailey et al. (2581 of 1952).

LOCATION AND AIDS TO NAVIGATION

621.396.9 2001

High-Quality Radar Picture Display Unit—
R. T. Petruzzelli. (Tele-Tech, vol. 12, pp. 54—
57, 102; Jan. 1953.) A description is given, with
block diagrams, of equipment providing tele-
vision pictures of the PPI display of airport-
surveillance radar, Type ASR-2, togethier with
mapping and df information. Two independent
channels, each terminating in its own 12-in.
display unit, enable different areas round the
airport to be monitored. A 30-in. display for
plotting purposes is also provided. The conver-
sion from the PPI display to standard 525-line
30-frame television scan is effected by means of
the graphechon storage tube [1539 of May—
Dyall et al.). The display control consoles in-
clude all controls for the radar set norally
found on the original radar indicator. The plot-
ting display console has no control over the ra-
dar set and can merely switch its mixer ampli-
fier to accept the signals from either of the two
channels.

621.396.9 2002

A Special Type of Pulse Modulation for the
Transmission of Radar Pictures (Sampling)—
E. Roessler. (Fernmeldetech. Z., vol. 6, pp. 78~
79; Feb. 1953.) The principles of a sampling
system for bandwidth reduction are described.
See 1921 (Otto) and 3430 (McLucas) of 1952.
It is proposed to introduce, in German, the
term “Durchmusterung” for this sampling proc-
ess.

621.396.9:[551.578+551.594.22 2003
Frontal Precipitation and Lightning Ob-
served by Radar—]J. S. Marshall. (Canad. Jour.
Phys., vol. 31, pp. 194-203; Feb. 1953.) Pat-
terns obtained by radar methods at wavelengths
of 3.2 em and 10.7 cm are shown and discussed.
Observations in vertical section were made by
scanning at angles of elevation up to 30°.

621.396.9:551.578.1 2004

Radar Observations of Rain from Non-
freezing Clouds—R. S. Styles and F. W. Camp-
bell. (Aust. Jour. Phys., vol. 6, pp. 73-85;
March 1953.) A detailed account, with photo-
graphs of typical displays, of results obtained
with airborne radar equipment.

621.396.9:621.396.65.029.64 2005

Remote Display of Radar Pictures—R. F.
Hansford and G. J. Dixon. (Wireless World, vol.
59, pp. 218-222; May 1953.) Description of the
Decca Radar Link, Type 2, designed for trans-
mission of information from a radar site to a
distant point where it can again be displayed
on a radar indicator without loss of detail. The
wavelength used is about 9 cm, and the trans-
mitter power 0.5 W. Negative a.m. is used for
the vidco signals and positive modulation on
a time basis for the synchronizing pulses and
bearing information. The transmitter RF unit
is housed in a watertight box mounted behind
the paraboloid antenna on an 80-ft mast. The
transmitter tube is a v.m. Heil-type tube. A
similar antenna arrangement is used with the
receiver, which has a reflex-klystron local os-
cillator. Full test facilities are included. Relia-
ble transmission is provided over a distance up
to 20-30 nautical miles. Repeater stations may
be interpolated in the link.

621.396.9:621.396.67 2006
Moulded Plastic Radar Scanners and
Stressed Components—(See 1911.)

621.396.9:778.5 2007

Cinematographic Recording of Panoramic
Radar Images—M. J. de Cadenet. (Ann. Télé-
commun., vol, 8 pp. 19-27; Jan. 1953.) A
method developed by the C.N.E.T. in France
for recording television images is adapted. A
detail description is given of camera equipment
with servomechanism for synchronizing cam-
era operation with antenna rotation.

Awugust

621.396.93.088 2008

More on Direction Finders—II. (. Hop-
kins. (Proc. 1.R.E., vol. 41, pp. 548-549; May
1953.) Comment on 142 of 1952 (Ilansc)). It is
recommended that the term ‘unwanted’ should
be reserved for the component which intro-
duccs errors when the direction finder is op-
erated on a uniform unobstructed site. The
proposed distinction between primary and sce-
ondary instrumental polarization crrors is also
criticized.

621.396.932/.933 2009

Decca Charts—II. C. Freiesleben. (7ele-
Sfunken Ztg, vol. 26, pp. 49-53; Jan. 1953.) A de-
tailed description is given of the method of
computing Decca curves in which the differ-
ences of the distances of a number of points on
the earth’s surface from the transmitters are
first calculated, the points corresponding to
round values of the differences being then found
by interpolation.

621.396.933 2010

Radio Navigation and Air Traffic Safety
Measures—O. J. Selis. (Tijdschr. ned. Radio-
genoot., vol. 18, pp. 59-87; March 1953.) A sur-
vey of present methods and trends both for en-
route navigation and for approach and landing,
with special reference to installations in Hol-
land.

MATERIALS AND SUBSIDIARY
TECHNIQUES

533.5 2011

Methods of Obtaining High Vacua by Ioni-
zation—H. Schwarz. (Le Vide, vol. 7, pp. 1262~
1266; Nov. 1952.) Analysis shows that no true
pumping cffect can be obtained with a simple
d.c. discharge. In the system described a ring-
shaped anode has a potential of 2kV or more
and a second annular electrode beyond it is at
cathode potential. Four outlet tubes fitted with
auxiliary electrodes are spaced around the an-
ode. A weak magnetic field imparts a helical
motion to the electrons beyond the anode.
Pressures lower than 5)X10™® mm Hg are ob-
tained.

535.212:546.482.21 2012

Study of the Infrared Photoluminescence of
Copper-Activated Cadmium Sulphide—E. Gril-
lot and P. Guintini. (Compt. Rend. Acad. Sci.
(Paris), vol. 236, pp. 802-804; Feb. 23, 1953.)
The photoluminescence of CdS-Cu comprises a
band in the infrared between 0.7 and 1.4 g, with
a maximum at 1.02 u.

535.215:546.817.221 2013

The Photovoltaic Effect in Natural Lead
Sulphide—R. Lawrance. (Aust. Jour. Phys.,
vol. 6, pp. 124-125; March 1953.) Correction to
paper abstracted in 1930 of 1952,

535.215.2:546.28 2014

Long-Wavelength Infrared Photoconduc-
tivity of Silicon at Low Temperatures—B. V.
Rollin and E. L. Simmons. (Proc. Phys. Soc.
(London), vol. 66, pp. 162~168; March 1, 1953.)

535.215.3:538.639 2015

Theory of the Photomagnetoelectric Effect
—P. Aigrain and H. Bulliard. (Compt. Rend.
Acad. Sci. (Paris), vol. 236, pp. 595-596; Feb.
9, 1953.) An approximate theory is developed
which assumes the charge carriers of the two
different types in semiconductors to have equal
mobilities and which gives values of the photo-
magneto-clectric potential difference in good
agrecment with the experimental results re-
potted by Kikoin and Noskow (Abstracts, p.
507;1934).

535.215.3:538.639:546.289:548.55 2016

Experimental Results on the Photomag-
netoelectric Effect—P, Aigrain and H. Bul-
liard, (Compt. Rend. Acad. Sci. (Paris), vol.
236, pp. 672-674; Feb. 16, 1953.) Measure-
ments were made on small plates, 0.1 to 1 mm
thick, cut from single crystals of Ge of various
degrees of purity, the illuminated face being in
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general well polished chemically. Various meth-
ods of measurement are described. The results
obtained confirin the theory previously given
(2015 above).

535.343+535.32 2017

Inter-relation between Optical Constants
for Lead Telluride and Silicon—T. S. Moss.
(Proc. Phys. Soc. (London), vol. 66, pp. 141-
144; Feb. 1, 1953.)

535.343 2018

The Optical Constants of Lead Sulphide,
Lead Selenide and Lead Telluride in the 0.5—
3-u Region of the Spectrum—D. G. Avery.
(Proc. Phys. Soc. (London), vol. 66, pp. 134—
140; Feb. 1, 1953.)

535.343:546.23 2019

The Optical Absorption and Reflection of
Amorphous and Hexagonal Selenium—]J. Stuke.
(Z. Phys., vol. 134, pp. 194-207; Jan. 20, 1953.)
Measurements were made on thin layers, using
wavelengths between 300 and 1200 my, at tem-
peratures in the range — 180° C to +100° C. At
the transformation from the amorphous to the
hexagonal form the absorption constant in-
creases over the whole of the wave-range inves-
tigated. For hexagonal Se¢ a strong absorption
band is observed at 2.2 ¢V. The absorption and
reflection measurements show good agreement.

535.343+4537.312.5:546.817.221 2020

Absorption Spectra of Lead Sulphide at Dif-
ferent Temperatures—W. Paul and R. V.
Jones. (Proc. Phys. Soc. (London), vol. 66, pp.
194-200; March 1, 1953.)

535.37 2021

Induced Conductivity in Luminescent Pow-
ders: Part 2—A.C. Impedance Measurements
—H. Kallmann, B. Kramer and A. Perlmutter.
(Phys. Rev., vol. 89, pp. 700-707; Feb. 15,
1953.) A.C. impedance changes induced by ul-
traviolet, infrared, X-ray and <vy-ray irradia-
tion of (Zn:Cd)S powders agree with the results
previously obtained with d.c. (Kallmann and
Kramer, 3438 of 1952.)

535.37:546.472.21 2022

The Influence on the Luminescence of ZnS
Phosphors of Lattice Defects caused by Pound-
ing—I. Broser and W. Reichardt. (Z. Phys.,
vol. 134, pp. 222-224; Jan. 20, 1953.) An inves-
tigation is made of the reduction of lumincs-
cence of ZnS-Cu phosgphors as the fineness of
the material incrcases. Formulas derived are
discussed in relation to theories of radiationless
transitions.

535.37:546.472.21 2023

Optical Measurements on Electrolumines-
cent Zinc Sulfide—]. F. Waymouth. (Jour.
electrochem. Soc., vol. 100, pp. 81-84; Feb.
1953.) Results of measurements of absorption
and emission spectra are reported.

535.37:546.472.21 2024

On the Nature of Fluorescent Centers and
Traps in Zinc Sulfide—H. A. Klasens. (Jour.
electrochem. Soc., vol. 100, pp, 72-80; Feb.
1953.) The impurity levels in the energy dia-
gram of a ZnS phosphor are considered to be
localized ST levels lifted above the filled S*”band
due to the presence of monovalent positive or
trivalent negative activator ions in the lattice.
Electron traps are formed similarly by the re-
placement of S ions by monovalent negative
jons or of Zn®* ions by trivalent positive ions.
The emission characteristics of ZnS phosphors
seem to be more a property of the lattice than
of the activator.

537.224 2025

Plastic Electrets—H. H. Wieder and S.
Kaufman. (Jour. Appl. Phys., vol. 24, pp.
156-161; Feb. 1953.) Previously proposed ex-
planations of the electret mechanism are dis-
cussed and measurements on specimens made
of plexiglas, lucite and nylon are reported. The
experimental results support the view that
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there exist two decaying polarizations of oppo-
site sense due to ionic migration (a) within the
dielectric and (b) across the electrode/dielectric
interface (see Gross, 4055 of 1944.)

537.226 2026

Variation with Time of the Dielectric Prop-
erties of Ferroelectric Ceramics—D. M. Kaz-
arnovski. (Zh. tekh. Fiz., vol. 22, pp. 553-558;
April 1952.) A report of observations covering a
period of three years. It appears that the diclec-
tric constant of ferroelectric ceramics decreases
with the time; methods for stabilizing it are dis-
cussed.

537.226.2:546.212-16 2027

Anistropy of the Dielectric Constant of Ice
—F. Humbel, F. Jona and P. Scherrer. (Ilelv.
Phys. Acta, vol. 26, pp. 17-32; Feb. 15, 1953.
In German.) Dielectric constant ¢ and loss
angle 8 were measured as a function of temper-
ature and frequency for square plates cut from
large single crystals. The difference between the
values of € for directions parallel and perpen-
dicular to the c-axis decrcases with temperature
decrease. The variation of e¢ and & with fre-
quency is similar to that found for polycrystal-
line ice.

537.311.33 2028

Theory of Mixed Semiconductors—O. Ma-
delung and H. Welker. (Z. angew. Phys., vol. 5,
pp. 12-14; Jan. 1953.) For simple n- or p-type
semiconductors the carrier concentrations and
mobilities can be easily found from the meas-
ured values of conductivity and Hall coeffi-
cient, For mixed semiconductors further meas-
urements are required; the thermoelectric
power and the variation of the resistance with
the strength of an applied magnetic field are
suitable properties for this purpose. Formulas
relating the various parameters are discussed.
The Hall coefficient depends on the strength of
the magnetic field and may change its sigu at
high field strength.

537.311.33 2029

A Conductive Ceramic for Microwave Ap-
plications—(Eng. (London), vol. 195, p. 363;
March 6, 1953.) “Caslode” is the name given to
a semiconductor with a dielectric constant of
about 20 and a loss angle between 10° and 20°
at a wavelength of 3.2 c¢cm, suitable for use with-
out water-cooling as a dummy laod in wave-
guldes.

537.311.33 2030

Semiconductor Properties of the Systems
K-Sb, Cs-Sb, K-In and Cs-In—R. Suhrmann
and C. Kangro. ( Naturwissenschaften, vol. 40,
pp. 137-138; Feb. 1953.) Graphs are given
which show (a) log x for K-Sb compounds with
varying proportions of K from 0 to 100%, (b)
log x plotted against 1/T for values of 1/T in
the range 3-9X 1073 for the compounds Cs;Sb
and K,Sb, x being the specific conductivity and
T the absolute temperature. For intrinsic semi-
conduction, the energy levels in K3Sb, KSb and
Cs;Sb are respectively 0.79, 0.88 and 0.56 eV,
For lattice-defect semiconduction, the levels
are 0.23 and 0.16 eV respectively for KySb and
CsSb. For K-In and Cs-In compounds also,
the temperature coefficient of resistance is neg-
ative; for CsaIns the resistance drops by a fac-
tor of about 10¢ between 83° and 287°K, the
corresponding drop for KsIn being only from 82
to 37.740

537.311.33:546.27.03 2031

Study of the Properties of Boron—J. La-
grenaudie, (Jour. Phys, Radium, vol. 14, pp.
14-18; Jan. 1953.) Continuation of work noted
in 1696 of June. Conductivity measurements at
temperatures up to 700° C yield a value of
about 1.28 eV for the intrinsic energy. The ma-
terial should be useful for thermistors. Thin
layers are transparent in the infrared, with an
absorption electric threshold at a wavelength
near 1u. Only very weak rectifying effects were
observed; measurements on single crystals are
required before conclusions can be reached
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about the practical possibilities of the material
for rectifiers.

537.311.33:546.289 2032

A Thermoelectric Study of the Electrical
Forming of Germanium Rectifiers—M. Kikuchi
and T. Onishi. (Jour. Appl. Phys., vol. 24, pp.
162-166; Feb. 1953.) Experimental methods de-
scribed by Granville and Hogarth (161 of 1952)
were applied. Remarkable improvements in the
1/V characteristics were obtained by applying
appropriate alternating forming voltages. Us-
ing n-type crystals, the thermoelectric current
observed on the etched surface was converted
by the forming from n-type to p-type. The de-
pendence of the thermo-emf on the contact
pressure is greatly increased by the forming.
The results indicate that a substance with rela-
tively high resistivity and p-type thermo-emf
is formed between the point contact and the
Ge surface.

537.311.33:546.289 2033

Plastic Deformability of Germanium at Rel-
atively High Temperatures—L. Graf, H. R.
Lacour and K. Seiler. (Z. Metallkde, vol. 44, pp.
113-114; March 1953.) Experiments on single
crystals of purity >99.9999%, arc reported. At
temperatures >600° C plastic deformation
without time lag was obtained. The appearance
of slip lines indicates that an actual lattice
translation occurs. Variation of resistivity
caused by heat treatment is greatly reduced if
the specimens are simultaneously subjected to
plastic deformation. Sce also 1403 of May (Gal-
lagher).

537.311.33:546.289 2034

Pressure-Welded p-n Junctions in Germa-
nium—R. G. Shulman and D. M. Van Winkle.
(Jour. Appl. Phys., vol. 24, p. 224; Feb. 1953.)
A mechanically strong weld is obtained by ap-
plying local pressure at the surfaces to be
joined. Pressures of about 100 kg/cm? are ob-
tained with moderate forces by making the
contact area extremely small; this is achieved
by making one contact surface optically flat
and the other of controlled roughness. Charac-
teristics of junctions prepared by this process
are shown; their HF response is better than
that of units prepared by drawing or diffusion.

537.311.33:546.289:621.396.822 2035
Shot Noise in Germanium Filaments—
R. H. Mattson and A. van der Ziel. (Jour.
Appl. Phys., vol. 24, p. 222; Feb. 1953.) The
correctness of the noise formula previously de-
rived (Herzog and van der Ziel, 1936 of 1952) is
verified by further measurements of greater ac-
curacy over an extended frequency range.

537.311.33:546.817.221 2036

Transistor Action and Related Phenomena
in Lead Sulphide Specimens from Various
Sources—C. A. Hogarth. (Proc. Phys. Soc.
(London), vol. 66, pp. 216-220; March 1, 1953,)
Examination of a large number of specimens of
PbS has indicated a maxitnum free-carrier con-
centration at 290°K of 2X 10'/cm? if transistor
action is to be found. This leads to a value of
0.65 eV for the width of the forbidden band at
290°K. Transistor action was only observed in
p-type specimens and was always associated
with good rectification and a strong photovol-
taic effect.

537.311.33:546.817.221 2037

The Electronic Band Structure of PbS—
D. G. Bell, D. M. Hum, L. Pincherle, D. W.
Sciama and P, M. Woodward. (Proc, Roy. Soc.
A (London), vol. 217, pp. 71-91; March 24,
1953.) The cellular method is used to deter-
mine electronic wave functions of the Bloch
type for PbS.

537.311.33:621.314.632 2038

The Theory of Solid Rectifiers—A. I. Guba-
nov. (Zh. tekh. Fiz., vol. 22, pp. 381-393; March
1952.) A theory is proposed based on the as-
sumption that the barrier layer is a thin semi-
conducting layer with a conductivity of the
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type oposite to that of the main body of the rec-
tifier. From a solution of the Poisson's and dif-
fusion equations the current/voltage charac-
teristic of the rectifier is determined. A nu-
merical example is given for the case of a Cu,0O
rectifier; the theoretical curve for the depend-
ence of the rectifier resistance on voltage shows
good agreement with experimental curves.

537.311.33:621.396.822 2039
Noise in Semiconductors at Very Low Fre-
quencies—B. V. Rollin and I. M. Templeton.
(Proc. Phys. Soc. (London), vol. 66, pp. 259-
261; March 1, 1953.) Previous measurements
by Kronenberger (2879 of 1951) showed that
down to frequencies of about 0.2 cps the mean-
square noise voltage per unit bandwidth is in-
versely proportional to the freauency f. A
method is described by which measurements on
pyrolytic carbon resistors have been made at
much lower frequencies. The noise is recorded
on slow-running magnetic tape, which is then
joined to form a closed loop. The loop is run
through the pickup head at normal speed and
the noise spectrum analyzed with a standard
type of AF wave analyzer. By varying the re-
cording speed, measurcments were made for
frequencies from 10~* to 10 cps. The results ob-
tained show that even at the lowest frequency
the 1/f law is still obeyed fairly closely. A spe-
cial arrangement is described for obtaining the
amplification necessary for recording the noise
voltages at the very low frequencies used.

537.311.33:621.396.822 2040
Shot Noise in Semiconductors—A. van der
Ziel. (Jour. Appl. Phys., vol. 24, pp. 222-223;
Feb. 1953.) A calculation is made of the shot
noise generated in a semiconductor by dc, as-
suming that the numbers of free electrons and
holes fluctuate independently, and the average
drift path is short compared with the length of
the specimen. An examination is made of the
special cases of electron conductors, mixed con-
ductors, intrinsic semiconductors in which elec-
trons and holes disappear by surface trapping,
and intrinsic semiconductors in which electrons
and holes disappear only by recombination.

538.221 2041

Magnetic After-Effects associated with Ini-
tial Permeability and Barkhausen Jumps—
R. Feldtkeller and G. Sorger. (Arch. elekt. Uber-
tragung, vol. 7, pp. 79-87; Feb. 1953.) A discus-
sion of the Jordan, Richter and Ewing effects
observed in relaxation processes in ferromag-
netic inaterials; the first two are associated
with the initial permeability and the last is as-
sociated with the Barkhausen jumps. The Rich-
ter and Ewing effects both depend on the diffu-
sion of foreign atoms.

538.221 2042

Applications and Properties of Ferroxcube
—(Electronic Applic. Bull., vol. 13, p. 80; May
1952.) Correction to paper noted in 750 of
March.

538.221 2043
Ferrites—A. Fairweather, F. F. Roberts
and A. J. E. Welch. (Rep. Progr. Phys., vol. 15,
pp. 142-172; 1952.) A description is given of the
physical and chemical structure of ferrites, and
of their preparation, with an outline of Néel's
theory of ferromagnetism and of the Kramers-
Anderson theory of super-exchange spin cou-
pling. Possible mechanisms which may account
for the observed rather steep fall of permeabil-
ity with increase of frequency, and for the as-
sociated energy absorption, are discussed. The
dielectric properties of ferrites, of interest in
HF applications, are considered. The observed
very strong dispersion and absorption may be
interpreted in terms of the inhomogencous mi-
crophysical structure of the sintered material,
which is known to be sensitive to the oxygen
content and heat treatment. The very-low-fre-
quency dielectric absorption may be due to ad-
sorbed moisture. The semiconducting proper-
ties are discussed briefly. Over 150 references.

PROCEEDINGS OF THE I.R.E.

538.639:538.245 2044

On the Temperature Dependency of Mag-
neto-resistance Effect of Iron Single Crystal—
Y. Gondo and Z. Funatogawa. (Jour. Phys.
Soc. (Japan), vol. 7, pp. 41-43; Jan./Feb. 1952.

538.652:548.55 2045

Measurement of Magnetostriction in Single
Crystals—R. M. Bozorth and R. W. Hamming.
(Phys. Rev., vol. 89, pp. 865-869; Feh. 15,
1953.) A simplified procedure is given for de-
termining the five magnetostriction constants
of a ferromagnetic single crystal of the cubic
type. :

539.153:537.311.1 2046

The Band Structure of Metals—G. V. Ray-
nor. (Rep. Progr. Phys., vol. 15, pp. 173-248;
1952.) The development of the electron theory
of metals is briefly reviewed and the electronic
structures of a selection of monovalent and
polyvalent metals are surveyed, Na and Cu be-
ing discussed in detail. Difficulties arising in
connection with the calculation of clectronic
interactions, particularly in the case of divalent
and trivalent metals, are discussed. The nature
of transitional metals is considered in detail.
The possibility of extending the theory to al-
loys is discussed, particularly for alloys based
on Cu and on Ni. Over 80 references.

546.321.85-842:548.0[5374539.32 2047
The Properties of KH,PO, below the Curie
Point—H. M. Barkla and D. M Finlayson
(Phil Mag., vol. 44, pp. 109-130; Feb. 1953.)
Report of an investigation of the diclectric, pi-
ezoclectric and elastic properties of KHyPO,
crystals at temperatures down to 20°K. A sec-
ond transition occurs at a temperature about
60° below the Curie point (122°K), and marks
the onset of a steep rise of coercive field with
decreasing temperature. A qualitative domain
theory is presented to account for the main fea-
tures of the ferroelectric state in KH,PO,.

546.321.85-842:548.73 2048

X-Ray Analysis of the Ferroelectric Transi-
tion in KH,PO—B. C. Frazer and R. Pepin-
sky. (Acta Cryst., Camb., vol. 6, part 3, pp.
273-285; March 10, 1953.) Report of de-
tailed investigation of the tetragonal struc-
ture at 4° above the transition temperature of
122°K, and of the orthorhombic structure 6°
below this temperature.

546.821:538.632 2049

The Hall Effect in Titanium—G. W. Scovil.
(Jour. Appl. Phys., vol. 24, pp. 226-227; Feb.
1953.) Preliminary report of measurements
made by a dc method at a temperature of about
100° C.

547.476.3:537.226 2050

The Effect of Electric Field on the Domain
Structures in Rochelle Salt—M. Marutake.
(Jour. Phys. Soc. (Japan), vol. 7, pp. 25-29;
Jan./Feb. 1952.)

549.212:537 2051

The Electrical Properties of Graphite—
G. H. Kinchin. (Proc. Roy. Soc. A, vol. 217,
pp. 9-26; March 24, 1953.) Report of measure-
Inents made, over a wide range of temperatures,
of the Hall coefficient and resistivity of a range
of multicrystal graphites with different crystal
sizes and of a single crystal of Travancore
graphite.

621.315.61:621.793:669.21/.23 2052

The Production and Testing of Precious-
Metal Coatings on Insulating Materials—
A, Keil and G. Offner. (Fernmeldetech. Z., vol.
6, pp. 73-77; Feb. 1953.) Methods of metalliz-
ing the surfaces of plastics and ceramics are
outlined and suitable methods of assessing the
properties of such coatings, particularly as re-
gards resistivity, adhesion and soldering, are
suggested,

621.315.612.4:546.431.824-31 2053
Transition Energy and Volume Change at
Three Transitions in Barium Titanate—G. Shi-

August

rane and A. Takeda. (Jour. Phys. Soc. (Japan),
vol. 7, pp. 1-4; Jan./Feb. 1952.)

621.315.616:547-128¢1 2054

Silicones—and Insulation—(Elect. Times,
vol. 123, pp. 47-49; Jan. 8, 1953.) Illustrated
note of applications of silicone rubber as sheath-
ing and insulating tape.

621.315.616.1 2055

Electrical Properties of Rubber—]. Gran-
nier. (Compt. Rend. Acad. Sci. (Paris), vol. 236,
pp. 786-788; Feh. 23, 1953.) Experiments are
described which show that the dc conductance
and the dielectric constant and loss angle at 1
kc of rubber decrease considerably when the
material is subjected to increasing comnpres-
sional, tensile, or shearing forces with resulting
distortion. When the material is compressed in
a cavity which prevents distortion, little or no
change is observed in the dielectric constant
and loss angle. An explanation of these results
is suggested.

778.37 2056

Isotransport Camera for 100,000 Frames per
Second—C. D. Miller and A. Scharf. (Jour.
Soc. Mot. Pict. Telev. Engs., vol. 60, pp. 130-
144; Feb. 1953.) Description of equipment de-
veloped by the Battelle Memorial Institute and
available for loan to other research organiza-
tions.

MATHEMATICS

621.392.5:538.652:681.142 2057

Magnetostrictive Sonic Delay Line—11. Ep-
stein and O. Stram. (Rev. Sci. Iustr., vol. 24, pp.
231-232; March 1953.) Description of a recir-
culating storage unit using a thin-wall Ni tube
as the magnetostrictive element, with suitable
transducer coils enclosed in ferrite cups whose
length is adjusted to correspond to the half
wavelength of a 600-kc vibration in the Ni
tube. Experimental delay lines giving delays of
100us and 800 us have been constructed. Oper-
ational characteristics are listed.

681.142 2058

High-Speed Product Integrator—A. B.
Macnee. (Rey. Sci. Instr., vol. 24, pp. 207-211;
March 1953.) A method of using a high-speed
analogne computer to evaluate product inte-
grals is described.

681.142 2059

Resistance Network Analog Computer—
(Tech. News Bull. Nat. Bur. Stand., vol. 37, pp.
19-21; Feb. 1933.) Description of a computer of
the type developed by Liebinann (1954 of 1950
and 2839 of 1952).

681.142 2060

The Electronic Discrete Variable Computer
~—8. E. Gluck. (Elec. Eng., N. Y., vol. 72, pp.
159-162; Feb. 1953.) Outline description of the
EDVAC, a binary computer having a mercury-
delay-line storage system of large capacity. See
also 434 (Goodman) and 1357 (Gray) of 1952,

681.142:538:221 2061

Ferrites speed Digital Computers—D. R.
Brown and E.®Albers-Shoenberg. (Electronics,
vol. 26, pp. 146-149; April 1953.) The use of
ferrite toroids in storage units of the matrix
type [2258 of 1952] (Papian) leads to increased
speed and reliability of operation. Differences
in the hysteresis curves required for storage and
for switching purposes are discussed. A pulse
method of testing the toroids is described. A
particular Mg ferrite (MF-1118) used at the
M.L.T. has a saturation flux density of 2000
gauss and a coercivity of 1.5 oersted.

MEASUREMENTS AND TEST GEAR

535.32:538.56.029.64 2062

The Refractive Indexes of Water Vapour,
Air, Oxygen, Nitrogen, Hydrogen, Deuterium
and Helium—L. Essen. (Proc. Phys. Soc. (Lon-
don), vol. 66, pp. 189-193; March 1953.) The
method described by Essen and Froome (1707
of 1951) was used in measurements at 9.2 kme.
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The results for water vapour, air, O; and Ni
agree with the values previously found at 24
kmec. The values for 1I; and D; are respectively
2% and 3% higher than the calculated values
of Ishiguro et al. (Proc. Phys. Soc. (London),
vol. 65, pp. 178-187; March 1, 1952.)

621.3.018.41(083.74) 2063

The Microwave Frequency Standard—L. J.
Rueger and A. E. Wilson. (Radio & Teley.
News, Radio-Electronic Eng. Sec., vol. 49, pp.
5-7, 41; March 1953.) An account is given of
standardized cquipment at the National Bu-
reau of Standards for providing a calibration
service for frequencies from 300 me to 40 kmc,
and of developmental equipment to extend the
range to 75 kinc. The standard microwave fre-
quencies are derived directly from one of the
stable 100-kc crystal oscillators maintained by
the N.B.S. llarmonic frequencies at 10-mc in-
tervals are provided up to § king, at 50-mc in-
tervals to 25 kinc, and at 250-mc intervals to 40
kmec, the gaps being bridged by means of a pre-
cision variable-frequency oscillator. Frequency
meters are calibrated under conditions as close
as possible to those of normal use. Details are
given of the methods adopted.

621.3.018.41(083.741.):[621.314.74621.396.611.
21 2064

Precision Transistor Oscillator—(Teck.
News Bull. Nat. Bur. Stand., vol. 37, pp. 17—
19; Feb. 1953.) A frequency standard contained
in a tube of length 7 in. and diameter 1§ in. is
described. It comprises an oscillator using a
Type-2517 junction transistor, a high-precision
100-kc GT-cut quartz-crystal unit [sce Griffin,
1083 of April] and a long-life Hg cell. The tran-
sistor in an earthed-emitter circuit produces an
output of 0.8V across a tuned circuit connected
to the collector electrode. The crystal driving
current is taken from the junction of two ca-
pacitors forming an attenuator between the
collector and earth. Performance is comparabte
to that of a standard valve oscillator. (For an-
other account, see Elcclronics, vol. 26, pp. 206,
214; May 1953.)

621.317.32.087.4 2065

The Suitability of the “Fixed Level’’ Record-
ing Method for Propagation Research—G.
Boré and W. Rappaport. (Fernmeldetech. Z.,
vol. 6, pp. 33-36; Jan. 1953.) The design of an
u.s.w. field-strength recorder is outlined. Its
principle is that described by Ferrari (A.E.G.
Miu., vol. 41, pp. 299-302; Nov./Dec. 1951),
a pulse being generated whenever the integral
of the measured quantity over a specified time
reaches a fixed level, The average interval be-
tween pulses is inversely proportional to the
mean amplitude of the measured quantity. A
method of evaluating the maximuin error is il-
lustrated. By means of a subsidiary relay-op-
erated circuit, the number and duration of
short-period fluctuations above and below a
fixed level can be recorded.

621.317.335.3:537.226.2/.3 2066

A Standing-Wave Method for Measuring
Electromagnetic Absorption in Polar Liquids
at Frequencies of the Order 3X10% cps—V. I.
Little. (Proc. Phys. Soc. (London), vol. 66, pp.
175-184; March 1, 1953.) Description of a siin-
ple method, with typical results for the absorp-
tion coefficient and dielectric constant of water
and of dioxan with small admixtures of water
and of ethyl alcohol.

621.317.335.3.029.64 2067

New Method of Measurement of the Com-
plex Dielectric Constant of Solids and Liquids
at Centimeter Wavelengths—]. Le Bot and
S. Le Montaguer. (Compt. Rend. Acad. Sci.
(Paris), vol. 236, py. 469-471; Feb. 2, 1953.) A
Method is described which requires only very
small quantities of the material under test.
Solid samnples in the form of rods, or liquid samn-
ples contained in thin-walled glass tubes are ar-
ranged as shunt elements transverse to the
larger sides of a rectangular waveguide. Using
a short-circuited waveguide section and fixed
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detector, the positions of a movable piston are
found for minimum readings with and without
the sample. From the piston displacement and
the values of the tninitna the admittance of the
shunt is determined and hence, by means of
simple formulas, the dielectric constant of the
sample is calculated.

621.317.335.3.029.6 4 2068

Results of Measurements of Dielectric Con-
stants at 9500 mc by a New Method—S. Le
Montagner and J. Le Bot. (Compt. Rend. Acad.
Sci. (Paris), vol. 236, pp. 593-594; Feb. 9,
1953.) Using the method previously described
(2067 above, Le Bot and Le Montagner) meas-
urements were made on polyethylene, plexi-
glas and nonpolar and polar liquids, including
water. Results are tabulated and compared
with figures obtained by other workers. The
sensitivity of the method is such that the addi-
tion of even 1% of water to pure dioxan is
clearly detectable.

621.317.335.3.029.64 2069

The Theory of Measurements of Dielectric
Constants at Centimeter Wavelengths—N. V.
Kotosonov. (Zh. Tekh. Fiz., vol. 22, pp. 530-
536; March 1952.) A general formula (6) is de-
rived for the reflection coefficient of a two-layer
dielectric filling a waveguide. From this, as-
suming that the second layer is air, another for-
mula (7) is derived for the reflection coefficient
for any position of the sample in the waveguide.
Two methods for measuring the dielectric con-
stant of layers of liquid and solid dielectrics are
proposed and optimum conditions of measure-
ment are established.

621.317.336.015.7:621.315.212 2070
The Response to Television and Testing
Pulses of Cables with Nonuniform Character-
istic Impedance —H. Kaden. (Arch. elekt. Uber-
tragung, vol. 7, pp. 157-162, 191-198; March/
April 1953.) The effect of the nonuniformities is
that the cable output corresponding to a step-
voltage input is distorted into a tailing-off form,
The tail is due to (a¢) double internal reflections
and (b) reflections at the cable ends in combina-
tion with single internal reflections. Effect (a)
is proportional to the product of the nonuni-
formity function and its second derivative; it
varies linearly with time for short cables and
exponentially for long cables. Effect (b) de-
pends on the first derivative of the nonuniform-
ity function; it varics as the square root of the
time for short cables and exponentially for long
cables. Methods are described for measuring
the nonuniformity function and its first and
sccond derivatives; pulses of alternate polarity
are used. The correlation range of the nonuni-
forinities is determined; the smaller its value,
the longer is the pulse tail. The relation be-
tween the autocorrelation function of the non-
uniformities and the frequency spectrum of the
reflected pulse is discussed in an appendix.

621.317.34.029.63.64 2071
Measurement of the Centimeter-Wave
Propagation Coefficient of Quadripoles—W.
Klein, (Fernmeldetech. Z., vol. 6, pp. 25-33;
Jan. 1953.) Methods of measuring the attenua-
tion and phase coefficients of linear passive
quadripoles at centimeter wavelengths are de-
scribed. Limits are defined within which the
no:le-displacement method of Weissfloch (711
of 1943) is applicable to low-loss quadripoles.
Transmission characteristics of a 4-cavity filter
for 2.03 kmc, with a 30-mc pass band, are
shown, The determination of input impedance
from the s.w.r. and the open- and short-circuit
impedances is illustrated, with reference to the
Smith diagram for the above filter and for a
travelling-wave-valve helix,

621.317.341:621.315.212.2 2072

Measurement of the Attenuation of Coaxial
Lines (from 1 to 4000 mc)—H. Jassin. (Cdbles
& Trans., vol. 7, pp. 16-27; Jan. 1953.) Three
measurement techniques are described: (a) fre-
quencies up to 40 mc, use of a HF bridge; (b)
50-400 mc, comparison of output powers of dif-
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ferent lengths of identical line (for equal in-
puts); (¢) above 500 mc, measurement of stand-
ing-wave ratios. Typical attenuation/frequency
curves for rigid and for flexible lines are shown.

621.317.35 2073

A Highly Selective Frequency-Spectrum
Analyzer—II. Lange. (NachrTech., vol. 2, pp.
471-473, 476; Dec. 1952.) Description and cir-
cuit details of an instrument for frequency
analysis in the range 30 cps-20 kc. A frequency
is selected by adjustment of a 60-80-kc Colpitts
oscillator. The ditference-frequency signal de-
rived is applied successively to two differential
bridge circuits each containing a 60-kc crystal.
Amplitudes of 20 inV-100 V can be measured;
at 1 V, maximum error is about 1%,.

621.317.4.029.5:538.221 2074

High-Frequency Calibration of Magnetic
Materials—(Engineer (London), vol. 195, pp.
329-330; Feb. 27, 1953.) A brief account of Na-
tional Bureau of Standards methods for deter-
mining the RF permeability and loss factor of
ferrites and iron powders in the frequency range
50 ke—30 inc. The primary calibration standard
is a nonmagnetic coaxial line of variable length
and high dimensional accuracy; the magnetic
characteristics of a sample are determined from
measurements of the lengths of line required to
give the same value of inductance with and
without the sample inserted. A secondary
standard rugged enough to be used in a factory
production line is an RF permeameter with a
transforiner comprising a reference toroid act-
ing as primary and a short coaxial line acting
as secondary.

621.317.7:621.396.82 2075

Aircraft Radio-Interference Measurements
—M. M. Newman, R. C. Schwantes and J. R.
Stahmann. (Elect. Eng., N.Y., vol. 72, pp. 36—
40; Jan. 1953.) A double-beam high-speed os-
cillograph suitable for measurements of cither
atmospheric or man-made noise is described.
One channel has a 10 mc amplifier, the other a
0.1-250 mc distributed-type wide-band ampli-
fier. A 25-kV intensification potential is pro-
vided to facilitate photography of the trace.
Two methods for more rapid noise analysis are
briefly mentioned.

621.317.715 2076

A Moving-Coil Galvanometer of Extreme
Sensitivity—K. Copeland, A. C. Downing and
A. V. Hill. (Jour. Sci. Instr., vol. 30, pp. 40-44;
Feb. 1953.) The galvanometer movement is
strongly overdamped, but the short natural pe-
riod of the coil compensates for this, and full
deflection is reached in a few seconds. The very
light Cu coil, wound on a Cu fraine, is suspended
by flat CdCu wires kept taut by two flat-rolled
springs, a construction facilitating careful bal-
ancing. Hill's photoelectric deflection amplifi-
cation method (3175 of 1948) is used. Tests
show that the mean of 7 readings is reasonably
certain to be accurate to within 4107 A un-
der normal laboratory conditions.

621.317.715 2077

The Brownian Fluctuations of a Coupled
Galvanometer System-——A. V. Hill. (Jour. Sci.
Instr., vol. 30, pp. 44-45; Feb. 1953.) When two
galvanomneters are coupled by a photocell and
amplifier combination, the fluctuations of the
primary instrument are reduced by the inertia
and damping of the second. A formula is de-
rived for the rms value of the fluctuations ob-
served on the second galvanometer and is ap-
plied to calculations for particular cases.

621.317.725 2078

A High-Resistance Direct-Voltage Valve
Voltmeter with a Measurement Range of — 500
to +500v—A. Ehmert and R. Mithleisen. (Z.
angew. Phys., vol. 5, pp. 43-47; Feb. 1953.) The
instrument described has an input impedance
of about 5X 102 and an input capacitance of
about 0.3 pF; it is suitable for measurements of
current down to about 10™'? and determinations
of capacitance down to 0.1 pF. The calibration
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curve is practically linear, the slope being 125
p#A/S00V. The equipmment is mains operated,
and is compensated against mains voltage fluc-
tuations.

621.317.725:621.396.645 2079

An Electrometer Valve Voltmeter of Wide
Range—A. W. Brewer. (Jour. Sci. Instr., vol.
30, pp. 91-92; March 1953.) A dc voltmeter
with a range of 4500V and a rapid response
suitable for atinospheric-electricity measure-
ments is obtained by modifying Farmer's cir-
cuit (3337 of 1942) so that the electrometer
valve and the associated ordinary valve both
act as cathode followers, two further ordinary
pentodes being used as “tail valves.”

621.317.76.029.63:621.396.615.14 2080
U.H.F. Grid-Dip Meter—A. E. Hylas and
W. V. Tyminski. (Electronics, vol. 26, pp. 175—
177; April 1953.) Oscillators for the frequency
range 390-1000 mc are discussed. This rang
lies above that of self-oscillation of the valve
used, and is attained by means of series-capaci-
tance tuning as described by Pettit (2452 of
1950). The capacitance is distributed to form a
balanced circuit, thus providing a maximum-
current point on the probe at a location which
remains fixed as the oscillator is tuned.

621.317.799:621.396.822.029.64 2081

Noise Comparator for Microwaves—J. J.
Freeman. (Radio & Telev. News, Radio-Elec-
tronic Ing. Sec., vol. 49, pp. 11, 49; March
1953.) Secondary standards of noise power used
at the National Bureau of Standards consist of
klystrons or fluorescent tubes; these are cali-
brated in terms of the noise power of a matched
load at a known temperature by means of a
“noise bridge” which is a modified form of
Dicke's radiometer (475 of 1947). The method
of calibration is described, with details of the
microwave switch, quarter-wave plate and
waveguide transducer used for calibration at 9
kmc.

621.395.625(083.74) : 621.396.822 2082

Standards on Sound Recording and Repro-
ducing: Methods of Measurement of Noise,
1953—(Proc. I.R.E., vol. 41, pp. 508-512;
May 1953.) Standard 53 IRE 19 S1.

621.396.622.6:621.317.3 2083
Testing U.H.F.-TV Mixer Crystals—N. De-
Wolf. (Electronics, vol. 26, pp. 156-160; April
1953.) To evaluate the cffect of Ge-crystal mix-
ers on the over-all noise figure of reccivers, the
conversion loss and noise temperature must be
determined. For simplicity, the wide-band con-
version loss as defined by Torrey and Whitmer
(2989 of 1948) is adopted. Laboratory equip-
ment is described consisting essentially of an
UHF receiver adapted for the measurement of
conversion loss, noise temperature and RF and
IF crystal admittances. Local-oscillator fre-
quency is 900 mc and the IF is 30 mc. A Wol-
laston wire bolometer is used for the output-
measurements. A complete set of ineasurements
can be made in 5 min. Simpler AFF methods for
production testing are also described.

534.321.9.001.8:532.574 2084

Electronic Flowmeter—(Tech. News Bull.
Nat. Bur. Stand., vol. 37, pp. 30-31; Feb.
1953.) The principle of the instrument de-
scribed is the phase comparison of ultrasonic
waves before and after transmission over a fixed
distance in a fluid. Transmitter and receiver are
identical magnetostriction or piezoclectric
transducers, and their connections to the phase
meter are interchanged periodically by a rotary
commutator or electronic switch. Thedifference
between the two phase shifts is a measure of the
flow velocity. Applications include the ineas-
urement of air currents and of slow or rapid
flow of fluids in pipes.

534.321.9.001.8:538.652:534.232 2085

A High-Frequency Reciprocating Drill—
E. A. Neppiras. (Jour. Sci. Instr., vol. 30, pp.
72~73; March 1953.) A high-Q magnetostriction
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transducer is used in conjunction with a step-up
velocity transformer to produce intense vibra-
tions at a low ultrasonic frequency, for drilling
or cutting hard brittle materials. See also 1988
of 1952 (Kuris).

538.56.029.63:534.222.2 2086
Reflection of Microwaves by Explosion-
Wave Fronts—B. Koch. (Compl. Rend. Acad.
Sci. (Paris), vol. 236, pp. 661-663; Feb. 16,
1953.) A sharp discontinuity of the electron
density of the medium occurs at the front of an
explosion wave. Measurements of the velocity
of such a wave have been made by means of the
Doppler effect for 23-cm waves reflected from
the wave front. The mean value of the velocity
thus determined is about 3.5% greater than
that given by classical methods. A possible cx-
planation of the discrepancy is given.

621.316.7 2087

Processes in Regulating Systems with Time
Delay—K. Kipfmiller. (Arch. elekt. Uber-
tragung, vol. 7, pp. 71-78; Feb. 1953.) An in-
vestigation is made of the processes consequent
on a disturbance of equilibrium in static and
astatic systems. Rules for optimum design are
derived.

621.38.001.89:621.95 2088

Electronic Prevention of Drill Breakage—
(Engineering (l.ondon), vol. 175, pp. 278-279;
Feb. 27, 1953.) To prevent breakages whendrill-
ing deep holes in Al, a device is used which re-
verses the drill when the torque exceeds a given
amount. The torque-control unit consists es-
sentially of an unbalanced Wheatstone-bridge
circuit in which the galvanometer is replaced by
the grid circuit of a valve.

621.384.6 2089

Ion Optics in Long High-Voltage Accelera-
tor Tubes—M. M. Elkind. (Rev. Sci. Instr.,
vol. 24, pp. 129-137; Feb. 1953.)

621.384.611 2090

Phase Stability of the Microtron—C, Hen-
derson, F. F. Heymann and R. E. Jennings.
(Proc. Phys. Soc. (London), vol. 66, pp. 41-49;
Jan. 1, 1953.) The perinissible variation in en-
ergy or magnetic field for stable acceleration in
an electron cyclotron is calculated and the re-
sults are discussed in relation to resonant-cav-
ity design.

21.384.611/.612 2091

Perturbations in the Magnetic Deflector for
Synchro-cyclotrons—K. J. Le Couteur. (Proc.
Phys. Soc. (1.ondon), vol. 66, pp. 25-32; Jan. 1,
1953.)

621.384.612 2092

The Proton Synchrotron at Birmingham
University—(Engineer (London), vol. 195, pp.
271-274, 305-307; Feb. 10 and 27, 1953.) Out-
line description of design and construction. See
also 700 of 1951 (Hibbard).

621.384.612 2093

A 35-Million-Volt Synchrotron—O. Wern-
holm. (Ark. Fys., vol. 5, Parts 5/6, pp. 565-580;
Oct. 26, 1952.) Description of the construction
and operation at the Royal Institute of Tech-
nology, Sweden, of a synchrotron producing an
electron beam with energies continuously varia-
ble from 3 to 35 MeV.

621.385.833 2094

Potential and Field of a Cylindrical Electro-
static Lens with Three Slits—M. Laudet. (Cuh.
Phys., pp. 73-80; Jan. 1953.) Analysis for a sys-
tem comprising three pairs of half-planes at dif-
ferent potentials.

621.385.833 2095

An Electrostatic Single Lens permitting
Rigorous Calculation—P. Schiske. (Nature
(London), vol. 171, pp. 443-444; March 7,
1953.)

621.385.833 2096
Determination of the Trajectory of an Elec-
tron by Successive Differentiations—E. Du-

August

rand. (Compt. Rend. Acad. Sci. (Paris), vol.
236, pp. 471-473; Fcb. 2, 1953.)

621.385.833 2097
Astigmatism of Electron Lenses—S. Lcise-
gang. (Optik, Stuttgart, vol. 10, pp. 5-14; 1953.)

621.385.833 2098

Investigation of the Asymmetry of [elec-
tron] Lenses with Magnetic Pole-Pieces using
Rays with Slightly Subtelescopic Paths [im
schwach unterteleskopischen Strahlengang!-
F. Lenz and M. Hahn. (Optik, Stuttgart, vol.
10, pp. 15-27; 1953.)

621.385.833 2099

A Simple Approximate Formula for the
Field Distribution along the Axis of Magnetic
Electron Lenses with Unsaturated Pole-Pieces
—H. Bremmer. (Optik, Stutlgart, vol. 10, pp.
1-4; 1953.)

621.385.833 2100

The Adjustment of Spherically Corrected
Electron-Optical Systems—R. Seeliger. (Optik,
Stuttgart, vol. 10, pp. 29-41; 1953.)

621.385.833 2101

Special Construction Features of an Elec-
trostatic [electron] Microscope for the Labora-
tory—H. Bethge. (Optik, Stutigart, vol. 10,
pp. 137-142; 1953.)

621.385.833:538.221 2102

Remanence in Soft-Iron Circuits of Mag-
netic Electron Lenses—B. v. Borries, F. Lenz
and G. Opfer. (Optik, Stultgart, vol. 10, pp.
132-136; 1953.)

621.385.833:621.311.6 2103

High-Frequency High-Voltage Equipment
for [electron] Microscope with Intermediate
Accelerator—S. Panzer. (Optik, Stullgart, vol.
10, pp. 107-111; 1953.)

621.387.42 2104

Factors influencing the Life of Self-Quench-
ing Counters—S. S. Friedland and H. S. Kat-
zenstein. (Rev. Sci. Instr., vol. 24, pp. 109-112;
Feb. 1953.)

621.387.424 2105
Ethylene and Ethyl Alcohol as Quenching
Agents in External-Cathode Geiger Counters —
R. L. Chasson and M. L. MacKnight. (Rev. Sci.
Instr., vol. 24, pp. 212-213; March 1953.)

621.387.424 2106

Construction of Maze-Type Counters [with
external cathode], and their Characteristics
from 0° to 50° C—R. Favre and C. Haenny.
(Helv. Phys. Acta, vol. 26, pp. 53-64; Feb. 15,
1953. In French.)

621.387.464 2107

A Method of Increasing the Effective Reso-
lution of Scintillation Counters—K. G. Stand-
ing and R. W. Peelle. (Rev. Sci. Instr., vol. 24,
pp. 193-195; March 1953.)

PROPAGATION OF WAVES

538.566 2108

Higher-Order Approximations in Iono-
spheric Wave Propagation—C. O. Hines. (Jour.
Geophys. Res., vol. 58, pp. 95-98; March 1953.)
Feinstein's results (2608 of 1950), though math-
ematically correct, are not directly applicable
to the physical problein for which they were
intended. Similar treatment, but assuming real
solutions only, is here developed. Certain re-
sults previously obtained, in particular those
concerning resonance, are found for certain or-
ders of approximation, but the general validity
of the approach is found to be doubtful.

621.391.3 2109

The Fields of an Electric Dipole in a Semi-
infinite Conducting Medium—]J. R. Wait and
L. L. Campbell. (Jour. Geophys. Res., vol. 58,
pp. 21-28; March 1953.) Expressions for the
electric and magnetic fields at all points inside
the conductor are developed in terms of Thom-
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son's functions, the approximations made im-
plying frequencies <100 ke and observation of
the fields at distances much less than the free-
space wavelength. Curves are shown plotting
each field against a parameter involving con-
ductivity, angular frequency and radial dis-
tance from the source. An example for for 30-
ke propagation in sea water is worked out.

621.396.11 2110

Ionospheric Storm-Warning Services. As-
sessment of their Value—C. M. Minnis. (Wire-
less Eng., vol. 30, pp. 103-108; May 1953.) It is
suggested that the usefulness of a set of fore-
casts should be measured in terms of their eco-
nomic value for a communication system. A fig-
ure of merit is derived which expresses the in-
crease in economic value resulting from use of
a set of forecasts. This figure includes a param-
eter representing the effects of ionospheric dis-
turbances and depending also on the type of
system operated and on the geographic location
of the circuit; its value is unity for a perfect set
of forecasts.

621.396.11 2111

Theoretical Curves for Resonance Interac-
tion between Electromagnetic Waves incident
Vertically on the Ionosphere—M. Motzo.
(Nuovo Cim., vol. 9, pp. 213-219; March 1,
1952.) Bailey's theory of gyro-interaction (9 of
1939) is extended to the case of vertical inci-
dence. The curves obtained in this case have

o Only a single resonance peak.

621.396.11:[530.145.6:537.311.33 2112

Some Particular Features of Tropospheric
Propagation and their Analogies in Wave Me-
chanics—M. Ortusi. (Ann. Radioélect., vol. 8,
pp. 81-95; Jan. 1953.) Classical theory of
tropospheric propagation is summarized, and
the limits within which it is valid are discussed.
The problem is shown to be mathematically
analogous to that of determining particles tra-
jectories in wave mechanics. The waves asso-
ciated with the electron and hole aspects of the
elementary particle are shown to correspond
with particular cases of propagation in Gamow
and Eckersley modes. The analogy is developed
by comparing the form of a potential barrier
separating solid media with the refractive-index
profile for an atmospheric column including an
inversion layer. The discussion indicates the
manner in which holes are created inside bar-
rier layers.

550.372.621.396.11 2113

Effect of a Large Dielectric Constant on
Ground-Wave Propagation—]. R. Wait and
L. L. Campbell. (Canad. Jour. Phys., vol. 31,
pp. 456—457; March 1953.) Curves are plotted
showing variation of field strength with dis-
tance from transmitter for values of ground di-
electric constant ranging from 2 to 200, assum-
ing a value of 0.1X 1074 emnu for the ground
conductivity. Vertically polarized radiation of
frequency 200 ke is assumed. At great distances
from the transmitter, high values of dielectric
constant give rise to great increase of field
strength.

621.396.11:551.510.535 2114

Magneto-ionic Multiple Splitting deter-
mined with the Method of Phase Integration—
W. Pfister. (Jour. Geophys. Res., vol. 58, pp.
29-40; March 1953.) The method used involves
a first-order W.K.B. approximation with an in-
tegration path in the complex plane. The prop-
agation constant is represented on a four-
sheeted Riemann surface corresponding to up-
going and down-coming waves of ordinary and
extraordinary types of polarization. The branch
points connecting the sheets represent the re-
flection points or the coupling points. When
suitable integration paths around the branch
points are chosen, five fundamental magneto-
ionic components are found. Numerical calcu-
lations for moderate magnetic latitude based on
an ionogphere model with Chapman distribu-
tion of electrons and exponential decrease of
collision frequency are made and the results
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presented in curves showing virtual height and
absorption for the five components found.

621.396.11:551.510.535 2118

Tonosphere Critical Frequencies at Oblique
Incidence—H. Poeverlein. (Z. angew. Phys.,
vol. 5, pp. 15-19; Jan. 1953.) The dependence
of muf on the inclination of the geomagnetic
field and on the direction of wave propagation
is investigated on the basis of previously pre-
pared graphs showing (a) the ratio of critical
frequency at vertical incidence to that at
oblique incidence, as a function of angle of in-
cidence, and () the ratio of critical frequency
without magnetic field (identical with that of
the ordinary ray in the E-W plane) to that of
the ordinary ray in the plane of the magnetic
meridian, also as a function of the angle of in-
cidence. For low frequencies (0.75 mc) the lat-
ter ratio has a rather high value at the mag-
netic equator.

621.396.11.029.55 2116

Observations at Calcutta of Pulses Trans-
mitted from Delhi—S. S. Baral and A. K. Saha.
(Indian Jour. Phys., vol. 26, pp. 521-538; Nov.
1952.) An account of observations during No-
vember 1950 and May-June 1951 of transmis-
sions at frequencies of 17.74 and 21.7 mc. Pos-
sible modes of propagation are discussed; it is
concluded that the signals are received by sin-
gle reflection from the F; layer and that multi-
ple reflections from the F3 layer or single re-
flections from the E and F; layers are not in-
volved. The signal attenuation in the Delhi-
Calcutta path is estimated and the results are
tabulated. Statistical analysis of the fluctua-
tions of the received signals indciates greater
stability for the lower ordinary ray than for the
upper ordinary (Pedersen) ray.

621.396.11.029.55 2117

Extended-Range Radio Transmission by
Oblique Reflection from Meteoric lonization—
0. G. Villard, Jr., A. M. Peterson, L. A. Man-
ning and V. R. Eshleman. (Jour. Geophys. Res.,
vol. 58, pp. 83-93; March 1953.) Tests show
that communication can be maintained be-
tween low-power stations approximately 1200
km apart at frequencies around 14 me¢ when no
detectable F-, E- or sporadic-E-layer reflections
are taking place. The average signal level is 10
db above noise level, and the signal appears to
come from the direction of the transmitter, a
continual small shift suggesting that there is no
single point of reflection. Tests involving three
transmission paths of differing lengths were
made to determine total duration of discernible
meteor-trail echoes. Results showed increased
echo durations over oblique paths and thus sup-
port the theory that the signals are obliquely
reflected from diffuse meteor trails.

621.396.11.029.62/.63 2118

Graphs relating to the Propagation of Ultra-
short Waves between Points within Visible
Range—L. Sacco. (Poste ¢ Telecomunicagioni,
vol. 21, pp. 55-71; Feb. 1953.) Various graphs
are presented for facilitating design calculations
for usw and microwave links, and for determin-
ing the best wavelength from the point of view
of efficiency and stability of operation in rela-
tion to meteorological and geographical factors.

621.396.11.029.62:551.510.535 2119

Scattering of 56-m¢ Radio Waves from the
Lower Ionosphere—P. A. Forsyth, B. W. Cur-
rie and F. E. Vawter. ( Nature (London), vol.
171, pp. 352-353; Feb. 21, 1953.) Radar rec-
ords made during 1952 at Saskatoon show per-
sistent scatter echoes with a diurnal and sea-
sonal variation. Similar observations at Ottawa
by McKinley and Millman on 33 mec are also
mentioned (see 2000 above.)

621.396.812.3 2120

Some Studies on Random Fading Charac-
teristics—R. B. Banerji. (Proc. Phys. Soc.
(London), vol. 66, pp. 105-114; Feb. 1, 1953.)
Critical examination of the theory of random
signals reflected from the ionosphere indicates
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that the velocity distribution of fading is inde-
pendent of the power spectrum of the reflected
wave. The effect produced on the velocity dis-
tribution of fading by superposing a steady
signal on a randomly fading wave is found to
be small, resulting in only a very slight increase
of the velocity of fading. An alternative method
is given for determining the autocorrelation
function of the fading pattern, from which the
power spectrum of the reflected wave can be
derived by inverse Fourier transformation.
This provides an alternative method of deter-
mining the velocity of drift of ionospheric ir-
regularities.

RECEPTION

621.396.62 2121

The Design of a Comparator A.M./F.M.
Broadcast Receiver—F. H. Beaumont. (Jour.
Brit. Inst. Radio Engs., vol. 13, pp. 131-148;
March 1953.) Discussion of the design of a
superheterodyne receiver to meet a specifica-
tion drawn up by the BBC for making subjec-
tive comparisons of AM and FM transmissions
in the frequency band 87.5-95 mc. The choice
of circuits for RF amplifier, frequency changes,
IF amplifier, detector, discriminator, noise lim-
iters and AF stages is dealt with in detail.

621.396.62:621.396.664 2122

An Automatic-Scanning Receiver for Radio
Monitoring—F. J. M. Laver, F. M. Billing-
hurst and F. J. Lee. (P. O. Elect. Eng. Jour.,
vol. 45, Part 4, pp. 149-153; Jan. 1953.) The
tuning frequency of a sensitive communication
receiver is swept over a predetermined band of
width up to 1 mc once every two minutes by
means of a drive unit mechanically coupled to
the tuning spindle. A continuous permanent
record is obtained on electrosensitive paper of
all signals received above a given strength in
any desired frequency band between 4 and 27.5
me.

621.396.62:621.396.812 2123

Highly Stable Receiver for Space Waves—
G. Bartels. ( Nachr Tech., vol. 3, pp. 28-29; Jan.
1953.) For investigations of the lower iono-
sphere, field-strength measurements are made
on long-wave transmissions over paths of some
hundreds of kilometers. A simple 4-valve re-
ceiver is used comprising HF stage, mixer with
quartz-controlled oscillator, IF amplifier and
crystal detector, and dc valve voltmeter bridge
with recording instrument. The sensitivity is
about 0.3 mV/m for full-scale deflection of a 1
mA/150 mV instrument.

621.396.621:621.396.822:519.272 2124

The Detection of Weak Signals by Corre-
lation Methods—P. Rudnick.(Jour. Appl.
Phys., vol. 24, pp. 128-131; Feb. 1953.) Com-
parison of an autocorrelation system with a
conventional detection system comprising band-
pass filter, rectifier and low-pass filter indicates
that for the same detection threshold the for-
mer system has to be far more complex. An al-
ternative system involving multiplication of
the incoming signal by a local sinusoidal signal
is shown to be closely parallel to the conven-
tional system,

621.396.621.029,55:621.396.822 2128

Dependence of the Signal/Noise Ratio of
Short-Wave Receivers on the Input Voltage—
K. Fischer. (Telefunken Ztg., vol. 26, pp. 43—48;
Jan. 1953.) In receivers with agc it is preferable,
so far as signal/noise ratio is concerned, for the
gain control to be effected in the later stages,
but from the point of view of cross modulation
the regulation should be effected at the re-
ceiver input. In order to determine the best
compromise between these conflicting require-
ments, experiments were carried out with cir-
cuit arrangements in which the gain control
could be applied to different groups of valves.
With such arrangements cross-modulation can
be reduced with an accompanying reduction of
the signal/noise ratio, or the latter increased at
the expense of cross-modulation sensitivity, so
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that the optimum circuit for particular condi-
tions can be adopted.

621.396.621.54 2126

Problems concerning Tracking Calculations
in the Superheterodyne—]J. Mohrmann. (Funk
u. Ton, vol. 7, pp. 1-9; Jan. 1953.) Critical dis-
cussion of tracking methods, underlining errors
and omissions involved. See also 2323 of 1952,

621.396.621.54:621.396.822 2127

Noise Factor and its Relation to the Sensi-
tivity of a Superheterodyne Receiver with
Crystal Mixer—E. Willwacher. (Telefunken
Ztg, vol. 26, pp. 33-42; Jan. 1953.) Noise factor
is defined and a fortnula is derived for the noise
factor of a series arrangement of n quadripoles,
each of which may add to the input noise. Anal-
ysis is presented for a mixer stage, an equivalent
circuit being utilized. The results enable the
optimum sensitivity of a superheterodyne re-
ceiver to be calculated. Numerical calculations
are in good agreement with experimental val-
ues.

621.396.622.6:621.317.3 2128
Testing U.H.F.-TV Mixer Crystals—De-
Wolf. (See 2083.)

621.396.622.71 2129

Calculation ot the Efficiency and Damping
of Diode Detectors—H. H. van Abbe. (Elec-
tronic Applic. Bull., vol. 13, pp. 65-71; May
1952.) See 1195 of April.

621.396.662.029.63 2130

Automatic Tuning Devices in Microwave
Receivers—G. Voigt. ( Nachr Tech., vol. 2, pp.
456-459; Dec. 1952.) The principles of an au-
tomatic system are described whereby the mean
IF is maintained at the center frequency of the
demodulation characteristic. The control volt-
age is derived fromn the dc component of the
discriminator. Mecthods of correcting for fre-
quency fluctuations (a) up to 250 ke, (b) up
to 0.5-1 mc, are outlined.

621.396.828 2131

Eliminating Interference caused by Rail-
way Systems fed with Single-Phase Current at
15 kV—]. Meyer de Stadelhofen. (Tech. Mitt.
schweiz. TelephVerw., vol. 31, pp. 33-52; Feb.
1, 1953. In French.) Report of investigations
made by the Swiss Post Office and Swiss Rail-
ways to determine tlie extent of radio interfer-
ence caused by the electric traction system and
to find means for reducing it. As regards the
Sottens, Beromiinster and Monte Ceneri sta-
tions, operating in the frequency range 500-800
ke, the interference can be reduced to 1/10-
1/30 of its original value by simnple means.

621.396.828 2132

A “Codan” for A.M.Receivers—]. B. Rudd.
(Proc. I.R.E. (Australia), vol. 14, pp. 33-40;
Feb. 1953.) The “Codan” (carrier-operated-de-
vices-anti-noise) is an auxiliary circuit device
which selects a wanted carrier out of noise at an
IF stage by mecans of a narrow-band filter and
operates a relay to open the audio circuit. It can
operate with signal/noise ratios > 1. A practical
unit is described which uses a double-hetero-
dyne process and a band-pass delay line to
overcome the cfiects of frequency drift. Per-
formance figures are given.

621.396.828:621.327.43 2133

Suppression of Radio Interference from
Fluorescent Lamps over the Frequency Range
150 kc=1.5 mc—]. Meyer de Stadelhofen. (Tech
Mitt. schweiz. Telegr.-TelephVerw., vol. 30, pp.
239-248; Aug. 1, 1952. In French and Ger-
man.) RF processes in fluorescent-lamp circuits
are analyzed. For satisfactory suppression of
interference, both a mains filter and a screen
round the tube are essential. The ballast coil
should be arranged symmetrically and should
have low-capacitance windings. Measurement
results indicate that interference can be re-
duced to a tenth of its original value, even in
unfavorable circumstances, using simple means,
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STATIONS AND COMMUNICATION
SYSTEMS

621.39.001.11 2134

Symposium on Information Theory, Lon-
don, September 1950—(Trans. I.R.E., PGIT-
1, 208 pp.; Feb. 1953.) Full report of the pro-
ceedings at the symposium noted in 984 of 1951
(Jackson).

621.39.001.11 2135

The Information Content of an Electromag-
netic Signal—D. Gabor. (Arch. elekt. Uber-
tragung, vol. 7, pp. 95-99; Feb. 1953.) The
amount of information that can be extracted
from the signal by means of a valve is limited
by (@) spontaneous fluctuations of the signal,
(b) shot effect, and (¢) a phenomenon resulting
from the quantum nature of the em field, in ac-
cordance with which an electron interchanging
energy with the signal field affects the phase of
the field by an indeterminate amount, even
when the resultant energy exchange is zero. The
amount of information obtainable by simulta-
neous measurement of amplitude and phase is
thus of an order no greater than would be ob-
tained by means of an ideal photon counter,
which is insensitive to phase changes. See also
208 of 1951.

621.39.001.11 2136

Optimum Linear Shaping and Filtering Net-
works—R. S. Berkowitz. (Proc. I.LR.E., vol.
41, pp. 532-537; May 1953.) Analysis is made
to derive thie optimum transfer clharacteristics
for the transmitter and receiver of a linear com-
munication system, assuming power levels and
over-all distortion to be fixed. Formulas are de-
rived based on two different criteria, namely
(a) the mean-square value of the receiver-out-
put noise component, and (b) the probability
that the receiver-output-noise component ex-
ceeds a given value at least once during a given
observation period. The choice of criterion ap-
propriate in a particular case depends on the
mechanisin by which the receiver output is con-
verted into information.

621.392.001.11 2137

Analytical Signals with Limited Spectrum:
Part 2—]. A. Ville. (Cébles & Trans., vol. 7, pp.
44-53; Jan. 1953.) Applications of the theory
developed previously (1020 of 1950) are made
to the determination of the relation between

_phase change and attenuation in a linear net-

work as a function of frequency and to analysis
of the limiting distortion compensation prac-
ticable in the presence of noise. The synt hesis of
a signal by superposition of cos-type signals
(2933 of 1951) is related to the problem of reso-
lution of a signal by means of Shannon's for-
mula; the synthesis can be simplified by refer-
ring signals of the sin ¢/t type to cos’-type sig-
nals by suitable regrouping of terms. See also
1177 of April (Jouguet).

621.394.324 2138

Progress in Teleprinter Technique—K.
Reche. (Elektrotech. Z., Edn. A, vol. 74, pp. 4-
10; Jan. 1, 1953.) Recent developments result-
ing in faster, more certain and more economical
operation are described, with details of typical
equipment.

621.396.029.6:621.396.8:519.2 2139

Problems of U.S.W. Coverage—F. von
Rautenfeld and H. W. Fastert. (Tech. Haus-
mitt. NordwDisch. Rdfunks, vol. 5, pp. 9-17;
Jan./Feb. 1953.) Methods previously consid-
ered for determining the effective service area
of a vhf transmitter [213—Gressmann and
Kaltbeitzer, and 214—Grosskopf, of January]
are illustrated by detailed calculations for the
fm transmitters at Lingen and Nordhelle, 156
km apart, for both co-channel and adjacent-
channel operation. See also 197 of January
(Bangen and Fastert).

621.396.43 4 [621.396.65:621.397.26 2140

The State of Development of Directional
Radio Equipment and the Planning of Direc-
tional Radio Links in the German Federal Re-

August

public—K. O. Schmidt. (Fernmeldetech. Z., vol.
6, pp. 51-58; Feb. 1953.) Illustrated review of
features of television relay equipment and mul-
tichannel fm and ppm telephony systems.

621.396.619.13:621.396.41 2141
Calculation of the Distortion of a Fre-
quency-Modulated Wave—]. P. Vasscur. (Ann.
Radioélect., vol. 8, pp. 20-35; Jan. 1953.) For-
mulas are derived which are applicable for cal-
culating both the distortion due to variation
with frequency of the delay produced by an
amplifier, and that due to the superposition on
the main signal of echo signals caused by re-
flection in aerial feeders, etc. The analysis ap-
plies to both low and high modulation rates and
to both single-frequency and composite signals.
In multiplex systems frequency distortion may
give rise to crossta'k; a formula due to Lewin
(986 of 1951) is used to calculate the magnitude
of this effect for the case of slow modulation.

621.396.619.16 2142

Pulse Distributors—H. Oberbeck. (Tele-
funken Ztg, vol. 26, pp. 23-32; Jan. 1953.)
In multichannel PM systems, different types of
equipment for distributing the pulses to the
various channels are required according to the
type of modulator and demodulator used. De-
scriptions are given of the basic principles and
special features of various types of pulse dis-
tributor, detailed accounts of which have been
published previously.

621.396.65 2143

Radio-Telephone Link between Turkey and
the West—(Engineer (London), vol. 195, p.
363; March 6, 1953.) Brief details of transmit-
ter and receiver installations at Ankara provid-
ing a new radiotelephone link with Western
Europe and the U.S.A., and an extension of ex-
isting radiotelegraph facilities.

621.396.65:621.396.41:621.396.619.24 2144

Single-Sideband Multichannel Operation
of Short-Wave Point-to-Point Radio Links:
Part 1—General Survey—W. J. Bray and
D. W. Morris. (P. O. Elect. Eng. Jour., vol. 45,
part 3, pp. 97-103; Oct. 1952.) The principles
of ssb working are outlined, its advantages are
pointed out and the basic techniques used for
multichannel telegraphy and telephony are de-
scribed.

621.396.65:621.396.61/.62 2145

Single-Sideband Multichannel Operation
of Short-Wave Point-to-Point Radio Links:
Part 2—Owen and Ewen. (Sce 2175.)

621.396.65:621.396.619.16 2146

Transmission Performance Figures for Di-
rectional PPM Systems—P. Barkow. (Fern-
meldetech. Z., voi. 6, pp. 2—-11; Jan. 1953.) Tests
have been conducted on PPM systems operat-
ing in Germany. Performance figures are com-
pared with CCIF specifications based on data
for carrier-current systems. Noise figures of
equipment for long-distance and local traffic are
analyzed and the permissible noise levels
throughout a communication chain are dis-
cussed in relation to transmitter power, re-
ceiver sensitivity and bandwidth.

621.396.65:621.397.6 2147

The Decimeter-Wave Beam Radio Equip-
ment FREDA I—Behling, Briilhl and Will-
wacher. (See 2160.)

621.396.7124[621.396.712:621.396.66 2148

Transmitting and Monitoring Stations of
the NWDR—(Tech. Hausmitt. NordwDitsch.
Rdfunks, vol. 5, pp. 18-21; Jan./Fceb. 1953.) A
list is given of the NWDR medium-wave, sw,
usw and television transmitting stations, as at
1st January 1953, with details of height above
sea level, frequency, type of modulation, power,
type of acrial, programme, and date of com-
mencing operation. The equiptnent of the
monitoring stations at Wittsmoor, Hamburg
and Norderney is also listed.
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621.396.72.029.62 2149
Transmitter and Studio for Private USW
Stations—Tetzner. (See 2178.)

SUBSIDIARY APPARATUS

651-526 2150

Synthesis of Servomechanisms by Root Lo-
cations—D. \W. Russell and C. H. Weaver.
(Elec. Eng., N. Y., vol. 72, p. 41; Jan. 1953.)
Summary only.

621.311.6 2151

The Cockcroft-Walton Voltage-Multiplying
Circuit—E. Everhart and P. Lorrain. (Rev.
Sci. Instr., vol. 24, pp. 221-226; March 1953.)
The original circuit (see Proc. Roy. Soc. A, vol.
136, p. 619; 1932) is studied by considering it as
a transmission line. Losses are examined, and
forinulas are developed for the voltage effi-
ciency for a given size of capacitor and number
of stages. Two modifications to improve voltage
efficiency are discussed; the first is the use of
a loading coil at the hv end of the line, the
other is the inclusion of inductors in series
with each of the capacitors.

621.311.62 2152

Improved Variable Power Supply—W.
Creviston. (Radio & Telev. News, vol. 49, pp.
42, 115; April 1953.) A modification of Walk-
er's circuit (3562 of 1952) is described which
provides direct-voltage outputs from 50 to 300
V, together with heater supplies. Inherent regu-
lation is as good at 50 V as at 300 V.

621.314.632 2153

Hermetically Sealed Magnesium Copper-
Sulfide Rectifiers—M. Gamble. (Elec. Mfg,
vol. 48, p. 132; Oct. 1951.) Short note on the
construction methods used for this type of rec-
tifier, which has an operating range from —70°
to +200° C or higher.

621.314.632/.634 2154

Advanced Developments in Metallic Rec-
tifiers—\V, F. Bonner and F. J. Oliver. (Elec,
Mfg, vol. 48, pp. 128-133, 288; Oct. 1951.) Dijs-
cussion of improvements relative to higher op-
erating voltage, smaller size, operation at high
and at low temperatures, and higher efficiency,
largely resulting from requirements of the
Services. Se rectifiers are particularly consid-
erec.

621.314.671 2155

New Rectifier Tube for Extremely High
Power and Voltage Levels—T. H. Rogers.
(Elec. Eng., N. Y., vol. 72, pp. 51-56; Jan.
1953.) This tube has a Th-W filament with
catenary configuration and a cylindrical anode
of Ta coated with W powder. Its characteristics
are: anode dissipation rating, 1.5 kW; peak
current rating, 10,; maximum peak inverse
voltage, 110 kV.,

621.315.616:621.355.2 2156

Microporous Thermoplastic Separators for
Lead Acid Batteries—(Engineer (London), vol.
195, pp. 386-387; March 13, 1953.) Brief ac-
count of the manufacture and properties of
“Porvic,” a PVC sheet material. A similar ac-
count is given in Plastics, vol. 18, pp. 104-106;
April 1953,

621.355.2 2157

Addition Agents for Negative Plates of
Lead-Acid Storage Batteries: Part 2=—Pure Or-
ganic Compounds—E. J. Ritchie. (Jour. Elec-
trochem. Soc., vol. 100, pp. 53-59; Feb, 1953.)
The best results were obtained with carbohy-
drates and some of the homologous phenolic
compounds.

TELEVISION AND PHOTOTELEGRAPHY

621.317.336.015.7:621.315.212 2158

The Response to Television and Testing
Pulses of Cables with Nonuniform Character-
istic Impedance—XKaden. (See 2070.)

621.397.26:621.396.65]1621.396.43 2159
The State of Development of Directional

Abstracts and References

Radio Equipment and the Planning of Direc-
tional Radio Links in the German Federal Re-
public—Schmidt. (See 2140.)

621.396.65 2160

The Decimetre-Wave Beam Radio Equip-
men FREDA I—H. Behling, G. Briihl and
E. Willwacher. (Telefunken Ztg, vol. 26, pp. 4—
22; Jan. 1953.) The name FREDA signifies
“frequenzmodulierte Dezimeteranlage.” The
equipment is designed for the Hamburg-Co-
logne link, the operating frequency being 1755
+n.60 mc for the different channels. A de-
scription is given, with block diagrams, of the
arrangements at the terminal transmitting and
receiving stations and at a relay station. De-
tails of the construction of the transmitter HF
oscillator, mixer and amplifier stages are illus-
trated by photographs. Modulator and demod-
ulator schematic circuit diagrams are given and
performance data are summarized. Transmitter
power is 5 W and the gain of the 3-m parabolic
reflector, with dipole feed, relative to an ele-
mentary dipole, is 1060. Signal/noise ratio for
the television channel is good.

621.397.335 2161

Synchronization and Pulse Technique in
Television—]. Glinther. Correction slip in-
serted in Nov./Dec. issue of Tech. Hausmitt.
NordwDtsch. Rdfunks gives a corrected dia-
gram for Fig. 1 of paper abstracted in 1153 of
April.

621.397.5:535.623 2162

Recent Advances in Color Television—
F. W. de Vrijer. (Tijdschr. ned. Radiogenoot.,
vol. 18, pp. 105-112; March 1953. In English.)
Systems and apparatus developed in the USA
are discussed.

621.397.61/.62 2163

Storage and Picture-Difference Methods in
Television Reception—F. Schréter. (Arch.
elekt. Ubertragung, vol. 7, pp. 63-70; Feb. 1953.)
Use of a storage method at the receiver elimi-
nates the need to transmit “redundant” infor-
mation, i.e. signals corresponding to picture
points which have undergone no change since
the previous scan. A description is given of a
particular type of storage tube using a 2-3-u
thick insulating target with a mesh-type anode
on the scanned faceand a mesh-type photocath-
ode on the other face. Such a tube can provide
a flicker-free picture of good brightness with a
frame frequency of 16 per second. For use in
converting pictures brought by line to a broad-
casting station, the tube can be modified by in-
cluding the photocathode in a Farnsworth-type
dissector arrangement. Reception by this
method combines satisfactorily with transmis-
sion by picture-difference methods using two-
speed scanning, leading to a substantial reduc-
tion of the required bandwidth and transmitter
power.

621.397.61 2164

Television Camera Equipment of Advanced
Design—L. L. Pourciau. (Jour. Soc. Mot. Pict.
Telev. Engs., vol. 60, pp. 166-180; Feb. 1953.)
Descriptions are given of the servo circuits and
mechanical design features of a television cam-
era chain in which lens sclection and focus are
remotely controlled. Special emphasis is laid on
convenient grouping of controls.

621.397.61:621.396.619.23 2165
Spiral-Beam Tube Modulates 1 kW at
UHF—Cuccia. (See 2188.)

621.397.61(494) 2166

Justification of the Choice of the Ddle as
Site for a Television Transmitter—H, Laett
and J. Dufour. (Tech. Mitt. schweiz. Telegr.-
TelephVerw., vol. 30, pp. 264-270; Sept. 1,
1952.) (In French.) See 246 of January (Laett).

621.397.611.2 2167

Some New Aspects of the Construction and
Application of the Image Iconoscope—H.
Bruining. (Le Vide, vol. 7, pp. 1248-1255; Nov.
1952.) Recent improvements in design are de-
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scribed, including the use of (a) a close-mesh
grid in front of the photocatho:ie to eliminate
ion spots, (b) an L-type cathode in the electron
gun. A focusing system providing variable mag-
nification is discussed. Methods of target sta-
bilization are noted.

621.397.62 2168

Application of the ECL80 and EQ80 Tubes
in Flywheel Synchronization Circuits—A.
Boekhorst, P. D. van der Knapp and P. A,
Neeteson. (Llectronic Appl. Bull., vol. 13, pp.
72-80; May 1952.) Full details are given of two
practical arrangements. The first uses a Type-
ECL80 triode-pentode in the phase discrimina-
tor circuit and effects comparison between
pulses at incoming synchronizing frequency and
local line-timebase frequency; the second uses
a Type-EQ80 enneode and effects comparison
between pulses at incoming synchronizing fre-
quency and a sawtooth voltage at local line fre-
quency. Additional features for suppressing the
effects of interference on the synchronization
are described.

621.397.62 2169

Television Converter—C. A. Marshall.
(Wireless World, vol. 39, pp. 223-226; May
1953.) Detailed description of a frequency-con-
verter unit for use with nontunable television
receivers. The particular values of circuit com-
ponents given are for adapting a Channel-1 re-
ceiver (45mc vision, 41.5 mc sound) to Chan-
nel-3 reception (56.75 mc vision, 53.25 mc
sound), but the general design is not restricted
to these channels.

621.397.62:535.88 2170

Special Problems in Television Large-Pic-
ture Installations—E. Schwartz. Correction
slip inserted in the Nov./Dec. issue of Tech.
Hausmitt. NordwDisch. Rfdunks gives a cor-
rected diagram for Fig. 1 of paper abstracted in
1168 of April.

621.397.621.2:621.385.832 2171

Transfer Characteristics and Mu Factor of
Picture Tubes—K. Schlesinger. (Proc. I.R.E.,
vol. 41, pp. 528-532; May 1953.) The charac-
teristics of television-receiver-tube guns are
analyzed, taking account of the variation with
grid voltage of the active cathode area. The
value of gamma lies between 2.4 and 2.5 for
various structures, while the value of the am-
plification factor is strongly influenced by
changes in system parameters. The theorectial
results were verified experimentally.

621.397.645.029.62 2172

Fundamental Problems of H.F. and LF.
Amplifiers for TV Reception: Part 3—Feed-
back and Practical Considerations following on
the Theory—Uitjens. (See 1954.)

621.397.82 2173

Television Reception and Interference-
W. Werner. (Tech. Hausmitt. NordwDisch.
Rdfunks, vol. 5, pp. 1-8; Jan.,/Feb. 1953.)
Methods are suggested for reducing interfer-
ence from cw signals which produce effects in
the IF band, and also from impulse voltages.
Radiation from the deflection system of the re-
ceiver cr tube and from the receiver local os-
ciilator is discussed, practical methods of meas-
uring it are noted and means found effective in
reducing it are described. Screening of the pic-
ture tube to reduce X-ray emission is also men-
tioned.

621.397.82 2174

A Combining Unit for Superimposing Two
Television Pictures on the Same Cathode-Ray
Tube—D. Wray. (P. O. Elec. Eng. Jour., vol.
45, Part 4, pp. 172-174; Jan. 1953.) Apparatus
is described by means of which another wave-
form can be combined with the television signal
without loss of synchronism. The effect on the
picture of various types of interference cna be
simulated. The delay occurring in a long-dis-
tance looped televigion transmission system is
evidenced by the displacement between the two
pictures observed simultaneously when the sig-
nal generated at the transmitter is combined
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with that rcceived after travelling round the
loop.

TRANSMISSION

621.396.61/.62 2175

Single-Sideband Multi-Channel Operation
of Short-Wave Point-to-Point Radio Links:
Part 2—F. C. Owen and A. B. Ewen. (P. O.
Elect. Eng. Jour., vol. 45, Part 4, pp. 154-159;
Jan. 1953.) The present equipment is an im-
proved form of that previously described (2395
of 1948—Bray et al.]; it generates a low-power
independent-sideband signal comprising two 6-
kc channels, one on each side of a reduced-ievel
3.1-mc pilot carrier, suitable for application to
the final modulator and power-amplifier stages
of a sw transmitter. Alternatively a single-chan-
nel dsb signal can be generated. The associated
monitor receiver is designed to accept signals
from the transmitter drive unit at 3.1 mc or
from the power-amplifier stages at radiation
frequency. Part 1: 2144 above (Bray and Mor-
ris).

621.396.61.026.446.029.53:621.396.97 2176

Megawatt A.M. Broadcast Transmitter—
J. O. Weldon. (Tele-Tech, vol. 12, pp. 50-51;
116; Jan. 1953.) 1llustrated description of equip-
ment comprising two identical 500-kW trans-
mitters whose outputs are combined to feed
1 MW to the aerial system. Four Machlett 250-
kW Type-ML5682 tubes are used in the power
amplifier of each transmitter, with four more in
the output stage. Grid-bias modulation of the
first Type-ML5682 tube is effected by means of
four Type-805 tubes in parallel constituting the
output stage of the AF amplifier. Operating
characteristics in the frequency range 540-
1600 kc were found consistently good.

621.396.619.11 2177

The Impulse Modulator—H. Moss. (Jour.
Brit. I.R.E., vol. 13, pp. 150-159; March
1953.) A highly linear amplitude modulator is
achicved by using a negative-feedback circuit
in which the tube anode current is arranged to
be as nearly as possible proportional to the an-
ode voltage and applying rectangular on-off
switching pulses to the tube grid at carrier fre-
quency, the modulating voltage being applied
to thie anode. The modulated RF output is
taken from a resonant load in series with the
tube. 100% depth of modulation can be ob-
tained without requiring residual carrier neu-
tralization. Harmonic distortion, modulation
efficiency and linearity, and the influence of
pulse mark/space ratio, are discussed.

621.396.72.029.62 2178

Transmitter and Studio for Private USW
Stations—K. Tetzner. (Funk- Technik (Berlin),
vol. 8, pp. 132-133; March 1953.) Brief descrip-
tion of commercially produced equipment for
use in local broadcasting stations owned by cul-
tural institutions etc. in Germany. Transmitter
powers range from 50 W to 250 W, the operat-
ing frequency being near 100 mc. Studio equip-
ment to satisfy basic requirements is outlined.

VALVES AND THERMIONICS

546.289:621.314.632 2179

Evaporated Point-Contact Rectifiers—E. G.
Roka, C. H. Jackson and R. P. Ulrich. (Jour.
Appl. Phys., vol. 24, pp. 228-229; Feb. 1953.)
A study has been made of the effect on a Ge
rectifier of replacing the “whisker” contact by
a contact comprising a very smali area of
evaporated silver. A significant improvement
of the rectifying properties is observed. If the
rectifier with whisker contact is subjected to
alternating pulses of amplitude about 30V, the
reverse resistance is thereby increased and the
substitution of the evaporated contact then
produces no improvement.

546.289:621.385.2 2180

Negative Resistance in Germanium Diodes
—J. Kauke. (Radio & Telev. News, Radio-
Electronic Eng. Sec., vol. 49, pp. 8-10; April
1953.) Ge diodes show negative-resistance
effects at values of the reverse voltage some-
what higher than the rated continuous-working
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voltage. Applications of such effects in the
production of a swatooth-wave oscillator, a
sine-wave oscillator, a lock-in circuit and a
voltage divider are described.

621.383.27:621.387.464 2181

Photomultipliers Particularly Suitable for
counting Scintillations—E. Morilleau, H. Dor-
mont and R. Champeix. (Compt. Rend. Acad.
Sci. (Paris), vol. 236, pp. 474—476; Feb. 2,
1953.) Various measures adopted to obtain im-
proved performance are indicated. Curved re-
flector-type Cu dynodes coated with Cs are
used. By focusing the emission from the
cathode on to a very small first dynode a low
value of background noise is achieved together
with constant gain and optical screening of the
cathode.

621.385:621.396.615.142 2182

Influence of the Lorentz Force on Space-
Charge Waves in Electron Beams—]. Labus.
(Arch. elekt. Ubertragung, vol. 7. pp. 88-94;
Feb. 1953.) For a beam of infinite diameter
there are two possible values of phase velocity
of the space-charge waves. When the formula is
modified to take account of finite beam diame-
ter, an infinite number of values of phase
velocity are found. On taking into account the
effect of the Lorentz force on the motion of the
electrons, the formula obtained is very little
different from that for the infinite-diameter
beam, and gives values of phase velocity
nearly independent of beam diameter and
nearly equal.

621.385.029.6 2183

Travelling-Wave Tubes—R. Kompfner.
(Rep. Progr. Phys., vol. 15, pp. 275-327; 1952.)
The historical development of traveling-wave
tubes is described and a simple theory of their
operation is outlined. More complete theory
due to Pierce is sketched which permits calcu-
lation of the effects of attenmation, of non-
synchronous velocities, and of space charge.
Recent developments in the helix-type travel-
ing-wave tube are described, such as Brillouin
focusing of electron streams in axial magnetic
field and noise characteristics of electron
streams. Various types of traveling-wave tube
are described and their special features are
discussed. Wherever possible, attempts have
been made to explain the modes of operation
of the various types in simple physical terms.
Over 140 references.

621.385.032.216:537.533.8 2184

Changes in Secondary and Thermionic
Emission from Barium Oxide during Electron
Bombardment—]. Woods and D. A. Wright.
(Brit. Jour. Appl. Phys., vol. 4, pp. 56-61;
Feb. 1953.) Further experiments on BaO films
(see 895 of March) are reported. Changes in
secondary emission after 15-30 min bombard-
ment depend on the film thickness and are due
to a reduction process forming an excess of
metal within the oxide. Thermionic emission
also varies with thickness and there is a close
correlation between the two types of emission
in respect of decay and recovery effects.

621.385.1:621.396.822 2185

Noise in Gas Discharges—A. van der Ziel.
(Jour. Appl. Phys., vol. 24, pp. 223-224;
Feb. 1953.) Comment on 2670 of 1950 (Parzen
and Goldstein) indicating that to make the
noise-power formula there derived valid for all
frequencies the term corresponding to shot
noise requires modification. The theory of shot
noise in semiconductors (2040 above) isappiied.
The revised formula indicates that the shot
noise is much greater at low than at high fre-
quencies.

621.396.615.141.2 2186

A 3 cm-Magnetron for Beacons—G. A.
Espersen and B. Arfin. (Philips tech. Rey., vol.
14, p;). 87-94; Sept./Oct. 1952.) (See 3184 of
1951,

621.396.615.141.2 2187
New Magnetron Oscillator with Interdigital
Circuit—A. Leblond, O. Doehler and R.

Warnecke. (C. R. Acad. Sci. (Paris), vol. 236,
pp. 55-57; Jan. 5, 1953.) The oscillatory system
of a multislot magnetron can be considered as
a section of a line with periodic structure
closed on itself [see 1543 of May—Leblond
et al.]; with such a system, in order to avoid
the sudden frequency jump on passing from
one oscillation mode to another, the phase
velocity of the fundamental wave of the delay
line constituted by the oscillatory system
should be of opposite sign to the group velocity,
and the dispersion should be relatively low. A
suitable interdigital structure satisfying these
requirements is described with which a peak
HF output of 300 k\W on 11-cm wavelength has
been obtained from a tube operated with peak
anode voltage of 22 kV, peak anode current
26A and magnetic field 2,700 gauss.

621.396.619.23:621.397.61 2188

Spiral-Beam Tube Modulates 1 kW at
UHF—C. L. Cuccia. (Electronics, vol. 26, pp.
130-134; April 1953.) A modified form of the
electron-beam coupler tube previously de-
scribed (2975 of 1949) is used as a television
modulator in the 800 mc frequency range.
Modulation is performed by means of five
auxiliary electron beains in the output cavity;
a 50-V modulator grid swing can control power
output over a range of 98% of maximum
(300W with a beam volatge of 750V). The
device has good linearity, a bandwidtli of 5 mc
and a transfer efficiency of 50%,.

621.396.622.63 2189

Conductivity of and Flicker Effect in Crystal
Detectors—N. Nifontoff. (Onde élect., vol. 33,
pp. 58-61; Jan. 1953.) See 1037 of April and
back references.

621.396.622.63:546.28 2190

Silicon Crystal Detectors—]. M. Mercier
and R. P. Musson-Genon. (Onde élect., vol. 33,
pp. 40-57; Jan. 1953.) An account of the meth-
ods of manufacture of Si detectors adopted by
the Compagnie Frangaise Thomson-Houston
and of their characteristics and use as mixers
in uhf circuits. (See also, Mercier, 2070 of 1951.)

MISCELLANEOUS

025.45:621.3 2191

Work of the 3rd Meeting of the Interna-
tional Electrical Engineering UDC Committee
and the Ist Meeting of the Telecommunica-
tions Subcommittee of the International Feder-
ation for Documentation—C. Frachebourg.
(Tech. Mitt. schweiz. Telegr.-Teleph Verw.,
vol. 31, pp. 30-31; Jan. 1953. In French.)
Brief note of the proccedings, with proposed
revised classifications for the sections on anten-
nas and radar.

621.38/.39]): [002+026+025.45 2192

Radio and Electronic Engineering Litera-
ture—(J. Brit. I.R.E., vol. 13, pp. 65~-75; Jan.
1953.) A report prepared by the Technical
Committee of the British Institution of Radio
Engineers as a guide to the main sources of
information on modern developments includ-
ing abstracting services, Government publica-
tions, library facilities, patents, ctc. A brief
explanation is given of the working of the
Patent Office Library and of the UDC (Univer-
sal Decimal Classification) system as applied to
radio and electronic engineering.

621.39(083.74/.75) 2193

Standardization and Telecommunications—
R. Goret. (Ann. Telecommun.,vol. 8, pp. 11-18;
Jan. 1953.) An account is given of the structure
and operation of the commission set up in
France in 1945 to study the standardization of
telecommunications equipment. Specifications
established by the commission are listed and
discussed.

621.396 2194

Radio Progress during 1952—(Proc.I.LR.E.,
vol. 41, pp. 452-507; May 1953.) A review in-
cluding over 1000 references to world literature,
Material is arranged under the headings inadi-
cated in 2404 of 1952, with additional sections
on Feedback Control Systemsand on Magnetics.





