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Case Size LS-1 LS-2
Length glls" 47"
width 54" 31"
INPUT TRANSFORMERS Nl o %
Type Primary Secondary +1db Max.t Relative* Unbal. DC Case List
No. Application impedance impedance from Level hum in prim’y No. Price
LS-10 Low impedance mike, 50,125/150, 60,000 ohms in 20-20,000 +10DB —74 DB .5 MA LS-1 $25.00
pickup, or multiple line 200, 250, 333, two sections
to grid 500/600 ohms -
LS-10X_As above __As above /50,000 ohms  20-20,000 +10DB —92 DB-Q .5 MA Ls-1  35.00
LS-12 Low impedance mike, 50, 125/150, 120,000 ohms  20-20,000 -+10DB —74 DB 5 MA LS-1  28.00
pickup, or multiple line 200, 250, 333, overall, in two
to push pull grids 500/600 ohms _ sections o
LS-12X As above As above 80,000 ohms 20-20,000 +410DB —92 DB-Q .5 MA LS-1  35.00
— overall, split
LS-15X Three isolated lines or 30, 50, 200, 60,000 ohms 20-20,000 +10DB —92 DB-Q .5 MA LS-1  37.00
pads to one or two grids 250 ohms overall, in two
each primary sections
INTERSTAGE AND MATCHING TRANSFORMERS
Type Primary Secondary Max.t Relative* Unbal. DC Case List
No Application Impedance Iimpedance  Response Level hum in prim'y  No. Price
LS-19  Single plate to push pull 15,000 ohms 95,000 ohms; *+1db
grids like 2A3, 616, 300A. 1.25:1 each side 20-20,000 +12 DB —50 DB 0 MA LS-1  $26.00
Split secondary -
LS-21  Single plate to push pull 15,000 ohms 135,000 ohms; *+1db
grids. Split pri. and sec. 3:1 overali 20-20,000 +10DB —74 DB 0 MA LS-1 26.00
LS-25 Push pull plates to push 30,000 ohms 50,000 ohms; + 1db
pull grids. Medium-level. plate to plate  turn ratio 20-20,000 +15D8 —74 DB 1 MA LSs1 32.00
Split primary and sec. 11.3:1 overall
LS-30 Mixing, low impedance 50, 125/150,  50,125/150,200, =+ 1db
mike, pickup, or multi- 200, 250, 333, 250, 333, 20-20,000 +15DB —74 DB S5 MA LS 26.00
ple line to multiple line 500/_6Q03h£n§ 500/600 ohms .
LS-33 High level line matching 1.2,2.5,5,7.5 50,125, 200 + 2db
10, 15 20 30, 50 250, 333 20-20.000 15 watts Ls-2 30.00
125, 200, '250,  500/600 ohms
333, 500/600
OUTPUT TRANSFORMERS
Type Primary Secondary Max.t Relative* Unbal.DC Case  List
No Application Impedance Impedance  Response Level hum inprim’y  No. Price
LS-50 Single plate to multiple 15,000 ohms 50, 125/150, + 1db
line 200, 250, 333, 20-20,000 415DB —74 DB 0 MA LS-1  $26.00
- 500/600
LS-52  Push pull 245, 250, 6V6 8,000 ohms 500, 333, 250, + .2.db
or 245 A prime 200, 125, 50, 30 25-20,000 15 watts LS-2 35.00
20, 15,10, 7.5
5, 2.5, 1.2
LS-55 Push pull 2A3’s, 6A5G’s, 5,000 ohms 500, 333, 250, =+ .2db
300A’s, 275A's, 6A3's, plate to plate 200, 125,50, 30 25-20,000 20 watts LS-2 35.00
6L6’s, 6AS7G and 3,000 ohms 20, 15 10, 7. 5, :
plate to plate 5, 2.5, 1.2 -
LS-63  Push pull 6F6, class B 10,000 ohms 30,20, 15,10, =+ .2db
46's, 6AS7G, 807-TR, platetoplate 7.5,5,25,1.2 25-20,000 15 watts Ls-2  25.00
1614-TR and 6,000 ohms
o plate to plate
L8-151 Bridging from 50 to 500 16,000 ohms, 50, 125/150, + 1db
ohm line to line bridging 200, 250, 333, 15-30,000 418 DB —74 DB 1 MA LS1 27.00
500/600

The values of unbalanced DC shown will effect approximately 1.5 DB loss at 30 cycles.
* Comparison of hum balanced unit with shielding to normal uncased type. Q Multiple alloy magnetic shield.
t 6 MW as ODB reference.
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Arthur V.

DirecrOR, 1953

Arthur V. Loughren was born in Rensselaer,
N. Y., on September 15, 1902. He received the
B.A. and the E.E. degrees from Columbia Univer-
sity in 1923 and 1925, respectively.

Joining the Research Laboratory of the Gen-
eral Electric Co. upon graduation, Mr. Loughren
spent two years concerned with the problems aris-
ing from the adaptation of vacuum tubes to cir-
cuits. A period of twoe and a half years in the Radio
Engineering Department followed. In 1930 he
transferred to the! RCA Manufacturing Co. at
Camden, N. ]., where, successively, he was respon-
sible for the design of tuned radio-frequency receiv-
ers, loudspeakers and phonograph pickups, as well
as all factory tests and inspections. In 1934, he
rejoined the General Electric Co. at Bridgeport,
Conn., to work on the design of radio receivers.

In 1936 Mr. Loughren joined the laboratories
of the Hazeltine Corp. He has been Engineer-in-
Charge of television development, design super-
visor for military equipment programs, and is now
director of research and executive vice president
of its subsidiary, Hazeltine Research Inc.

Mr. Loughren received the U. S. Navy, Bureau
of Ships, Certificate of Commendation for Out-

Loughren

standing Service to the U.'S; Navy during World
War I1 for contributions to electronic development.

Mr. Loughren joined the IRE as an Associate
in 1924, became a Member in 1929, a Senior Mem-
ber in 1943 and a Fellow in 1944. His IRE ac-
tivities have included service on Admissions, Mem-
bership, Papers Procurement, Standards, Televi-
sion, and Policy Advisory, a.swell as Chairmanship
of the Awards Committee. He has been a member
also of Radio Receivers; Subeomraittee on Defini-
tions, and Standardization; Subcommittee on
Vacuum Tubes. Mr. Loughren becamée a Director
of the Institute in 1952. »

His activities in other professional and indus-
trial bodies included membership in Panels 7 and 9
of the first National Television System Committee
and Panel 6 of the Radio Technical Planning
Board, service as Vice Chairman of the present
National Television System Committee and Chair-
man of its Panels 7 and 13, Chairman of the Joint
Technical Advisory Committee, and service on
RETMA committees.

Mr. Loughren has been awarded twenty-nine
U. S. electronics patents. He is a member of Phi
Beta Kappa, Sigma Xi, and Tau Beta Pi.

December
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The Natural History of the Boffin

ROBERT WATSON-WATT

In delightfully whimsical fashion, the author of the following guest editorial discusses the important subject of
operational analysis—and, more particularly, the procedures involved in designing equipment to fit the user and the
condition of actual use (rather than the reverse). He who can do this job effectively is termed a “Boffin.” But he who
tends to do the reverse is denominated a “Back Room Bird.”

With which preamble, the readers of these PROCEEDINGS are offered the pungent thoughts of a guest editorial from a
leading inventor, developer, and designer of radar and electronic devices. He is a Fellow of the Institute, and Governing
Director of his own organization in London, England.-The Editor

Soon after the end of World War 11, I ventured to address
the National Academy of Sciences on the subject of “The Na-
tural History of the Boffin.” It was an informal occasion and I
treated the subject, as the title suggests, perhaps a little light-
heartedly, but it was a serious subject nonetheless.

I feel moved to come back to the subject now, because I find
so little understanding of what it takes to make a Boffin. In
particular, there is some confusion about the difference between
The Boffin and that adaptation of Lord Beaverbrook’s, the
“Back Room Boy.” They are quite different creatures, although
they have a lot in common. I believe it is important to our
present-day defense problems to examine carefully what it is
that makes a good “Back Room Boy” into a Boffin, and why
there are some good “Back Room Boys” who will never be
Boffins.

It is, I take it, obvious there can be no good defense science
without the “Back Room Boy”; I am anxious to establish that
there can be no good defense science without the Boffin.

What is he? The proud title of Boffin was first conferred on a
few radar scientists by Royal Air Force officers with whom they
worked in close co-operation. It is a term of respect, and admira-
tion, but particularly a term of affection—an affection which is
expressed, as is the English way, in a slightly outside-in, jocular
way so that the affection and admiration may not be regarded
as too demonstrative. I am not quite sure about the true origins
of this name of Boffin. It certainly has something to do with an
obsolete type of aircraft called the Baffin, something to do with
that odd bird, the Puffin; [ am sure it has nothing at all to do
with that first literary “Back Room Boy,” the claustrophiliac
Colonel Boffin, who as you remember never overtly emerged
from his back room, although his voice was clearly audible from
it. It is the very essence of the Boffin that he should emerge fre-
quently and almost aggressively from the Back Room to which,
however, he must return on his missions of interpretation and
inspiration. The pedigree of the Boffin has dominant strains in
common with the “Back Room Boy” but they are paralleled
and interwoven with strains essentially differentiating the two
species. The Boffin must, it is true, be capable himself of design-
ing scientifically and technically good devices. But he is no
Boffin unless his primary activity is to ensure that such devices
are matched to the conditions of use in the field. The Boffin is,
in fact, a cross between the predominantly domesticated “Back
Room Bird,” who synthesizes devices from raw materials of his
own and other people’s providing, and the predominantly free-
ranging observer-analyist, who formulates an operational
specification in terms of the needs of the situation and the per-
sonnel concerned, thus providing an essential preliminary to the
technical specification on which the “Back Room Bird” works.

The indispensable characteristics of the Boffin include an in-
satiable curiosity, an indomitable insistence, and an inherent in-
discipline. But to these perhaps not very endearing character-
istics he must add others which make him equally welcome in
the laboratory, at the Staff Conference Table, and in the
Sergeant’s Mess, for only by gossiping around in all these places,
in being as welcome on the tarmac as in the laboratory, can he
carry out his mission of discussing why beautiful black boxes
sometimes give disappointing results when they get to the
squadron, and discovering in particular (in the only place where
full knowledge exists) why some of the beautiful black boxes are
hopelessly unfitted for use by the only people available to use

them. I believe that his welcome in these varied habitats
depends largely on his plumage, which should be of drab and
uniform civilian gray, for I need not remind yon that the civilian
lounge suit is the only true uniform. The so-called “uniform” is
designed specifically to accentuate non-uniformity and mark
differences of rank and function, while the lounge suit de-
emphasizes these differences. There are, of course, situations in
which the Boffin bird must have protective coloration of a pre-
ferred military kind, light blue, dark blue, or brown. But even
then it is most undesirable to carry any of the brightly-colored
markings suggesting a difference of rank or essential status be-
tween the Bo%ﬁn and those on whom he depends for his funda-
mental wisdoms.

The Boffin bird has a long bill with two special functions:
poking into other people’s business, and puncturing the more
highly-colored and ornate eggs of the “Lesser Back Room
Bird,” which are quite inappropriate to the military scene. On
the one hand the Boffin bird is a relentless hunter of gremlins,
fairies, jinxes, and bugaboos; on the other, he is a kind of al-
truistic cuckoo, throwing out of the militaay nest the compara-
tively useless eggs of the domesticated and cagebound “Lesser
Back Room Bird,” and laboriously carrying to the nest the eggs
of his own close kin the “Greater Back Room Bird,” which alone
are fitted for survival in the field. .

The song of the Boffin bird has points in common with that
of the nightingale: an attractively wide range of pitch, tone color
and melody which is, however, liable to irritate by the monoto-
nous process of “damnéd iteration” which is indispensable for
getting the message home. The profoundest theme of his song
1s: “Men Matter More Than Matter.” Perhaps the most widely
known element in his song is that which says: “Give them the
third best to go on with, the second best comes too late, the
best never comes.” And of course the Boffin bird must have
long legs and a long neck, for while his head must sometimes be
in t%:e clouds, his feet must always be on the lglround. The eggs of
the Boffin are of a peculiar biconic shape; however frequently
and firmly Boffin ideas are pushed aside, they roll back into the
foreground; they are unbreakable because they are full of solid
meat,

Do you ask for a plain language account? Here, I hope it is.
The Boffin is a researcher, of high scientific competence, who has
learned that a device of great technical elegance, capable of a
remarkable performance in the hands of a picked crew, is not
necessarily a good weapon of war, He is the instrument for build-
ing into the design provisions which depend on close analysis of
the vehicle in which the device is to operate, the field conditions
in which it is to operate and above all things, the competence of
those who are to operate, maintain, and repair it. He alone can
save us from the danger of engendering electronic dinosaurs; he
alone can provide on the one hand the knowledge on which the
machine can be measured to the man and on the other, the
knowledge on which can be based the selection, training, and
(this is important) the inspiration of the normal human beings
on whom its successful use, in the end, must rest. He must
have an understanding and an appreciation of these normal hu-
man beings. He can reach these only through having their con-
fidence. He is a middleman, but he is a middleman who can
effect enormous economiesand enormous increases in efficiencies.
He is a rare bird, but he should be free to flit over the whole field
of defense science, its origins, and its applications.

¥
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Report on Graduate Curricula®
GEORGE R. ARTHUR?, MEMBER, IRE, AND CHARLES SUSSKIND{}, MEMBER, IRE

During 1951-52 the Subcommittee on Graduate Curricula, under the chairmanship of
George R. Arthur, Sperry Gyroscope Co., conducted a survey for the IRE Committee on
Education among schools offering a graduate program in Electrical Engineering. As a re-
sult, information of considerable value was compiled on the present status and certain
trends in the field of electrical, communications, and electronic engineering education. This
information, tabulated and evaluated, is presented below upon the recommendation of the
IRE Committee on Education and its chairman, John D. Ryder, University of Illinois
—The Administrative Editor

1. Schools Reporting.

A questionnaire was sent to 88 colleges
and universities, comprising all schools ap-
proved by the Engineers’ Council for Pro-
fessional Development which offer graduate
dggrees in electrical engineering. Of these in-
stitutions, 63 returned the questionnaire.
The information presented in the survey is
thus substantially complete, especially as
only 4 of the schools which did not return the
questionnaire have a graduate E.E. enroll-
ment of 50 or more students (Brooklyn
Poly., Caltech, C.C.N.Y., and Harvard).
The totals for the various columns are not
shown, however, as they would not represent
correct numbers.

2. Faculty.

The first section of the tabulation shows
the size of each faculty and the portion en-
gz‘lged in graduate instruction (each subdi-
vided into part-time and full-time teachers),
as well as the incidence of higher degrees
held by faculty members. The over-all fig-
ures indicate that little more than half of the
members of faculties of E.E. departments of-
fering graduate work are engaged in gradu-
ate instruction, and about the same propor-
tion have doctoral degrees.

3. Degrees Offered.

In the 63 schools reporting, the Master's
degree is the highest degree offered in 28, the
Engineer's degree in 2, and the Doctor's de-
gree in 33. Half of these institutions have
been offering the Master's degree for more
than 30 years. The Doctor's degree is also
relatively well established: half the institu-
tions have offered it for 15 years or more.

4. Language Requirements.

Only 7 schools specify that candidates
for the Master's degree must show pro-
ficiency in a foreign language, and at 3 of
these schools this requirement is ‘‘usually
waived.” The foreign-language requirements
for the doctorate are even more uniform: all
but two of the institutions offering this de-
gree require two foreign languages (the ex-
ceptions require one), usually French and
German. Russian or another major language
is accepted as a substitute at some schools.

* Decimal classification: R070. Received by the
Institute June 12, 1953,

t Formerly Yale University, New Haven, Conn.;
now with Sperry Gyroscope Co., Great Neck, L. I.,

N Y.
$ Stanford University, Stanford, Calif.

5. Number of Degrees Awarded.

This is perhaps the most reliable index of
the relative size of the graduate programs at
the various institutions. The “Big Three” in
numbers of Doctors' degrees awarded last
year were evidently Stanford (19), Univer-
sity of Illinois (11), and M.L.T. (10). These
three schools also lead in the number of
Masters’ degrees awarded, though in reverse
order: M.L.T. (86), Illinois (42), and Stan-
ford (41). The comparison between 1950-51
and 1951-52 shows a considerable decrease
in the over-all number of Master’s degrees
awarded, whereas the number of doctoral de-
grees remained about the same.

6. Graduate Enrollment.

The figures shown under this heading are
significant only if they distinguish part-time
from full-time students. Unfortunately, sev-
eral of the schools do not differentiate be-
tween the two categories. At some universi-
ties (e.g., Maryland, Pennsylvania) the part-
time students heavily outnumber the full-
time students, whereas at others (e.g., Cali-
fornia, Yale) enrollments in the two
categories are of comparable size. Moreover,
there is no way of distinguishing between a
student carrying, say, three-quarters of the
usual scholastic “load” and another regis-
tered for a single course, perhaps in night
school: both would be counted as “part-
time” students. The usefulness of these fig-
ures in comparing various institutions is
thus limited. A comparison between the two
scholastic years tabulated shows the over-all
number of students enrolled for graduate
work to have remained about the same.

7. Financial Aid.

Virtually all schools offer some form of
financial aid tograduate students: assistant-
ships, fellowships, or salaried research proj-
ects. (More than half offer all three.)

8. Number of Publications.

This figure represents the total number
of papers and books published over a two-
year period (from June 1950 to June 1952).
It is to be suspected, however, that this num-
ber in some cases includes dissertations, as
well as technical reports on research proj-
ects. It was not in every case possible to
make an exact distinction from the answers
given in the questionnaires.

9. Sponsored Research.
This question was intended to yield a

comparison of the extent of federal-govern-
ment sponsorship of research with other
sponsorship (State, University, industrial,
etc.). The over-all numbers show the two
categories to be about equal. Unfortunately,
such a comparison is not entirely satisfac-
tory, since the size of a research program is
more accurately reckoned in dollars. Fur-
thermore, some of the large institutions
returning the questionnaire deliberately
omitted to answer this particular question
altogether, perhaps for security reasons. It
is suggested that in any future survey, this
question should be worded as follows:

(a) What is the annual budget of
your current unclassified research proj-
ects sponsored by agencies of the U. S.
Government?

(b) Of projects sponsored by other
public agencies (State, city, etc.)?

(c) Of projects sponsored by private
sources (foundations, industry, etc.)?

(d) Of unsponsored (i.e., University
or departmental) projects?

10. Special Subjects.

The subjects emphasized by the various
institutions are identified by the code shown
at the foot of the tabulation. Almost all
listed “power” and “electronics” or “com-
munications” under this heading, and these
fields were therefore not shown in the tabu-
lations. Likewise, no entry was shown for
schools which reported that all fields were
“equally emphasized.” The intent was to
point up comprehensive programs in micro-
wave techniques, servomechanisms, and the
like, rather than to register the existence of
a single course in a special field. Even with
this qualification, the diversity of answers
was so large that the tabulation had to be
restricted to 13 headings. Among the an-
swers not listed were such general fields as
apparatus design, circuit design, contact re-
sistance, economics of communication serv-
ices and public utilities, electric shock, elec-
tric waves, electrodynamics, electromagnet-
ics, instrumentation, machine design,
mathematical analysis, measurements, mo-
tor applications, power distribution and
transmission, power-system stability and
regulation, semiconductors, television, and
transistors. Some of these subjects perhaps
deserve to be listed, and it might be wise in
the future to provide a check-list in the
questionnaire, together with a clarifying
statement of what is meant by “emphasized
subjects.”

\ve
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RESULTS OF SURVEY ON GRADUATE CURRICULA
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THE SURFACE-BARRIER TRANSISTOR”

A series of five papers
by members of the technical staff '
Philco Research Division

— S|

Part I—Principles of the Surface-Barrier Transistor™”
W. E. BRADLEY{, FELLOW, IRE

Summary—This paper, consisting of five parts, describes the
principle, fabrication, circuit application, and theoretical bases of a
new semiconductor transducer, the surface-barrier transistor. This
device, produced by precise electrochemical etching and plating
techniques, operates at frequencies in excess of 60 mc while display-
ing the low-voltage, lower-power-consumption and low-noise proper-
ties of transistors hitherto confined to much lower frequencies.

Part I describes the basic discovery which led to the new transis-
tor: a new mode of hole injection produced by a broad-area metal
electrode in intimate contact with a single crystal of N-type germa-
nium. The mechanisms of hole emission, conduction, and collection
are discussed, and the effect on performance of precise fabrication of
germanium sections a few microns in thickness is explained.

Part IT describes typical fabrication methods. A germanium blank
is etched by directing to its surfaces two opposed jets of a metal salt
solution, through which current passes in such polarity as to remove
germanium. In addition to etching away material and disposing of the
reaction products, the flowing solution cools the work. The etching is
allowed to continue until the thickness of the germanium is reduced
to a few microns with a tolerance of +5 per cent of the remaining
thickness. A sudden reversal of polarity then stops the etching action
and immediately initiates electroplating of metal electrodes from the
salt onto the freshly cleaned germanium surfaces.

Part III describes the circuit parameters of the surface-barrier
transistor and the performance of typical amplifiers: a compensated
video amplifier having a bandwidth of 9 mc and a gain-bandwidth
product of 45 mc per stage and a neutralized bandpass rf amplifier
centered at 30 mc having an insertion stage gain of 15 db. Switching
times in typical switching circuits are less than 0.1 microsecond.

Part IV describes quantitatively the geometrical concepts on
which the extended high-frequency performance of the device is
based, namely the effect of a flat, thin section of semiconductor be-
tween emitter and collector electrodes. Part V gives the theoretical
treatment of the basic internal actions of the surface-barrier transis-
tor, hole injection, and hole-current enhancement. Experimental
verification of the quantitative predictions of the theory is reported.

INTRODUCTION

N THE course of research in the Philco Corporation
laboratories a new form of transistor, the surface-
barrier transistor, has been discovered. This device
differs from previously discovered transistors in that it
contains only one form of germanium, whereas earlier
devices contained at least two forms. Alloy junction
transistors, for example, are described as p-n-p or n-p-n
types, while the point-contact transistor has regions of
modified germanium produced by the forming process
* The research leading to the development of the surface-barrier
transistor was supported in part by the Bureau of Ships, Department

of the Navy, under Contract NObsr 57322.
** Decimal classification: R282.12. Original manuscript received

by the Institute, October 14, 1953.
1 Philco Corp., Research Div., Philadelphia, Pa.

near the point contacts. The new surface-barrier tran-
sistor is an N-type transistor.

The name “Surface-Barrier Transistor” is derived
from the fact that the interfaces of the transistor which
perform the functions of emission and collection of the
useful current are located at the surface of a uniform
crystal-base electrode. The development of an active
interface located at the crystal surface results in a new
mode of operation upon the charge carriers of the crystal
permitting the use of metal electrodes of relatively large
area.

The fact that the electrodes are applied to the surface
of the crystal after the crystal has been shaped permits
accurate control of the geometry of the transistor to a
degree unheard of in prior art. Accurately controlled
fabrication of N-type germanium in sections a few
microns in thickness is readily achieved, for example, by
the electrochemical techniques described by Tiley and
Williams.!

The practical result of this new principle and the
associated techniques is a transistor of unprecedented
performance characteristics. Efficient operation on a
power supply of three volts or less at frequencies above
60 megacycles has been achieved and substantially
higher frequency operation is anticipated with further
refinement of the fabrication method. Band-pass ampli-
fication centered at a frequency of 30 megacycles has
been demonstrated and low-pass amplification from zero
to 9 megacycles has been achieved. In brief, the surface-
barrier transistor combines low-voltage, low-power-con-
sumption, low-noise-figure operation at frequencics
higher by more than an order of magnitude than can be
attained with available alloy-junction transistors.

The principles and techniques embodied in the sur-
face-barrier transistor are applicable not only to the
particular type described herein but also to other forms,
as those familiar with the art will readily appreciate
from the detailed description of the electrochemical
technique in the associated paper.!

THE SURFACE BARRIER OF N-TYPE GERMANIUM

The useful current of the surface-barrier transistor is
a current of holes moving from the emitter to the col-
lector. The free electrons which are normally present in

1 Proc. I.R.E., pp. 1706-1708; this issue.
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large quantity in N-type germanium would short-circuit
the device if it were not for the action of the surface
barrier which tends to push the free electrons back from
the surface.

The surface barrier includes the surface and a layer of
germanium just beneath the surface of the crystal which
is about one ten-thousandth of an inch thick and con-
tains almost no free charge carriers, either electrons or
holes. This layer (shown schematically in Fig. 1) is
practically an insulator, but contains a strong electric
field, like a charged condenser, in such a direction as to
move a free electron from the surface toward the in-
terior.

METAL
BASE ELECTRODE
{OHMIC CONTACT)

METAL ,
COLLECTOR ELECTRODE

METAL
EMITTER ELECTRODE

UNIFORM N TYPE
GERMANIUM CRYSTAL

Fig. 1—Schematic cross section of surface-barrier transistor,

The formation of the surface barrier is related to the
fact that electron energy levels, or orbits, may exist on
the surface of a crystal which are quite different from
those in the interior of the crystal. Inside the crystal the
orderly array of atoms of a single element gives rise to
an orderly arrangement of bands of allowed electron
energy separated by forbidden bands.

Many excellent expositions of bulk properties of semi-
conductors exist in the literature and no repetition will
be attempted here. Not so much attention has been paid
so far to the surface of the crystal. Here the left-over
bonds of the germanium atom, together with any
atoms of other substances on the surface, may form a
sort of two-dimensional solid with properties entirely
different from the interior. Thus insulating crystals may
exhibit high surface conductivity due to a layer only
one or two atoms thick which can pass electrons from
atom to atom along the surface freely. It is possible
that no orderly structure of energy bands exists on such
a surface, since it may be composed of many kinds of
atoms, or ions, in many orientations. It is fairly safe to
assume that the energy levels of such a layer form a
near continuum, with no forbidden bands at all.

Inside a crystal of N-type germanium the free elec-
trons move in a high-energy, nearly empty band. Lower
in energy is a forbidden band and below that the so-
called valence band which is filled completely. The free
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electrons tend to descend in energy to fill any available
vacancy and hence are attracted to the surface. So
many electrons may move to the surface in this way
that it acquires a strong negative charge repelling free
electrons toward the interior and causing a nearly in-
sulating region containing a strong electric field, just
beneath the surface.

ELECTRON CURRENT THROUGH A SURFACE BARRIER

A metal electrode in intimate contact with such a
germanium crystal makes firm electrical connection to
the surface layer but communicates with the main
body of the crystal only through the surface barrier.
Making the metal negative tends to repel the free elec-
trons even more, thickening the insulating layer so that
little current flow takes place. Making the metal posi-
tive attracts frce electrons, making the insulating layer
thinner, permitting current to flow.

HoLE CURRENT THROUGH A SURFACE BARRIER

While the above mechanism explains rectification at
a surface contact, it is not sufficient to explain the
surface-barrier transistor because it ignores the current
of holes which is the only useful current component.
The existence of a set of energy levels at the surface
which are intermediate between the conduction band
and the valence band implies that thermal agitation
will frequently excite valence electrons of the crystal
into the surface levels. It will be recalled that even in
the interior of the crystal electrons are occasionally ther-
mally excited from the valence band to the conduction
band. Remembering that the probability of such a tran-
sition varies exponentially with the energy difference,
changing by about a factor of e for each 1/40 of a volt,
and that the band spacing of germanium totals about 2
electron volts, it is clear that if intermediate levels are
available, electrons from the valence band will be ex-
cited into them fairly frequently so there will be, under
equilibrium conditions, a population of holes just under
the germanium surface.

Some metal contacts produce a denser hole population
under the surface of the germanium than others. Dif-
ferences between metals in their propensity to emit
holes into N-type germanium have been found, in ap-
parent contradiction to results obtained elsewhere, when
the metals are deposited electrolytically upon a freshly
etched surface of germanium. The mechanism by which
the potential of the surface layer adjusts itself with re-
spect to the metal is difficult to treat theoretically in
quantitative fashion. Upon the adjustment of the metal
potential with respect to that of the germanium depends
the height of the surface barrier and the density of holes
under the surface.

The effect of the surface barrier is to force these holes
to remain near the surface just as it forces free electrons
to remain in the interior. When a metal contact to the
crystal is made positive it repels these holes through the
barrier just as it attracts the free electrons. The result
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is that the forward current of the rectifier is made up of
two currents in parallel, the hole current and the elec-
tron current. For transistor purposes it is desirable to
reduce the electron current as much as possible since
only the hole current is received at the collector.

It is clear that a back-biased metal contact can serve
as a collector of holes since the surface-barrier field aug-
mented by the back bias will infallibly draw holes com-
ing within its reach out to the surface.

ENHANCEMENT OF RATIO OF HOLE CURRENT TO
ELECTRON CURRENT

Some precautions are necessary for a metal contact
to serve as emitter of holes with the electron current
reduced to a low value.

In the first place, the metal should have the property
that when applied to the surface it produces a satis-
factorily high density of holes in the adjoining ger-
manium. Among the metals found to be satisfactory for
this purpose are indium, zinc, cadmium, tin, and copper.

Inside the body of the germanium crystal the large
number of charge carriers present makes the electric
field very small. The absence of any substantial electric
field causes the holes to move to the collector principally
by thermal diffusion. Such a diffusion current flows only
when a gradient of hole density exists. Such a gradient
implies a larger density of holes in the bulk material
near the emitter barrier than near the collector barrier.
Unfortunately, the effect of high density of holes near
the emitter barrier, coupled with the random nature of
the diffusion process, tends to cause a large proportion
of holes to diffuse back to the emitter reducing the net
hole current. Worse yet, the increased hole population
attracts an equal number of electrons by its space
charge, increasing the electron population near the sur-
face barrier and, hence, the undesired electron current.
The distribution of holes and electrons during operation
is shown in Fig. 2.

The most effective means of enhancing the hole cur-
rent for large-area contacts is to make the hole-density
gradient through the base as steep as possible. A high
value of gradient increases the current directly without
increasing the hole density and, therefore, without in-
creasing the electron current. By bringing the collector
close to the emitter the gradient can be proportionately
increased since the hole density is reduced by the action
of the collector.

APPLICATION TO SURFACE-BARRIER TRANSISTOR

In the surface-barrier transistor the spacing between
the metal electrodes has been successfully reduced to a
few microns with good control of the process. This ex-
cellent control is possible because the electrodes are
applied to the surface, so that it is possible to shape the
germanium crystal itself to the required geometry and
apply the electrodes afterward.

Unfortunately, most shaping processes strain the sur-
face of the structure being shaped and, as can be seen
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from the discussion above, it is important for a surface-
barrier transistor to have undisturbed germanium all
of the way out to the surface. Chemically or physically
inhomogenous germanium crystals or uneven metal con-
tacts tend to produce inefficient and variable operation
because of nonuniform structure at the resulting surface
barrier.
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Fig. 2—Variation of densities of hole and electrons with distance in
the space between emitter and collector electrodes.

ELECTROCHEMICAL FABRICATION

Accurate shaping of the crystal, together with in-
timate electrode contact without disturbance of more
than one atomic layer of crystal, has been achieved by a
process of “electrolytic machining.” Tiny jets of metal
salt solution with current passing through them dissolve
germanium from the crystal wafer until cavities of the
right size and shape have been excavated. By a mere
reversal in polarity, and without any interruption, the
same jets are made to electroplate the electrodes di-
rectly upon the freshly etched surface of germanium.
Many salt solutions are suitable for the electrolytic
processes. A cross section of the resulting structure is
shown in Fig. 3(a).

EXPERIMENTAL RESULTS WITH ELECTROCHEMICALLY-
DEPOSITED SURFACE ELECTRODES

The uniformity of the surface barrier produced by the
electrolytic assembly process is proved by the shape of
the current versus voltage curves of an electrode with
respect to the base. The theory of metal-to-semicon-
ductor contacts predicts that the current should consist
of a constant (the saturation current), plus a term which
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increases exponentially with forward bias.? The impor-
tant thing is that this exponent should be numerically
equal to about forty times the voltage. Exponents as
large as this have not been found with any other type
of metal-to-germanium contact so far as we have been
able to determine. Exponents of forty times the voltage
are usually obtained with high-quality alloyed or pulled
junctions, although with these accuracy of dimensional
control is much more difficult. Exponents of this value
are normally obtained with metal electrodes applied
by the electrochemical process, showing that the in-
creased dimensional accuracy of the surface-barrier
transistor has been achieved without sacrifice of essen-
tial barrier uniformity.
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Fig. 3—(a) Cross section of surface-barrier transistor.
b)—Detail of center section.

Unlike the point-contact transistor, the hole current
of the surface-barrier transistor is protected from ex-
posure to uncovered germanium surface. The action of
such an exposed surface as a collector or as a conductor
of holes is subject to variation with time because of
variations of the chemical composition of the surface
layer of adsorbed atoms on the crystal. The steam lines
of flow of hole current in the surface-barrier transistor
(Fig. 3(b)) are all nearly equal in length and extend
directly from emitter to collector without any appreci-
able diffusion to the exposed crystal surface.

The extreme uniformity of the barrier gives another
useful result. The high exponent value implies that, like
alloy- or pulled-junction transistors, the device will op-
erate on very low voltages. The characteristic curves of
the surface-barrier transistor in Fig. 4 show that the
collector impedance becomes high for potentials above
one-quarter of a volt.

Not only does the close spacing of emitter and col-
lector cause the emitter current to consist almost en-
tirely of holes, but it permits operation with low voltages

? For example, see H. C. Torrey and C. A. Whitmer, “Crystal
Rectifiers,” p. 77, Section 4.3, McGraw-Hill Book Co., Inc.; 1948.
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at frequencies, which it has proved impractical to ob-
tain with other forms of transistors. Operation on a 3-
volt power supply at 30 megacycles with a power gain
of 18 db has readily been obtained.
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Fig. 4—Grounded-emitter characteristics of a typical
surface-barrier transistor,

The most important characteristics of a group of ten
surface-barrier transistors are tabulated in Table I. The
column labeled f., is the frequency at which the hole
current falls to seven-tenths of its low-frequency value
with constant signal input.

The surface-barrier transistor is at present a low-
power device. This is not inherent but reflects the fact
that our research program was guided partly by our
dissatisfaction with the high-frequency performance and
uniformity of existing low-power transistors. The power
output of the transistors in Table I is of the order of
milliwatts.

TABLE 1

PARAMETERS OF SURFACE-BARRIER TRANSISTORS
MEASURED AT V.= —3 VoLts I,=—0.5 ma

. fea Te T L) s’ C.
Unit (mc) o0 (ohms) (kilohms) (ohms) (ohms) (uuf)
148 40 0.912 21 200 800 320 2.0
149 41 0.925 47 280 730 180 1.5
150 36 0.913 18 155 780 160 2.1
152 47 0.910 23 210 610 185 2.7
200 37 0.912 31 160 560 200 2.2
214 40 0.961 33 265 1120 190 2.5
217 49 0.905 11 160 650 130 2.2
219 47 0.962 13 330 1500 235 1.7
226 47 0.925 59 220 970 220 1.3
227 44 0.922 17 210 920 190 1.0

FUTUuRE PrOSPECTS

It is clear that the discovery that unformed surface
electrodes of substantial area when properly applied are
suitable for transistor use, together with the fact that
semiconductors can be accurately shaped by electro-
chemical techniques, opens up a promising new area of
research and development in the already vigorous field
of applied semiconductor physics.
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Using the electrochemical method it is easy to assem-
ble multielectrode structures on a single crystal blank,
to apply a number of metals in succession for various
purposes, and to locate electrodes with microscopic ac-
curacy. Such a considerable extension of our present
ability to control the important parameters of tran-
sistors and related devices appears certain to lead to a
new family of useful products of which the surface-
barrier transistor is the first member.
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Part II—Electrochemical Techniques for Fabrication

of Surface-Barrier T ransistors”
J. W. TILEY{, MEMBER, IRE, AND R. A. WILLIAMSY

INTRODUCTION
MECHANICAL precision is a basic requirement

in the fabrication of all types of transistors. In

many cases the limitations on performance,
particularly with respect to gain and maximum fre-
quency of operation, are a function of the ability of the
fabrication process to hold close mechanical tolerances.
Electrochemical techniques have succeeded in produc-
ing, reproducibly, minority-carrier transistors with di-
mensional tolerances of less than one micron. As re-
ported in companion papers,! experimental surface-
barrier transistors optimized for high-frequency re-
sponse uniformly have alpha cutoffs between 35 and 50
mc, more than four octaves higher than commercially
available alloyed-junction or grown-junction transistors.
It is the purpose of this paper to describe the basic
electrochemical processes by which germanium-indium
surface-barrier transistors are fabricated and to indicate
the capabilities of the processes with respect to holding
mechanical tolerances on the finished transistor.

FABRICATION PROCESSES

The germanium-base structure for the surface-barrier
transistor is cut from single-crystal N-type germanium
of appropriate resistivity and adequately high minority-
carrier lifetime. The wafers are then lapped to the de-
sired thickness. The rectangular germanium blanks for
the present experimental surface-barrier transistors are
0.050X0.100 inch lapped to a thickness of 0.006 inch.
Abrasive cutting of the crystal causes flaws and lattice
disorder near the ground surface. This requires the subse-

* Decimal classification: R282.12. Original manuscript received
by the Institute, Oct. 14, 1953.

1 Philco Corp., Research Div., Philadelphia, I’a.
1 Proc. LLR.E., pp. 1702, 1709, 1715; this issue.

quent removal of the disturbed layer by a more gentle
means. Carefully controlled chemical etching is used for
the preparation of an undisturbed surface and, in the
process, reduces the thickness of the lapped blank to
0.003 inch. A nickel contact is then soldered to one end
of the blank.

The ultimate thickness desired for the active region of
the final base electrode is on the order of a few microns.
Such a thin section of crystal is fragile unless well sup-
ported and, for this reason, as well as to maintain low
base resistance, only the active region is reduced to this
thickness. What is required at this stage is an accurately
controlled process which can reduce the base electrode
thickness without disturbance of the crystal surface.

JET ELECTROLYTIC ETCHING

A system of electrolytic etching has been developed
using two small jets of a salt solution. A pair of glass
nozzles, approximately 0.005 inch in diameter, are
mounted on a common axis so as to direct jets of liquid
toward each other. The germanium blank is placed in
the mid-plane between the two nozzles so that the jets
strike opposite sides of the blank simultaneously as
shown in Fig. 1. The complete electrochemical system is
illustrated in Fig. 2. The germanium wafer is connected
as the anode with electrodes in the glass nozzles as the
cathodes.

The use of jets of electrolyte eliminates uneven etch-
ing caused by gas bubbles, reaction products, and so
forth, and, in addition, produces directly the desired
shape of excavation without the necessity of masking
any portion of the surface. Etching action is principally
confined to the region immediately under the jet since
the electrolyte spreads out in a thin sheet across the
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surface of the wafer. If the resistivity of the solution is
of the same order of magnitude as that of the germani-
um, the current density must fall off rapidly with radial
distance from the jet axis.

Ge

Q [ )
ELECTROLYTE

Qo
VA
JET STREAM

Fig. 1—Axially-aligned i]ass nozzles direct jets of electrolyte
against the germanium wafer.
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An interesting aspect of the process, requiring careful
attention but leading to a valuable means of control,
results from the fact that the solution during etching is
biased in the back direction with respect to the ger-
manium. This would prevent current from passing be-
tween the germanium and the solution except for the
effects of saturation current augmented by the effect of
light which produces pairs of carriers in the barrier re-
gion. Control of the light level is therefore important
during the process.

A most useful aspect of this back-biased barrier ap-
pears as the excavations produced by the two jets ap-
proach each other. The surface barrier extends into the
germanium on the order of 0.0001 inch beneath the sur-
face, and this region is many orders of magnitude higher
in resistivity than the interior due to the relative ab-
sence of free charge carriers. As the two surface barriers
approach each other, the current density is reduced to a
low value controlled to a considerable extent by the
ambient light level. As a result, the etching action slows
down and a flat bottom tends to form in each excavation
with a thin window separation. This window etches
more and more slowly so that its thickness can be con-
trolled under appropriate conditions of light level, solu-
tion concentration, and power-supply voltage.

Kansas? shows that a base having a uniform thickness
over the active region should have much better high-
frequency performance than one having the usual bi-
concave form. It is therefore desirable to use the central
region of the excavation, where the thickness is most
uniform, for the active portion of the base.

JET ELECTROPLATING

Many metallic salts are suitable for electrolytic etch-
ing of germanium using the technique described above.
The salt actually used is chosen on the basis of suitabil-
ity for electroplating the appropriate metal.

A mere reversal of polarity without readjustment of
anything except the total current is sufficient to convert

2 Proc. LR.E., pp. 1712-1714; this issue.
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the action of electrolytic etching into electroplating, the
metal ions of the salt solution being deposited in the
form of dots in the bottom of the excavations produced
by the etching. Several metals have been found to meet
the requirements of surface-barrier transistor electrodes.
The developmental samples discussed by Schwarz and
Walsh were prepared using indium.® For this metal the
sulphate or chloride in a 0.1 normal solution of low pH
have been found to be suitable. A pressure on the order
of 15 Ibs. per sq. in. is used to produce a high-velocity
jet stream. The pattern flow of electrolyte is shown
schematically in Fig. 1.

T2

' PLATINUM
‘ / ELECTRODE
gl

!‘) .~ CHECK VALVE

|
-

Fig. 2—Schematic diagram of electrochemical processing system.

b—ww SULPHATE
SOWTION

Ercu-Pitr GEOMETRY

The current density for the etching process falls off
rapidly with radial distance outside the edge of the well-
defined jet. More accurately defined pits result from a
high-resistivity electrolyte, but the geometric require-
ment favors the larger, flatter pit obtained with the
lower resistivity solution.

A typical etching current for a 0.010 inch pit is 1.5
ma and requires a voltage of 200-300 volts because of
the high resistivity of the jets. This current corresponds
to approximately 20 amperes per sq. in.—an extremely
high etching current made possible by the cooling action
inherent in the rapidly flowing electrolyte.

Typical surface-barrier transistors are designed to
have a barrier spacing of 0.0002 inch. Starting with a

3 Proc. ILR.E., pp. 1715-1720; this issue.
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0.003 inch wafer, etching time ranges from 90 to 120
seconds. A pilot hole is etched to determine the time
required for “break through.” The time for etching the
pits to the desired depth is then reduced accordingly.
The etched wafer of Fig. 3 has been sectioned to show
typical geometry, which, in actual practice, can be held
to a tolerance of +5 per cent of the remaining thickness
of germanium.

. ; /"
COLLECTOR il
004 DIA. § X

Fig. 3—Photornicrograph of etched germanium wafer. Dimensions
and typical emitter and collector electrodes are shown in white.

It is important that the indium electrodes be de-
posited on a clean, undisturbed surface of the germani-
um wafer. For this reason the plating phase is caused to
follow the etching phase by an instantaneous reversal of
the polarities. Optimum transistor geometry results
with electrodes relatively small compared with the etch-
pit diameters. Typical units, with 0.015 inch pits, use
0.003 inch emitters and 0.006 inch collectors.

The “throwing power” of the plating solution, and,
hence, the diameter of the indium electrodes, can be
varied by adjusting the pH. Experience has shown that
good results are obtained by adding sulphuric acid to
lower the pH to the range of 1.2 to 3.5. With constant
electrolyte resistivity, the area of plating can be con-
trolled by modifying the pH.

During the plating phase, the barrier formed by the
germanium and the electrolyte is biased in the forward
direction; hence, light has little effect. The optimum
plating current is, in general, lower than for the etching
phase. The currents during the two phases have inde-
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pendent adjustments ganged with the polarity-reversing
switch.

Electroplated indium has a strong tendency to form
dendritic growths. This is, in part, a function of the
plating solution. In practice it is found that 0.0005 inch
is a satisfactory thickness for both emitter and col-
lector electrodes.

SURFACE TREATMENT AND PACKAGING

Experience has shown that a surface clean-up etch is
desirable to remove contaminants which would other-
wise produce low output impedance and feedback
around the barrier where it is exposed at the periphery
of the indium electrodes. An etch composed of HF,
HNO; and H,0 is satisfactory for reducing leakage cur-
rents and for maximizing the dynamic back resistance of
the collector barrier.

The processed germanium wafer, etched and plated,
is mounted by its base tab on a glass stem which forms
the base of the hermetically-sealed metal envelope.
Leads are connected between the base pins and the
emitter and collector as shown in Fig. 4. The transistor
is then encapsulated in polystyrene and hermetically
sealed into the container. It is advisable to use sealed
construction even for experimental units.

~GERMANIUM BLANK

ACTIVE REGION
BASE TAB
EMITTER 8
COLLECTOR LEADS

GLASS STEM

Fig. 4—Surface-barrier transistor mounted on
experimental glass stem.

CONCLUSIONS

Experience has already shown that these electro-
chemical processes are easily capable of fabricating ger-
manium transistors to tolerances measured in millionths
of an inch. It seems safe to conclude that these tech-
niques will find wide application in the fabrication of
semiconductor devices such as the surface-barrier tran-
sistor and others still to come.
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Part III—Circuit Applications of
Surface-Barrier Transistors”
J. B. ANGELLY, ASSOCIATE, IRE, AND F. P. KEIPERY, JR., ASSOCIATE, IRE

INTRODUCTION

HE low power consumption of transistors makes
Tpossible their use in a variety of applications

where vacuum tubes have been limited because
of their high power requirements. The surface-barrier
transistor, described in the companion papers, extends
the very low power features of certain transistor types
to a new class of applications.

Point-contact transistors have been used as high-
frequency oscillators and amplifiers at frequencies up
to hundreds of megacycles.? Such units typically re-
quire collector-supply power of 25 mw or more from a
power supply of 10 volts when operating at high fre-
quency, and may have high base resistance, which ad-
versely affects their stability and limits their usefulness
as amplifiers. Junction transistors of the tetrode variety
have been used as amplifiers above 50 mc and as oscil-
lators at frequencies well above 100 mc.®? With these
units, the total power-supply requirement runs on the
order of 50 mw, with supply voltages in excess of 15
volts, for this frequency range of operation.

Performance figures for the surface-barrier transistor
circuits described in this paper have been obtained with
a total power-supply drain of slightly over 2-mw per
transistor and with a maximum collector-supply voltage
of 3 volts. The surface-barrier transistor operates at the
low power-supply levels of the junction-triode tran-
sistors, but is useful at appreciably higher frequencies.

Typical characteristics for a surface-barrier transistor
with V.=3 volts and I,=0.5 ma are given below:*

r5=850 ohms (low-frequency apparent base resist-

ance)
rs» =200 obms (high-frequency apparent base re-
sistance)
C.=1.9 uuf
a=0.93

fea=43 mc (measured in neutralized circuit)
r.=30 ohms
r.=200 kilohms.

Fig. 1, collector characteristics for such a transistor.

* Decimal classification: R282.12. Original manuscript received
by the Institute, Oct. 14, 1953.

# Philco Corp., Research Div., Philadelphia, Pa.

1 B. N. Slade, “The control of frequency response and stability
of point-contact transistors,” Proc. L.LR.E., vol. 40, pp. 1382-1384;
Nov., 1952.

1'G. M. Rose and B. N. Slade, “Transistors operate at 300 mc,”
Electronics, vol. 25, p. 116; Nov., 1952,

3 R. L. Wallace, Jr., L. G. Schimpf, and E. Dickten, “A junction
transistor tetrode for high-frequency use,” Proc. LR.E., vol. 40,
pp. 1395-1400; Nov., 1952,

« For definitions see R. F. Schwartz and J. F. Walsh, “List of Sym-
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Results obtained from the application of surface-
barrier transistors to typical circuits will now be de-
scribed, including derivations of useful figures of merit
for these surface-barrier transistor applications.

L

| )
(a)I
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'
O
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(Aly= —20u amp per step)

Fig. 1—Grounded-emitter collector and feedback characteristics of
surface-barrier transistors. The slope of the collector characteris-
tics (a) is 7o (1 —a). The slope of the active (bright) portion of the
feedback curves (b)is 7., and the vertical spacing is the open-circuit
input impedance times the base current increment, (retro)Als.

WIDE-BAND Low-PAss AMPLIFIERS

Wide-band amplifiers which may be required to pass
all frequencies from the low audio range up to many
megacycles must, of necessity, employ direct or ca-
pacitive coupling, since transformers covering such a
wide relative range of frequencies are not available. The
most efficient directly-cascaded, low-pass transistor am-
plifier uses a grounded-emitter connection for all stages.
The direct coupling implies that the input impedance
of any stage in a cascade is equal to its load impedance,
the latter being the input impedance of the following
stage. This condition is used as a basis for establishing a
figure of merit.
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For equal input and load impedances it can be shown
that the voltage gain of a grounded-emitter stage, in
terms of the open-circuit impedance parameters® is
given by

Go=—m = — (1)

where the approximation, for the parameters of the
surface-barrier transistor, is good within 1 per cent at
all frequencies. Upon substitution of the appropriate
impedance values, the voltage gain is found to be

(a3

Ge————— )

where Z, is the complex collector impedance resulting
from r. and C. in parallel. The low-frequency voltage
gain is '

(e

Gp=— " 3)

s

1—a+4+—

Te
The bandwidth of a low-pass amplifier may be lim-
ited by either collector capacitance or by the « cutoff
frequency.? For the collector-capacitance limitation the

bandwidth in cycles per second is given by

1 ry
<1 —a+ —) (4)
wCers e

This expression, combined with (3), gives a capacitance-
limited gain-bandwidth product of

BW =

G, X BW = ©)

21rCcr;, '

For the surface-barrier transistors this gain-bandwidth
product is typically 100 mc, which is large compared
with the limitation due to a cutoff.

For an a cutoff bandwidth limitation, the low-fre-
quency gain is still given by (3). If it is assumed that
alpha falls off according to

[2]]

= ()
S

cax

then the bandwidth of an iterated stage is

4]
1—at+—
Te

f=foa X ————- (7)
ry
1+ —

4]

s The application of open-circuit impedance parameters to tran-
sistor circuits is given by 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.
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Therefore, for this case the voltage gain times band-
width is

(7]

G, X BW = X fea (8

r
14—

Te
= fca-

The above figures of merit give the voltage gain-band-
width product for a directly connected, grounded-
emitter cascade. These figures will be appreciably lower
than the power-gain bandwidth product for optimum
load impedance that is‘frequently quoted for transistor
performance.

SOURCE
Rpce0

+1.5V

Fig. 2—Schematic of 9-mc bandwidth, 28-db gain video amplifier
using surface-barrier transistors.

A typical video amplifier with surface-barrier tran-
sistors is shown schematically in Fig. 2. The shunt
chokes, L, and L,, employed in this circuit are for the
purpose of isolating the bias-supply resistors at the
higher frequencies, thus increasing the net stage gain at
higher frequencies. Peaking circuits are formed by the
series coils, L3 and L,, resonating with the transistor
output capacitances. Using transistors having « cutoff
frequencies of approximately 45 mc, a gain of 28 db
and a bandwidth of 3.2 mc was obtained for the 2-stage
amplifier without the chokes. The addition of the chokes
resulted in increasing the bandwidth to 6.5 mc without
affecting the gain, while chokes plus peaking coils gave
a 9.0-mc bandwidth. With the chokes and the peaking
coils, the voltage gain-bandwidth product per stage was
45 mc. Fig. 3 shows the frequency response and tran-
sient response for the various amplifier configurations.

Surface-barrier transistors have also been used in
typical switching-circuit applications, such as 2-tran-
sistor multivibrators and flip-flops. Since such circuits
are essentially overdriven low-pass amplifiers, the same
transistors are suitable in both applications. With sur-
face-barrier units switching times of less than 0.10 usec
have been obtained with a 3-volt collector supply.

BANDPASS AMPLIFIERS

When using transistors as high-frequency bandpass
amplifiers, care must be taken to avoid regeneration due
to inherent feedback within the transistor. One method
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Fig. 3—Frequency and transient response of video amplifier. (a) In-
put pulse, (b), (c) amplifier with neither chokes nor peaking coils,

(d), (e) amplifier with chokes only, (f), (g) amplifier with both
chokes and peaking coils.

for avoiding this regeneration is the use of a neutralizing
circuit. A suitable means for neutralizing a grounded-
base stage with a transistor having negligibly high col-
lector resistance is shown in Fig. 4. The components
ry and Cy, together with the internal base resistance
and collector capacitance of the transistor, form a bridge
for isolating the input from the output, as the equivalent
ci-cuit shown in Fig. 4 indicates.®

Cn
124
“N
2-7 puf

BOY

Fig. 4—Neutralized tuned 30-mc amplifier. The 3-volt collector sup-
ply and the 0.5-ma emitter supply are omitted for clarity.

AL

The maximum power gain available from a neutral-
ized stage with a transistor having negligibly high col-
lector resistance may be evaluated as follows. The open-
circuit impedances for the neutralized stage, shown in

¢ The high-frequency equivalent circuit for the transistor has been
suggested by J. M. Early, “Effects of space-charge layer widening in
junction transistors,” Proc. [.LR.E., vol. 40, pp. 1401-1406; Nov.,
1952.
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At resonance, the real part of the load impedance for
matched conditions should be Ary)//14+4, since Zou:
=Zu. If “A” is approximately unity, the most typical
case, and 1 —a is very much less than unity, the power
gain is

2 2

R, —Za

Zo + Zy

iz

11

G, =

R,
Rin

in

a? < X, )2 a?
=~ — X = —

8 ry 8(2mfrv'C.)?
where the approximation is good to within 1 or 2 db for
most surface-barrier transistors. It should be noted that
the product of base resistance (measured at the fre-
quency of operation) and collector capacitance is a fun-
damental parameter controlling the gain. The low col-
lector capacitance of surface-barrier transistors makes
them suitable for this application.

(10)

TRANSISTOR
-

Fig. 5—Equivalent circuit of neutralized amplifier.

Using a barrier transistor having a « cutoff frequency
of close to 50 mc in the circuit of Fig. 4, an over-all,
nonregenerative, circuit insertion gain of 13 db at 30
mec, including coil losses of 5 db, was obtained.

Since any bandpass amplifier with a gain greater than
unity can be made into an oscillator, a good high-fre-
quency amplifier will also form a stable high-frequency
oscillator. Using barrier transistors, oscillators operating
as high as 70 mc have been constructed using a 3-volt
power supply. See Fig. 6, page 1712, for oscillator circuit
with such performance. The external feedback element,
Cy, is used to compensate for phase shift within the
transistor.
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Fig. 6—Surface-barrier transistor 70-mc oscillator.
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CONCLUSION

Typical circuits requiring high-frequency perform-
ance have been constructed using surface-barrier tran-
sistors. These circuits have all been operated with 3-
volt collector supplies. Video amplifiers with 5-mc band-
widths and tuned amplifiers at 30 mc have shown stage
gains of 15 db or more. Trigger circuits have had
switching times of 0.10 usec or less. Oscillators have
operated reliably at 70 mc. The surface-barrier trans-
istor has shown itself capable of extending the very low-
power advantages of the junction-triode transistor up
into the vhf frequency range.

Part IV—On the High-Frequency
Performance of Transistors*
ROBERT KANSASY, ASSOCIATE, IRE

THEORY
THE USUAL ANALYSES of junction transistors

assume a one-dimensional structure for the pur-

pose of simplifying the calculations. Typical of
these are the analyses of Shockley, Sparks, and Teal, and
Steele.? Both lead to the result that the alpha cutoff
frequency of the transistor is given by?

D
fcc =" (1)

wa?

The logical method of arriving at this result is given
most simply in Steele’s article.? Briefly, the method con-
sists of the following steps:

1. The emitter current, /., and the collector current
I,, are calculated.

2. The short-circuit current gain, a, is calculated.

al.
aIu V¢.

3. The frequency at which the magnitude of alpha is
3 db down from its low frequency value is calculated.
This is fea.

For alloyed junction transistors the method of fabri-
cation usually leads to a geometry in which the base
layer does not have plane parallel faces. Therefore, the
base width varies over the crosssection, and it is im-
possible to assign a unique value to the base width, a,
in (1). In order to take account of this variation in base
width, consider first that two one-dimensional tran-

* Decimal classification: R282.12. Original manuscript received
by the Institute, Oct. 14, 1952,

t Philco Corp., Research Div., Philadelphia, Pa.

' W. Shockley, M. Sparks and G. K. Teal, “PN junction tran-
sistors,” Phys. Rev., vol. 83, p. 151; 1951.

tE. L. Steele, “Theory oralpha for p-n-p diffused junction tran-
sistors,” Proc. I.R.E., vol. 40, pp. 1424-1428; 1952.

! For definitions see R, F. Schwarz and J. F. Walsh, “List of Sym-
bols,” p. 1720; this issue.

sistors are connected in parallel. These are assumed to be
identical in all respects, except that they have different
base widths W; and W,, and different areas, 4, and 4.,.
Since the currents are on a per unit area basis, the total
collector current of this structure is:*

w
I.= []M(A, + As) + T (Al coth L—’

b 4

W2 ch
A, coth— =
s coth )] (exP kT )

W,
=],. A1CSCh I—

4

W2 qV,
+ 4 csch—)( —1).
PRI\ T @

b 4

Similarly, the total emitter current is:

w
Ia = []na(Al +A2) +]p¢(Al coth _L—l

4

W Ve
+ A4, coth ——2)] (exp e — 1)
L, kT

W,
— Jpe| 41 csch —
L

P

W,
+ A, csch T) (exp

P

f; . 1). 3)

Here it has been assumed that we are dealing with an
N-type structure, and the currents are taken into the
transistor.

It is now possible to calculate

al,
aI,

Ve

. ‘R.F. Schwarz and J. Walsh, Proc. I.R.E., pp. 1715-1720, this
issue,
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Inserting (2) and (3) into this definition of «, we get

W1 W2
A, cschL— + A4, cschf—

P 14

W1 W2
A, coth— + A4, coth—
L, L  ®

A1+A2

ne
1+

Jpo Wl W2

A, coth— 4+ A4, coth—

Ly Ly
Consider the denominator of this expression, and as-
sume that W,/L,«1 and W,/L,«<1. The denominator

becomes 4
denom = 1 + s =1, (5)
Jpe L, L,
2 44,2
W1 W,

As will be shown later, the value of this denominator
for surface-barrier transistors is very nearly unity. If it
is now assumed that a small a-c variation of radian fre-
quency w is superimposed on the direct voltages applied
to the trausistor, it can be shown® that the only change
in the equations is that L, must be replaced by L,(1
+1wr,) 12, where 7, is the lifetime of holes in the base.
From (4) and (§), then, the entire frequency variation
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f By 2wrdy
0 a

- Ry
f 2rradr +
0

Wea = P

Rz
+[
R
R’[ +b '_R‘)2]2 @

a (R2_Rl wrar

of alpha is contained in the numerator of (4). If we call
this numerator B, and again assume W,/L, <1, W,/L,
«1, we get

1+—(k-— 1)21n 2
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It is now possible to go through precisely the same
derivation for N transistors in parallel, where again
these differ only in their areas and base widths. The re-
sults are

N4,
. Z .
A W,
ne=) Wn p nm=]
and

N A”

z .

=2Dp — - (9)

Z‘,AnWﬂ

ne=]

These sums may be generalized to integrals, for the
case of a continuously varying base width.

In order to obtain numerical results, consider a cir-
cularly symmetrical transistor, with a cross section as
shown in Fig. 1. Such a shape is chosen, since it is found
experimentally that most transistors have this dished
shape. In this case, we assume that for r <R,, W=a and
for Ri<r<R,, W=a+b(r—R,/R,—R,)%. Thus, if we
generalize (9) to the integral form, we get

2wrdr

sy
¢ R.— R,

(10)

Upon carrying out the integrations and letting R,/R;
=k, the final result is

+ 20k —1) /‘/— arctan ,‘/—

2Dy (1
Ger T g b 2[R 28 R 1 a2 )
el T ]
e (k—-12La 3 "2 12

A, A, The function K is plotted vs a+b/a in Fig. 2, with & as

W: V—V; a parameter.
g = — - — - (6) The effect of a varying base width can be quite sub-
ﬁ + i’_ + (AW, + 4,W)) stantial, even for relatively small departures from uni-
W, W, D, formity. For example, for a+b/a=2 and k=1.5, the

This is 3 db down from its low frequency value when
the real and imaginary parts of the denominator are
equal. Therefore,

A, n As
W, W,

e = 2Dy —— 7
“ AW, + AW, @)

S E. L. Steele, op. cit., (23).

alpha cutoff frequency will be only 70 per cent of that
predicted by the simple theory. A significant point to
be kept in mind is that (8) and (9), which involve only
properties of the base, as well as the fundamental (2)
and (3), will apply in any arrangement where minority
carriers move through the base by diffusion, and this is
true of surface-barrier transistors as well as grown and
alloyed junction types.®

¢ R. F. Schwarz and J. F. Walsh, Proc. I.R.E., pp. 17151720,
this issue.
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Fig. 1—Idealized transistor geometry.

EXPERIMENTAL RESULTS

In order to check the theoretical results derived in
PaARrT I, several units were made by the jet electrolytic
etching and plating technique described in the compan-
ion papers, purposely varying the base width. The ma-
terial used was 1.1 ohm-cm N-type germanium, which
had a minority-carrier lifetime of about 70 usec. Emit-
ter and collector were .0025 inch in diameter, contact
was made to them by .0014 inch diameter wires.
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Fig. 2—Reduction of alpha cutoff by non-planar base region.

Complete electrical measurements were then made on
the units. Following this, they were embedded in a
thermosetting resin. After the resin had hardened, the
units were ground down and polished to expose a cross-
section through the axis of the unit. A tracing taken
from a photomicrograph of unit No. 3 is shown in Fig.
3. The pertinent parameters for three experimental units
are presented in Table I. The estimated accuracy for the
measured alpha cutoff frequency is +2 mc; for that
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calculated it is +10 per cent. In finding the value of K
from Fig. 2, it is assumed that k= «. Ratio of minimum
base width to diffusion length in widest-spaced unit is
only 0.024. This justifies the assumption in (5).

INDIUM

ELECTRODE LEADS

Fig. 3—Tracing of photomicrograph of experimental
surface-barrier transistor #3.

Also included in Table I is the frequency of alpha
cutoff which would be calculated using the simpler re-
sult given in (1). It is seen that as the ratio of maximum
to minimum base widths goes up, the discrepancy be-
tween this value and that actually achieved experi-
mentally becomes larger quite rapidly. This empba-
sizes again the importance of making base region as flat
as possible when designing for higher frequencies.

TABLE 1
' a-min. |a4b-max. .
Unit | feq-me ag | Dbase base feaemC | D/ma?
No. | meas. meas. width- width- calc. mc
| mils mils
1 12 .80 .52 .66 11 14
2 23 .89 .30 .45 28 43
3 35 | .91 .21 .37 33 61
CONCLUSIONS

Several restrictions must be kept in mind in applying
these results. The analysis is strictly valid first, only
when the emitter and collector are coaxial and have the
same diameter, and second, only when there is no side-
wise component of current. These restrictions apply be-
cause the analysis is still essentially one-dimensional,
i.e., each element of area is assumed to be a one-di-
mensional transistor. The restriction to longitudinal
current flow in turn implies that surface recombination
is negligible. Undoubtedly these assumptions are not
rigorously true for a practical transistor. Nevertheless,
it is expected that they are sufficiently valid for surface-
barrier transistors, (described in accompanying arti-
cles) to make this method useful for calculating fea.
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Part V—The Properties of Metal to
Semiconductor Contacts”
R. F. SCHWARZ} anp J. F. WALSH?

INTRODUCTION
WITH THE ELECTROCHEMICAL techniques

described in the accompanying articles it has
been possible to obtain consistently metal to
semiconductor contacts whose current-voltage charac-
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Fig. 1—A comparison of the current-voltage characteristics of an
indium plated diode with those of an ideal rectifier. The resistivity
of the germanium is 4.9 ohm cm, and the lifetime of the holes is
70 usec.

teristics closely approximate the equations of an ideal
rectifier. Such characteristics have rarely been ob-
served for metal to semiconductor contacts. A study of
diodes made by these techniques has been undertaken
with particular emphasis placed on their efficiency as
emitters. The results indicate that the efficiency of the
diodes as hole injectors is lower than that usually con-

* Decimal classification: R282.12. Original manuscript received
by the Institute, Oct. 14, 1953. .
1 Philco Corp., Research Div., Philadelphia, Pa,

sidered desirable for transistor application. However,
since the dimensions of the transistors can be quite ac-
curately controlled by these techniques, it will be shown
that the hole injection can be enhanced until it is high
enough to have a useful value.

T2300°K
Areg = 1321073 cm2

Iv] i vorts

Fig. 2—The current-voltage characteristics of the indium plated
diode of Fig. 1 shown over the entire voltage range.

ExPERIMENTAL I-V CURVES

Figs. 1 and 2 show typical I-V curves for an indium
plated diode. Similar curves have been obtained with
a variety of metals. In particular, the tin and cadmium
curves appear almost identical to the indium curves.

The current-voltage equation of the indium plated
contact is seen to be of the form?

J = J.[exp (qV/kT) — 1] (1)

provided V is sufficiently small. Above 0.05 v, the for-
ward curve begins to deviate slightly from this form
(1) in a manner very similar to that of the junctions
made by alloying indium into comparable n-type ma-
terial. In fact, there are only two apparent differences
between the I-V curves of the plated diodes and the
alloyed junctions. The reverse currents of the plated
diodes on the average do not saturate quite as well as the
alloyed junctions and their reverse current densities at
any given point are on the average somewhat higher
than in alloyed junctions. However, these diodes con-
sistently follow (1) surprisingly well compared to point-
contact curves which usually require a constant less
than g/kT in the exponent of (1).

! For definitions see list of symbols, page 1720.



1716

THE SHAPE AND CAPACITY OF THE BARRIER FOR
METAL-SEMICONDUCTOR CONTACTS

Capacity of the Barrier

Let us assume that a barrier exists at the germanium
metal interface, as shown in Fig. 3(a). Let @, the electron
potential, correspond to the bottom of the conduction
band. Under equilibrium conditions, the density of elec-
trons at any point in the barrier is given by?

- Q(q) - <I>,)
= Ngexp ———— 2
n d exp T (2)
The density of holes at any point is given by
d— o,4+ P,
p = Naexp g( ] ) . )

kT

For ® equal to ®,/2, the electron density is equal to the
hole density. If the barrier height ®, is greater than
&,/2, the density of holes in the germanium near the
metal interface will exceed the density of electrons. Thus
there will be a small p region in the n-type Ge, although
this region is not due to impurity centers, but due to
some valence electrons having been transferred to the
metal in the process of forming the barrier.* An anal-
ogous situation should occur in an abrupt P-N junction
formed by joining highly doped p-type Ge to less
highly doped n-type Ge. (See Fig. 3(b).) In this case the
requirement of zero net charge in the space-charge region
forces most of the potential barrier to occur in the ger-
manium containing n-type impurities, thus causing the
electron potential to rise above ®,/2 in the region where
the donor impurities occur.* Between the point where
the potential rises above ®,/2 and the interface of the
two materials a region containing predominantly posi-
tive charge carriers exists in the n-type material.

For an ideal P-N junction, the density of electrons
and holes throughout the space-charge region as a func-
tion of applied voltage, V, is given by?

—qg(d—®, -V

n = Nd exp —q—(FT__)‘ (4)
®— &, + &,

p = Ngexp i(.-_.__———kT ) 5 (5)

2 W. Shockley, “Electrons and Holes in Semiconductors,” D. Van
Nostrand, Inc., New York, N. Y.; 1950. These equations are in a
different form from those given by Shockley, but may be shown to
be equivalent if the relation

2(2xmkT) (— q2.)
Na = exp
2]

the temperature and resistivity range in which we deal, this equation
is valid to within 1 per cent.

3 We use the designation “n (or p) type” to indicate the character-
istic of the semiconductor due to its impurity content, and the desig-
nation “n (or p) region,” to indicate the type of the majority carriers.

+ This may be seen by solving Poisson's equation for the electron
potential &, first in the region containing n-type impurities, then in
the region containing p-type impurities and matching the slope at
the boundary between the two regions. Matching the slope at this
point insures a total net charge of zero in the space charge region.
Once this has been accomplished, the value of @ at the interface be-
tween the two regions is automatically determined.

is assumed. For
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Here the top of the barrier is held fixed as the applied
voltage is varied, and V positive corresponds to the posi-
tive potential being applied to the p region. Under these
conditions, the right hand side of the potential curve, ¥,
is changed by V. Thus (independent of the applied
voltage), the electron density is always maintained con-
stant to the right of the space-charge region and the
hole density is maintained constant to the left of the
space-charge region.
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Fig. 3—A schematic diagram of the barrier (a) for a metal to semi-
conductor contact, and (b) for an alloyed P-N junction.

Let us assume that (4) and (5) also apply to the metal-
semiconductor barrier depicted in Fig. 3(a). Then the
shape of the barrier may be determined from Poisson’s
equation in one dimension:

a*®d 4nq
= Wat el
41qua Q(‘I) - ‘I)n + (I)‘)
= 1
K [ +exp kT
—q(®— 2, — V)]
- . 6
exp T (6)

This equation is subject to the boundary conditions that

dod

— =0 when &=o,4V

dx
and &= ®, when x=0 (the metal-semiconductor inter-
face).
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A solution to (6) which satisfies these boundary condi-
tions is

/‘/ f
x =
Sﬂqi'd L4

kT
[# - e.-v-=(
q

kT
L=

Graphs of x as a function of & may be obtained by
numerically integrating (7). Curves for various voltages
are shown in Fig. 4, page 1718, where ®, has been taken
as 0.6 v and the resistivity of the Ge is taken as 5 ohm
cm. This corresponds to ¥, equal to 0.29 v.
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ating this result with respect to the voltage. The total
number of donors per unit cross-sectional area, which

dd’ 7
g —®, -V (
)
q(d)’ — &, + &) 2P, — &, + V)>]1/2
Y exp LY
kT kT
are not neutralized by electrons, is given by
kY =f (Ng — n)dax. (8)
0

The capacitance per unit area of the barrier is thus

—q(d)— d, — V))dd>

<1 —exp———

kT

C= —_—
Ty

1/qux

d
8 dV

kT
L=

P,+V kT
[cb -, =V —-—
q

(o
q

Originally it was hoped that the height of the barrier
&, could be obtained from capacitance measurements.
However, if the barrier is sufficiently high it will be
shown that its capacitance is relatively insensitive to
the barrier height, and is determined almost solely by
the resistivity of the Ge.® Nevertheless, capacitance
measurements can put a lower limit on the barrier
height and in addition provide a check on (7) since it
involves the detailed shape of the barrier.

Let us suppose that a positive bias is applied across
the barrier. The steady-state charge distribution will
change in three ways.

1. There will be fewer electrons on the surface of the
metal.

2. There will be more holes (or less electrons) in the
valence band.

3. There will be more electrons in the conduction band.

The loss of electrons in the first two cases must equal
the addition of electrons in the third case, and this
transfer in the steady-state charge distribution repre-
sents a capacitance. This capacitance may be calculated
by computing the change in the number of electrons in
the conduction band with applied voltage. Since the
donors do not move with applied voltage, this is equiva-
lent to computing the number of donors that are not
neutralized by conduction electrons and then differenti-

§ The problem of the capacitance of the metal-semiconductor
contact with a high barrier is essentially the same as the channel ef-
fect capacitance in W. L. Brown, “N-P-N Transistors,” Phys. Rev.,
vol. 91, p. 518; 1953.

- 9

< 9@ — @, — V)
1 —exp———— —>
kT
(e — &+ @)
kT

exp

q(2<I>. - (b, + V) ]”2
)

The latter equality has been obtained from (4), (5), and
(8). The capacity of a barrier with uniform impurity
concentration is usually accepted as being of the form

/‘/Wd? 1
& (= V+U)
where U represents (®o—®,), a constant.

Equation (9) has been numerically integrated for
S ohm-cm material with reverse biases between 0.1 v
and 10 v. The results of the calculations may best be
expressed in the form given in (10) where U is now volt-
age dependent. Graphs of U vs. V for various values of
(®,—®,) are in Fig. 5, page 1718. For ®,—®, less than or
equal to ($,—29P,), U is essentially constant and equal to
(Po—P.—%T/q). For $,— &, large compared to &,—2%,,
U is voltage dependent, but not very sensitive to
&, —&, in the low voltage range. For voltages large com-
pared to U, the capacity will be insensitive to U. There-
fore, if a high barrier exists, the exact height of the bar-
rier cannot be determined from capacitance measure-
ments.

A Wayne-Kerr bridge was employed to determine the
capacity of the diodes. The stray capacity and the ca-
pacity of the mounting system were measured and sub-
tracted from the measured value of the entire system.
The alternating voltage signal was at most 1/100 of the
bias voltage. Measurements were made from frequen-
cies of 600 kc to 2 mc and no frequency dependence was
observed. It is felt that the measured capacities are ac-
curate to within +0.5 puf.

c

(10)
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Fig. 4—Shape of barrier for V=+0.1, 0, and —0.1 volts.

A typical set of data for an indium-plated diode is
shown in Fig. 6.% In the same figure a graph is shown
of the log of the measured capacitance vs. log (— V+ U),
where U has been taken from Fig. 5 for $;— ®, equal to
0.30. This latter curve is a straight line whose slope is
equal to —0.5040.01. This is the value of the slope to
be expected if (9) is correct. A plot of log C vs. log
(= V4 U) for $,— P, equal to 0.15 also yields a straight

$o- 42030
// ¢o- 4.-0.25
#o- $4°0.20
.‘.1
volt /
e IV
$o-44-0.8
$o .72 veits
= #:-o.zs volts
T +300°K
] 2 3 . s

=V in volts

Fig. 5—Theoretica! curves of the voltage vs. U, as defined in (10),

with the barrier height as a parameter. These curves apply only

to germanium with a resistivity of approximately 5 ohm-cm.
line, but its slope is calculated as —0.48 £0.01. From
this we may conclude that the barrier height ®, is
greater than 0.44 v. For a barrier height of 0.43 v, the
hole density is equal to the donor density. It therefore
appears that the hole density near the interface of the
metal is greater than the electron density in the bulk of
the Ge. The empirical value of v/gxN,/8m X area de-
termined from Fig. 6, is 10 uuf (volts)!/2. Compare this
with a theoretical value of 7.2 uuf (volts)2. We con-
clude effective area of the barrier is the same order of
magnitude as the macroscopic plated area of contact.

¢ The capacitance at 0.1 v on all units measured fell somewhat
higher than is theoretically predicted. This may be explained by the
parallel capacitance (such as occurs in P-N junctions) in the region
beyond the space charge. This capacitance falls off exponentially

with the voltage, but should be of the order of 4 uuf at 0.1 v for these
diodes. Shockley, op. cit., p. 316.
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P-N junctions made by alloying indium into 5Q-cm
n-type Ge yielded essentially the same variations of
capacitance with voltage as the plated contacts. Thus
(9) predicts the correct capacitance, both for abrupt
indium diffused P-N junction and the plated contacts.
It appears that the detailed shape of the barrier (or the
distribution of carriers) as a function of the applied
voltage is not very different in the two cases, although
no apparent modification of the germanium crystal be-
neath the surface is involved in the plated contact.
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Fig. 6—A plot of the experimental capacitance of an indium plated
diode vs. the applied voltage, and also the experimental capaci-
tance vs. the applied voltage plus U. U was taken for (®o— &,)
equal to0.30.

Let us return to (5) for the hole density as a function
of applied voltage. The capacity measurements verify
this equation only near the metal interface, since (in
the capacity calculations) its value rapidly becomes un-
important as we move away from the metal. However,
it is usually assumed to be valid throughout the space-
charge region in P-N junction theory, and from the
above considerations it should be equally valid in the
case of the metal to semiconductor contacts. In what
follows we will assume that this equation is valid. Hence
from (3) and (5), the value of p at the edge of the space
charge region is taken as

p = pnexpqV/kT. (11)

Here p, is the equilibrium density of holes in the bulk of
the Ge.
THE HoLE CURRENT

The hole current outside the space-charge region is
given by

dp
Jp = — quppE — kTu, —
dx

(12)
where p is the density of holes at the point x. The first
term on the right of (12) represents current due to the
electric field, and the second term current due to diffu-
sion. The hole current will be mostly diffusion current
if the magnitude of the second term on the right of (12)
is much larger than the first term, i.e., if

ap ‘qﬁl?
dx KT |

(13)
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Since the electric field is practically constant outside
the space-charge region

E=pJ = pJ,[exp (gV/kT) — 1].
The latter equality is obtained from (1). Thus (13) be-

comes
dp
dx

gpoJslexp (qV/kT) — 1]
kT ’

(14)

>>'

If this condition is satisfied, then from the continuity
equation and (11)

p = palexp (qV/kT) — 1] exp (—x/Ly) + pa

where x is taken as zero at the edge of the space-charge
region in the » material. If (x/L,) is very close to unity,
which is the region of interest for transistors, then

?

d Pn
p 2 poexp [qV/kT] and — = — — [exp (gV/kT) — 1].
dx L,
Thus it is possible for condition (14) to be satisfied if

qLpJ,

exp qV/kT < 1. (15)
For the particular unit shown in Figs. 1 and 2, (15)
becomes

6 = 0.016 exp (qV/kT).

Thus & is less than 0.016 for reverse biases and is less
than 0.11 for forward biases below 0.05 v. In this voltage
range the hole current should be mostly diffusion cur-
rent.

For forward biases larger than 0.05 v, appreciable
changes in resistivity near the barrier would occur due
to injection, and the diffusion length of the carriers and
the resistivity could no longer be considered inde-
pendent of voltage.

If the entire hole current is taken as diffusion cur-
rent, then just outside the space-charge region

kT
o L - Pn[exP (gV/RT) — 1}

T pslexp (qV/kT) — 1]. (16)

This is the same equation for hole current as is given for
P-N junctions.? For the diode shown in Figs. 1 and 2,
J s is calculated as 0.23 X107 amps/cm?® This may be
compared with the total saturation current which is
about 1.5X10~% amps/cm? Thus it appears that ap-
proximately 15 per cent of the total current crossing the
barrier is carried by holes. This value varied somewhat
from diode to diode. On the average it was about 10 per
cent for the indium barriers made from 5Q-cm ger-
manium.

It

I

THE ELECTRON CURRENT

From (1) and (16) it may be seen that the electron
current in the low voltage range is also given by

Tn = Julexp (gV/RT) — 1]. (A7)
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Metal semiconductor diode theory predicts that the
electron saturation current should be given by’

Jue=qN I:— o P~ d")] ( ¢ )”2 (18)
ne =gNgexp - | — — —_— .
ae P kT 2mr

The height of the barrier $; may be calculated from
(18). For the diode of Fig. 1 the value of &, obtained is
0.6 v. No independent measurement of this value has
been obtained as yet.

Measurements of J, at different temperatures are
now being made. It is hoped that these measurements
will test the validity of the application of (18) to these
‘diodes.

THE SURFACE-BARRIER TRANSISTOR

As described in the previous articles, the indium
plated diodes have been used as emitters and collectors
in transistors.

Equation (18), which gives the electron current cross-
ing a diode barrier, is derived on the assumptions that
the electron densities outside the space-charge region
of the barrier itself are not disturbed by the applied
voltage and that they have a Maxwell Boltzmann dis-
tribution of velocities relative to the bottom of the con-
duction band outside the space charge region. In the
voltage range specified by (15), these assumptions
should not be invalidated by the presence of a second
barrier, provided its space-charge region does not over-
lap that of the first. Thus for base widths several times
larger than the space-charge region, the electron cur-
rent crossing either the emitter or collector of a surface-
barrier transistor should be given by (18), where V is
the voltage measured across the barrier in question.

On the other hand, the hole current crossing the
emitter is seriously affected by the presence of the col-
lector. The density of holes in the n-type material just
outside either barrier is determined by (11). Thus,
independent of the base widths, a high density of holes
exists in the base region near the emitter and a low
density of holes exists near the collector. If the base
width is made small compared to a diffusion length, the
concentration gradient will become large compared to
its value in the diode. The smaller the base width, the
larger this gradient becomes. Since the hole current is
mostly diffusion current, it is proportional to this
gradient, and is enhanced by the proximity of the col-
lector to the emitter. These same considerations would
apply in P-N-P junction transistors. In fact, (16), (11),
the continuity equation, and the above considerations
on the electron current are sufficient to show that the
current-voltage characteristics of a surface-barrier
transistor are of the same form as those of a P-N-P junc-
tion transistor.®

7 H. C. Torrey and C. A. Whitmer, “Crystal Rectifiers,” McGraw-
Hill Book Co., Inc., New York, N. Y.; 1948,

8 \V. Shockley, “The theory of p-n junctions in semi-conductors
and p-n junction transistors,” Bell Sys. Tech. Jour., vol. 28, p. 435;
1949,
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The ac hole injection ratio for a transistor of ideal
geometry is

1
= - 19
v T e (19)
14 tanh —
pe P

In order to demonstrate the enhancement effect of the
hole current, some characteristic numbers may be put
in this equation. For a diode injection ratio Jpe/ Jne+ J 56
equal to 0.1, and a diffusion length L, equal to 0.06
cm, an injection ratio of .92 can be attained for base
widths of 5.8 X10—* cm. It has been ascertained by inde-
pendent means that base widths of this order of mag-
nitude have been attained. It would be difficult to ob-
tain consistently such small base widths in diffused-
junction transistors because of the irregularities in-
volved in the alloying process.
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ListT oF SYMBOLS

A—impedance ratio in neutralizing bridge cir-
cuit
a—minimum base width
a+b—maximum base width
BW—bandwidth of low-pass amplifier in cps
C—capacitance per unit area of barrier
C —collector capacitance
Cx—neutralizing capacitance
D—diffusion constant for minority carriers in
base
D,—diffusion constant for holes in base
e—napierian base
E—electric field
fe.a—frequency at which a=0.7a,
G,—power gain, the ratio of load power to actual
input power
G.—voltage gain, the ratio of load voltage to
actual input voltage
h—Planck’s constant
I,, I.—dc emitter and collector currents
1,, 1—small-signal emitter and collector currents
Jan—electron current density
Jae—Teverse saturation current density of elec-
trons crossing collector
Jae—reverse saturation current density of elec-
trons crossing emitter
Ja—that part of the reverse saturation current
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density crossing a diode barrier which is
carried by electrons
Jy—hole current density outside space-charge
region
Jp—reverse saturation current density of holes
crossing collector, with the emitter infinitely
far away
Jp—reverse saturation current density of holes
crossing emitter, with the collector infinitely
far away
Jp—that part of the reverse saturation current
density crossing a diode barrier which is car-
ried by holes
J—reverse saturation current density of a diode
k—Boltzmann'’s constant
L,—diffusion length for holes in base
m—effective mass of the electron
N —donor density in n-type Ge
p—hole density
p—equilibrium density of holes in the n-type
material
g—magnitude of electronic charge
7b, o, re—small-signal equivalence base, collector, and
emitter resistances
ry’—spreading resistance, the effective hf base
resistance
vy —rp—1s
ry—neutralizing resistance
T—absolute temperature
V—voltage applied across barrier
V—collector-to-base voltage, collector positive
V—emitter-to-base voltage, emitter positive
W—base width in general
X —reactance of C,
Z —collector impedance, due to C. and 7. in
parallel
Z;—open-circuit impedance parameters of a 2-
terminal-pair network
a—short-circuit grounded-base current gain,
8I./8L|v,, =0
ao—If value of a
y—ratio of hole current to total current crossing
the emitter
x—dielectric constant for Ge
py—mobility of holes
wca_27rfca
$—electron potential, measured from the Fermi
level at zero volts. Its value is taken as ®,
in the bulk of the Ge under equilibrium con-
ditions, i.e., ®, corresponds to the bottom
of the conduction band at zero volts
®,—width of the forbidden region in volts
®,—height of the barrier at the metal interface
(measured from the Fermi level)
p—resistivity of the n-type Ge
ty—lifetime for holes in base.
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INTRODUCTION

N 1945 “Standards on Radio Wave Propagation—
]:[ Definitions of Terms Relating to Guided Waves”
was first published by the IRE. This was the work
of the Technical Committee on Radio Wave Propaga-
tion. In 1948 the work of preparing a comprehensive set
of standards on Waveguides was delegated to the Tech-
nical Committee on Antennas. The Antennas Commit-
tee was at this time renamed “Antennas and Wave-
guides Committee.” The following Standards on Wave-
guides: Definitions of Terms represent a part of a com-
prehensive set of standards falling in a general classifica-
tion which includes a revision of the 1945 list. These
standards represent the work of the Antennas and
Waveguides Committee from 1948 to 1953.
A philosophy was established which would avoid in-
consistencies among definitions and allow for interde-
pendencies between definitions. As a specific example it

was necessary to decide whether the term “waveguide”
or “transmission line” is the more basic. A carefully con-
sidered decision was made to regard the transmission
line as a special type of waveguide. This made it neces-
sary to adopt the name “uniconductor waveguide” to
describe the metal tube structures commonly called
“waveguides.”

The definitions of terms relating to losses of various
kinds such as Heat Loss, Insertion Loss, Reflection Loss,
Transition Loss, Return Loss and Transmission Loss all
reflect the consistent point of view that loss may be ex-
pressed either as a power ratio or as a power difference.

The committee has avoided, wherever possible, the
formulation of a definition strictly as the statement of a
mathematical formula and has generally favored the
more physical picture. Clarity and simplification con-
sistent with general usage has been preferred to com-
pletely rigorous and involved definitions which attempt
to take into account all conceivable conditions.

* Reprints of this Standard, S53IRE2.S1, may be purchased while available from the Institute of Radio Engineers, 1 East 79 Street,
New York 21, N. Y. at $0.75 per copy. A 20-per cent discount will be allowed for 100 or more copies mailed to one address.
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Whenever a commonly used term has specialized sig-
nificance when applied to the field of waveguides this
is noted as a parenthetical part of the title. Terms which
are italicized in the definitions are all defined in this list.

DEFINITIONS

Artificial Line. A network which simulates the electrical
characteristic of a transmission line.

Attenuation (in a Waveguide). Of a quantity associated
with a traveling waveguide wave, the decrease with dis-
tance in the direction of propagation.

Note—Attenuation of power is usually measured in
terms of db or db per unit length.

Attenuation Band (of a Uniconductor Waveguide). Re-
jection band.

Attenuation Constant. Of a (raveling plane wave at a
given frequency, relative rate of decrease of ampli-
tude of a field component (or of voltage or current)
in direction of propagation in nepers per unit length.

Axial Ratio. The ratio of the major axis to the minor
axis of the polarization ellipse.

Note—This is preferred to “Ellipticity” because
mathematically ellipticity is 1 minus the reciprocal of
the axial ratio.

Balanced Currents (on a Balanced Line). Currents flow-
ing in the two conductors of a balanced line which, at
every point along the line, are equal in magnitude and
opposite in direction.

Balanced Line (Two Conductor). A (ransmission line
consisting of two conductors in the presence of ground
capable of being operated in such a way that when the
voltages of the two conductors at all transverse planes
are equal in magnitude and opposite in polarity with
respect to ground, the currents in the two conductors are
equal in magnitude and opposite in direction.

Note—A balanced line may be operated under un-
balanced conditions and the aggregate then does not
form a Balanced Line System.

Balanced Line System. A system consisting of gener-
ator, balanced line, and load adjusted so that the volt-
ages of the two conductors at all transverse planes are
equal in magnitude and opposite in polarity with re-
spect to ground.

Note—Balanced Line System is frequently shortened
to Balanced Line. Care should be taken not to confuse
this abbreviated terminology with the standard defini-
tion of Balanced Line.

Balanced Termination. For a system or network having
two output terminals, a load presenting the same im-
pedance to ground for each of the output terminals.

Balanced Voltages (on a Balanced Line). Voltages (rela-
tive to ground) on the two conductors of a balanced line
which, at every point along the line, are equal in magni-
tude and opposite in polarity.

PROCEEDINGS OF THE I.R.E.

December

Cable. A transmission line or group of transmission lines
mechanically assembled in compact flexible form.

Characteristic Impedance (of a Circular Waveguide).
For the dominant (TE;) mode of a lossless circular
uniconductor waveguide at a specified frequency above
the cut-off frequency, (1) the ratio of the square of the
rms voltage along the diameter where the electric vector
is a maximum to the total power flowing when the guide
is match terminated, (2) the ratio of the total power
flowing and the square of the total rms longitudinal cur-
rent flowing in one direction when the guide is match
terminated, (3) the ratio of the rms voltage along the
diameter where the electric vector is a maximum to the
total rms longitudinal current flowing along the half
surface bisected by this diameter when the guide is
match terminated.

Note 1—Under definition (1) the power W= V*/Z w v,
where Vis the voltage, and Z w v, the characteristic im-
pedance defined in (1).

Note 2—Under definition (2) the power W= I*2Z(w 1,
where I is the current and Z w1, the characteristic im-
pedance defined in (2).

Note 3—The characteristic impedance Zy 1, as de-
fined in (3) is the geometric mean of the values given by
(1) and (2). Definition (3) can be used also below the
cut-off frequency.

Characteristic Impedance (of a Rectangular Wave-
guide). For the dominant (T Ey) mode of a lossless
rectangular uniconductor waveguide at a specified fre-
quency above the cut-off frequency, (1) the ratio of the
square of the rms voltage between midpoints of the two
conductor faces normal to the electric vector and the
total power flowing when the guide is match terminated,
(2) the ratio of the total power flowing and the square
of the rms longitudinal current flowing on one face nor-
mal to the electric vector when the guide is match ter-
minated, (3) the ratio of the rms voltage between mid-
points of the two conductor faces normal to the electric
vector and the total rms longitudinal current flowing on
one face when the guide is match terminated.

Note 1—Under definition (1) the power W= V2/Z % vy
where V is the voltage, and Zwy, the characteristic
impedance defined in (1).

Note 2—Under definition (2) the power W= I*Z w1,
where I is the current and Z w1, the characteristic im-
pedance defined in (2).

Note 3—The characteristic impedance Zy 1, as de-
fined in (3) is the geometric mean of the values given by
(1) and (2). Definition (3) can be used also below the
cut-off frequency.

Characteristic Impedance (of a Two-Conductor Trans-
mission Line). For a traveling transverse electromagnetic
wave, the ratio of the complex voltage between the con-
ductors to the complex current on the conductors in the
same transverse plane with the sign so chosen that the
real part is positive.
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Characteristic Wave Impedance. For a traveling elec-
tromagnetic wave at a given {requency, the ratio at a
point of the complex magnitude of the transverse elec-
tric vector to that of the transverse magnetic vector
with the sign so chosen that the real part is positive.

Coaxial (or Concentric) Transmission Line. A transmis-
sion line consisting of two coaxial cylindrical conduc-
tors.

Cross Coupling (in a Transmission Medium). A measure
of the undesired power transferred from one channel to
another.

Cut-off Frequency (of a Uniconductor Waveguide). For
a given transmission mode in a non-dissipative unicon-
ductor waveguide, the frequency below which the propa-
gation constant is real.

Cut-off Wavelength (of a Uniconductor Waveguide).
The ratio of the velocity of electromagnetic waves in free
space to the cut-off frequency.

Dielectric Waveguide. A waveguide consisting of a di-
electric structure.

Direction of Propagation. At any point in a homogene-
ous, isotropic medium, the direction of time average
encrgy flow.

Note 1—In a wuniform waveguide the direction of
propagation is often taken along the axis.

Note 2—In the case of a uniform lossless waveguide
the direction of propagation at every point is parallel
to the axis and in the direction of time average cnergy
flow.

Distributed Constant (for a Waveguide). A circuit
parameter that exists along the length of a waveguide.
Note—For a transverse electromagnetic wave on a two-
conductor transmission line, the distributed constants
are series resistance, series inductance, shunt conduct-
ance and shunt capacitance per unit length of line.

Dominant Mode of Propagation (Transmission). The
mode of propagation of the dominant wave.

Dominant Wave (in a Uniconductor Waveguide). The
electromagnetic wave which has the lowest cut-off fre-
quency.

Electric Field Vector. At a point in an electric field, the
force on a stationary positive charge per unit charge.

Note—This may be measured cither in newtons per
coulomb or in volts per meter. This term is sometimes
called the Electric Field Intensity but such use of the
work field intensity is deprecated since intensity con-
notes power in optics and radiation.

Electrical Length. The physical length expressed in
wavelengths, radians, or degrees.

Electromagnetic Wave. A wave characterized by varia-
tions of electric and magnetic fields.
Note—Electromagnetic waves are known as radio
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waves, heat rays, light rays, etc., depending on the fre-
quency.

Elliptically Polarized Wave. At a given frequency an
electromagnetic wave for which the component of the elec-
tric vector in a plane normal to the direction of propaga-
tion describes an ellipse.

Ellipticity. Sce note under Axial Ratio.

Exponential Transmission Line. A two-conductor trans-
mission line whose characteristic impedances vary ex-
ponentially with electrical length along the line.

Heat Loss. The part of the transmission loss due to the
conversion of electric energy into heat.

Incident Wave. In a medium of certain propagation
characteristics, a wave which impinges on a discontinu-
ity or a medium of different propagation characteristics.

Input Impedance of a Transmission Line. The imped-
ance between the input terminals with the generator dis-
connected.

Insertion Loss. 1. The loss in load power due to the in-
sertion of apparatus at some point in a transmission sys-
tem. It is measured as the difference between the power
received at the load before insertion of the apparatus
and the power received at the load after insertion. 2. The
ratio, expressed in decibels, of the power received at the
load before insertion of the apparatus, to the power re-
ceived at the load after insertion.

Matched Termination (for a Waveguide). A termination
producing no reflected wave at any transverse section of
the waveguide.

Matched Transmission Line. See Matched Waveguide.

Matched Waveguide. A waveguide having no reflected
wave at any transverse section.

Mode of Propagation (Transmission). A form of propa-
gation of guided waves that is characterized by a par-
ticular field pattern in a plane transversed to the
direction of propagation, which field pattern is inde-
pendent of position along the axis of the waveguide.

Note—In the case of uniconductor waveguides the field
pattern of a particular mode of propagation is also inde-
pendent of frequency.

Mode of Resonance. A form of natural electromagnetic
oscillation in a resonator, characterized by a particular
field pattern which is invariant with time.

Mode Transducer (Mode Transformer). A device for
transforming an electromagnetic wave from one mode of
propagation to another.

Normalized Admittance. The reciprocal of the normal-
ized impedance.

Normalized Impedance (with respect to a waveguide).
An impedance divided by the characteristic impedance of
the waveguide.
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Phase Constant. Of a traveling plane wave at a given fre-
quency, the space rate of decrease of phase of a field
component (or of the voltage or current) in the direction
of propagation in radians per unit length.

Phase Velocity. Of a traveling plane wave at a single fre-
quency, the velocity of an equiphase surface along the
wave normal.

Polarization Ellipse (of a Field Vector). The locus of
positions for variable time of the terminus of an instan-
taneous field vector of one frequency at a point in space.

Polarization Receiving Factor. The ratio of the power re-
ceived by an antenna from a given plane wave of arbi-
trary polarization to the power received by the same
antenna from a plane wave of the same power density
and direction of propagation, whose state of polarization
has been adjusted for the maximum received power.

Note—It is equal to the square of the absolute value
of the scalar product of the polarization unit vector of
the given plane wave with that of the radiation field of
the antenna along the direction opposite to the direction
of propagation of the plane wave.

Polarization Unit Vector (for a Field Vector). At a point,
a complex field vector divided by its magnitude.

Note 1—For a field vector of one frequency at a
point, the polarization unit vector completely describes
the state of polarization, that is, the axial ratio and
orientation of the polarization ellipse and the sense of
rotation on the ellipse.

Note 2—A complex vector is one each of whose com-
ponents is a complex number. The magnitude is the
positive square root of the scalar product of the vector
and its complex conjugate.

Propagation Constant. Of a traveling plane wave at a
given frequency, the complex quantity whose real part
is the attenuation constant in nepers per unit length and
whose imaginary part is the phase constant in radians per
unit length.

Push-Pull Currents. Balanced currents.
Push-Pull Voltages. Balanced voltages.

Push-Push Currents. Currents flowing in the two con-
ductors of a balanced line which, at every point along the
line, are equal in magnitude and in the same direction.

Push-Push Voltages. Voltages (relative to ground) on
the two conductors of a balanced line which, at every
point along the line, are equal in magnitude and have
the same polarity.

Radial Transmission Line. A pair of parallel conducting
planes used for propagating uniform circularly cylindri-
cal waves having their axes normal to the planes.

Radiation Loss. That part of the transmission loss due to
radiation of radio frequency power from a transmission
system. '
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Reflected Wave. When a wave in a medium of certain
propagation characteristics is incident upon a discon-
tinuity or a second medium, the wave component that
results in the first medium in addition to the incident
wave.

Reflection Co-efficient (in a Transmission Medium). At
a given frequency, at a given point, and for a given mode
of transmission, the ratio of some quantity associated
with the reflected wave to the corresponding quantity
in the incident wave.

Note—The reflection co-efficient may be different for
different associated quantities, and the chosen quantity
must be specified. The “voltage reflection co-efficient”
is most commonly used and is defined as the ratio of the
complex electric field strength (or voltage) of the re-
Sflected wave to that of the incident wave.

Reflection Co-efficient (of a Transition or Discontinu-
ity). For a transition or discontinuity between two trans-
mission media, the reflection co-efficient at a specified
point in one medium which would be observed if the
other medium were match terminated.

Reflection Loss. 1. That part of the transition loss due
to the reflection of power at the discontinuity. 2. The
ratio in decibels of the power incident upon the discon-
tinuity to the difference between the power incident
upon and the power reflected from the discontinuity.

Refracted Wave. That part of an incident wave which
travels from one medium into a second medium.

Rejection Band (of a Uniconductor Waveguide). The
frequency range below the cut-off frequency.

Return Loss. 1. At a discontinuity in a transmission sys-
tem, the difference between the power incident upon
the discontinuity and the power reflected from the dis-
continuity. 2. The ratio in decibels of the power in-
cident upon the discontinuity to the power reflected
from the discontinuity.

Sending End Impedance. The input impedance of a
transmission line.

Shielded Pair. A two-wire {ransmission line surrounded
by a metallic sheath.

Shielded Transmission Line. A transmission line whose
elements essentially confine propagated electrical energy
to a finite space inside a conducting sheath.

Skin Depth. For a conductor carrying currents at a
given frequency as a result of the electromagnetic waves
acting upon its surface, the depth below the surface at
which the current density has decreased one neper be-
low the current density at the surface.

Note—Usually the skin depth is sufficiently small so
that for ordinary configurations of good conductors,
the value obtained for a plane wave falling on a plane
surface is a good approximation.



1953

Standing Wave. A wave in which, for any component
of the field, the ratio of its instantaneous value at one
point to that at any other point does not vary with
time.

Standing Wave Loss Factor. The ratio of the transmis-
ston loss in an unmatched waveguide to that in the same
waveguide when matched.

Standing Wave Ratio. At a given frequency in a uniform
waveguide, the ratio of the maximum to the minimum
amplitudes of corresponding components of the field (or
the voltage or current) along the waveguide in the direc-
tion of propagation.

Note—Alternatively, the standing wave ratio may be
expressed as the reciprocal of the ratio defined above.

Tapered Transmission Line. See Tapered Waveguide.

Tapered Waveguide. A waveguide in which a physical
or electrical characteristic increases continuously with
distance along the axis of the guide.

Totally Unbalanced Currents (on a Balanced Line).
Push-push currents.

Transition Loss (Wave Propagation Usage). 1. At a
transition or discontinuity between two transmission
media, the difference between the power incident upon
the discontinuity and the power transmitted beyond the
discontinuity which would be observed if the medium
bevond the discontinuity were match-terminated. 2.
The ratio in decibels of the power incident upon the
discontinuity to the power transmitted beyond the dis-
continuity which would be observed if the medium be-
yond the discontinuity were match terminated.

Transmission Band (of a Uniconductor Waveguide).
The frequency range above the cut-off frequency.

Transmission Co-efficient (in a Transmission Medium).
At a given frequency, at a given point, and for a given
mode of transmission, the ratio of some quantity associ-
ated with the resultant field, which is the sum of the
incident and reflected waves, to the corresponding quan-
tity in the incident wave.

Note—The transmission coefficient may be different
for different associated quantities, and the chosen
quantity must be specified. The “voltage transmission
coefficient” is commonly used and is defined as the com-
plex ratio of the resultant electric field strength (or
voltage) to that of the incident wave.

Transmission Co-efficient (of a Transition or Discon-
tinuity). For a transition or discontinuity between two
transmission media, at a given frequency, the ratio of
some quantity associated with the transmitted wave at a
specified point in the second medium to the same quan-
tity associated with the incident wave at a specified
point in a first medium, the second medium being match
terminated.
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Transmission Line. A waveguide consisting of two or
more conductors.

Transmission Loss. 1. The power lost in transmission
between one point and another. It is measured as the
difference between the net power passing the first point
and the net power passing the second. See Standing
Wave Loss Factor. 2. The ratio in decibels of the net
power passing the first point to the net power passing
the second.

Transmitted Wave. When a wave in a medium of cer-
tain propagation characteristics is incident upon a dis-
continuity or a second medium, the forward traveling
wave that results in the second medium,

Note—In a single medium the transmitted wave is
that wave which is traveling in the forward direction.

Transverse Electric Wave (TE Wave). In a homogene-
ous isotropic medium, and electromagnetic wave in which
the electric field vector is everywhere perpendicular to
the direction of propagation.

Transverse Electromagnetic Wave (TEM Wave). In a
homogeneous isotropic medium, an electromagnetic wave
in which both the electric and magnetic field vectors are
everywhere perpendicular to the direction of propaga-
tion.

Transverse Magnetic Wave (TM Wave). In a homo-
geneous isotropic medium, an electromagnetic wave in
which the magnetic field vector is everywhere perpen-
dicular to the direction of propagation.

Traveling Plane Wave. A plane wave each of whose fre-
quency components has an exponential variation of
amplitude and a linear variation of phase in the direc-
tion of propagation.

Uniconductor Waveguide. A waveguide consisting of a
cylindrical metallic surface surrounding a uniform di-
electric medium.

Note—Common cross-sectional shapes are rectangu-
lar and circular.

Uniform Waveguide. A waveguide in which the physical
and electrical characteristics do not change with dis-
tance along the axis of the guide.

Wave Normal. A unit vector normal to an equiphase
surface with its positive direction taken on the same
side of the surface as the direction of propagation. In
isotropic media, the wave normal is in the direction of
propagation.

Waveguide. A system of material boundaries capable of
guiding waves.

Waveguide Wavelength. For a traveling plane wave at a
given frequency, the distance along the guide between
points at which a field component (or the voltage or cur-
rent) differs in phase by 2, radians.
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Fig. 1—The E lines for some of the more elementary TE modes in rectangular and circular waveguides.

Classification of Waveguide Waves

The waves that can be transmitted by cylindrical wave-
guides may be divided into four classifications:

(1) transverse electric (TE)

(2) transverse magnetic (TM)

(3) transverse electromagnetic (TEM)
(4) hybrid electromagnetic (HEM)

These are defined below. For lossless uniconductor wave-
guides, only the TE and TM waves can be transmitted.
For multiconductor waveguides, TEM waves may also
be transmitted. HEM waves may be transmitted along
dielectric waveguides and within waveguides partially
filled with dielectric material.

In the case of wumiconductor waveguides whose cross-
sectional boundary can be represented by constant co-

ordinate lines of a co-ordinate system in which the vari-
ables of the wave equation are separable, the possible
waves are designated by TE or TM followed by two sub-
scripts indicating the appropriate solution in each of
the two co-ordinates. The interpretation of the sub-
scripts for waveguides of the more usual cross sections is
given in the following. Field distributions and cut-off
frequencies are given for the more important types.

If the cross-section of the waveguide does not fulfill the
aforementioned requirement, the wave is designated by
TE or TM with one numerical subscript starting with
the wave that has the lowest cut-off frequency as “1” and
numbering the remaining waves in the order of increas-
ing cut-off frequency.

Transverse Electric Wave (TE Wave). In a homogene-
ous isotropic medium an electromagnetic wave in which
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Fig. 2—The H lines for the more elementary TM modes of transmission in rectangular and circular waveguides. The resonant wavelengths of

A =1/ AN+ (/20

where ). is the cut-off wavelength for the transmission mode along the axis, ! is the number of half-period variations of the field along the axis

cylindrical cavities are given by

and ¢ is the axial length of the cavity.

the electric field vector is everywhere perpendicular to the
direction of propagation.

Transverse Magnetic Wave (TM Wave). In a homo-
geneous isotropic medium an eleciromagnelic wave in
which the magnetic field vector is everywhere per-
pendicular to the direction of propagation.

Transverse Electromagnetic Wave (TEM Wave). In a
homogeneous isotropic medium, an electromagnetic wave
in which both the electric and magnetic field vectors are
everywhere perpendicular to the direction of propagation.

Hybrid Electromagnetic Wave (HEM Wave). An elec-
tromagnetic wave having components of both the electric
and magnetic field vectors in the direction of propagation.
Circular Electric Wave. A (ransverse electric wave for
which the lines of electric force form concentric circles,

Circular Magnetic Wave. A {ransverse magnetic wave for
which the lines of magnetic force form concentric circles.

Dominant Wave. The guided wave having the lowest
cut-off frequency. It is the only wave which will carry
energy when the excitation frequency is between the
lowest cut-off frequency and the next higher cut-off fre-
quency.

TE.,. Wave in Rectangular Waveguide. In a hollow
rectangular metal cylinder, the transverse electric wave
for which m is the number of half-period variations of
the electric field along the longer transverse dimension,
and 7 is the number of half period variations of the
electric field along the shorter transverse dimension.

TM..,. Wave in Rectangular Waveguide. In a hollow
rectangular metal cylinder, the transverse magnetic wave
for which m is the number of half-period variations of
the magnetic field along the longer transverse dimen-
sion, and » is the number of half period variations of
magnetic field along the shorter transverse dimension.
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Table I gives the ratio of cut-off wavelengths to diam-
eters for TE..., waves in hollow circular metal cylinders:
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Table 11 gives the ratio of cut-off wavelengths to diameters
for TM,.. waves in hollow circular metal cylinders:

TABLE I TABLE II
m= | o |2 | 3 4 me | 0o | 1 | 2 | 3 | 4 | s
| |

1 | 0.820 1.708 | 1.030 | 0.748 | 0.590 L 1o 0820 |0.613 |0.483 | 0.414 | 0.358

2 | 0.418 0.59 | 0.468 | 0.382 | 0.338 2 | 0569 | 0448 .0.373 0.322 | 0.284 | 0.2547
n={3 | 0.309 0.368 | 0.315 | 0.277 | 0.247 n=1{3 |0.363 | 0.309 |0.270 |0.2a1 |0:219 | 0.200

4 | 02375 | 027 | 024 | 022 | 0.198 4 |0267 |0.2375 | 0.2127 | 0.1938

5 | 01910 | 021 | 0194 | 0.18 5 | 0.2106 | 0.1910 | 0.1750

TE,., Wave in Circular Waveguide. In a hollow circu-
lar metal cylinder, the transverse electric wave for which
m is the number of axial planes along which the normal
component of the electric vector vanishes, and = is the
number of coaxial cylinders (including the boundary of
the waveguide) along which the tangential component of
electric vector vanishes.

Note 1—TE,, , waves are circular electric waves of
order n. The TEy wave is the circular electric wave with
the lowest cut-off frequency.

Note 2—The TE; wave is the dominant wave. Its
lines of electric force are approximately parallel to a
diameter.

TM.,.., Wave in Circular Waveguide. In a hollow circu-
lar metal cylinder, the transverse magnetic wave for
which m is the number of axial planes along which the
normal component of the magnetic vector vanishes, and
n is the number of coaxial cylinders to which the elec-
tric vector is normal.

Note—T M,,, waves are circular magnetic waves of
order n. The TM,,, wave is the circular magnetic wave
with the lowest cut-off frequency.

TE...n., Resonant Mode in Cylindrical Cavity. In a
hollow metal cylinder closed by two plane metal surfaces
perpendicular to its axis, the resonant mode whose
transverse field pattern is similar to the TE,,, wave in
the corresponding cylindrical waveguide and for which
p is the number of half-period field variations along the
axis.

Note—When the cavity is a rectangular parallelo-
piped, the axis of the cylinder from which the cavity is
assumed to be made should be designated since there
are three such axes possible.

TM.., .., Resonant Mode in Cylindrical Cavity. In a hol-
low metal cylinder closed by two plane metal surfaces
perpendicular to its axis, the resonant mode whose
transverse field pattern is similar to the T My, . wave in
the corresponding cylindrical waveguide and for which p
is the number of half-period field variations along the
axis.

Note—When the cavity is rectangular parallelopiped,
the axis of the cylinder from which the cavity is as-
sumed to be made should be designated since there are
three such axes possible.

A Germanium N-P-N Alloy Junction Transistor”
DIETRICH A. JENNYY, ASSOCIATE, IRE

Summary—This paper describes a germanium n-p-n alloy junc-
tion transistor which is the counterpart to the germanium p-n-p
junction transistor previously described. The importance of this new
device arises from a fundamental difference between the two types.
In the p-n-p transistor the active charge carriers are positive ‘‘holes”;
in the n-p-n transistor the active charge carriers are negative elec-
trons. Because these devices operate from power sources of opposite
polarity, the two types may be advantageously combined in special
circuits to eliminate components and fulfill unusual requirements.!
Because the electron mobility is more than twice that of holes, one
of the factors affecting high-frequency response is more favorable
for the n-p-n transistor than for its p-n-p counterpart.

This n-p-n junction transistor is made by fusing a binary lead-
antimony alloy into each of the two opposite faces of a thin wafer of
p-type single-crystal germanium. Since this alloy is ductile, the elec-

* Decimal classification: R282.12. Original manuscript received
May 28, 1953; revised manuscript received August 27, 1953.

t RCA Laboratories Division, Princeton, N. J

1'G. C. Sziklai, “Symmetrical properties of transistors and their
applications,” Proc. IRE, vol. 41, pp. 717-724; June, 1953.

trodes may be made relatively large if desired, asthere isless danger
of introducing differential expansion strains. The techniques and
processes of assembly are similar to those employed for p-n-p junc-
tion transistors by the alloy process. However, a difference arises
from the more uniform penetration afforded by the binary alloy.
This leads to more planar junctions and permits better control of
junction spacing.

Distribution curves on a typical lot of 100 units are given; best
power gain was 45 db, ‘‘alpha” 0.997 and 1-k¢ noise factor, 3 db.
High ‘‘alpha” is maintained as the collector current is increased.

INTRODUCTION

HE n-p-n transistor is distinguished from the
Tp-n-p type by the opposite sign of the active
charge carriers which are negative electrons in-
stead of positive holes. This difference manifests itself
in the reversal of the operating potentials. This reversal
of potentials can be utilized in special circuits which



1953

combine both the n-p-n and p-n-p transistors to save
components and fulfill special tasks. Because the oper-
ating polarities of the n-p-n transistor are the same as
those of electron tubes, the n-p-n transistor is well
suited to applications where tubes and transistors are
incorporated in the same circuit.

The mobility of electrons differs from that of holes in
semiconductors; in germanium, mobility is a factor 2.1
higher for electrons than for holes. Although this does
not affect the fundamental mechanism of the transistor,
it does advantageously influence ultimate high-fre-
quency performance because the diffusion transit time
of the minority carriers between the emitter and collec-
tor junction is inversely proportional to their mobility.
The “alpha” cut-off frequency of the n-p-n transistor is
theoretically more than twice as high as that of a geo-
‘metrically similar p-n-p type, which can be deduced
from the following fundamental equation:?

008 —— (1)

172 ' w?

where f is the frequency at which “alpha” squared has
dropped to half of its maximum low frequency value. D
is the diffusion constant for the minority carriers, u is
their mobility and W is the base section thickness or
junction separation. Since (1) shows that the cut-off fre-
quency is proportional to the mobility, the desirability
of the higher mobility of electrons as current carriers is
obvious. It is also evident that the junction separation
must be kept as low as possible for hf transistors.

The n-p-n transistor consists of a thin section of p-
type germanium between two n-type sections. To pro-
duce this structure by the alloying technique, p-type
single crystal germanium is required. The junctions are
obtained by alloying the germanium surface with a
molten n-type impurity from both sides of a thin ger-
manium wafer. Although solid diffusion plays a part at
the alloy-germanium interface, the over-all process,
which involves a liquid phase, is called “alloying” to
distinguish it from the diffusion in the solid state. N-
Type impurities are, in most cases, solids at room tem-
perature and have to be liquified at elevated tempera-
tures to initiate the alloying process.

The physical principles governing the design of alloy
junction transistors have been described previously in
connection with the p-n-p junction transistor.? The same
considerations are applicable to the n-p-n alloy junction
transistor so that the following discussion is restricted to
problems peculiar to the n-p-n type.

MATERIALS AND ALLOYING PROCESS

Natural sources of germanium yield chiefly n-type
germanium after reduction of the oxide. Therefore it is

* W. Shockley, M. Sparks, and C. K. Teal, “p-n junction transis-
tors,” Phys. Rev., vol. 83, p. 151; July, 1951.

3 R. R. Law, C. W. Mueller, J. I. Pancove (Pantchechnikoff) and
L. D. Armstrong, “A developmental germanium P-N-P junction
transistor,” Proc. I.R.E., vol. 40, pp. 1352-1357; Nov., 1952.
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necessary to purify the n-type material to a purity well
above the desired p-type impurity concentration. This
highly purified germanium is then “doped” in the melt
with a suitable p-type impurity whose concentration is
dictated by the desired germanium resistivity. Gallium
and indium have been used successfully for the doping.
Transistor theory indicates that it is desirable to use
p-type single crystal germanium with high lifetime of
the minority charge carriers (electrons), preferably in
excess of 10 usec.

The n-type impurity element used to form the junc-
tion by the alloying process can, in principle, be any of
the known ones, such as phosphorus, arsenic, antimony
and bismuth. During the work on the n-p-n alloy junc-
tion transistor it was found that sulfur, selenium and
tellurium are also n-type impurities. Extensive tests led
to the selection of antimony as most suitable for the
alloying impurity. Phosphorus and arsenic are less de-
sirable due to their high vapor pressure; bismuth yields
unsatisfactory junctions; and sulfur, selenium and tel-
lurium have high electrical resistivities. Although suc-
cessful transistors have been made using pure antimony,
and small area junctions with antimony give excellent
results, considerable difficulty is encountered as the
area is increased. Due to the difference in thermal-ex-
pansion coefficient between antimony and germanium,
severe strains are introduced near the antimony-ger-
manium interface. These differential expansion strains
can cause mechanical and electrical instabilities which
manifest themselves in one of the three following ways.
In the most serious case, the strain forces may be so
large that actual breakage occurs and the antimony is
separated from the germanium by sudden cleavage of
the germanium near the interface. If separation does
not take place, there may be internal breaks of micro-
scopic dimensions which cause electrical instabilities due
to contact pressure fluctuations and, possibly, fluctuat-
ing lattice distortions. In this case, the transistor ex-
hibits random gain fluctuations which are clearly notice-
able during a gain measurment. Even if the gain ap-
pears to be stable, the strains influence the noise factor
considerably and extremely high noise is observed when
strains are present.

The elimination or reduction of the differential ex-
pansion strains is possible in three ways, namely, by
devising an impurity containing material whose thermal
expansion coefficient approximates that of germanium,
or whose ductility is large, or whose melting point is
close to room temperature. Although it does not seem
possible to fulfill the above requirements with a single
impurity element, there are alloys of two or more phases
containing an n-type impurity which satisfy one or more
of the strain relief conditions. A simple solution is a
binary alloy of antimony and a ductile n-type or neutral
metal which does not interfere with the formation of the
junction. Of the many alloys which were investigated,
the lead-antimony system was found to be the most suc-
cessful.
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In Fig. 1, representing the phase diagram of lead and
antimony, a eutectic with a melting point of 252 degrees
C. is present at 11.2 per cent antimony. This eutectic
is relatively ductile, compared with antimony, and in
addition has a considerably lower melting point than
pure antimony. It was found that alloys on the anti-
mony-rich side of the eutectic still introduce strains due
to the separation of antimony crystallites during the
solidification process, so that it is desirable to choose a
composition on the lead-rich side. Although similar me-
chanical properties are exhibited by tin-antimony al-
loys, the solubility of germanium in tin-rich alloys is
considerably more temperature dependent which makes
the control of the penetration depth more critical.

ATOMIC PERCENTAGE ANTIMONY
10 20 30 40 50 60 70 80 90
—r——r T — T
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S 252°
w
-

| 1.2
200 Pb + Sb
100 + L I L e 1 —
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WEIGHT PERCENTAGE ANTIMONY

Fig. 1—Phase diagram of the lead-antimony system.

The formation of an alloy junction is governed prin-
cipally by the following factors: wetting of the germa-
nium by the impurity substance, and solubility of the
germanium in the impurity substance. The wetting is
dependent on the surface tension of the molten impurity
and affects the shape of the junction plane, whereas the
solubility determines the penetration depth in addition
to having an effect on the junction shape.

Fig. 2 gives the hypothetical characteristic stages dur-
ing the formation of an alloy junction. As shown in (a)
the impurity metal disk is put on the germanium surface
and (b) contracts to form a sphere upon melting after
which (c) the contact area is enlarged by the wetting
process as germanium is being dissolved, and (d) the
final configuration is reached after solidification by cool-
ing to room temperature.

As it is desirable to obtain a planar junction, it is
preferable that the wetting process take place ragidly
and at a low temperature at which the solubility of ger-
manium in the liquid impurity substance is still small.
The wetting can be accelerated by exerting mechanical
pressure on the impurity substance after melting which
helps overcome the surface tension. Because the wetting
is accelerated by a low surface tension and the latter
is an inverse function of temperature another alterna-
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tive is to increase the temperature very rapidly during
the heating cycle and to process at as high as possible a
temperature. Both these methods aid a uniform pene-
tration of the alloy front over the whole junction area
and therefore yield more nearly planar junctions.

IMPURITY

[ )
a) b)

c) d)
Fig. 2—Formation of an alloy junction in 4 subsequent steps.

The limit of the alloying depth is dependent on the
solidus curve in the germanium-impurity phase diagram
which is shown for lead-germanium in Fig. 3. Although
the conditions are somewhat different for the tertiary
lead-antimony-germanium system, which occurs in the

800T

700

MELT + Ge

600

TEMPERATURE °C

§

400"

| 327°

3001

Pb + Ge

[ 20 a0 60 80 100
P ATOMIC PERCENTAGE GERMANIUM Ge

Fig. 3—Phase diagram of the lead-germanium system.

n-p-n alloy transistor, Fig. 3 is an acceptable approxi-
mation due to the low antimony content in the impurity
alloy. The penetration depth limit is closely related to
the distance between the temperature axis and the
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liquidus curve at the processing temperature. Due to
the steepness of the liquidus line up to about 700 degrees
C. the depth varies little compared with the region
above 800 degrees C. Therefore the processing tempera-
ture is relatively uncritical below 700 degrees C. as was
verified experimentally.

ELEcTRICAL CHARACTERISTICS

Electrical characteristics have been taken on over a
hundred experimental n-p-n units of the type herein
described; the data do not necessarily represent the
ultimately attainable characteristics. These units were
primarily intended for small signal, low-power applica-
tions and at low frequencies. The discussion and data are
presented with emphasis on the base input (common
emitter) connection which has found extensive applica-
tion in apparatus. In this circuit the similarity between
electron tube and junction transistor facilitates the un-
derstanding and design of the allied circuitry.

The characteristics of a transistor can be presented
in several different ways, each of which has its merits.
A common representation consists of the resistance
values in the equivalent T-circuit as shown in Fig. 4,
which describes the transistor at low frequencies, and
with small signals.

c e
AANN = *
T e =
by te
Vb e Ve
il

|

Fig. 4—Equivalent T circuit of a n-p-n junction transistor in
the base input (emitter common) circuit.

At higher frequencies, capacitances have to be intro-
duced and the evaluation becomes more complicated.
The derivation of the various transistor characteristics
from the resistance values is described in the literature.*
The ranges of resistances which can be achieved for
n-p-n alloy junction transistors, when made by varia-
tions of the procedures described in this paper, and oper-
ated at 2-ma emitter current, are of the order of

ry = 100 ohms to 2500 ohms

re = 2 ohms to 20 ohms

r. = 100,000 ohms to 10 megohms
ra = 100,000 ohms to 10 megohms.

The 7, is strongly dependent on the germanium resistiv-
ity and can be decreased by using low resistivity ger-
manium. The 7. is a measure of the quality of the col-

4 R, L. Wallace and W. J. Pietenpol, “Some circuit properties and
j;plplications of n-p-n transistors,” Proc. I.R.E., vol. 39, pp. 753-767;
uly, 1951,
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lector junction and is greatly affected by the etching
process. 7, is to some extent determined by the forward
characteristics of the emitter junction. Finally, r,, is to
a first approximation proportional to the product of 7.
and current gain “alpha” and therefore is always lower
than r. in this type of junction transistor.

3 = — 5 I\\ - —+ + *
4

Ib=30fl-0

e

p

COLLECTOR MILLIAMPERES

i3
BASE VOLTS

Fig. 5—Transfer characte-istics of a typical low-power n-p-n alloy
transistor (base current [ in 10 equal steps from 0 to 30 ma).

1
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Fig. 6—Input characteristics of a typical low-power n-p-n alloy
junction transistor (collector potential V. equals 0 and 10 v).

The properties of a transistor may also be described
by static characteristics similar to the well known elec-
tron tube presentation. Due to the finite input imped-
ance of the transistor it is not sufficient to give only the
output characteristics with the input potential as a
parameter. An adequate picture of the transistor be-
havior can be obtained from a set of four curve families
as are shown for a typical unit in Figs. 5 to 8.
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Fig. 7—Output characteristics of a typical low-power n-p-n alloy
junction transistor (base current I, in 10 equal steps from 0 to
30 gamp).
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Fig. 8—Output characteristics of a typical low-power n-p-n alloy

junction transistor (base potentials in 10 equal steps from 50 to
150 mv).

The static characteristics suffice, in principle, for the
analysis of amplifier operation by applying suitable load
lines to the curve families. In practice, however, small
signal evaluation requires more accurate data than can
be derived from static curves taken with a curve tracer.

The most explicit way of representing the transistor
characteristics consists in the actual measurements of
the important characteristics such as power gain, cur-
rent gain, noise factor etc. under various bias and im-
pedance conditions and at different frequencies. A full
description of a transistor would require a large number
of curves, but by suitably choosing the test conditions
it is possible to cover the most important application
cases. In Figs. 9 to 14, a set of curves describing the im-
portant parameters of a typical transistor are repro-
duced. Except for the frequency dependence data the
same unit was used for these data.

The current gain in Fig. 9 is observed to be essentially
constant from 2 to 10 ma, which range corresponds to a
current density of several amp per cm? Similarly, the
variation of the power gain with collector potential is
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Fig. 9—Variation of the collector-base current gain a. with
emitter current for a typical n-p-n transistor.
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Fig. 10—Variation of power gain with collector potential for a
typical n-p-n alloy junction transistor.

negligible between 2 and 10 v as shown in Fig. 10. The
source impedance of 500 ohms and the load impedance
of 10,000 ohms are chosen to be in the vicinity of the
average matching impedances for maximum power gain
at an emitter current I, of 2 ma and a collector poten-
tial V. of 6 v. The operating currents and potentials are
of arbitrary choice but lie within the most probable ap-
plication range.

The noise factor results in Figs. 11 and 12 show that,
in general, an increase in potential or current raises the
noise, and a minimum noise factor is reached at about
1 v collector potential and 1 ma emitter current.

In the audio range, the noise factor is inversely pro-
portional to the frequency, so that the 1,000 cycle value
is readily interpreted. The 560 ohms source impedance
corresponds approximately to the matching impedance
for maximum power gain as pointed out above.
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Fig. 11—Variation of noise factor with emitter current for a
typical n-p-n alloy junction transistor.
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Fig. 12—Variation of noise factor with collector potential for a
typical n-p-n alloy junction transistor.

Although the units here described were intended only
for audio-frequency applications, the performance at
higher frequencies is of interest. One measure of the be-
havior of a transistor at higher frequencies is the current
amplification factor, as pointed out in the general de-
scription.

In Fig. 13 the limits represent the results on early ex-
perimental units and it can be seen that the spread is
considerable at the hf end. The cut-off frequencies are
between 1.2 and 4 mc.

A direct gain measurement under conditions with a
resistive input and conjugate-matched output gives a
more useful picture of the hf behavior as shown in Fig.
14. Presumably if a conjugate match adjustment had
been available for the input, the gains would have been
higher.

The average and the high power gain versus frequency
curves up to above 1 mc show that useful gains are at-
tained at intermediate frequency (455 kc), and selected
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Fig. 13—The variation with frequency of collector-to-emitter current
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Fig. 14—Variation of power gain with frequency for typical n-p-n
alloy junction transistors. A resistive input and conjugate-
matched output were used.

units give significant gain in the broadcast band (500 kc
to 1.5 mc).

A statistical evaluation of an experimental lot of 100
transistors is presented in Fig. 15 to 17 (following
page). These units were made under similar conditions
and constitute all the units in this test, with the ex-
ception of mechanically damaged transistors and 21
units which were eliminated due to collector leakage
currents in excess of 100 uamp at 6 v collector potential
and zero emitter current.

The power gain peak in Fig. 15 is very pronounced at
42 db, and more than 50 per cent of the units are within
the limits of 42 4+ 2 db, although the average of all tran-
sistors lies at 38.3 db.

The current gain, a in Fig. 16, shows a peak at about
70 and more than 50 per cent of the units are within the
limits 70+ 30. Translated into emitter input current
gain a., the peak is at 0.985 and the limits for more than
50 per cent of the units are 0.985+40.01. The averages
are, for as at 108 and for a,, at about 0.99.
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Fig. 15—Distribution of power gain for a typical lot of

100 n-p-n alloy transistors.
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n-p-n alloy transistors.

lot of 100

Finally the noise factor distribution in Fig. 17 shows
a peak at 9 db and more than 50 per cent of the units lie
within 9 +5 db with the average being 17.8 db.
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Fig. 17—Distribution of noise factor for a typical lot of
100 n-p-n alloy transistors.

CONCLUSIONS

The characteristics measured on the above described
n-p-n alloy junction transistor are in general superior to
those given for the p-n-p alloy junction transistor previ-
ously reported.? The percentage of high power gain and
low noise factor units is much larger and the collector-
to-base current gains are higher. Also of significance is a
practically constant current gain as the collector current
is increased, which was not exhibited by the p-n-p ver-
sion. There are indications of improved hf performance,
although the theoretical factor was not attained, which
is probably due to other frequency limiting parameters.
The development of an n-p-n counterpart to the previ-
ously described p-n-p alloy junction transistor, with
very similar electrical characteristics, allows the prac-
tical design of circuits making use of the symmetrical
properties of transistors.!
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Capacity and Conductivity of Body Tissues
at Ultrahigh Frequencies®
HERMAN P. SCHWANY, MEMBER, IRE AND KAM LI{, STUDENT, IRE

Summary—Dielectric constant and specific resistance are re-
ported for a variety of body tissues throughout the frequency range
from 200 to 1,000 mc. The results are analyzed and explained by the
cellular structure of tissue, the electrical properties of tissue electro-
lytes, and tissue protein content. Other results specify the tempera-
ture dependence of the electrical constants of tissue material. The
temperature coefficients vary with frequency and are in agreement
with theoretical expectation. A short description of measuring tech-
nique and of tissue sample thermostat is given.

INTRODUCTION

T HAS BEEN stated previously!-?? that for various
J:[ reasons, uhf-radiation diathermy may be most ef-

fective when operating in the frequency range
around 500 mc. In discussions of the frequency depend-
ence of the depth of penetration of uhf-radiation! and
of the relative development of heat in subcutaneous fat,
as compared to that in muscle,?? it was assumed that
the electrical properties of muscle and other tissues with
high water content are similar to those of blood. This
assumption was based on an analytical argument and
necessary since only blood measurements had been con-
ducted in the frequency range from 100 to 1,000 mc.4*$
It is intended to present in this paper:

1. Data of the electrical properties of various tissues
in order to close the gap which exists between results
which have been obtained by other investigators either
below 100 mc,® or above 1,000 mc.?-8:? We further want
to check the validity of the assumption concerning the

* Decimal classification: R594.1. Original manuscript received by
the Institute, April 13, 1953; revised manuscript received, August 12,
1953. This work was supported by the Office of Naval Research,
Contract No. Nonr-551(05), and by the Aeromedical Equip. Lab.,
U. S. Naval Base, Philadelphia, Pa.

t Electromedical Labs., Dept. of Physical Medicine, Graduate
School of Medicine, and Moore School of Elec. Eng., University of
Pennsylvania, Philadelphia, Pa.

1 H, P. Schwan and E. L. Carstensen, “Application of electric and
acoustic impedance measuring techniques to problems in diathermy,”
B’a;sactions AIEE; 1953, and Com. and Elec. AIEE, p. 106; May,

53.

38 H. P. Schwan, E. L. Carstensen, and K. Li, “Comparative
evaluation of ultrasonics and ultrahigh frequency diathermy in
medicine,” Arch. of Phys. Med. (In press).

3 H. P. Schwan, E. L. Carstensen, and K. Li, “Heating of fat-
muscle layers by electromagnetic and ultrasonic diathermy,” Tran-
sactions AIEE; 1953, and Com. and Elec. AIEE, p. 483; Sept. 1953.

¢ B, Rajewsky, and H. P. Schwan, “Die Dielektrizitaetskonstante
und Leitfaehigkeit des Blutes bei ultrahohen Frequenzen,” Natur-
wissenschaften, vol. 35, p. 315; 1948,

s H. P. Schwan, “Electrical properties of blood at ultrahigh fre-
quencies, Am. Jour. Phys. Med., vol. 32, p. 144; 1953.

0 K.dsswald, “Hochfrequenzleitfaehigkeit und dielektrizitaetskon-
stante von biologischen Geweben und Fluessigkeiten,” Hochfre-
quenztechnik und Elektroakustik, vol. 49, p. 40; 1937.

7 J. F. Herrick, D. G. Jelatis, and G. M. Lee, “Dielectric proper-
ties of tissues important in microwave diathermy,” Federation Proc.,
vol. 9, p. 60; 1950, and personal communication.

8 T. S. England, “Dielectric properties of the human body for
wavelengths in the 1-10 cm. range,” Nature, vol. 166, p. 480; 1950.

* H. i‘ Cook, “A comparison of the dielectric behaviour of pure
water and human blood at microwave frequencies,” Brit. Jour. Appl.
Phys., vol. 3, p. 249; 1952.

similarity of the electrical properties of blood and tissues
with high water content.

2. Temperature coefficients of the electrical proper-
ties of tissues in the frequency range mentioned above,
to permit application of the measured data to other
temperature levels of interest.

3. Theoretical analysis of the frequency dependence
of electrical properties of tissue in terms of their struc-
ture and molecular content.

MEASURING TECHNIQUE

The measurements were carried out with a double
wire system operating on a resonant principle as previ-
ously described.!'!® The use of an “open wire” system
combines the advantages of low cost of construction
with the possibility of keeping the biological sample
under constant observation and simplicity of tempera-
ture control. The use of the resonant technique avoids
disadvantages, which may be extremely disturbing with
open systems such as oscillations of the system against
third conductors (ground) and sensitivity against
movement of personnel operating the transmission line.
Furthermore, it reduces undesirable effects caused by
harmonics. The biological sample (thickness d) sur-
rounds one small section of the line and is loaded with a
\/4 section to provide infinite load to its terminals. The
input impedance of the sample may be related to stand-
ing wave ratio W=V (max)/ V(min), and displacement
of the wave pattern /, which occurs when the sample
holder is loaded. Both quantities, W and /, are deter-
mined with the measuring line in front of the sample
holder. The input impedance, as observed by the meas-
uring line, is furthermore related to the dielectric prop-
erties of the material in the sample holder. By combina-
tion, we can eliminate the input impedance value and
express the electrical constants of the material in the
sample holder in terms of W and [ as follows:!

w2—1

_ A 21rl p
e—;d-ta.n—( + d) o=
W’-{-tan’T(l-{-d)

(1)

27
W+ tan’T(l + d)

1207rd —
W 27
14 ta.n'-’; I+ d

1 H, P, Schwan, “Messung von Elektrischen Materialkonstanten
und komplexen Widerstaenden, vor allem biologischer Substanzen,”
ZS. Naturforschung, vol. 8b, p. 3;1953.

1 H, P. Schwan, “Auswerteverfahren zur Bestimmung der elek-
trischen und magnetischen Stoffkonstanten im Dezimeterwellenge-
biet,” Annalen d. Physik, vol. VI, p. 287; 1950.
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(e dielectric constant relative to air, p specific resistance
in Ohm cm). The formulas are good approximations for
small sample thickness values” and a discussion of
higher terms in a series development of an accurate solu-
tion of the problem has convinced us that they are suffi-
cient for the present purpose. Details concerning deriva-
tion, as well as errors involved, elimination of the effect
of the sample holder on the field, and a complete discus-
sion of the errors involved with this technique will be
given elsewhere.!

The thermostat which was used for the variation of
the sample temperature is shown in Fig. 1. The tissue
material is introduced in thin slices, of 1 to 2 mm thick-
ness, between the two center plates of polystyrene.
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Fig. 1—Side view of sample holder with thermostat.

Slight pressure is applied by the plates to assure that the
tissue sample thickness is identical with the thickness of
the spacer rings and center pieces which keep the plates
at a defined distance. The picture presents a side view
with the two conductors of the double wire system ap-
pearing as one. Polystyrene rings are attached to the
sample holder at a distance sufficiently great to avoid
any effect on the field distribution around the wires. At
the ends of the rings thin sheets of polystyrene (0.05
mm thick) are fastened with rubber bands. They have
a center hole of about 1} inches and do not influence the
field. Air enters through inlets in the bottom of the ar-
rangement, and escapes through the center holes in the
plastic sheets, thereby reducing the possibility that the
high thermal conductivity of the conductors may cause
a substantial decrease in temperature in the immediate
vicinity of the center. The temperature of the air is at

12 Sample thickness valies of 1 and 2 mm have been used.

13 H, P. Schwan, and K.Li, “Measurements of materials with high
dielectric constant and conductivity at ultrahigh frequencies,” con-

ference paper 1elresented before AIEE, General Summer Meeting,
Atlantic City, N. J.; June, 1953,
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present regulated with a simple condenser arrangement,
utilizing compressed air, which is available in the labo-
ratory, and hot water flowing around the coils of the
condenser. The temperature is regulated by variation in
air and water flow or by variation of the water.tempera-
ture circulating through the condenser. The arrange-
ment has the great advantage that it combines effective
performance with simplicity of construction. It has no
measurable effect on the electrical field, which is essen-
tial in avoiding complications in the mathematical
evaluation of the measurements.!

The curves in Fig. 2 are self-explanatory and show
that temperature stability is reached within one half to
one hour. The temperature through the sample agrees
within about 0.5° C. with the temperature of the air, as
measured with a thermonieter. Another test was per-
formed by measuring the electrical propertics of electro-
lytic solution whose electrical resistivity at low fre-
quencies was found to be 154 ohm cm at 27° C. The tem-
perature coefficient of this solution is known from tables
and permits calculation of its low frequency resistivity
at 38° C., yielding a value of 131 ohm cm. Application of
polar theory' makes it possible to determine analyti-
cally the total frequency dependence of the resistivity of
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Fig. 2—Temperature of thermostat and sample as function of time.
These are two different experiments carried out with different
air temperature.

the saline solution. The characteristic frequency values
for water necessary in this calculation are taken from
Conner and Smyth," and supported by evaluation of
water measurements as carried out by Herrick, Jelatis,
and Lee’ and us.!® The result is given in Fig. 3 and fits
with the experimental results within a few per cent. The
dielectric constant is frequency independent according
to Debye's theory up to about 1,000 mc. The difference

“ H. P. Schwan, “Der Einfluss von Halterungen am Ende von
Lecherleitungen,” Annalen d. Physik, vol. VI, p. 268; 1950,

% P. Debye, “Polar Molecules,” Chemical Catalog Co., Inc., New
York, N. Y.; 1929,

¢ W. P. Conner, and C. P. Smyth, “The dielectric dispersion and
absorption of water and some organic liquids,” Jour. Am. Chem. Soc.,
vol. 65, p. 382; 1943,
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in dielectric constant between 27° C. and 38° C. is in our
case § in agreement with earlier observations on distilled
water.'*1” The deviation of the experimental points from
the theoretical curves is explained by an error estimate
according to which dielectric constants are accurate
within about 2 per cent and resistance value accurate
within § per cent.
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Fig. 3—Dielectric constant and specific resistance of
NaCl solution at 27° and 38°C.

REsuLTs

The Tables 1 and 2 show dielectric constant and spe-
cific resistance of muscle tissue, heart muscle, kidney,
liver, lung, fat, and blood, as function of frequency.
Human autopsy material of normal composition with
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regard to all the factors which determine the electrical
properties at ultrahigh frequencies was used. No time
effect could be noticed. The results are, therefore, char-
acteristic for the values as given in the live body. This is
to be expected, since the factors which determine the
electrical properties at ultrahigh frequencies are not sub-
ject to rapid change after death. The biological material
was cut in pieces of a size suitable for the test vessel and
measured in the majority of cases at room temperature,
i.e. at 27° C.+1° C. Beef blood was measured with a
small amount of heparin added to avoid coagulation.
Physiological saline solution (0.9%, NaCl) was measured
on various occasions and the results are included for
comparative purposes. Other measurements with saline
solutions of different salt concentration and measure-
ments with distilled water were also carried out.

Also included in the tables are values determined by
Herrick, Jelatis, and Lee? at 1,000 mc. Their measure-
ments were carried out at 37° C. They are corrected to a
temperature of 27° C., utilizing the temperature coeffi-
cients determined by us to permit comparison. These
values agree very well with those obtained by us at 900
mc. In general it can be said that the range of variation
is surprisingly small for biological material with high
water content. This again may be related to the fact
that the factors of importance for the uhf-impedance
of biological material (H,0-salt-nonaqueous matter) are
not subject to excessive variation. It is noted that liver
covers a wider range of values which we may relate to
the fact that its glycogen and fat content varies some-
what. Lung tissue is very much affected by its air con-

17 ]J. Wyman, Jr., “The dielectri
alcohol and water from —5 to40°” Jour. Am. Chem. Soc., vol. 53,

¢ constant of mixtures of ethyl

tent, which lowers e and increases p as compared to
other tissues. The sample included in the Tables was in

p. 3292; 1931, a rather deflated condition, and may, therefore, be con-
TABLE 1
DIELECTRIC CONSTANT oF VARIOUS TISSUES AS FuNCTION oF FREQUENCY AT 27° C.
1000 Mec.

€ Samples 200 300 400 600 700 900 (Herrick)
Muscle 2 56 55-57 54-56 55-56 55-56 53-55 54-57
Heart M. 3 59-63 55-62 | 54-58 54-58 53-58 53-57
Liver 4 50-56 48-56 46-53 46-53 46-54 44-52 50-51
Kidney 2 62 57-60 55-57 54-56 53-56 53-56
Lung 1 35 36 36 36 35 35
Blood 1 67 63 64 62 62 63 63-67
0.9%, NaCl 2 75 77 74 79 77 78 77
Fat 3 4.5-7.5 4-7 3.2-6

TABLE II
SPECIFIC RESISTANCE OF VARIOUS TISSUES AS FUNCTION oF FREQUENCY AT 27° C.
1000 N,

o Samples 200 300 400 600 700 900 (Herrick)
Muscle 2 110-120 105-110 100-105 94-100 87-93 81-84 - 79-83
Heart M. 3 110-130 105-120 100-115 95-115 92-110 83-100
Liver 4 125-170 120-155 120-150 110-140 100-130 92-120 104-110
Kidney 2 104 100-102 98 90-94 89-90 81-82
Lung 1 190 170 163 156 152 137
Blond 1 96 90 91 92 85 80 70-78
0.99%, NaCl 2 58 59 58 56 54 56 54
Fat 3 1500-5000 1300-4000 1100-3500
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sidered as a sample with high e and low p as compared to
actual in situ conditions. Another material whose elec-
trical data vary considerably is fat. This is probably be-
cause the water content of fatty tissue varies extremely.
‘The values of all tissues with high water content are
around 50 (dielectric constant) and 100 ohm cm (spe-
cific resistance). Fat, a material with low water content,
has a higher resistivity and lower dielectric constant.

Fig. 4 shows in greater detail the frequency depend-
ence of muscle and liver. The curves are shown to dem-
onstrate the typical frequency behavior found in tis-
sue with high water content. It is seen that the dielectric
constant is constant at high frequencies and often in-
creases as the frequency decreases below 300 mc. The
resistivity curve indicates the superposition of two ma-
jor frequency variations. One occurs at frequencies far
in excess of 300 mc and one occurs predominantly far
below 300 mc.
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Fig. 4—Dielectric constant and specific resistance of muscle and
liver tissue as function of frequency.

ANALYSIS OF RESULTS

The structure of tissues with high water content is
determined by cell envelopes which have rather high
capacity and resistance and are extremely thin. Inside
and surrounding these cell membranes are salt solutions
of an ionic strength comparable to physiological saline
solution (0.9% NaCl). These solutions contain protein
molecules, i.e. macro-molecules of considerable size and
high molecular weight. The shape of these proteins may
be approximated by ellipsoids of revolution with an axis
ratio varying from 1 to 10.

The influence of the cell membranes on the electrical
impedance has been investigated in a great number of
articles in the past (see for example!®:1?.2), A somewhat
over-simplified model circuit characterizes their influ-
ence (Fig. 5). In this circuit the membranes are repre-

18 H. Fricke, “The electric conductivity and capacity of disperse
systems,” Physics, vol. 1, p. 106; 1931.

v K, S, Cole, and H. J. Curtis, “Medical Physics,” The Year
Book Publishers, Inc., Chicago, Ill., p. 344; 1944,

2 B, Rajewsky, “Ergebnisse biophysikalischer Forschung,” vol. I,
Georg Thieme, Leipzig; 1938.
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sented by capacitances, the interior of the cells by a re-
sistance in series with the membrane capacitances, and
the exterior fluid by the resistance R, in parallel with a
capacitance C,. Dielectric constant and resistance, de-
fined in an equivalent parallel RC-combination follow
the laws given in Fig. 5. The subscripts 0 and « indicate
values of dielectric constant and conductivity k=1/p
as determined at extremely low and high frequencies.
T is a time constant, essentially identical with the prod-
uct RC of the circuit, and determines the angular fre-
quency we=1/T where the change with frequency is
most pronounced. Actually, it has been shown that
either a series of time constants, varying with cell size
and shape, or a more complicated impedance for the cell
membrane exist. As frequency increases, the capacity of
the interior and exterior fluid cannot be neglected. But
these are refinements which do not affect the basic phe-
nomena of a decrease of both capacity and resistance
with increasing frequency to a constant level. The range
of major change has been found to exist in biological
material around 10 ke to 10 mc, while near 100 mc, con-
stant values are approached. The change of both elec-
trical data which occurs as the frequency decreases be-
low 300 mc is, therefore, due to the inhomogeneous
structure of the tissues (cell membrane capacities).
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Fig. 5—Simplified equivalent circuit and equations characterizing
frequency dependenceof tissue and blood due tocellular structure.

As the frequency increases more and more, another
effect appears, which is related to the electrical polarity
of water molecules. As changes in field direction become
more rapid, inertia eventually makes it impossible for
the dipolar molecules to follow the alterations of the
electrical field and a consequent decrease in electrical
polarization occurs. Here again the relationship (1) ap-
plies. However, the parameters have different values.!
Both “dispersion” ranges are separated by a more or less

1 ¢ of the “structural dispersion” is identical with e of the polar
dispersion. The “characteristic wavelength” (sprungwellenlaenge) of
the polar dispersion is near 2 cm while it varies between 100 m and

10,000 m in the case of structural dispersion of tissue with high water
content and blood.
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pronounced frequency region where the electrical data
are relatively frequency independent. This flat level is,
very obvious in the case of the dielectric constant since
it follows from the equations (1) that the dielectric con-
stant begins to decrease at first at frequencies above
1,000 mc.2 The resistance on the other hand decreases
much more rapidly in agreement with the equations for
the polar dispersion.? An electrolytic solution with a re-
sistivity similar to that of tissue has been calculated for
comparative purposes and the result is indicated by the
dashed line in Fig. 4, proving that the resistance change
of tissues above 300 mc is due to its water content.

A third effect must be discussed, aside from the effect
of structural components (cell membranes) and polarity
of water. Protein molecules contribute about 20 gm per
100 cc volume in tissue with high water content. The
partial volume of protein molecules is about 0.75. The
amount of water which is fixed to protein and can be
considered insoluble for salts may be assumed in the
neighborhood of 0.3 gm per gram protein.%2:2425 The
volume which does not participate in electrical conduc-
tion is, therefore, in the vicinity of 20 cc per 100 cc ma-
terial. We can assume that the protein and the bound
water establish particles of ellipsoidal shape.?® Consider-
ing that electrical conductivity and dielectric constant
of the hydrated protein are much smaller than those of
the surrounding saline solution, Fricke’s equation?-?

1—p
"1+ fp

can be applied. Here, K may be either conductivity or
dielectric constant, p is the relative volume occupied by
the hydrated protein and the indices ¢, s indicate total
solution and solvent. f is a factor which depends on the
shape of the protein particles. It is 0.5 for spherical form
and increases to a value of 1 for elongated particles.
From this, it follows that the presence of protein mole-
cules reduces dielectric constant and conductivity of the
surrounding saline solution 27 to 33 per cent. This, com-
bined with the fact that the dielectric constant of saline
is 77 at 27° C. leads to a prediction of 52 to 56 for the di-
electric constant. This prediction applies, of course,
only to the tissues with high water content in the fre-

=

2)

2 The following data hold for salt solutions and determine its
polar dispersion: e about 76 at room temperature (Schwan, “Der
einfluss von halterungen an ende von lecherleitungen,” loc. cit.) e
about 4 to 5 (Cook, “A comparison of the dielectric behaviouvr of

ure water and human blood at microwave frequencies,” loc, cit.).

he characteristic wavelength varies approximately between 1.8
cmat27°C.and 1.5 cm at 38° C., according to our measurements and
data from an evaluation of results given by Herrick, Jelatis, and Lee,
as well as data given by Conner and Smyth.

3 D, L. Drabkin, “Hydration of macro sized crystals of human
hemoglobin and osmotic concentration in red cells,” Jour. Biol.
Chem., vol. 185, p. 231; 1950,

% G, Haggis, T. J. Buchanan, and ]. B. Hasted, “Estimation of
protein hydration by dielectric measurements at microwave fre-
quencies, Nature, vol. 167, p. 607; 1951,

% |, L. Oncley, “The investigation of proteins by dielectric meas-
urements, Chemical Reviews, vol. 30, p. 433; 1942.

* H. Fricke, “A mathematical treatment of the electric conduc-
tivity and capacity of disperse systems, Phys, Rev.. vol. 24, p. 575;
1924,
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quency range where neither structural nor dipolar dis-
persion affect the data, i.e. above 300 and below 1,000
mc. The values for heart, muscle, and kidney fall in
predicted range. The liver values extend down to 44.
This may be due to the relatively large amount of glyco-
gen and fat which has not been considered in our argu-
ment and which causes a further reduction. Lung is ap-
preciably lower due to its high air content in spite of the
fact that it was measured in a state of collapse and con-
sequently deflated. The protein content for blood is
lower, about 15 g per 100 cc and the majority of its pro-
teins (hemoglobin) nearly spherical. Hence, a dielectric
constant of about 60 is anticipated. This is in agreement
with the result and similar investigations carried out by
Cook?® and others.” A similar calculation permits de-
termination of the resistance of the fluid surrounding
the protein molecules. It is found to be near 70 ohm cm
and about 20 per cent higher than the resistance of 0.9
per cent saline solution. This difference is due to the fact
that potassium replaces in the intracellular fluid a large
part of the sodium ions with different ion mobility.

TEMPERATURE STUDIES

It is desirable to obtain data at different tempera-
tures, to permit a transfer of the results to other tem-
peratures. Measurements at different temperature levels
were, therefore, conducted. The results obtained apply
to fatty tissue samples, kidney, heart muscle, and liver
tissue. Fig. 6 shows a typical result obtained with kid-
ney tissue. The temperature coefficient of the resistance
varies with the frequency. It is always negative and
comparable to that of saline solution. This is in agree-
ment with the analysis which has been advanced above.

KIDNEY | l © (Ohm Cm.) ‘ ’ |
| o 27.5%
o 42° ¢
' 1
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J ul _4 1 1 1 l 1 i 1 _l 1 _‘}_1_
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Fig. 6—Dielectric constant and specific resistance of kidney
tissue as function of frequency and temperature.

The temperature coefficient of the capacitance is
positive at low frequencies, becomes zero, and finally
negative as the frequency increases. The explanation of
the data at the high frequencies is based on the fact that
the temperature coefficient of the dielectric constant of
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saline solution is negative and has the same value within
the accuracy of our measurements. At lower frequencies
a somewhat more complicated situation exists. It has
been shown that the temperature coefficient of the ca-
pacity of blood at 1 kc and consequently the capacity of
the erythrocyte membrane is practically temperature
independent.?” Similar results have been obtained by us
with other tissues (unpublished material). The variation
in speed with which the biological membranes are
charged at different temperatures is determined only by
the variation of the extra- and intra-cellular fluid re-
sistance with the temperature. (The time constant
T=RXC in the circuit Fig. 5 changes proportionally
with R as the temperature varies.) This means that the
total dispersion curve due to the structure of the bio-
logical material shifts to higher frequencies by a ratio
fi/f: which is equal to the ratio Rz/R,. The R-ratio may
be taken either from the two p-curves in Fig. 6 or di-
rectly from tables which give the resistivity of saline
solutions as function of temperature. This ratio is about
1.3 for a change from 27° to 42° C. It is possible, there-
fore, to predict from one dispersion curve of € others at
different temperatures simply by shifting it in frequency
as outlined above, and changing their ordinate by a con-
stant value as determined by the temperature coefficient
of the dielectric constant of water. The curve in Fig. 6
which is given for a temperature of 42° C. has been de-
termined that way from the 27° C. curve. The curve fits
with the experimental values within the accuracy of the
determination. This may be considered as another sup-
port for the analytical arguments advanced above.
Table 3 summarizes the temperature coefficients as
determined in various tissues with high water content.

TABLE III

TeMPERATURE COEFFICIENT OF DIELECTRIC CONSTANT AND
SPECIFIC RESISTANCE AT VARIOUS FREQUENCIES
(IN PER CENT PER DEGREE CENTIGRADE)

Heart Kidney Liver | Average | Saline |
200 -1.5 =20 -1.8 —-1.8 -1.7 Ap
400 -1.3 =20 -1.8 -1.7 —-1.6 100 —/°C
900 | —1.0 —1.3 —1.4| —1.2 | —1.3 R
200 0 +0.2  +40.2 +0.1 Qe
400 -0.2 -0.2 -0.2 —-0.2 -0.4 100 —/°C
900 -0.2 —-04 -0.4 -0.3 e

The values are compared with the temperature coeffi-
cient of saline solution and fit well into the picture out-
lined above. The positive temperature coefficient of the

. ¥ H. P. Schwan, “Die Temperaturabhaengigkeit der Dielektriz-
itaetskonstante von Blut bei Niederfrequenz,” ZS. Naturforschung.,
vol. 3b, p. 361; 1948.
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dielectric constant is never larger than 0.2. The temper-
ature coefficient of the resistivity is always negative and
in the neighborhood of 1.7 per cent per degree C. for fre-
quencies lower than 400 mc. At higher frequencies it
decreases in agreement with the theoretical prediction.
This is a result of the fact that the temperature coeffi-
cient of saline solution decreases when polar losses add
substantially to the ionic conductivity. The values given
for saline solution are theoretically calculated from the
dispersion equation assuming a low frequency conduc-
tivity of about 80 ohm cm, which is near the value indi-
cated for cellular fluid as outlined above.

The temperature coefficient of fat cannot be explained
on the basis of the model proposed for the tissue with
high water content. The coefficient for the capacitance
decreases slightly as the frequency increases and varies
from 1.3 per cent at 150 mc to 1.1 per cent at 900 mc.
The temperature coefficient of the resistivity is rather
large and negative. Its value is —4.9 per cent at 150
mc and —4.2 per cent at 900 mc.

CONCLUSIONS

1. Electrical data are presented for a number of
tissues over a frequency range from 200 to 900 mc.

2. The temperature coefficient of dielectric constant
and resistivity is determined for various tissues over the
frequency range from 200 to 900 mc.

3. An analysis is given which explains the frequency
behavior and the temperature coefficients of both di-
electric constant and resistivity of water content. It is
presented in terms of parameters which characterize
the inhomogeneous structure of the material, the polar
properties of water molecules, and the protein content.

4. The results show the similarity of the dielectric
properties of all tissues with high water content and
whole blood. Previously formulated opinions concern-
ing the relative heating of fat muscle layers with radia-
tion diathermy are, therefore, justified.
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Low-Noise Traveling-Wave Tubes for X-Band®

DEAN A. WATKINSTY, ASSOCIATE, IRE

Summary—The experimental results of a program of study on
low-noise traveling-wave tubes for 9,000 mc are described. Tests of
tubes utilizing velocity jumps for noise reduction show that a single,
gradual jump upward in voltage results in the best noise reduction.
The design of a tube having 11.3 db noise figure and 18 db gain at
9,000 mc is given. Curves for the variation of noise figure with mag-
netic field, operating voltages, and cathode temperature are pre-
sented. The experimental results obtained from measuring the noise
figure of some of the tubes at different frequencies suggest an em-
pirical modification of the simple theory.

INTRODUCTION

HE RANGE at which radar can first detect an

object is a function of the noise figure of its re-

ceiver. Because of the inverse-fourth-power law,
an improvement in recciver noise figure of 3 db would
result in an increase in range of 19 per cent. Present
receivers employ a silicon crystal mixer and IF amplifier
whose noise figure in combination is of the order of 10
to 11 db at X-band.

Because of the desirability of improving the noise
figure and protecting the crystal against burnout on
strong signals, the addition of a traveling-wave tube
preamplifier to the receiver would be feasible if its noise
figure were small enough. The objectives of the present
work were to increase our understanding of shot noise
phenomena in traveling-wave tubes and to build an ex-
perimental amplifier with reasonable gain and as small
a noise figure as possible at X-band. The best result was
a tube with 11.3 db noise figure and 18 db gain in the
frequency range 8.5 to 9.6 kmc. The detailed experi-
mental results and an empirical theory of noise in veloc-
ity-jump traveling-wave tubes appear in the following
sections.

NoIsE REDUCTION WITH VELOCITY JUMPS

Of all the schemes proposed for reducing noise in
traveling-wave tubes, the only one which has been suc-
cessful so far is the method of velocity jumps. The
theory of this method, together with a description of
some experimental work at 3,000 mc, has been described
earlier.!:?

The theory follows the method used by Pierce? in
which he assumes that the noise currents in an electron
stream originate in the velocity fluctuations existing at
the cathode from which the electrons are emitted. This

* Decimal classification: R339.2. Original manuscript received by
the Institute, March 4, 1953. This work was done at the Hughes Re-
search and Development Laboratories, Culver City, Calif.

t Electronics Research Laboratory, Stanford {Jniversity, Stan-
ford, Calif.

1 D. A. Watkins, “Traveling-wave tube noise figure,” Proc. LLR.E,
vol. 40, pp. 65-70; Jan., 1952.

1 R, \. Peter, “Low-noise traveling-wave amplifier,” RCA Re-
view, vol. 13, pp. 344-368; Sept., 1952.

3J. R. Pierce, “Travelin‘;-Wave Tubes,” D. Van Nostrand Com- .

pany, Inc,, New York, N. Y., chap. 10; 1950.

calculation results in the prediction that the noise con-
vection current and velocity can be represented as
standing waves along the elcctron stream. This is shown
schematically in Fig. 1. The noise convection current is
shown as. varying sinusoidally with distance, and the
distance from one maximum (or minimum) to the next
maximum (or minimum) is one-half the plasma, or
space-charge, wavelength dealt with by Hahn.* It cor-
responds to twice the optimum bunching distance of
small-signal klystron theory.® Experiment®? has shown
that the theory is substantially correct insofar as it
predicts the space-charge wavelength and the position
and amplitude of the periodic maxima, but where the
theory predicts that the periodic minima will be zero,
experiment shows that they are about 15 to 20 db below
full shot-noise. No satisfactory theory has been ad-
vanced that accounts for this value of the minima, al-
though various attempts have been made.”?
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Fig. 1—The mean-square noise convection current in an electron
stream drifting in an axial magnetic field.

Despite this failure of the simple theory, the method
of velocity jumps is successful in improving the noise
figure of traveling-wave tubes. The electrode arrange-
ment for two different schemes is shown in Fig. 2. In
the single-jump method, the electron-gun anode is fol-
lowed by a drift space at the anode potential of such
length that an ac velocity maximum occurs at the out-
put end. Simple kinematic analysis of the gap shows that

¢ W. C. Hahn, “Small signal theory of velocity modulated electron
beams,” GE Review, vol. 42, pp. 258-270; June, 1939.

8 S, Ramo, “The electronic wave theory of velocity-modulation
tubes,” Proc. I.R.E.,, vol. 27, pp. 757-763; Aug., 1939.

8 C. C. Cutler and C. F. Quate, “Experimental verification of
space-charge and transit time reduction of noise in electron beams,”
Phys. Rev., vol. 80, pp. 875-878; Dec. 1, 1950.

7 H. E. Rowe, “Shot noise in electron beams at microwave fre-
quencies,” Doctoral Dissertation, Mass. Inst. of Tech., Cambridge,
Mass.; 1952,

8 D. A. Watkins, “The effect of velocity distribution in a modu-
llagt;ed electron stream,” Jour. Appl. Phys., vol. 23, pp. 568-573; May,

2.

* J. R. Pierce, “A new method of calculating noise in electron
streams,” Proc. .LR.E,, vol. 40, pp. 1675-1680; Dec., 1952.
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Fig. 2—Electrode configuration for velocity-jump noise
reduction schemes.

the ac velocity to the right of the gap at the entrance
to the high potential drift space will be reduced accord-
ing to the relationship:

Vi

122 = — 9%, (1)
2

where v, and v, are the ac velocities on the left-hand and
right-hand sides of the gap, respectively, and V; and
V, are the corresponding dc beam potentials. Since the
amplitude of the convection current standing wave in
the high-potential region depends upon the ac velocity
modulation which produced it, its amplitude is less than
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the amplitude of the convection current wave in the low-
potential region and the improvement in noise figure is
simply Vi/ V.. According to this calculation, it should
be possible to reduce the noise figure without limit sim-
ply by reducing the ratio Vy/ V..

The second scheme employs two velocity jumps and is
thought to work as follows. The electron-gun anode is
followed by a drift space at the same potential and of
such length that an ac convection current maximum
occurs at its output. This is followed by a drift space
at a lower potential, its length being one-fourth space-
charge wavelength, and this in turn is followed by a
drift space at the potential of the helix. Kinematic
analysis shows that ac convection current is continuous
across such a gap. The analysis shows that the noise
figure improvement of such a system in terms of the ac

velocity is
Vz)lIZ 'V2
v = — —n? 2
’ (Vl Vs @

Again there is no limit set by the simple theory on the
amount of improvement obtainable.

When the experimental work described here was be-
gun, the double-jump scheme appeared to be the more
advantageous in that a large amount of noise-figure im-
provement could be obtained without having to resort
to a low anode voltage and a high helix voltage. The
low anode voltage was objectionable because it required
the use of a gun of high perveance. The high helix volt-
age was objectionable because of the well known diffi-
culties with power supplies and insulation that it pre-

[0, 58~ 6 G aNGR R T e e,

Fig. 3—Test bench for noise measurements on experimental tubes.



1953

sents. For these reasons the double-jump arrangement
was employed in the first partially successful attempt to
build a low-noise tube for the X-band.

EXPERIMENTAL RESULTS

All of the tubes to be described here were designed
for operation from 8.5 to 9.6 kmc. The input and output
matches were designed for mounting in standard wave-
guide (RG-52/U) and, except for one attempt with a
folded-back match, they were of the conventional cylin-
der and antenna type. The tubes all operated in a focus-
ing coil that provided a flux density of up to 600 gauss
at its center. Most of the tubes gave the best beam trans-
mission when their guns were even with the end of the
focusing coil, where the flux density was half that at
the center. Beam transmission to the collector of 99 per
cent or better was considered acceptable.

The test bench arrangement for the low-noise tubes
is shown in Fig. 3. A germicidal fluorescent lamp noise
source was used together with an X-band radar receiver
having a noise figure of 11 db. Noise powers were meas-
ured at the output of the receiver IF amplifier by means
of a bolometer and a Hewlett-Packard Model 430A
bridge. The gain of the tubes was measured by means
of a signal source, a calibrated waveguide flap attenu-
ator, and a crystal detector.

Double-Jump Tubes

One of the double-jump tubes (LN1) tested is shown
in Fig. 4, with the constructional details shown sche-
matically in Fig. 5. The lowest noise figure measured on
this tube was 16 db at a net gain of 16 db. To compare
the noise figure of the tube with the simple theory in
some detail, the theoretical and experimental values
were compared as a function of the voltage on the sec-
ond drift space, V3. This is shown in Fig. 6. The general
shapes of the two curves are similar, but where the
theory predicts a low noise figure (7 db) this was not
obtained experimentally.

A second tube (LN2) was tested; this was the same
design as LN1 except for the helix, which was wound
with 48 turns per inch of 0.010-inch tungsten wire of an
inside diameter 0.070 inch. The performance of this
tube was similar to that of LN1 except that the lowest
noise figure was 17 db at a gain of 11 db.

Single-Jump Tubes

After having tested several of the double-jump tubes
with only moderate success, it was felt that the single-
jump scheme might offer the possibility of obtaining

~fen ki
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lower noise figures because of less electrostatic lens ac-
tion, At the voltage jumps in both the single-jump and
double-jump tubes, there are strong electrostatic lenses.
These serve to increase the dc velocity spread of the

HELIX

26 TURNS /INCH
.010 WIRE
L1011 D.

10.00 LONG

E,.ECTRON GUN

520v 620V V; 2000V

=35

BEAM CURRENT: 1.O5 Ma
DIMENSIONS IN INCHES.

Fig. 5—Tube LNI1: constructional details, important dimensions,
and operating conditions.

electron stream. Since analysis shows?? that velocity
spread is of some importance in determining the noise
in an electron stream, it was felt that one lens might be
better than two. These tests were carried out on a series
of single-jump tubes, the first of which (LN4) is shown
schematically in Fig. 7. In this and subsequent single-
jump tubes, the electrodes were shaped so as to reduce
lens action by making the transition from the low-
potential to the high-potential space relatively long.
Analysis shows that a jump upward in voltage can have
appreciable length before the noise reduction suffers by
any significant amount.
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Fig. 6—Measured and theoretical noise figure as a function of the
voltage on the low-voltage drift-space and the operating condi-
tions of Fig. 5.

Fig. 4—Tube LNI1,
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The lowest noise figure obtained with this tube was
14.5 db—obtained under the conditions shown in Fig. 7.
Application of the simple theory to the tube under
these conditions yields a theoretical noise figure of about
14 db. This agreement between theory and experiment
led to the construction of tube LN5, which differed
from LN4 only in that the distance from the gun anode
to the first jump was halved. The design, together with
the operating voltages for lowest noise figure, is shown
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Fig. 7—Tube LN4, showing operating conditions for
14.5 db noise figure.

in Fig. 8. Since this change resulted in lowering V; but
with all the other parameters kept the same as for the
previous tube, the simple theory predicts a noise figure
of 11 db. The lowest noise figure obtained was 13 db,
which suggested that some sort of a limit had been
reached for this set of conditions. Despite this dis-
couraging evidence, an attempt was made to obtain
further reduction by increasing the helix voltage. The
next tube, LN6, was identical with LNS5 except for an
increase in helix pitch. Its helix voltage was 2,000 rather
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than 1,200 volts. The 3-db improvement expected from
doubling the voltage ratio of the velocity jump was not
obtained. The lowest noise figure obtained was 16 db,
which is 3 db higher than before. According to the sim-
ple theory, the noise figure should have been 8 db.
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Fig. 8—Tube LNS, showing operating conditions
for 13 db noise figure.

Our best experimental result, so far as noise figure is
concerned, was obtained from LN7, shown in Figs. 9
and 10. Its design is similar to that of LNS5, except that
all dimensions are roughly scaled by a factor of two.
The lowest noise figure obtained was 11.3 db at a net
gain of 18 db. The simple theory predicts a noise figure
of 9 db.

Variation of Noise Figure with Adjustable Parameters

Throughout the experiments with the low-noise tubes,
attempts were made to correlate variation in noise figure
with variations of operating voltages and other adjusta-

Fig. 9—Tube LN7.
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ble parameters. The adjustment of the voltages on the
noise-reducing electrodes was important as shown, for

example, in Fig. 6. It was found important to reduce the
current intercepted by electrodes prior to the collector

.070p=——210
55v] 45v. 40V T 850v

“ﬂ.ﬂ: J:
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Fig. 10—Tube LN7, showing operating conditions for
11.3 db noise figure and 18 db gain.

in order to eliminate interception noise. Improving
beam transmission beyond 99 per cent led to no reduc-
tion in noise figure, but improvement from 95 to 99 per
cent was found to be important. This was achieved by
changing the position of the tubes in the magnetic focus-
ing coil and by adjusting the flux density of the magnetic
field. It was found that there was no significant varia-
tion in noise figure with magnetic field, except through
its effect on intercepted current. Some data in this con-
nection are shown in Fig. 11 for LN4.

N
7

NOISE FIGURE

100 200 300 400 500 600

MAGNETIC FIELD - GAUSS

Fig. 11—Variation of noise figure with dc magnetic
field for tube LN4.

Some interesting data on the variation of noise figure
with cathode temperature are shown in Fig. 12. As the
cathode temperature is lowered, the noise figure de-
creased slightly down to 1000 K, at which temperature
it started to rise markedly. Although not apparent from
the curve, it was roughly at this temperature that the
cathode became temperature-limited as observed by a
slight drop in beam current. This suggests that the
deepening of the potential minimum and the increase
in the number of electrons returned to the cathode by
the potential minimum have little or no effect on the
noise currents in the electron stream.
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Variation of Noise Figure with Large Changes in Fre-
quency

All of the tubes described here were designed and
originally tested in the 8.5- to 9.6-kmc band. In addi-
tion, measurements of noise figure were made later on
some of the single-jump tubes at 3.3 kmc and 4.4 kmc.
The results, together with the corresponding values of
helix voltage, Vg and C, are shown in Table I. In the
first column are listed the design numbers of the tubes
and the letters denoting the frequencies for which the
rest of the data apply: X for 9,000, C for 4,400, and S
for 3,300 mc. The tabulated noise figures are the small-
est that could be obtained at the indicated frequency.

TABLE 1
Tube | VK @ VuC F
(Volts) &
6, S 3600 0.0242 87.0 21.5
58 1470 0.0206 30.3 18.0
6, X 2350 0.0102 24.0 15.7
5. X 1250 0.009 1.3 12.8
7 X 870 0.0131 1.3 11.3
5. C 1180 0.0187 221 15.0

The variation of noise figure with frequency in these
tubes is decidedly contrary to the prediction of the
simple theory. For a given voltage at the anode, noise
figure should be inversely proportional to VyC, since
all the other parameters remain substantially constant.
The C is of course higher at the lower frequencies. The
voltage is also higher due to the dispersive property of
the helix.
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Fig. 12—Variation of noise figure with cathode
temperature for tube LN1

AN EMPIRICAL MODIFICATION OF THE
SiMPLE THEORY

If the noise figures, F, measured at the different fre-
quencies (Table I) are plotted as a function of VxC,
the curve of Fig. 13 is obtained. There follows a possible
explanation of the observed performance.



1746

Consider the possibility that the noise figure for a
single-jump, low-noise traveling-wave tube is given by

the expression
1+2 (w“)zv
T We '

5 _f(QC» d, 52)

1 g
1+ —(h—m =
F=tt+o@=-my VuC

€
+ 2 TG, A3)

where, in mks units,

F=Noise figure
T,=Cathode temperature (°K)
T =Ambient temperature (°K)
wy/wp =Plasma frequency reduction factor
V,=First anode and drift space voltage
Va=Helix voltage
C = Pierce’s traveling-wave tube gain parameter
f(QC, d, 8z)=A function of Pierce’s space-charge
parameter QC, loss parameter d, and the posi-
tion of the helix entrance along the noise space-
charge wave.
¢ =Electronic charge
K = Boltzmann constant
I'* = Ratio of the mean-square noise convection cur-
rent in the electron stream at the minimum of
standing wave to full shot noise.

The first and second terms in (3) are those of the
simple theory! applied to the single-jump tube. The last
term was derived by Pierce in his first analysis of noise
in traveling-wave tubes!® by considering that, at the
entrance to the helix, there exists a noise current in the
electron stream of magnitude I'? times full-shot noise.
Equation (3) involves the assumption that the noise in
an electron stream can be separated into two compo-
nents which are mutually uncorrelated in time. This
means, in effect, that the cathode produces an electron
stream which contains (1) a component which excites
a space-charge standing wave of noise current having
perfect zeros, and (2) a noise current whose amplitude
does not vary with distance, is not affected by velocity
jumps and is uncorrelated with the first.

The justification for this assumption is that for all
the points plotted in Fig. 13, the theoretical noise fig-
ures calculated from the simple theory—the first two
terms of (3)—are negligible compared with the experi-
mental value. Hence, the experimental results can be
attributed, with small error, to the third term. If this is
done, we find that the use of a value of 0.02 for I'?in the
third term gives a result which is within a decibel or so
of the experimental values. This is not far from the

10 J, R. Pierce, “Theory of the beam-type traveling-wave tube,”
Proc. LLR.E., vol. 35, pp. 111-123; Feb., 1947.
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values of the minima measured in the sliding cavity ex-
periments®? since I'?=0.02 corresponds to 17 db below
full-shot noise.
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Fig. 13—Measured noise figure as a function of helix voltage times
C for the tubes tested at different frequencies

PossIBILITIES FOR FUTURE WORK

The foregoing empirical theory suggests that there are
two methods by which noise figure can be lowered. The
third term in the expression for noise figure can be re-
duced by reducing VgC. The second term will then be
increased, but this can be compensated for by reducing
the anode voltage Vi simultaneously. There is no theo-
retical limit to the amount of improvement obtainable
by this method since, even for a gun of specified perve-
ance, V) can be lowered, resulting in a lower beam cur-
rent. The effect of lowering the current on the gain of
the tube can be compensated for by making the helix
longer.

The magnitude of the third term can also be reduced
by decreasing I'%. Since there is as yet no theoretical
evaluation of I'?, upon what it depends is not known.
Examination of the results obtained from noise figure
measurements on the various tubes at the different fre-
quencies suggests that I'? does not depend upon anode
voltage, frequency, beam current, or beam current den-
sity, since these parameters were different for different
tubes, whereas I'* was nearly constant.

Other schemes that have been tried for reducing noise
figure include arrangements in which it is attempted to
adjust the entrance conditions for the helix so that no
increasing wave of noise is set up. No positive experi-
mental results have been reported, but that does not
mean that they are unobtainable.
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An Analysis of Errors in Long Range Radio
Direction Finder Systems®
JAMES G. HOLBROOKT, MEMBER, IRE

Summary—Modern radio direction finding equipment and tech-
niques have advanced to such a degree that it is possible to obtain
accurate bearings on a signal from halfway around the globe. These
successes have resulted largely from recent electrical and mechan-
ical refinements in the modern Adcock antenna df system.

Although the system has been described before, and applica-
tions demonstrated, to the writer’s knowledge there has not been a
complete investigation of its potentialities. An analysis would seem
desirable because of the great utility of the system.

The following material develops a rigorous mathematical analysis
of the errors that are mostly encountered in the design and installa-
tion of a new direction finding station. A detailed treatment of the
effect of variations in the antenna spacing is presented in support of
the author’s recommendations for obtaining higher efficiency in
the upper frequency ranges of a given station.

INTRODUCTION

HE FIXED Adcock direction finding system is

described briefly in most engineering texts,!* and

may be pictured physically as a scaled down ver-
sion of the familiar four tower radio range station. Each
antenna normally uses a thin vertical wire as the pickup
element, and will have some suitable method for aperi-
odic matching to a set of interconnecting transmission
lines.

All direction finding systems are subject to some
amount of electrical unbalance which invariably results
in bearing errors. The objective here is to develop a
mathematical analysis of the errors which are con-
tributed by various antenna element spacings, so that
this portion of the total residual error may be separated
from that which is due to site irregularity.

SyYMBOLS

E,=Reference voltage measured at origin in Fig. 1.
Ex=Complex voltage measured at north antenna

(Fig. 1).
Eg=Complex voltage measured at south antenna

(Fig. 1).
En_g=Voltage from north-south antenna pair to goni-

ometer.

Eg_w=Voltage from east-west pair to goniometer.

* Decimal classification: R501. Original manuscript received by
the Institute, Dec. 5, 1952; revised manuscript received June 20,
1953.

{ Northrop Aircraft, Inc., Hawthorne, Calif.

' R. Keen, “Wireless Direction Finding,” Iliffe and Sons, Ltd.,
London, England; 1938.

2 D. S. Bond, “Radio Direction Finders,” McGraw-Hill, New
York, N. Y.; 1944.

3 ]J. G. Holbrook, “Null Characteristics of the Rotating Adcock
Antenna System,” Jour. of Appl. Phys., vol. 24, pp. 530-532; May,
1953.

¢ P. G. Hansel, “Instant Reading Direction Finder,” Electronics,
vol. 21, pp. 86-91; 1948,

0=Azimuth angle between N-S antenna and in-
coming signal (Fig. 1).

¢ = Bearing as measured by goniometer.

C = Correction, normally equal to § —¢.

k= Antenna diagonal spacing to wavelength ratio.

k' = Antenna spacing to wavelength ratio, effective.

¥ =Angle of vertical incidence of incoming wave,
measured from horizontal.

PLAN VIEW
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Fig. 1—Geometry of the fixed Adcock system.

RELATIONS BETWEEN TRUE AND OBSERVED BEARINGS

If the origin 0 in Fig. 1 is taken as a reference, the
voltage at the north antenna is leading in phase and may
be written as

EN = Eoeirb o8 0.
The voltage at the south antenna will then be
ES — Eoé_i"‘ cos 0.

The combined output voltage is the difference, rather
than the sum, because of the conventional cross-connec-
tion in the connecting transmission line, and is given as

En_g = Eq(eivk s _ c—irk oon 0)
or, factoring out a 2j,
Ey_s = 2jE, sin (zk cos 6).
This may be normalized by letting 2jE, =1, whereupon
the north-south pattern becomes
Ey_s = sin (wk cos 6). (1)
The east-west Adcock pair yields a similar expression

¢)

Eg_w = sin (rk sin 8).
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Now since the goniometer follows a true cosine law,
the indicated bearing ¢ may be expressed implicitly as

sin (rk sin 6)
tan ¢ =

3)

sin (nk cos 6)

which relates ¢ and 6 in terms of the mast spacing to
wavelength ratio k. The application of (3) is seen by
examining the curves of Fig. 2 for £=0.5, 0.6, 0.7, and
0.8. The only quadrant shown is 0° to 90°, as it is noted
from (3) that each quadrant will be identical.

0

CORRECYION “C°
-0% °

-20°

Fig. 2—Graph of equation (3).

GENERAL INTERPRETATION OF ERROR CURVES

Fig. 2 shows that for very small values of k the curve
becomes almost a sine wave, although for larger values
the curve takes on a sawtooth characteristic which
eventually becomes multiple valued. Since a practical
long-range direction finder must cover the entire short-
wave bands from perhaps 2 mc. to about 18 mc. or
higher, choosing the value of % presents a problem.

If the value £=0.5 is chosen at a frequency of 18 mc.
the system will have a very low sensitivity at the low
frequency end of its range from (1), and yet if k be
chosen as 0.5 at the lower frequency limit, the frequen-
cies near the upper limit will all produce several ambigu-
ous bearings from (3).

We will leave a discussion of compromise values of &
until later. However, if a limiting value of k can be de-
termined beyond which all bearings are ambiguous, it is
seen that a compromise value can be chosen to meet the
individual requirements of each df station.

MATHEMATICAL ANALYSIS OF ERROR CURVES
Variation of correction with changes in observed bearing

Differentiating (3) with respect to 6 gives

dp  wk cos 0 sin (mk cos 6) cos (wk sin 6) + wk sin 6 sin (rk sin ) cos (wk cos 6)
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To examine the point at 45° where the observed bear-
ing ¢ changes most rapidly, the value x/4 will be sub-
stituted for both 6 and ¢ above, which then reduces to

do wk ( 1rk)
— =—cot|—
d0lganss /2 V2
and inverting
do 2 k
— = \/— tan (1=) . (5)
dple-ris Tk V2

Now the correction C is defined as C=0—¢. Differenti-
ating this:

—=——1 (6)

and substituting the results of (S) into this equation
gives

dC V2 (rk)
— =—tan|—<=) — 1.
d¢ d=r/4 Tk ‘\/2

The significance of (7) may be demonstrated by the fol-
lowing examples: For 2=0.5

ac
— = 0.82.
dé

()

Which represents a reasonably small variation in C as
the observed bearing changes at or near 45°.
But for £=0.65

ac
— =4.3
de¢
and for £k=0.68
ac
— =99

i.e., in the second case the correction varies 4.3°, and in
the third case 9.9° for a 1° change in ¢, and small ob-
servational errors are magnified in the ratios of 5.3 to 1
and 10.9 to 1 respectively.

In addition to the above, another point of interest is
at $=0=0° and will be discussed briefly. Substituting
these values into (4) and inverting, gives:

db sin 7k
do |40 wk

and substitution of this value into (6) gives

daC
de |40

sin mk 1 g
i . (8)

a8 sec? ¢ sin? (wk cos )

(4)
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The insertion of typical values of k will show that opera-
tion in the vicinity of 0° is much more stable than near
45° even though 2 may become rather large. This is
readily seen in Fig, 2,

Skywave errors and angle of wavefront elevation

When the incident wave is inclined at an angle ¥ to
the ground, the effective mast spacing to wavelength
ratio is:

k' = kcos . 9

The expression for dC/dy yields no results in simple
form, and this type of error is therefore illustrated with
an example.

From Fig. 2, if k=0.7, ¢ assumed zero, and ¢ =374°,
the correction is —174° and therefore 6 = 20°, but if ac-
tually ¢ =30° the effective ' =0.7 cos 30°=0.6 ap-
proximately, and for ¢ =374° the true correction is
—10°, making 6=27}° In practice it is not possible to
assess the value of ¥ and when & becomes large consider-
able errors can result, in the above case 73°,

Ambiguity of bearings

The results of an observation may be ambiguous in
certain cases as is seen from the curve of 2=0.8 in Fig. 2.
This means that the same reading ¢ may be obtained for
two or more values of 8. It becomes necessary therefore
to determine mathematically what set of conditions
must exist in order that (3) may have more than one
solution for 8. An inspection of the curves again leads
us to take 45° as a suitable point for investigation. At
45°, ¢ =0 and tan ¢ =1, (3) therefore becomes:

sin (rk cos 8) = sin (7k sin )
for which the normal solution is
cos § = sin 6

but since sin (180°—x)=Sin x, another possible solu-
tion 1s:

sin (m — wk cos 6) = sin (rk sin 6)
from which
1
-

sin§ 4 cos § = (10)

But from trigonometry

1 <sing 4 cos§ <+/2
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therefore
1< 1 £V?
= k =
or
1 <p<1
\/i = =

This last expression therefore shows that when % is
greater than 0.707 that (3) will be multiple valued at
least for some values of 6, and the affected band is seen
to spread rapidly on either side of ¢ =45° as k increases.
The practical limit is therefore

1
= 73
The critical value of 8 for 1/4/2 £k < 1may be determined
by setting (6) equal to infinity which sets the numerator

of (4) equal to zero yielding (12) and solving graphically
for 6.

k (11)

— tan @ = tan (wk cos 6) cot (rk sin ). (12)

For values of 2= 1/\/5 the correction C is maximum at
45° points, and solving (10) for C gives:

1-
m o (1),
V2k

When C reaches 45° all bearings correct to 8 =0°, This
occurs when k/+/2=1/+/2, or at k=1 all bearings will
become ambiguous.

(13)

CONCLUSION

It has been found that the observed bearing ¢ is only
dependent upon the ratio of the E-W to the N-S re-
sponse. Errors in observations become more serious as £
increases. For any value of & in the vicinity of 0.5 or
less the correction is reasonably small, but if £ becomes
much larger than about 0.5 the readings become in-
creasingly erratic, especially in the area near 45° points.
When % reaches 1/4/2 df is not usable near 45° points.
As k rises above 1/+/2 some bearings become ambigu-
ous, as k reaches 1 all bearings are ambiguous.

While it is felt that the foregoing material will be of
special interest to designers and to those who are con-
cerned with the initial installation and testing of sta-
tions, a clear understanding of the factors involved
which cause unusual bearing variations should also pro-
mote interesting suggestions to the regular operating
staff for increasing general efficiency of the station.

G
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Doppler-Effect Omnirange®

PAUL G. HANSELY, SENIOR MEMBER, IRE

Summary—This paper describes an omnirange of a new design
in which the transmitting antenna is caused either to move, or to
appear to move along a circular path to produce low-deviation FM
by Doppler effect. The FM envelope phase of the transmitted signal
is directionally characterized. Deviation-expansion and selective-
degeneration in an AFC circuit are used at the receiver to detect the
minute directional FM in the presence of FM noise of much larger
deviation. Advantages of the new omnirange include improved
resolution, accuracy and ease of multiplexing,

INTRODUCTION

LL RADIO RANGES in general use are designed
A around directional antennas of small-aperture
(less than A/2). The instrumental accuracy and
the course stability of these ranges are critically de-
pendent upon the care exercised in construction, adjust-
ment and siting and in spite of the utmost care, an
omnirange of conventional design! still exhibits objec-
tionally high bearing errors and fluctuations (course
scalloping) on typical sites.2® In some geographical
zones, even if the equipment is installed on the best
available site, nearby obstacles and reradiators may give
rise to errors and course scalloping of magnitudes which
seriously limit navigational reliability. As the use of
omnirange navigation increases, the need for greater
instrumental accuracy and for reduced site errors and
course scalloping will become increasingly acute. The
introduction of automatic flight computers! will further
accentuate this need.

The instrumental accuracy of a conventional omni-
range cannot be greatly improved since it is mechan-
ically impracticable to achieve a significantly closer con-
formity to the intended law of operation through more
precise manufacture and balancing. Recent studies have
indicated that site errors and course scalloping can be
reduced by greatly increasing the antenna aperture.’-6.7

* Decimal classification: R526.12. Original manuscript received
by the Institute, August 27, 1952; revised manuscript received July 9,
1953

1 Servo Corporation of America, New Hyde Park, N. Y.

TH. C. Hurley, S. R. Anderson, and H F. Kearirz “The civil
aeronautics administration VHF omnirange”; Proc. I.R.E., vol. 39;
p». 1506-1520; December, 1951.

1S.R. Anderson and H. F. Keary, “VHF omnirange wave reflec-
tions from wires”; Tech. Development Rep. no. 126; C.A.A. Tech.
Development and Evaluation Center, Indianapolis, Ind May, 1952.

3 W. R. Rambo, J. S. Prichard, D.P. Dufty, and R. 'C. Wheeler,
“Summary report on evaluation of omni-bearing—distance system
of air navigation”; Rep. no. 540-1, Air. Instrunient Lab., Inc.; Oc-
tober, 1950.

¢ E. H. Fritze, “Punched-card controlled aircraft navigational
computer”; Proc. I.R.E., vol. 41, pp. 734-742; June, 1953.

5 W. Ross, “Fundamental problems in radio direction finding at
high freq,uenmes (3-30 mc/s)”; J.L.LE.E., vol. 94, part IIIA, pp. 154—
165;

¢ C. W. Earp, “Radio direction finding by cyclical differential
mea7$urement of phase”; J.LE.E., vol. 94, part IIIA, pp. 705-721;
194

7]. L. L. Boulet, J. M. Anderson, and T. R. O'Mecara, “Doppler-
Type Direction Fmdmg Tech. Rep no. 8; Radio Direction Finding
Res, Lab., Dept, of Elect. Eng., Univ. of Illmons October 1, 1948.

However, in a spaced-aerial directional system, this
benefit is achieved at the price of ambiguities and spac-
ing errors. A possible solution of the ambiguity problem
of a wide aperture system is to use a fine/coarse system
with a wide aperture antenna to produce accuracy, and
a narrow aperture antenna to resolve the ambiguity.
This solution, however, introduces a further problem of
excessive complexity in the receiving equipment.

These problems are avoided in a new form of omni-
range which was devised in 1945% and demonstrated
experimentally in 1949, The high angular resolution and
consequent error reduction characteristic of wide aper-
ture systems are obtainable without ambiguity or spac-
ing error. There exists no fundamental limit on antenna
aperture. The instrumental accuracy is inherently high
because the law of operation is easy to satisfy with sim-
ple instrumentation. In addition, the new omnirange
has challenging multiplex possibilities which permit the
transmission of navigational information in the sub-
audible portions of communication channels or even of
broadcast channels.

REFERENCE
(AM)

DOPPLER
(FM)

REFERENCE
{AM)
DOPPLER
(FM)

BEARING W-270° BEARING N- O°

MOTOR

-MITTER GENERATOR
REF
n:r:n:uc:
REFERENCE
(AM}
.90°

DOPPLE R
[\ DOPPLER

(FM)
BEARING E-.90°
BEARING $-180°

Fig. 1—Doppler omnirange.

OPERATING PRINCIPLE

The new omnirange is based upon an application of
Doppler effect and, in a modification of the system, upon
a quasi-Doppler effect. No azimuth directivity is used
in the antenna system. Instead, directional information
in the form of sub-audible frequency modulation is im-
posed upon the transmitted signal by radiating the sig-
nal from a point on the circumference of a horizontal
circle and continuously revolving the point around the
center of the circle at a slow rate. Revolution of the
radiation source can be accomplished at the higher fre-
quencies by actually whirling the antenna as shown in
Fig. 1 to produce directionally-characterized Doppler

8 P. G. Hansel, “Navigation System”; U. S. Patent No. 2,490,050;
filed November 7, 1945, issued December 6, 1949.
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effect. At low frequencies where antennas are large, a
quasi-Doppler effect can be produced in the manner
illustrated in Fig. 2, by applying the transmitter output
through a commutator in rapid succession to fixed-posi-
tion radiators.

The actual or virtual motion of the radiating source
imposes a sinusoidal frequency modulation upon the
transmitted signal. The envelope phase of this modula-
tion as observed at a distant receiver is a continuous
function of the direction from the transmitter to the
receiver. N

N
WHIRLING PRIMARY
colL

ANTENNA

K- TOWER
/7
) FIXED
SECONDARY
coiL
1] \
TRANS- g;}_i——( )
MITTER w i fals T £
% - /,\ INDUCTIVE
COMMUTATOR -
AUDIO PROVIDES SMOOTH
PROGRAM FADE FROM ONE
ANTENNA TO NEXT
/ 5
MOTOR
Kw
_ R U REFERENCE

Il GENERATOR

Fig. 2—Quasi-Doppler omnirange using commutated array of

fixed antennas.

When the radiating antenna is effectively revolving
about the center of a circle the field Ex acting upon a
receiver at a distant point X in the same horizontal
plane may be expressed by an equation of the form:

wd weR

C +

Ex = Ejy sin [wct - cos (wd — a)], (1)
where w, is the angular frequency of the transmitter
carrier; d is the distance from the center of revolution
to point X; R is the radius of the circle; C is the velocity
of propagation; a is the direction from the transmitter
to point X measured clockwise from North; and w, is
the angular velocity at which the transmitting an-
tenna is revolved about the center of the circle.

The effective instantaneous frequency f, of the wave
received at point X is equal to the rate of change of
phase so

1 d wed weR
fum o s = S 2 con ot 2] ©
fom g1 = 255 sin ot - 2] @

where f.=w./2r.

The instantaneous frequency observed at a distant
receiver varies sinusoidally about the carrier frequency
at a rate equal to the effective rate of revolution of the
transmitting antenna. The envelope phase of this fre-
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quency modulation is equal to the direction from the
transmitter to the receiver. The maximum frequency
deviation Af is:

)

If the point of reception, X, is moving with a radial
component relative to the transmitter there will also be
a non-periodic Doppler increment of frequency of
f.(v/C) where v is the radial velocity component.

The direction from the transmitter to the receiver
can be determined at the receiver by measuring the
envelope phase of the Doppler-imposed frequency mod-
ulation. This measurement requires a reference-phase
signal which can be provided most simply by amplitude-
modulating the transmitter at some low frequency rate
which is harmonically-related to the effective antenna
revolution rate. More complex methods may have ad-
vantages under certain circumstances. For example, an
FM reference might be preferable in multiplexed low-
frequency operation to reduce static and to avoid inter-
ference with normal AM program modulation.

When an AM reference is used the signal observed at
the distant receiver, neglecting multiplexed program or
message modulation, has the form:

wd weR
C
-[1 + 4 sin Ko/},

Ex = Ejpsin [w;t — cos (wd — a)]

(5

where 4 is the amplitude modulation index and K may
be either a fractional or an integral constant.

Reference ambiguity is avoided if the reference fre-
quency is equal to or is a sub-harmonic of the antenna
revolution rate. A convenient practical value for the
constant K is 3.

The signal represented by (5) is completely direction-
ally characterized since it is possible to receive this sig-
nal at a single point in space and to translate the pe-
riodic variations of amplitude and frequency into direc-
tional information. The phase and depth of the ampli-
tude modulation are substantially independent of direc-
tion whereas, as previously explained, the envelope
phase of the frequency modulation is equal to the direc-
tion from the transmitter to the receiver.

DESCRIPTION OF EXPERIMENTAL EQUIPMENT

An operating frequency of 351 mc was chosen for the
first tests of the Doppler omnirange since a transmitter
and a frequency assignment were available in this fre-
quency range. At this frequency a whirling antenna is
just as practicable mechanically as the equivalent
commutated array of fixed antennas and was chosen, in
preference to the latter arrangement, because of its
greater simplicity.

Both a high revolution rate and a large radius are de-
sirable to maximize the Doppler deviation and to
achieve the resolution advantages associated with a
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large aperture. However, the mechanical stresses are
proportional to the square of the revolution rate and to
the first power of the radius so, to achieve a given devi-
ation, it is preferable to minimize the revolution rate
and maximize the radius.

With these considerations in mind, the antenna for
this project was designed with a one-meter boom length
and a revolution rate of 885 rpm (14.75 rps). At 351 mc
these parameters provide a Doppler frequency devia-
tion of +108.5 cps and an aperture of 2.34 \. This is
approximately 9 times the aperture permissible in a
conventional omnirange at this frequency.

Fig. 3—Revolving antenna for experimental
Doppler omnirange.

Fig. 3 is a photograph of the antenna system de-
veloped. A 73 horsepower, three-phase, 220-volt motor
operating at a speed of 1750 rpm :Irives the horizontal
boom at 4 the motor speed through gears enclosed in
the cast housing. A permanent-magnet alternator
mounted inside the housing is driven 1t full motor speed
to supply a fixed-phase amplitude-modulation refer-
ence signal having a frequency of 29.5 cps. The original
plan was to drive the alternator at half speed to provide
a sub-audible reference of 7.375 cps. However, the trans-
mitter available could not be modulated at such a low
rate so the reference frequency was made twice the
revolution rate, simply for experimental convenience.
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Radio frequency power from the transmitter is fed
through a rotary transformer to a half-wave dipole
antenna at the end of the boom. The transformer com-
prises a pair of coaxial rings, one attached rigidly to the
housing and the other rotating with the boom.

A. Receiver and Indicator Design

Fig. 4 shows a simplified block diagram of the re-
ceiver. The receiver is a conventional amplitude modula-
tion receiver with data-extraction circuits fed from the
last IF amplifier. The function of data extraction is
performed by the steps of limiting, expanding the devia-
tion, and then detecting in an FM discriminator. Feed-
back through a selective automatic frequency-control
loop corrects for tuning errors and degenerates un-

ANT. INPUT 1S M
351 3
AGC
366MC [ ————F—— —— ===
LOCAL LIMITER
OSCILLATOR

DEVIATION
€ XPANDER

DATA- EXTRACTION
CIRCUITS AND BEARING
INDICATOR ADDED TO
STANDARD RECEIVER

[ 1475~ | 295~
DA REFERENCE
SIGNAL

e é:0

L PHASEMETER

Fig. 4—Simplified block diagram of receiver.

wanted FM components. The bearing indicator is a
phase meter and the circuits used are, in most respects,
similar to those used in the standard CAA omnirange
receiving equipment.

Fig. 5 shows the receiving installation with the re-
ceiver on the right and the azimuth selector and left-
right meters on the left. The unit in the center contains
the bearing indicating and data extraction circuits, to-
gether with a regulated power supply and built-in field
measurement facilities designed as experimental aids.

B. Deviation-Expansion and Data-Extraction

The deviation-expansion and data-extraction method
for the Doppler or FM channel is illustrated in block
diagram form in Fig. 6. The 15 mc IF signal from the
receiver is applied first to an AM detector to recover
the reference phase signal of 29.5 cps. The 15 mc signal
is also applied to a limiter which removes most of the
amplitude modulation, and in addition, serves as a
tripler with its plate circuit tuned to 45 mc. The 45 mc
signal from the limiter-tripler is heterodyned in a
mixer with a local oscillator signal of 45.450 mc and the
nominal difference frequency of 450 kc is amplified in
an IF amplifier and then applied to an FM discrim-
inator.
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Fig. 5—Receiving equipment.

The discriminator output comprises a DC component
proportional in magnitude and polarity to the detuning
of the receiver, a 14.75 cycle Doppler-envelope signal
and a group of periodic and transient signals represent-
ing FM noise.

The significant feature of the signal-to-noise ratio
problem at the output of the FM detector is that the
directional information is contained entirely in the nar-

LIMITER |45MC
TRIPLER

OSCILLATOR
45.450 KC

REACTANCE
TUBE

A

1475~ NULL

REFERENCE -PHASE GICTER

SIGNAL
F:29.5~, ¢=0

v -
v —_——— 14. 75~
TO DATA-PHASE SIGNAL ' XP4
BEARING Fela7s

INDICATOR e sl

Fig. 6—Deviation-expansion and data-extraction method.

row-band variations in the phase of the 14.75 cps Doppler
envelope signal, and that practically all noise components
present are either DC or have frequencies different
from the frequency of the FM information signal. This
difference in frequency permits the use of discrimination
through frequency-selective automatic frequency con-
trol of the local oscillator in the data-extraction circuit.
This is accomplished by feeding the detector output,
through a null filter tuned to reject 14.75 cps, to a re-

actance tube which in turn controls the frequency of the
local oscillator.

The AFC filter is shown in Fig. 7. Its function is to
pass a DC error component representing detuning, to
reject the 14.75 cps data signal and to pass all fre-
quencies at which FM noise is likely to be severe. FM
noise with a modulating frequency higher than ap-
proximately 150 cps ordinarily has a deviation well

INPUT FROM ouT

UTPUT TO
DISCRIMINATOR REACTANCE

TUBE

2
o
v
]
3 |
[
2 |
& |
z
o 18 120
FREQUENCY

L C, ARE ANTIRESONANT AT 120cps THE
EFFECTIVE INOUCTANCE OF THE L C) COMBINATION
AT 15cps 1S RESONANT AT 15cps WITH C2

Fig. 7—Alternate filter for AFC loop.

within the bandwidth of the FM detector and can there-
fore be removed largely by filtering after detection in-
stead of by degeneration before detection.

The deviation-expansion technique used in this equip-
ment to detect extremely low-deviation FM is analogous
to amplification and involves frequency multiplication to
increase absolute deviation and heterodyning to increase
deviation factor. The signal at the receiver input has a
Doppler deviation of only 108.5 parts in 351 million. Con-
version in the receiver to the intermediate frequency of
15 mc does not increase the absolute deviation in cycles
per second but it does increase the deviation factor
AF/F, 23.4 times.
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The process of multiplying the intermediate fre-
quency by three and then converting to 450 kc further
multiplies the deviation factor 100 times. The total
deviation-expansion (or FM amplification) accom-
plished is therefore 2,340 times.

C. Bearing Indicator

The bearing indicator is a phase meter for measuring
the phase between the fixed-phase AM reference modu-
lation and the directionally-characterized Doppler FM.

The reference modulation of the experimental sys-
tem has twice the frequency of the Doppler modulation
so the indicator design includes a frequency doubler be-
tween the FM detector and the phase meter circuits.

TN N e—
F 205
e N ‘'S
PASS - CATHODE |
FM DATA DOUBLER FILTER
AL FILTER FOLLOWER
Feld. 75~
[ 114
PHASE PRASE
DETECTOR DETECTOR
LR 10(3 YFROM
LEFT-RIGHT  AMBIGUITY
——— INDICATOR  RESOLVER
AM REFERENCE o°
IGNAL PASS S0-DEGREE
| FILTER —-ls';’zl‘ffm RESOLVER | PHASE
Fa29.5~ F, 129.5 = 1 SHIFTER
$:0 ? |

Oy

S

A2IMUTH
SELECTOR

Fig. 8—Bearing indicator and course selector.

Fig. 8 is a block diagram of the bearing indicator. It
will be noted that this indicator is functionally identical
with the CAA VOR indicator except for the frequency
doubler. The filters used are shown in Fig. 9. In essence,

>
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; 200K
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Fig. 9—Regenerative pass filter with adjustments for
phase-curve slope and tuning frequency.

the filter is a phase-shift oscillator requiring a voltage
gain of about 28 for oscillation. The bias circuit is ad-
justed to permit a maximum gain of about 25. The cir-
cuit is therefore highly regenerative at the tuned fre-
quency but cannot become unstable. The slope of the
phase characteristic of this filter can be varied by chang-
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ing the gain of the regenerative stage with the bias con-
trol. This provides a simple way for compensating for
changes in the speed of the antenna drive motor.

The scale on the resolver is expanded so that a full
revolution of the pointer represents a bearing change of
only 180 degrees instead of the usual 360 degrees. An
expanded scale was particularly useful in the experi-
mental work because of increased indicating resolution.

EXPERIMENTAL RESULTS
A. FM Noise

The principal objective in developing the experi-
mental system was to determine the practicability of
deriving bearing data from the phase of the low-devia-
tion Doppler FM in the presence of larger-deviation FM
noise.

Fig. 10—29.5 cps AM (reference-phase) signal with 20 xV receiver
input modulated approximately 35 per cent. (a) Output of AM
detector before filtering. (b) Output of AM detector after filtering.

Frequency drift amounted to a maximum of 10 kc in
the transmitter and 25 to 50 kc in the receiver. Periodic

‘FM noise deviations of 2 kc in the transmitter and 15

ke in the receiver were experienced. Transient FM noise
deviations had a maximum value of 2 kc in the transmit-
ter and 5 to 10 kc in the receiver, the latter being due
principally to microphonic vibration of the ganged tun-
ing condenser and would not be present in a crystal-
controlled receiver.

The selective AFC system was able to degenerate all
drift and FM noise deviations to values well within the
5 kc knee-to-knee bandwidth of the FM detector, and,
because of the additional selectivity of the audio filters
in the bearing indicator, extraneous frequency modula-
tion which was definitely periodic in character presented
practically no problem at all.

Fig. 10 shows the reference signal output of the AM
detector before and after filtering. Fig. 11(a) shows the
discriminator output with the AFC circuit disabled.
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Fig. 11(b) provides a striking illustration of the effec-
tiveness of the AFC in eliminating the strong 60 cps
and 120 cps FM noise present in the raw discriminator
output. The Doppler envelope after doubling and filter-
ing is shown in Fig. 11(c).

Fig. 11—Doppler envelope (data-phase) signals with 20 uV receiver
input. (a) 14.75 cps discriminator output with AFC loop open.
Note large 60 cps and 120 cps “noise” superimposed on 14.75 cps
Doppler envelope. (b) 14.75 cps discriminator output with AFC
loop closed. The 60 cps and 120 cps FM “noise” is substantially
glliminated. (c) Doppler envelope after doubling to 29.5 cps and

tering.

B. Instrumental Accuracy

The whirling antenna was installed on the roof of a
building in Lindenhurst, New York and the receiving
equipment shown in Fig. 5 was installed in an automo-
bile. Road tests in the vicinity of Lindenhurst were con-
ducted over a two-month period for the purpose of
studying accuracy and practical problems.

The area directly north of the transmitter site was
fairly clear and the signal received in this area was uni-
formly strong. In all other directions reception was too
poor because of buildings and power lines to permit
meaningful observations at ground level. For this reason
measurement work was confined to the northern sector.

Instrumental accuracy was determined by repeatedly
measuring the azimuth difference between two fixed
points as the orientation of the whirling antenna was
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changed by small steps. The fixed points were three
miles from the transmitter and 14.5 degrees apart in
azimuth. In this test the bearing indicator accuracy
proved to be the limiting factor. The maximum errors
observed ranged from 0.5 degree to 1.0 degree and
were attributed largely to the indicator. An attempt was
made to eliminate indicator errors by calibration but it
was found that repeatability better than 0.5 degree
could not be obtained with this indicator design. It was
concluded that any errors present in the transmitted
signal were definitely less than 0.5 degree in magnitude.

C. Multiplexing

Throughout the road tests the omnirange transmitter
was amplitude modulated by voice to provide commu-
nication with the test car. Whirling the transmitting an-
tenna did not affect the quality of the AM voice modu-
lation except in the {ringe zones. The 29.50 cps reference
modulation did not interfere with voice communication
because of its low level and because the audio gain of
the receiver was sharply attenuated below 50 cps.

CONCLUSIONS

On the basis of the work performed to date, the fol-
lowing conclusions appear to be justified:

1. The instrumental practicability of the Doppler
omnirange has been demonstrated.

2. Detection of low-deviation Doppler FM in the
presence of FM noise of higher-deviation is not a par-
ticularly difficult problem.

3. The instrumental accuracy of the Doppler omni-
range is high. More refined indicating equipment will be
required to determine just'ho\v high.

4. Verification of the site-error suppression predicted
for large aperture antennas will require more extensive
and better controlled investigations.

5. Multiplexing with AM voice communication can
be accomplished simply.

APPLICATION PPOSSIBILITIES

The Doppler omnirange could be used to provide a
new VHF or UHF navigational service or it might be
modified® in a simple manner to provide a high-precision
VHF service fully compatible with the existing CAA
VHF omnirange (VOR). Large aperture “VOR-Com-
patible” Doppler omniranges could be used at difficult
sites to reduce site errors and course scalloping without
any change in existing airborne receiving equipment.

The ease with which the Doppler omnirange can be
multiplexed with an existing AM program service makes
it technically possible to use standard AM broadcast
stations as low frequency omniranges. It has been seri-
ously proposed that a selected group of clear-channel
broadcast stations be converted, as illustrated in Fig. 2,

* P. G. Hansel, “Two-Frequency VOR-Compatible Doppler
Omnirange”; Appendix A of Servo Corporation of America Report
No. SCA-1000-1; March 10, 1950. (This modification was suggested

to the author by Mr. Harry Davis of the Rome Air Development
Center, Rome, N. Y.).
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into high-power quasi-Doppler omniranges. This would
make possible the establishment of a long-range low-
frequency navigational service which otherwise might
not be feasible because of economic and frequency-allo-
cation considerations.
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Relaxation Oscillations in Voltage-Regulator Tubes”
P. L. EDWARDSY, ASSOCIATE, IRE

Summary—Gas-filled voltage-regulator tubes are subject to re-
laxation oscillations when operated in parallel with a condenser.
These oscillations have been investigated and a qualitative descrip-
tion of their mechanism is presented. It was found that the voltage
across the tube as a function of current has a minimum, and that if
the current through the tube is greater than that at the voltage mini-
mum, then relaxation oscillations do not occur. It was also found thata
100-ohm resistance in series with a VR105 tube reduces the tube
current required to prevent oscillations.

INTRODUCTION

AS FILLED vr (voltage regulator) tubes, such
as the VR105 or the VR150 are used mainly for

two purposes, voltage reference and voltage regu-
lation. As a voltage reference, the vr tube is operated
at nearly constant current. The tube under such operat-
ing conditions is subject to instantaneous fluctuations of
voltage and slow drifts with time which have been inves-
tigated and reported in some detail.!

As a voltage regulator, fhe tube is in parallel with
the load, and operates with fluctuating current. It is
well known that a condenser placed in parallel with a
vr tube will improve its regulation. It is also equally
well known that such a condenser often causes relaxation
oscillations, rendering the tube useless as a regulator.
It is the purpose of this paper to give a simple qualita-
tive explanation of why such oscillations occur, and
how they may be prevented.

MEcHANICS OF OSCILLATION

Fig. 1 shows the regulator circuit with the condenser
C in parallel with the vr tube. The current equation at
the plate junction is

ig e il - ia, (1)
and in terms of the voltage across the condenser,
ig =C E; . (2)
di

where E is the voltage across the vr tube and condenser.
* Decimal classification: R141.4XR338.2. Original manuscript

received by the Institute, December 15, 1952; revised manuscript re-

ceived June 8, 1953,

MdT U. S. Naval Ordnance Laboratory, White Oak, Silver Spring,
1G. M. Kirkpatrick, “Characteristics of certain voltage-regulator

tubes,” Proc. I.R.E., vol. 35, pp. 485-489; May, 1947.

With the tube conducting and in equilibrium—that is,
constant current through and constant voltage across
the tube—

dE o o
da
and
i = s (4)
Ebb
R
i
| ;2
N T
VR TUBE c;: E

& -

Fig. 1—Voltage-regulator tube with parallel condenser.

In Fig. 2(a) is shown the current-voltage characteris-
tic of a vr tube. The current-voltage characteristics of
vr tubes will be discussed later, but for now assume
the characteristic of Fig. 2(a). Also shown is the load
line for the circuit, which is determined by

. Eyw — E
fh=—,

= ()

where R and Ey are shown in Fig. 1. The intersection of
the load line and the vr tube characteristic determines
the stable operating point of the tube, for it is there
that (4) is satisfied.

Consider now the path of the point (E, 45) when Ew
is first applied. The vr tube does not conduct. The cur-
rent through R charges the condenser and increases the
voltage E across both the tube and condenser. This is
indicated on the current-voltage plot, Fig. 2(b), by the
path AB. At B the striking potential of the tube is
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reached, and the tube begins to conduct. The current
immediately jumps from zero to about a hundred milli-
amperes; that is, to the value at C. The tube current is
then greater than 4; and the condenser begins to dis-
charge. The (E, 43) point then continues down the tube
characteristic until the load line is reached at D. At D
the point stops because #1=1%; and so, dE/dt=0. It
should be noted that as long as the point (E, ;) is on
the tube characteristic to the right of the load line,
then g is greater than 7; and the condenser voltage is
decreasing, for from (1) and (2),

(©6)

"ok

VR TUBE
CHARACTERISTIC
105
q
‘m ' 1 i 1 1 1 1 1
[ —
nsr
Hof (>
E
105 D
b
ol
] b d
1S -
B
1o
E
G
105
Cc
100 Al

i —

Fig. 2—In (a) the tube characteristic and load line are shown. The
path of the point (E, is) is shown in (b) for the case of the inter-
section D on the high-curreit side of the tube-characteristic
minimum, and in (c) for D on the low current side.

Consider now the locus of the point (E, 73) when Eg
is first applied for the case of Fig. 2(c). The load line
now intersects the tube characteristic on the low current
side of minimum. When E is first applied, the path
and operation are the same as in Fig. 2(b) from 4 to B
and from B to C. The point does not traverse the path
from C to D, however, for when the minimum (point F)

Edwards: Relaxation Oscillations in Voltage-Regulator Tubes

1757

is reached, the slope of the tube characteristic is zero,
which requires that dE/dt =0. If the current 4; decreased
still further, then dE/dt would have to become positive.
This cannot occur, for on the right of D the tube cur-
rent, %3, is greater than 4, and by (6) dE/df must be
negative. Since the voltage E cannot increase along the
path from F to D, the tube characteristic cannot be
followed, and the tube ceases to conduct. Thus the
path taken in this case is from F to G rather than from
F to D. From G the point moves toward B and the
cycle is repeated, with relaxation oscillations resulting.

The above discussion of relaxation oscillations ex-
plains the mechanism of their generation. With this
mechanism in mind it is possible to develop schemes to

H

c

(@

Ep

i
(b)RESISTANCE CHARACTERISTIC

NS

f

i
(c) TUBE CHARACTERISTIC

i
(d)SERIES COMBINATION
CHARACTERISTIC

Fig. 3—In (a) the resistance R, is placed in series with the vr tube
of the regulator circuit. The characteristics of the resistance
(b) and tube (c) in series add to give the combined characteristic
(d). The minimum of the series combination occurs at a lower
current than does that of the tube alone.
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Fig. 4—Current-voltage characteristics for ten vr105 voltage-regulator tubes. The arrows indicate the direction of current change. The
voltage AE is in volts and the current i is in milliamperes. Note that the voltage scale is not the same in ail cases. These tubes were taken
from those at hand in the laboratory. No effort was made to obtain a representative sampling from various manufacturers and for different
operating voltages.
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prevent the oscillation. The most direct procedure is
to arrange R and/or Ew so that the intersection D
occurs on the high-current side of the minimum F. Also
a vr tube might be picked with a minimum at a lower
current. It is also possible to place a resistance in series
with the tube and shift the point Fof the series combina-
tion to a lower current, Fig. 3.

CURRENT-VOLTAGE CHARACTERISTICS OF VR TUBES

The experimental current-voltage characteristics of
ten tubes (VR105) are shown in Fig. 4. To obtain these
curves the tube current was varied by manual rotation
of a potentiometer; the sweep from 5 to 30 milliamperes
and back took about one second.

From the curves of Fig. 4 several interesting proper-
ties of vr tubes are apparent.

(a) The characteristics of vr tubes vary greatly from
tube to tube.

(b) The current-voltage characteristic of a vr tube
depends in a remarkable manner on the direction of
change of the current.

(c) The curve for decreasing current is smoother and
has fewer abrupt changes than that for increasing cur-
rent. In the above relaxation oscillation discussion, only
the curve for decreasing current is important. These
curves agree qualitatively with the curve assumed in
Fig. 2.

(d) Above a certain current, depending on the tube,
the curves for increasing and decreasing current are
nearly coincident and are fairly smooth.

Further tests which are not reported here, indicated
that the tube characteristics exhibit minor variations
from day to day. Though the characteristics also show
changes with frequency, the decreasing current charac-
teristic, which is the important one from the point of
view of relaxation oscillations, shows little change up to
the highest frequency tested, 80 cps.

RELAXATION OScCILLATION TESTS

The circuit of Fig. 5 was used in the relaxation oscilla-
tion tests. With the plate supply “on” the tube current
was decreased by increasing the series resistance, until
relaxation oscillations began. The tube current (strictly
speaking, the average tube current) was then increased
until the oscillations ceased. For still higher currents,
within the normal operating range of the tube, the circuit
was stable. The currents for three representative tubes
at which the oscillations ceased are listed in Table I

TABLE I

CURRENT THROUGH VR TUBES REQUIRED TO STOP RELAXATION
OSCILLATIONS FOR VARIOUS VALUES OF
PARALLEL CaPacITY C
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for several values of capacity. A comparison of Table I
and Fig. 4 reveals that for the tubes listed, the relaxa-
tion oscillations always ceased for currents at or on
the low current side of the minimum. This was true
for all tubes tested. Thus for a given vr tube one may
make certain that the tube will not oscillate by passing
through it a current greater than that at the minimum
of the current-voltage characteristics. This means that
D, Fig. 2, must occur on the high-current side of the
minimum F, as was previously discussed.

Ebb

VR TUBE

10

(e

—_—
TO SCOPE

»
>

Fig. 5—Circuit for relaxation-oscillation tests. The milliampere meter
used for measuring the tube current is not shown.

The minimum in the tube characteristics may be
shifted to lower current values by insertion of a series
resistance and considering the characteristics of the
combination, Fig. 3. The tube characteristics show
slopes below the minimum which can be compensated
to about 5 milliamperes with a resistance of 50 to 100
ohms. Exact compensation is not feasible. The data of
Table II were obtained in the same manner as those of

TABLE II

CuURRENT THROUGH VR TUBES REQUIRED T0 STOP RELAXATION
OSCILLATIONS FOR VARIOUS VALUES OF PARALLEL
CaracITY C AND SERIES RESISTANCE R,

vr Tube R Parallel Capacity, C
Number | Ohms 1 4f 4 uf 10 uf 30 uf 80 uf
2 0 2 ma 4 ma 4 ma 3 ma 4 ma
50 2 3
100 2 4 2 2 3
7 0 4 16 18 18 22
50 4 10 10 10 11
100 4 6 6 6 6
9 0 5 12 12 14 16
50 4 10 8 8 9
100 4 5 6 6 6

vr Tube

Number 1 uf 4 uf 10 uf 30 uf 80 uf
2 4 ma 4 ma 4 ma 4 ma 4 ma
7 6 14 14 14 20
9 6 14 12 14 15

Table I, but with the resistance R, in series with the
tube as in Fig. 3. From these data it is apparent that R,
in shifting the minimum to the left, reduces current
through tube required to prevent relaxation oscillations.
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A comparison of Table I with Table II (R,=0) indi-
cates how well these measurements agree from day to
day.

The experimental current-voltage locus was observed
on a cathode-ray oscilloscope and differed in some re-
spects from the curve GBCFG of Fig. 2(c). Along the
path GB the current was not quite zero. A dark current
of a few microamperes was flowing. This current was
very small at G increasing approximately linearly with
voltage to about 50 microamperes at B. The curve from
B to C was concave downward, due to inertial effects
within the tube. Also, the tube did not abruptly cease
conducting at F, but due to the availability of ions and
the sluggishness of the tube the locus left the tube char-
acteristic between F and D.

SinusorpAL OSCILLATIONS

From Fig. 4 it is seen that the vr tubes have a region
of negative resistance as indicated by the negative slope
of the tube characteristics. With such a negative re-
sistance element there is the possibility of sinusoidal
oscillations, and during the above tests such oscilla-
tions were often observed. No detailed study was made
of these oscillations, but the following facts were noted:

(a) The oscillations were unstable and would often
increase in amplitude and throw the circuit into relaxa-
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tion oscillations. The relaxation oscillations, being of a
different mechanism would be of a different frequency
and greater amplitude.

(b) The amplitude of the sinusoidal oscillations was
normally one volt or less, whereas the amplitude of the
relaxation oscillations might be as high as 20 v.

(c) The sinusoidal oscillation frequencies observed
were from 15 to 200 cps.

(d) The “equivalent” inductance of the vr tube was
found to vary from 1.5 henry at 15 cps and 5 milliam-
peres down to 0.06 henry at 200 cps and 20 milli-
amperes tube current.

CONCLUSIONS

Relaxation oscillations in vr tube are to be expected if
the tube is shunted by a condenser and the load line
intersects the tube characteristic curve on the low cur-
rent side of the minimum. The oscillations can be pre-
vented by arranging for the intersection to occur to the
right of the minimum. This can be done for a given tube
by decreasing the resistance R, Fig. 1, and moving the
load line so the intersection occurs at sufficiently high
current; or it can be done by placing a resistance in series
with the tube to move the minimum to the low current
side of the intersection.

CORRECTION

R. H. Baker, I. L. Lebow, R. H. Rediker, and 1. S.
Reed, authors of the paper, “The Phase-Bistable Tran-
sistor Circuit,” which appeared on pages 1119-1124 of
the September, 1953 issue of the PROCEEDINGS OF THE
I.R.E., have brought the following corrections to the

attention of the editors:

Figure 9 and 11 should be interchanged.
The second line in equation (1) should read: F®G

=F'G+FG'.

On page 1123 [t;, t;+e¢ should read [t;, ¢;+¢) in the
third line from the bottom and also in the bottom line.

In the second line in the left-hand column of page
1124 {; should read p;. In the third line (¢;+0, t;+e+0)
should read [tj+0, tj+e+0).

The second and third paragraphs of page 1124 should
read: The pulse function «(f) is the product of a(t+0)
and ¢(¢). An information pulse in a(¢+o0) allows a write
pulse in a(f) and the lack of an information pulse in-
hibits a write pulse to appear in a(¢). In other words if
a(t;) =1, a write pulse occurs in a(t) at time p;, and if
a(t;) =0, no write pulse occurs in a(f) at time p;.

The pulse function a.(f) is a() mixed with the read

pulse function p?, or

a.(t) = a(t) + p(®).
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Antennas Fed by Horns”

B. BERKOWITZ}{, MEMBER, IRE

Summary—Formulas are derived for the E- and H-plane radia-
tion patterns of antennas fed by horns as functions of illumination
taper. The case of a single lens or reflector antenna fed by two con-
tiguous horns stacked in either one of the principal planes is then
investigated. By means of an illumination factor defined in terms of
physical dimensions, the following electrical properties are related:
(a) loci of half-power beamwidths, zeros, and side lobe peaks, (b)
illumination taper at edge of secondary antenna, (c) crossover power,
(d) spillover power, and (e) gain referred to the feed horn.

INTRODUCTION

OUNDARIES of the foresceable future lie so near
B to the present that it is purely the author’s good
fortune to have analyzed, in unpublished work
done at Sperry during 1947, a specialized class of micro-
wave antennas in which interest continues high today.
This important family of microwave antennas is cate-
gorized by the use of electromagnetic horns as feeds for
the illumination of larger, secondary lens or reflector
radiators. Popularity enjoyed by the horn in this usage
stems primarily from the ease with which its beam-
widths in the electric and magnetic planes may be in-
dependently controlled. Commonly, two or more feed
horns are stacked contiguously in the focal plane of the
secondary radiator for purposes of generating over-
lapping secondary beams. The electrical characteristics
of such antennas will be investigated following the
earlier analysis.

In the interest of deriving formulas in closed form,
certain simplifying assumptions and approximations
have been made. These are pointed out as they occur,
and it is indicated how compensating corrections may be
applied, in some instances, to achieve a wider degree of
applicability of the end results. While rigour has thus
been sacrificed, experience in using the derived equa-
tions indicates that over the range of validity of the ap-
proximations the prediction of the data is quite good.

PRIMARY PATTERNS

The case of two horns stacked contiguously in the E
plane and the nomenclature to be followed are depicted
in Fig. 1.

Assuming separability, the normalized radiation field
in cach of the principal planes can be approximated by

sin wbs/\
fe= —
wbs/\

(1a)
and

* Decimal classification: R326.8. Original manuscript received by
the Institute, November 7, 1952; revised manuscript received june 9,
1953.

fSEcrry Gyroscope Co., Division of the Sperry Corp., Great
Neck, L. I, N. Y.

cos was/\

=1 o o

Sfu

where s=sin ¢. Equations (1) agree reasonably well
with the main lobe of measured horn patterns when the
horn flare angles are small and the aperture dimensions
cach exceed a wavelength. While (1a) and (1b) are not
new,! they are shown in Fig. 2 because they serve later
to define the illumination factor a.

RELATIVE POWER (DBJ

Fig. 2—Horn patterns.

SECONDARY PATTERNS

Obviously, the illuminated face of a secondary an-
tenna may assume a large variety of configurations.
Accordingly, (1a) and (1b) have been chosen to serve
directly as separable illumination functions for the
gencralized sccondary planar aperture. This choice re-
quires that a correction be applied to account for the
manner in which the character and shape of the il-
luminated antenna face modifies the illumination taper.
The correction consists in selecting a modified value for

! J. R. Risser, “Microwave Antenna Theory and Design,” Mc-
Graw-Hill Book Co., Inc., New York, N. Y., chap. 10; 1949,
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a according to the methods to bc described subse-
quently. In many cases the correction is small, and the
graphs apply directly.

Equations (1) can be cast into a form better suited
for describing the sccondary antenna illumination. For
this purpose the illumination factor, «, is defined as a
numeric having the value of the abscissa in Fig. 2 whose
ordinate equals the illumination taper (illumination at
the edge of the antenna relative to that at its center).
Referring to Fig. 1 the approximation may be made,
for the E-plane case, that onc replaces sin ¢ by tan
¢=y/F. At the cdge of the antenna aperture, y=B/2, so
that by substituting in (1a) one obtains for the illumina-
tion taper at the edge of aperture

sin wb B/ 2\
J(B/2) = —————"
wbB/2\F

Thercfore, in accordance with our definition for a,

ag = TbB/Z)\F,
wad/2)\F,

(2a)
(2b)

ayy

where the expression for ay follows a derivaticn similar
to that for ag. Using the approximate value for s and
(2a) and (2b), the aperture distributions for the prin-
cipal planes of the antenna may be written.

sin 2agy/B

G(y) = 2amy/ B

(3a)

cos 2a"x/zl
1 - (4(1"35/‘"'.'1)2 ’

G(x) = (3b)

since possible phase variations acrcss the aperture are
ignored entirely because it is assumed that the second-
ary antenna corrects the spherical wave incident upon
it to a uniform phase front. The secondary radiation
ficlds are then represented by the integrals

BI2
Fe(S) = G(y) exp (jkyS)dy, (4a)
~B/2
Al2
Fu(S) = G(x) exp (jkaS)dx. (4b)
—A/2

Equations (4a) and (4b) may be manipulated into
sine-integral and cosine-integral forms, convenient
tables of which exist.? In this form, they become

Fe(S) = B/2ag[Si(u + ag) — Si(x — ag)], (5a)
where
# = wBS <+ \,
S = sin 6,

and

2 Tables of Sine-Cosine and Exponential Functions, prepared by
the Federal Works Agency as I’roject No. 765-97-3-10.
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Fu(S) = [Si(m*) — Si(nt)

Am { TV

cos
8ay 2ay
— Si(m~) + Si(n)]
4

T
an

+ sin [Ci(m—) — Ci(n)

— Ci(m*) + Ci(n*) ]} , (5b)

where
V = AxS/\
m=7/2+ ay
n=x/2 — any,
and

mt = m(V/ay + 1)
=m(V/ag — 1)
wt = n(V/ag + 1)
== n(V/ay — 1).

Decspite the formidable appearance of (5b) for the
H-plane patterns in contrast with the simplicity of (5a)
for the Fi-plane, close similaritics exist. If correspondingr
values of ag and ey are chosen from Fig. 2, representing
equal cdge tapers in both principal planes, then the
functions (5) are virtually coincident throughout the
main lobe region. Therefore, only (5a) is plotted in
Fig. 3. Magnitudcs of the side lobe peaks, however,
differ consideralily depending upon the illumination
function, and so the peak valuc of the first side lobes in
the I1-planc are also displayed in Fig. 3.

Apparently the main lobe region of (5a) also repre-
sents with fair accuracy a wide class of practical illumi-
nation functions when a., a modified value for a, is
selected corresponding with the edge taper of the func-
tion. This property may be utilized partly to compen-
sate for the departures in actual illuminations from the
distributions given by (la) and (1b). Alterations in
illumination taper duc to the ecffects of space attenua-
tion, to reflections at lens inter-faces due to normal and
oblique incidence or refraction of energy, to modifica-
tion of the primary pattern due to curvature of the
sccondary antenna face, and to mismatch at lens sur-
faces, may be lumped together in arriving at am. Man-
ner in which these effects may be taken into account to
correct feed illumination function has been discussed in.?

Loci of the half-power beamwidths, zcros, and side-
lobe peaks of (5a) are of interest. Sines of the half-power
beamwidths, Sy, are found by solving the normalized
form of (5a), with

FE(Sl/z) = \/m = [Sz(u + a[;) bl Si(u — ag)]
= 2Si(ag) (6)
where 2S5i(ag) is the normalizing constant.

3 J. R. Risser, op. cit., ch. 11.
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Fig. 3—E-plane patterns of an antenna fed by a horn.

By differentiating (Sa) with respect to # and equating
to zero, the two equations

Si(u + ag) = Si(u — ag) (9a)

and

sin (2 + ag)/u + ag

sin (# — ag)/u — ag (9b)

are found from which the loci of zeros and side lobe
peaks may be calculated. Loci of all these parameters
also apply approximately for the H plane when corre-
sponding values of a are used as explained above.

CRrROSSOVER POWER

Two or more beams may be generated in space by il-
luminating one common antenna aperture with several
feeds mounted in the focal plane of the antenna. The
main lobes of such beams usually overlap, and the
energy level at which overlap occurs with equal in-
tensity in both beams is known as crossover power. Of
most interest is the maximum possible crossover power
for two identical horn feeds displaced equally from the
focal axis. This occurs when the horns are contiguous.

Angular deviation of the secondary beam, 6, with dis-
placement of the feed in the focal plane is nearly but not
quite equal to the angle ¢. The ratio of the former of
these two angles to the latter is known as the beam

deviation factor,* here designated as d. The sine of the
crossover angle, S;, for the E-planc case, may be re-
placed by its tangent with but little loss in accuracy
since @ is generally quite small. Thus

S: = sin (¢d) Eﬁ;
2F
and therefore, at crossover
u,=%=d—rB—b=d5aa
A 2NF

Following a similar derivation for the H-plane case,
one establishes secondary definitions of & as

1 BxS.:

o = d_; N ’ (88.)
1 ATS;

ap = d_,‘, N M (Sb)

Substituting these values into the normalized form of
(5a) and (5b) we deduce for the power at crossover in the
principal plancs as

Py(S:) = [Si{ar(de + 1)} — Si{ag(de — 1)}]? (

. 9a)
-+ 451*(ag),

4 J. R. Risser, op. cit., p. 488.
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and
In (p) — In(g) + Ci(2g) — Ci(%’)]2
Pu(S:) = - - —=—=1, (%
(59 [ 2{Si(p) — Si(@)} )
where
™
p= Py + o'n
™
q= 5‘ + oa'n
a’u = d”a.

Equations (9a) and (9b), with d= 1.0, are plotted in
Fig. 4 as functions of edge taper instead of « in order to
emphasize the lower values for crossover achievable in
the IT-plane for the same edge taper as compared with
E-plane. As functions of da two curves are much alike.
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Special attention must be given to the manner in
which a,, is used when cognizance must be taken of
aperture taper modifications. Direct substitution of an
for « in the crossover equations leads to erroneous re-
sults. The proper correction is easily applied, but its
justification requires an explanation. Suppose that a
matched lens is illuminated by two identical contiguous
horns, this situation leading to the crossover results
already obtained. Now assume the surface matching to
be altered so as to vary the illumination taper by re-
flecting more encrgy at the lens edge than at its center.
The greater illumination taper causes the secondary
beams to broaden, and to raise the level at crossover.

The proper procedure for correction is: Enter Fig. 4
to determine P’(f,) from «,, the particular, uncorrected
value of «, and locate these as co-ordinates on Fig. 3.
(The point so determined lies on the curve for a=a,
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since a,=BrmS./\.) Next, estimate where the curve
a=a, crossecs the same ordinate, a,=BnS:/A. The
power level so determined, P"(0.), is the corrected cross-
over power if d=1; if not, the difference P"(6.) —P’(0.)
must be added as a correction to the uncorrected value.

SPILLOVER POWER AND GAIN

A reduction in gain can be expected due to loss of
energy from the feed which spills past the edge of the
antenna without striking it. However, the over-all effect
on antenna gain as a function of edge taper depends
not only upon the spillover loss, but upon the secondary
beamwidths as well, and it should be noted that these
two cffects operate in opposite directions. One desires
to know explicitly how spillover power and gain vary as
functions of a.

The fractional part of feed-horn power which strikes
the antennas as compared with the total power radiated
is approximately expressed by

B2

G*(y)dy

A2

G*(x)dx
» (x)

A
=

Pr

0

0
f G"(y)dyf G¥(x)dx

o 0
where the G-functions are given by (3). While evalua-
tion of the E-plane integrals in terms of known func-
tions follows readily, the H-plane integral in the nu-
merator does not. However, the G%*(y) function may be
used approximately to represent the H-plane distribu-

tion as well, provided an appropriate corresponding
value of illumination factor, ., is chosen. If this is done,

Py 4 . . . .
'P—=-2‘ [Sz(ZaE) —sin? az/az] [Sz(2a¢) —sin? a,,/ac], (1 1)
T

’ (1())

which is plotted in Fig. 5 for the particular case ag = ..

Equation (11) is approximate in two regards, the error
becoming smaller in both cases as b/\ gets larger. First,
integration of power is indicated only over the forward
plane, with rearward radiation neglected. Equations
(3a) and (3b) do not even predict correct values for back
radiation. However, if a/A and b/A are equal to or
greater than 2.0 it may be estimated that the side lobe
energy neglected by (11) causes an error smaller than
0.3 db. Second, the replacement of sin (& sin ) by
sin (k tan ) in (3a) and (3b) causes an additional error.
If the value of the argument, & tan 0, is restricted to a
range less than , this contribution to error is less than
0.15 db whencver a/\ and b/\ are equal to or greater
than 2.0.

The gain of the secondary aperture is defined as

BI2 Al2
f G(y)dyf G(x)da
4r 0 0

A= - — - - "y

_.)‘2

2

(12)

and the gain referred to the feed horns, G, which takes
spillover loss into account, is the product of (10) with
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(12). By taking this product, the II-planc integrals over
variable limits cancel, thus permitting a closed evalua-
tion. One then arrives at

84B
——— Sia) [ Sitm) — Si(n)}.

QEQ T

(13)

~
]

For convenience in expressing (13) in decibels, E- and
II-plane components are separated by

AB
GF = FE+ F[1+ IOIOg—)\o—w

where Tt = 10 log [4Si%*(ag)/as\/7], (14)

and Ty = 10 log [2{Si(m) — Si(n)}*/anv/r).

i PR I VE—— —

. I——

RELATIVE POWEN 108}
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dg

Fig. 5—Spillover for equal edge tapers in E and H-planes.

Both these components are shown in Fig. 6. It may be
observed that there is a broad range in a about which
near-optimum gain may be achieved.®

Remarks concerning the accuracy of (11) apply

5 J. Ruze, “Wide-angle metal plate optics,” Proc. I.R.E., vol.
39, p. 697; June, 1951, shows curves for spillover and gain assuming
cosine-squared horn patterns for both planes, and neglecting horn side
lobes.
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equally to (14). The maximum efficiency predicted by
(14) is found to be 74 per cent, which may be compared
with the efficiency of 65 per cent commonly used for
paraboloid antennas. With regard to the substitution of
am for a in the gain (14), it should be noted that the
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Fig. 6—Gain of antenna with rectangular aperture fed by a horn.

spillover effect on gain is independent of a,,, whereas
the beam broadening is not. When the correction to a,
is due to mismatch, this energy loss may be added to
the spillover loss and (14) may be entered with a,,.

CONCLUSIONS

Radiation patterns of antennas fed by horns have
been derived and related to the physical dimension of
both primary and secondary antennas by means of an
illumination factor, a. Cross referencing among the
various pattern characteristics has been facilitated by
the use of a as a parameter common to all important
equations. While the use of the relationships directly in
terms of « is applicable with little error to a wide class
of practical antenna systems, it has been indicated how
the applicability of the results may be further extended.
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Information Cells on Intensity-

Modulated CR'T Screens”

DANIEL LEVINE{, MEMBER, IRE

Summary—The distribution of current within the beam of a
cathode-ray tube has a Gaussian variation. Consequently, if the wave
form of a pulse of beam current is known, it is possible to determine
the excitation of an intensity-modulated screen surface. In this re-
port the nature of the excitation is discussed for an intensity-modu-
lated sweep for both rectangular and triangular current waveforms.
The results are extended to indicate what may be expected of an
actual mapping radar set.

The theoretical constants which arise in the development are
evaluated from data obtained by the shrinking raster method of
measuring spot size, which is termed line width in this paper for
purposes of clarity. This permits determination of the size of an in-
formation cell on the screen as a function of pulse duration, sweep
speed and line width. Then the number of information cells available
on a tube may be determined. As a consequence, we find that there
is no significant difference in the number of information cells avail-
able on the standard SFP7, 7BP7, or 12DP7.

Furthermore, the reduction of the over-all receiving-system fre-
quency response by some radar displays may be estimated. In such a
case the video bandwidth may be reduced.

RECTANGULAR CURRENT PULSE

JHE DISTRIBUTION OF electrons in the beam
of a cr tube is closely approximated by a Gaus-
sian curve. Consequently, the current distribu-

tion about the central point of a stationary beam is

i(x, y) = Ine™¥7" = Iye ¥ M0 (1)

where 7 is the radial distance from the center of the
beam to the point (x, y).!

Now if the velocity, v, oriented along the x-axis, is
applied to the electron beam, the instantaneous current
is then

i(x, y) = IMC—",[(”_”)"H”]. (2)

Then the total charge delivered to the point (x, ¥)
when the beam current starts to flow at (0, 0) at time
t=0 and ends at time t=71is

[ it 3 as
0

IMTC_"!": AY 'r
o ) ~ 1[G = )]} )

Q(x, 3)

This function is plotted in the form

* Decimal classification: R537.131 X R138.31. Original manu-
script received by the Institute, Dec. 29, 1952; revised manuscript re-
ceived, July 27, 1953. This report is condensed from a classified report
of the same title; WADC Technical Report 53-90, May, 1952.

t Aircraft Radiation Laboratory, Wright Air Development Cen-
ter, Wright-Patterson Air Force Base, Ohio.

1 This section through (4) is a generalization of a paper prepared
at the Admiralty Signal Establishment, entitled “Effect of pulse
length on excitation of screen of an intensity modulated cathode ray
tube,” Rpt. No. Br-701/43; June 9, 1943.
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_ Gy
(= M) = Vo rIye Y
1
== {H(kx) — H[k(x — N]} 4

in Fig. 1.2 The maximum value of unity is approxi-
mated at some point of all these curves so long as

EN < 4. (5)

0.6

KAe | 10

SCREEN EXCITATION IN UNITS OF @,

DISTANCE ALONG TRACE

t L I
- -2 [ 2 4 8

@®
-
°
-
»

DISTANCE ALONG TRACE IN UNITS OF JOX. ey

Fig. 1—Screen excitation for rectangular current pulses
of length kM,

In the shrinking raster method of measuring spot
size,® sweep lines are of uniform brightness, being of the
form we would expect for 2\ > 10. Consequently, except
for ends of a sweep line, Q,(x) =1, whence:

0z, 9) = ’;i” A, (6)

For a given beam current, the intensity at the edge
of a line defined by this method is about 40% of

2 Fig. 1 is copied from footnote reference 1.

3 T. Soller, M. A. Starr, and G. E. Valley, Jr., “Cathode Ray Tube
?gi;plagysé" McGraw-Hill Book Co., Inc., New York, N. Y.; pp. 594-

+ 1948,
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the peak intensity.? Furthermore, the current and in-
tensity are related in a linear manner, provided that
the current density is not so great as to cause current
saturation of the phosphor.! Therefore, we conclude
that total charge is proportional to the integral of the
instantaneous intensity, the latter being the significant
quantity to the viewing or recording mechanism.

Now the peak total charge obviously is at ¥ =0, being
given by

™7
0(x, 0) )

Consequently, at the edge of a line, where y=w/2,

Odrv/w - R HEI?
kX kA
whence:
1.9145 i
= - (7)
Substitution into (1) yields
i(5, 3) = Ine >0, ()

TRIANGULAR CURRENT PULSE

The shape of the pulse received from a point target
which modulates the electron beam of the cr tube is
dependent upon the shape of the transmitted pulse and
distortion in the receiver. While many radar sets, re-
quiring accurate ranges, have sufficiently wide receiver
bandwidths to pass the transmitted pulse without dis-
tortion, other systems of the search type may have very
narrow bandwidths, resulting in considerable distortion.
As a consequence, it is necessary to consider additional
pulse shapes. In genecral, a selected shape of pulse does
not result in an integral for which the values are tabu-
lated; consequently, we are constrained in our selection.
For this reason the pulse shape which we next consider
is triangular; the beam current is

0 150
Zi”: 0<t<1/2

= 9
21:”(1—:) /2S5 1S 7 v
0 r <.

The screen excitation is obtained upon duplicating the
treatment of the rectangular pulse:

]2
ZIM e—k’v’ {f le_kz(z_”)zdl
T 0

+ f (r — t)e-k’<=-">’dt},
/2

¢ G. Liebmann, “The image formation in cathode-ray tubes,”
Proc. ILR.E., vol. 34, pp. 580-586; Aug., 1946.

Oz, y) =
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whence:

0, = F0G )

- = 2 2
Aw Iye Fv

= %‘{ka(kx) + k(N — 2x)H|:k(x — %):I
+ k(x — NH[k(x — V)]

+ 2 (o - 2 [as - 2]
+ H'[k(x — x)])} .

This equation shows even symmetry about kx =k\/2.
It is plotted about the point of symmetry for several
values of &\ in Fig. 2 with the maximum value normal-
ized to unity,

(10)

1.0

NORMALI1ZED
EXCITATION

(1] 1

0 1 2 3 4 5 6
A
k(x- E’ —>
DISTANCE ALONG TRACE MEASURED FROM THE CENTER OF
THE PULSE

Fig. 2—Normalized screen excitation curves for triangular
current pulses of length &\,

INFORMATION CELLS

Measurement of spot size by the shrinking raster
method does not involve a determination of where the
edges of a scanning line seem to disappear, but con-
sists of noting when adjacent lines appear to merge. The
results are, therefore, an indication of how closely
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units of information may be placed on a phosphor, and
still be resolved. Consequently, we shall assume that
when two identical pulses are spaced radially on the
tube so that the crossover of their charge distributions
occurs at 40% of the peak intensity,® then the pulses
are just resolvable as separate entities. The distance
between the 40%, points is defined as an information cell.

This definition admittedly is of an arbitrary nature,
since we require identity of pulse shape and amplitude.
It does, however, permit associating a unique number
with each type of cr tube for a given radar pulse
length and maximum beam current (since line width is a
function of beam current).

For triangular current pulses, the 40% point cor-
responds to an ordinate of 0.4 in Fig. 2. The size
of the information cell is then obtained by doubling
the abscissa value at which each curve crosses this
ordinate. The resulting function is plotted in Fig. 3,
with another curve for rectangular pulses.

‘O we 2w 3w aw
o LI R B O S S B B R IR SR AR SR SR BR BRI BRARALELEE BLELELER N ILERLEL LIS BLELBLAL IS
| 1, I o

PULSE LENGTH

5.5
8.0
L1 o

ao-T

3.5

S12E OF
INFORMAT 10W
CELL IN UNITS
OF ke

Les et Nl

111

8128 oF
INFORMAT [ON
CELL

A

30

1l

-

p ety s el

PULSE LENGTI IN UNITS OF WA ———P

1 L 1 1 1 1 1
o
' 1 4 3 4 L] ¢ 7

Fig. 3—Size of an information cell as a function of pulse length on
the screen; w is the line width measured by the shrinking raster
method; ¢ is the size of an information cell; pulse length is equal to
vr. The rectangular pulse curve is applicable to receivers having a
large bandwidth-pulse length product; the estimated curve applies
to receivers having a small value of this product.

A third dashed curve is sketched in to represent
what may be expected of a typical mapping radar set.
5 Resolution of two pulses probably occurs farther down than the

409, point which applies to lines; however, the correct curves can be
drawn readily as soon as datum on the proper value is available.
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This curve is based upon the assumption that as the
voltage waveform deteriorates from rectangular to
triangular to the actual case for a mapping radar sys-
tem, the corresponding excitation curves (and size of
information cells) fall off.

We have superimposed scales in units of line width,
by the use of (7); these are more readily interpretable
than the 2\ and kc scales. On the basis of the dashed
curve we are able to say that so long as the pulse
length on the cr tube is less than the line width, the
number of information cells in a radius is constant. For
the SFP7, 7BP7, 9GP7, and 12DP7, tubes this con-
stant is approximately 100 for a range setting of 15
nautical miles and pulse length of 3/8 microsecond.

The further significance of our development may be
demonstrated by considering a radar system having a
pulse length of one microsecond, a 50-mile range sweep,
and display on the SFP7; then

Dr
Ex=1.96— = 0.328.
wR

Since the pulse length is one microsecond, a video
bandwidth of 0.5 mc may be considered necessary to
pass all information; however, the pulse length may be
increased by a factor of 3 without materially affecting
the number of cells, so that a much smaller bandwidth is
adequate.

SYMBOLS

¢ Diameter of an information cell, mm.
D Diamgtcr of a cr tube, inches.
II(x)=(2/+/7) [i* du, the probability integral.

Iy Beam current at the center of the electron
beam.
Q.(x) Charge distribution function for rectangular
current pulses (4).
Qi«(x) Charge distribution function for triangular

current pulses (10).

R Radial sweep range on a cr tube, nm.

v Beam velocity, mm/microsecond.

w Line width measured by the shrinking raster
method, mm.

x Abscissa, directed along velocity vector of a
moving beam.

y Ordinate.
N Pulse length on the screen, mm.
T Pulse duration, microseconds.

oo
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Measurement of Resonant-Cavity Characteristics®
G. L. HALLT axp PHILIP PARZEN{, SENIOR MEMBER, IRE

Summary—The circuit properties of a resonant cavity are effec-
tively described by its loaded Q, unloaded Q, and shunt resistance.
One method of Q measurement depends on an accurate knowledge of
the variation of VSWR as a function of frequency in a transmission line
terminated by the resonant cavity. A method of measuring shunt re-
sistance along any path in the cavity entails accurate observation of
the resonant-frequency shifts caused by an obstacle placed at points
along the path. Therefore, both measurements require an AFC system
with good stability and high resolution.

The parameters of a re-entrant cavity with apertures are con-
sidered and the associated experimental setup is described.

INTRODUCTION

HE CIRCUIT properties of a microwave reso-
Tnant cavity may be calculated quite accurately for

simple geometries. However, the presence of
coupling mechanisms, apertures in the wall, or other
discontinuities complicates the calculations. Hence, re-
sort is made to experimental measurement of param-
eters when a high degree of accuracy is desired for a
practical cavity of arbitrary shape.

A knowledge of loaded Q, unloaded Q, and shunt re-
sistance of the cavity, is necessary for a complete de-
scription of circuit properties. External Q and circuit
efficiency are calculable from the first two parameters.

DEsCRIPTION OF THE CAVITY

The re-entrant resonant cavity under consideration
and its coupling to a coaxial transmission line are il-
lustrated in Fig. 1. The cavity was similar to those used
in klystrons and in studies of electron beams or gas dis-
charges. The shunt resistance of interest is that which
is defined along the axis of the cavity. The cavity di-
mensions, other than those of the center hole, were
scaled from one of IHansen's.! Proper consideration of
the various scaling factors gave 3,600 for the unloaded
Q and 2.46X10° ohms for the shunt resistance. The
center hole along the axis symmetry should decrease the
unloaded Q and raise the value of the shunt resistance.

A coaxial line with a coupling wedge as an integral
part was fitted tightly into the cavity and clamped in
position. The front face of the wedge was kept in the

* Decimal classification: R119.3. Original manuscript received by
the Institute, October 24, 1952; revised manuscript received July 15,
1953. Presented, Conference on High-Frequency Measurements,
Washington, D. C., January 14, 1953. This work sponsored by U. S.
Army Signal Corps Eng. Labs., Fort Monmouth, N. J.

t Formerly Fed. Telecommun. Labs. (a division of IT & T Corp.),
now at University of Virginia.

{ Formmerly Fed. Teleccommun. Labs. (a division of IT & T Corp.),
Nutley, N. J.

! D. R. Hamilton, J. K. Knipp, and J. B. H. Kuper, “Klystrons
and Microwave Triodes,” McGraw-Hill Book Co., Inc., New York,
N. Y, p. 78; 1948.
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Fig. 1—Experimental test cavity.

plane of the inner wall of the cavity by a stop. For any
given angle of wedge, the coupling could be varied by
rotating the coaxial line and wedge with respect to the
cavity. Two positions for maximum coupling are shown
in Fig. 2. The circuit efficiency at these two positions
depended on the wedge angle; about 120 degrees gave
approximately 50 per cent circuit efficiency, that is,
critical coupling. Position 4 gave slightly higher values
of resonant frequency and loaded Q than B.

Smaller wedge angles in the same positions afforded
higher circuit efficiencies and lower Q’s. Fig. 3 illustrates
four positions of a 90 degrees wedge for critical coupling.
Notice that critical coupling was not the maximum
coupling obtainable with this wedge. Therefore, it was
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possible to maintain a constant circuit efficiency, a de-
sirable feature in measuring current modulation fluctua-
tion in an electron beam passing through the cavity.

120 DEGREES

Fig. 2—Coupling positions for large wedge angles.

Thus, the measured band-width of the fluctuations may
be varied without impairing circuit efficiency, and yet
vary values of the various Q's. Also, for large wedge
angles, unloaded Q changed little when the coaxial line
and wedge were rotated to change circuit cfhciency.

90 DEGREES

8, 82

Fig. 3—Coupling positions for small wedge angles,

The Q measurements to be discussed were made with
a wedge angle of 118 degrees in position 4,.

Q MEASUREMENT

The various Q's may be defined with the aid of the
following equations. When a power P is excited in the
cavity, a part Pg is lost in the walls of the cavity, and

PROCEEDINGS OF TIIE I.R.E.

December

the remaining part P is delivered to the load. Then
unloaded Q or Qo = woll’/ Py,
external QorQ, = wW/Py,
loaded QorQr = wW/P.

Q was measured by terminating a transmission line
with the cavity and measuring the VSWR and the posi-
tion of the minimum as a function of frequency. The
half-power points 7,2 were determined from

14+ re+ [1 + (7’0)2]”2
14+ ro — [1 4+ (ro)2]2

where 7o equals the VSWR at resonance. For the loaded
Q. Qr=/fo/Af.

A plot of the position of the minimum VSWR versus
frequency was used to identify undercoupling or over-
coupling. Fig. 4 illustrates a typical Q measurement.

Emphasis was placed on stability of frequency during
measurements of VSWR, FFig. 4 illustrates the small in-
crements of frequency that were possible with the use of
an AFC system. -

The method of measurement neglects the series losses
in the coupling between the cavity and transmission
line. The VSWR far from resonance is a measure of
these losses: a low ratio corresponds to high losses. The
VSWR curve in I'ig. 4 was plotted up to a ratio of 40
without approaching a finite asymptotic value. Then at
a point very far from resonance, the VSWR was found
to be greater than 178, which was the highest value
measurable with the calibrated attenuator. Therefore,
the series losses were negligible.

r,2 =

SHUNT-RESISTANCE MEASUREMENT
The shunt resistance R over a path will be defined as

_ymir
_ s

The integral is the line integral of the rms field over the
desired path, which in our case is along the axis of sym-
metry of the cavity. Rewriting the equation for the un-
loaded Q

wolW
0= Qo ’
then
R ([Eds)?
0o wlW

The electric- and magnetic-field distributions in the cav-
ity are not known; therefore, R/Q, is not immediately
calculable. However, indirect measurements of field dis-
tribution were described by Hansen and Post,? Maier,?
2 W. W. Hansen and R. F. Post, “On the measurement of cavity
impedance,” Jour. Appl. Phys., vol. 19, p. 1059; November, 1948.
31, C. Maier, “Field Strength Measurements in Resonant

Cavities,” Tech. Rep. 143, Research Lab. of Electronics, MIT; No-
vember 2, 1949,
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and Casimir.* The method consists of observing the
shift in resonant frequency of the cavity caused by in-
serting small conducting obstacles. The shift depends
on the strength of the fields at the obstacle.

For obstacles whose dimensions are small compared
to the wavelength, the frequency shift Aw as given by
Casimir is

Aw H-M+ E-P

wo 2w

1

4733.0 MC 4730.3 MC

P

VOLTAGE STANDING-WAVE RATIO
.

—
%
\

o
\\
A

N 4
/
2 \ Xx £
ANY:4
o}
+4 +2 0 -2 -4

FREQUENGCY IN MEGAGYGLES |

Fig. 4—Typical Q curve. fo=4731.6 mc, Af=2.7 mc, and Qr=1.75
X 10%. The frequencies are given for the half-power points. The
voltage standing-wave curve (dashed) has been drawn to an ar-
bitrary scale,

where E and H are the electric and magnetic fields, re-
spectively, at the obstacle and P and M are the total
rms electric and magnetic moments of the obstacle. The
quantities P and M may be computed by static consider-
ations, since the dimension of the obstacle is small in
comparison with the wavelength.

For a small metallic sphere of radius b

P = 4neb®E,
M = — 2muebiH,
Aw — 2mpuobPH? + drechiE?
— To. = R .

¢ H. B. G. Casimir, “On the theory of electromagnetic waves in
resonant cavities,” Philips Res. Rep., vol. 6, pp. 162-182; June, 1951.
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Assuming H =0 along the axis of symmetry of the
resonant cavity herein, the frequency shift for a metallic
sphere is

Then
-1

Aw\l/2 2
—_— ds|.
27rwob? [f ( wo ) s]

Therefore, a plot of (Aw/we)!/? versus position of the
obstacle has to be measured experimentally and inte-
grated to obtain R.

R/,QO =

MEASUREMENT OF RESONANT-FREQUENCY SHIFT

Microwave power from a stabilized klystron was fed
into the E-arm of a matched magic tee. The test cavity
terminated one of the side arms and an adjustable short
was in the other side arm. Power in the H-arm was mon-
itored with a crystal detector. The adjustable short was
tuned for minimum crystal current with the klystron
oscillator frequency far from the resonant frequency of
the test cavity. Next, the klystron, which was stabilized
by an AFC system, was tuned to the resonant frequency
of the test cavity. Resonance was indicated by a dip in
crystal output. The value of the resonant frequency of
the test cavity was determined with a wavemeter that
has a loaded Q of 7,000.

After determining its undisturbed resonant frequency,
the cavity was perturbed by the introduction of a small
spherical conductor and the new resonant frequency was
measured to obtain the shift in frequency.

Spherical obstacles with radii as small as 0.0156 inch
were used with resulting maximum frequency shifts in
the order of 5 mc. Some difficulty was encountered in
suspending such a small obstacle in the cavity. Maier
could use larger spheres because of the longer wave-
length of his cavities. He detected no effects from a
silk thread on which obstacles were suspended. In the
present experiments, however, the effects of a thread
were noticeable. The best results were achieved by ce-
menting the sphere with polystyrene Q dope to a small
taut nylon thread. The thread passed through the cav-
ity and was kept taut by weighting its end.

Fig. 5 gives frequency changes as a function of the
position of the center of the spherical obstacle along the
axis of the test cavity. The solid curve represents the
frequency shift induced by the sphere, thread, and
cement; the dashed curve shows the effects of the ce-
ment and thread; and the graph base line represents the
resonant frequency of the unperturbed cavity. Since the
resonant-frequency shifts induced by the thread and
cement are small in proportion to the total frequency
shift, it seems justifiable to subtract the two perturba-
tions to obtain the amount of shift Aw caused by the
sphere alone.
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In this manner, data for a curve of (Aw/wy)!'? versus
obstacle position were obtained. A planimeter was used
to determine the area of the curve. The resulting value
of R was 8.33 X10°% ohms. This was higher than expected
by a factor 3.39, and indicates that the electric field
along the axis of the cavity was changed appreciably by
the introduction of a hole in the immediate vicinity.

The method of measuring resonant-frequency shifts
was checked at one position of the obstacle in the fol-
lowing manner. With the obstacle in the cavity at the
position of greatest frequency shift, the resonant fre-
quency was also obtained from a Q measurement, as
shown in Fig. 4. The result agreed with that obtained
previously.

)

. A 1N
A A\
/

; » \
-0.080_- jO-a:l»B_ = ...10-‘~ :-0.0;0- -10.080

DISTANCE IN INCHES BETWEEN CENTERS
OF CAVITY GAP AND SPHERE

N

FREQUENCY SHIFT IN
MEGACYCLES (X1.8)

o]
-0.120

Fig. 5—Resonant-frequency shifts introduced by a 0.0156-inch-
radius (or 0.0312-inch-diameter) steel sphere suspended in the
cavity. The frequency shifts caused by the nylon thread and Q@
dope that supported the sphere is given by the dashed line. The
zero frequencies (sphere in center or suspension only) were
4726.7 mc and 4731.6 mc, respectively.

Measurements of frequency shifts were taken using
0.040-inch- and 0.062-inch-diameter spheres. The 0.040-
inch-sphere results checked with those for a 0.0312-inch
sphere. However, the 0.062-inch sphere gave greater
frequency shifts than would be expected from Aw/ws,
which is proportional to . It was concluded that the
largest sphere caused too great a perturbation.

It is pertinent to mention that the measurements of
both loaded and unloaded Q’s and of shunt resistance R
were possible only by the use of a stabilized klystron
oscillator.

Fig. 6 gives a block diagram of the AFC system. The
klystron output was sampled by means of a 30 db direc-
tional coupler to the I7-arm of a magic tee. The two side
arms of the magic tee contained an adjustable short and
a reference cavity, respectively. After the proper posi-
tioning of the adjustable short, the difference between
the reflections from the two side arms was detected by
the crystal in the E-arm.

The characteristics of the magic tee were utilized as
follows. The output of a 5 kc audio oscillator was fed
into a variable phase-shifting network. The two outputs
had variable relative phase. One of the two was used to
drive a power amplifier for a headphone. The headphone
diaphragm was built into and formed a part of the wall
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of the reference cavity. There resulted a 5 kc modulation
of the resonant frequency of the reference cavity about
its original resonant frequency, which was called ‘the
center frequency of the reference cavity.

If the klystron were oscillating at the center frequency
of the reference cavity, there would be a minimum crys-
tal output. However, if the klystron drifted off the
resonant frequency of the reference cavity, the crystal
output increased and the phase of the crystal output
was determined by the direction of the frequency shift
of the klystron.

The crystal output from the E-arm of the magic tee
was amplified and used to unbalance a balanced detector
that was driven by the second output from the phase
shifter. The variable phase shifter had to be adjusted so
that there was no discriminator output when the klys-
tron was oscillating at the center frequency of the refer-
ence cavity, and the correct polarity had to be observed
when connecting the discriminator output in series with
the repeller supply.

To check its performance, the AFC system was care-
fully aligned and a wavemeter with a loaded Q of 7,000
was tuned to the resonant frequency of the klystron. No
appreciable correcton voltage was being provided; the
repeller supply voltage was —180 v. The repeller supply
was then changed to —300 v; the AFC system restored
it to the original value and the resonant frequency of the
klystron did not change. Next, with the repeller supply
set at — 300 v, the repeller supply switch was turned on
and off alternately; there was no detectable motion of
the needle of the dc meter of the wavemeter. That it to
say, during these rapid changes in the repeller supply
voltage, the klystron remained stable within the resolu-
tion of a wavemeter of 7,000 loaded Q. When the experi-
ment was repeated with the wavemeter tuned to the
steep side of its resonance characteristic, only a slight
movement of the indicator needle occurred.

The wavemeter was detuned from the frequency of
the stabilized klystron until its dc indication had de-
creased to one-half of the smallest scale division; this
corresponded to a frequency change of 240 kc. It was
estimated that one-fourth of this change could have
been observed; that is, a 60 kc frequency change in the
klystron oscillator would have resulted in a detectable
motion of the wavemeter indicator. Therefore, it seems
justifiable to say that the AFC system had a resolution
of at least 100 kc. The stability was believed to be bet-
ter than 10 kc, but the backlash in the micrometer head
of the wavemeter prevented a more accurate and defi-
nite determination.

A second test of stability concerned the effects of tem-
perature variations in the klystron. The AFC system
was set up and left on for 6 hours without any forced
cooling of the klystron. After the frequency was meas-
ured, two constant-speed blowers were applied to the
hot klystron. Thirty minutes of cooling by the blowers
produced no detectable change in frequency.
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USEFUL OUTPUT COUPLER J
<«——— (30 DEGIBELS) OSCILLATOR SR
Fig. 6—Block diagram of AFC system.
CoONCLUSION it has been possible in the measurement of shunt resist-

A method has been described for measuring with great
accuracy both the loaded and unloaded Q’s and shunt
resistance of a resonant cavity. This procedure entails
precise measurements of frequency shifts caused by a
small obstacle placed along a given path.

The degree of precision of this method is verified by
the symmetry of the Q curves, which can be attained
only by maintaining a high resolution in frequency.
Moreover, because of this exacting frequency resolution,

ance to correct for perturbations of the string and
cement supporting an obstacle in the cavity. This setup
can be used where a source of stability is required.
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Evaluation of Polarization Diversity Performance
JOHN L. GLASERY, Ski\IIOR MEMBER, IRE, AND LAWRENCE P. FABER, JR.}

7

Summary—The performance realizable from the statistical rela-
tionship between the fading of signals received on vertically and hori-
zontally polarized antennas has been evaluated by interpretation of
the joint distribution of these signals. A brief description is given of
special instrumentation which determined the joint distribution as
the signals were received.

Data were collected at 6.985 and 11.66 megacycles using unmodu-
lated signals transmitted from Red Bank, N. J., and received near St.
Louis, Mo. The performance at 11.66 megacycles was very nearly
that expected of independent Rayleigh-distributed fading of the verti-
cal and horizontal components of the received signals. At 6.985 mega-
cycles the realizable diversity performance was somewhat less effec-
tive than would have been expected with independent fading.

INTRODUCTION

T IS KNOWN that ionospherically propagated
J:[ radio signals received on two antennas of different

polarizations exhibit random variations in ampli-
tude which appear to be statistically independent. This
fact has been utilized to improve radio system reliability
through the use of polarization diversity reception.
This paper dcscribes some measurements of the joint
distribution of signal amplitudes received on antennas
responding to vertical and horizontal polarization com-
ponents of ionospherically propagated signals. The ex-
perimentally determined distributions are interpreted to
show the improvement which is realizable from polar-
ization diversity.

It is well known the distribution of signal ampli-
tude devcloped in a single antenna by sky-wave signals
closely approximates the Ravleigh distribution. Accord-
ingly, the probability that the received signal amplitude
E is at any instant less than some spccified value E’ is
given by

probability that E < E' = 1 — 088" 1Ea0® (1)

where Ey is the median signal amplitude which is the
amplitude exceeded one half of the time.

In narrow-band communication systems which are
not affected by the frequency-selective aspects of fad-
ing, the signal will be unusable whenever the RF signal-
to-noise ratio falls below a certain value. In such sys-
tems a least usable amplitude is determined bv the
least RF signal-to-noise ratio which can be tolerated and
the total RF noise power consisting of set noise and noise
received by the antenna. If E is the least usable signal

* Decimal classification: R428. Original manuscript received by
the Institute, Aug. 22, 1952; revised manuscript reccived April §,
1983. The work described in this paper was carried out under Con-
tract No. DA 36-039 sc-15331 hetween the Signal Corps Fgineering
Laboratories, Red Bank, N. J., and \Vashington University, St.
Louis, Mo.

t Formerly Washington University, St. Louis, Mo.; now with
Bell Telephone Laboratories, Inc., New York, N. Y.

} Formerly Washington University, St. Louis, Mo.; now with
Vickers Electric Division, Vickers, Inc., St. Louis, Mo.
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amplitude, the fraction of the time that the siggi
unusable is

p)
fraction of unusable time = 1 — e‘°'°93(EL/EMQ

This equation considers only the effects o
period fading during times when Ep and Ey
considered constant. There are, of course, diurni
sonal and random variations in both Ez and En
must be taken into account in determining thdg
term reliability of a radio system. Since the advn}
of diversity reception are derived from the favi
short-term statistics of signals received by two or
antennas, we shall regard Er and Ej as constant Pf.
eters and compare diversity and non-diversityi
formance for various combinations of these paran‘ff ‘

The statistical relationship between the fading §
signals E, and E, received by the two anténnas
polarization diversity system can be described b
joint distribution of these quantities. In a ma
analogous to (1), we could determine the proba
that I, at any instant will be less than some arbi
value E,’ while E,'is at the same time less than
arbitrary value E,’. This cumulative joint distribu
would be expressed as some function of E, andf
just as in (1) the cumulative distribution of E wy ot
function of E'.

This joint distribution of E, and E, would be aﬁcr,F
by changes in the median values of the fading sigi
E, and E; which might result, for example, fr'\\
changes in ionospheric absorption. The joint distrif
tion could be expressed as a function of E,'/E, a
E,'/E 2, where Ey and Eyy, arve the median valueé,
E, and E,. Assuming that the factors which cause st :
changes in the median signal amplitudes do not affd® £
the short-term fading distribution about the mediaf .
the distribution in this form would describe the s ;
tistics of the short-term fading without restrictionV
particular values of Ey; and Eyp,. Thus the joint dig
tribution could be expressed as

probability that E; < E, } P(EY) Eans, Ex'/Ens) (
and E,< E,' simultaneously a T T L
where P is some function which is to be determined
In a diversity receiving system, the fraction of u
usable time is the fraction of the time that neither chan
nel receives a signal whose amplitude exceeds the leasf
usable amplitude. If E;; and Ep, are the least usabld .
amplitudes for the respective channels, the fraction 06‘" ‘

! For the case where E, and E, fade independently with Rayleigh§.
distributions, P =[1—¢ 0.693(E//ExM12)[] — ¢~0.693(Ey'/EM2),  Although
some of the experiments showed this to be approximately true, there
appears to be no a priors basis for assuming independent fading in
the polarization diversity system.
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L:ﬂ'usable‘;time is given by
'f‘ract'ion.: f unusable time = P(Eri/E, Ers/Enz), (4)

function P is the same as that defined by (3).
e intentionally allowed for the possibility that
“ Eun#Ef# and Esn# Eas. Usually the antennas of dif-
.ferent' larization will also have different directivity w
charaetdristics and therefore it is possible that .,,3 o
& 3117 Epra. Also if Ezy and Ep, are established by noise %Z w02
'aznd. other interference received by the antennas (which 22 o
is usually the case in the frequency range of interest é% *
i here), if is possible that E1# E . as a result of the dif- ggoo
Jerent directivity characteristics of the two antennas. §Qooz
« We thall shortly describe some measurements in 0,00}
which functions of the type represented in (3) and (4) = 00005
were determined’ experimentally. As is often the case .
LJith cﬁpirical data, the results of these experiments are . °-°‘;°;
00

“most g¢onveniently represented graphically. Since the
of unusable time is a function of two variables
a1 and Eprs/us such a graphical presentation is

Fig. 1—An example of the joint distribution of signal amplitudes re-

y . g o_ oo
in the|form of a surface, an example of which ig3llus- . : : : :
1 ' P ) ceived by a vertical and horizontal dipole antenna interpreted to

in Fig. 1. It is obvious that drawings of thertype show the fraction of unusable time for various ratios of the median
signal amplitudes to the least usable signal amplitudes. The

in Fig. 1 are not simple to draw nor is it conven- ¢ 2R
. dashed curve drawn on the surface shows the diversity perform-
read data from such a drawing. Therefore sur- ance when these ratios are equal for the two channels.
“ faces]of this type were usually depicted by contour . .
, 1 5 YP y depic Y« dipole antennas werc connected to two reccivers whose
maps, on which curves representing various fractions of
. A second-detector output voltages controlled the selector
nusable time were plotted on the (E i/ Ean, Er2/Eva) . . . «
: oty : switches shown in the units labelled “level selector.”
land. Fig. 1 has been presented here to illustrate the ! . P
) . One of the counters in the array shown in Fig. 2 was
gencfal form typical of the function P(EL/E, - . .
S advanced every one-fifth sccond. The row in which a
Lafy=ar). counter was advanced was determined by the ampli-
INSTRUMENTATION tude of the signal from the horizontal antenna, while
the column in which a counter was advanced was de-
termined by the signal from the wvertical antenna.
Counter power was applied during times when the con-
tacts of the sampling relays were open and the informa-

‘ ’

The determination of the joint distribution of the
.4 wo ‘polarization components of the incident signals was
idéd considerably by the instrument system repre-
%enfed schematically in Fig. 2. Horizontal and vertical

Fig. 2—Simplified diagram of the instrument system.

x HORIZONTAL ANTENNA
i
{“zh, ; P 400X ) st-:LLEE\g:TLoa
;' i Z‘: RECEIVER ?n If
5 |
o g 1 £ £Of O O £ Of £
il B £ £ £ O e O e O e
SN , P, e i i i,
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tion regarding the input signal amplitudes was stored
at these times in terms of voltages across the two
capacitors shown in Fig. 2. Thus cach count represented
simultaneous samples of the horizontal *and vertical
signal amplitudes taken at times when the sampling
relay contacts openced. Since the sampling rate of five
samples per second bore no fixed relationship to the
random variations in signal amplitude, the requirement
of random sampling was fulfilled.

The accumulation of counts on the various counters
indicated the joint distribution of the signals received
by the two antennas. This joint distribution also con-
tains information regarding the individual or marginal
distributions of the signal amplitudes reccived by each
of the antennas. For example, the total number of
counts accumulated in each column showed the number
of samples for which the horizontal signal amplitude
was found to be within the interval of signal amplitude
represented by that column. This gave the marginal
distribution for the horizontal signal. Similar totals for
each row gave the vertical marginal distribution.

The marginal distributions indicated the non-di-
versity performance that would have been obtained
with cither of the two channels operating alone. These
distributions also indicated the median amplitudes for
cach channel and this information was used to plot the
joint distribution with signal amplitudes expressed rela-
tive to the median amplitudes. With this technique it
was not necessary to know the actual gains of the two
antennas and of the two reccivers, although it was re-
quired that these gains remain fixed during cach experi-
mental run.

COMPARISON OF DIVERSITY AND NON-
DIVERSITY PERFORMANCE

It is often desirable to compare the performance of
a diversity receiving system with a single-channel non-
diversity system to determine whether the reduction in
unusable time justifies the greater cost of the diversity
system. For a particular fraction of unusable time, such
a comparison reveals what relaxation of transmitter
power requircment is permitted because of the use of
diversity reception. This “diversity gain” provides a
basis for attaching an economic value to the improve-
ment obtained with diversity reception.

In a dual diversity system in which Eyu/X1, and
Eys/EL: are uncqual for a given median incident field
intensity and a given atmospheric noise level, the frac-
tion of unusable time with each of the two channels
operating scparately as a non-diversity system will be
different. It scems logical to compare the diversity per-
formance with the non-diversity performance of the
better of the two channels. When the diversity improve-
ment relative to the better of the two possible non-
diversity channcls is considered for various ratios of
Em/Ep to Eya/Eps, it is found that the greatest di-
versity improvement occurs when the ratio of Exn/Epn
to Exz/ELs is equal to 1.
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This fact is illustrated in Fig. 3 which is drawn for
the case wherc the fadings of the signals in the two
channels are independently Rayleigh distributed. In
this figure it is assumed that channel 1 is the better of
the two channels, i.e. Eyi/EpZEys/ELs. The non-
diversity curve shows the fraction of unusable time ex-
perienced by channel 1 alone and the various diversity
curves indicate the fraction of unusable time for the
diversity system for various ratios of Ly /Ep to
B/ Er,. When this ratio is less than 1, channel 2 be-
comes the better channel and the reference for evaluat-
ing diversity improvement. Performance curves cor-
responding to those in Fig. 3 for this case would be
identical to those in Fig. 3 except that the subscripts
“1” and “2” would be interchanged.
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Fig. 3—Diversitly and non-diversity performance when the signals
received by the two antennas fade independently with Rayleigh
distributions. Channel 1 is assumed to represent the better of the
two channels, i.e., that with the larger ratio of median signal
amplitude to least usable amplitude. The several diversity curves
show the effect of various ratios Eu/Er; on diversity perform-
ance.

The diversity performance obtained when Euq/E,
and Ey/Ers are equal can be interpreted as indicative
of the performance inherently attainable from the sta-
tistical rclationship of the fading of the signals received
by antennas of different polarization. It appears that
this performance represents a proper basis for evaluat-
ing the capabilitics of polarization diversity in com-
parison to other diversity techniques.

On the surface depicted in Fig. 1 the performance
when the two ratios of median to least usable signal
amplitudes are equal is represented by points along the
dashed curve drawn on this surface. The ordinates to
such curves obtained from a number of test runs on two
operating frequencies were averaged to show the aver-
age performance attainable from polarization diversity.
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EXPERIMENTAL RESULTS

The average performance at two different frequencies
on the path from Red Bank, N. J. to St. Louis, Mo. are
shown in Figs. 4 and 5. The findings presented in Fig. 4
were obtained during daylight hours at a frequency of
11.66 megacycles. This frequency represented a typical
frequency for daylight operation on this path. The non-
diversity performance with the horizontal and the verti-
cal antennas are shown separately in Fig. 4. It can be
scen that the individual distributions of signal ampli-
tude reccived by the two antennas did not differ ap-
preciably.

50 T
1 |

11.66 MC.
FEBRUARY 1952

NON-DIVERSITY:

VERTICAL SIGNAL
HORIZONTAL SIGNAL
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RATIO OF MEDIAN NON-DIVERSITY SIGNAL
AMPLITUDE TO LEAST USABLE LEVEL (DB)

Fig. 4—Average polarization diversity performance when Ex/ErL
= Eare/Ers, 11.66mc, Red Bank, N. J. to St. Louis, Mo., February,
1952,

Also shown in Fig. 4 is the diversity performance
which would have been indicated if the distributions
represented by the two non-diversity curves had been
independent. This figure shows that the actual diversity
performance was only slightly less effective in reducing
the fraction of unusable time than it would have been
if the fading of the horizontal and vertical components
of the received signal had been independent.

The results obtained at 6.985 megacyvcles on the same
path are shown in Fig. 5. This frequency was a typical
choice for night operation on this path and the data
shown in I'ig. 5 were obtained at night. olarization
diversity performance at this frequency was found to be
somewhat less effective than at the higher frequency of
11.66 megacycles. The experiments at 6.985 megacycles
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also revealed a greater difference between the distribu-
tions of the horizontal and vertical components than
was found at the higher frequency.

The difference in polarization diversity behavior at
these two [requencies is in agreement with ecarlier ob-
scervations based on a study of the distribution of the
output signal from receivers actually connected as a
diversity receiving system.? It was found in these ex-
periments that polarization diversity performance im-
proved as the operating frequency was increased.
Spaced-antenna diversity, in contrast, showed poorer
performance for a given physical separation of antennas
as the operating frequency was increased.
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Fig. S—Average polarization diversity performance when Ey,/E,
= Euy»/EL,, 6.985 mc, Red Bank, N. J. to St. Louis, Mo., May and
June, 1952,

CONCLUSIONS

Each of the series of experiments from which the
data in Figs. 4 and 5 were obtained represented about
fifty hours of actual recording time distributed over pe-
riods of about one month. While considerably more ob-
servations would be required to establish these findings
as typical of polarization diversity performance, the
results of these experiments are indicative of what can
be obtained with this diversity method.

? Some of these observations were presented in a paper by S. H.
Van Wambeck and A. H. Ross, “Performance of diversity receiving
systems,” Proc. I.R.E., vol. 39, pp. 256~264; March, 1951. Further
observations were reported in a final report dated Aug. 31, 1952, sub-

mitted to the Signal Corps Engineering Laboratories under contract
DA 36-039 sc-15331.
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The analysis of the polarization diversity problem
which led to the method of evaluation described here
has pointed out a factor which influences the perform-
ance of actual polarization diversity systems. Although
the fading of the vertical and horizontal polarization
components of the received signals may approach sta-
tistical independence, this independence is not fully
exploited unless the ratios of the median signal ampli-
tude to least usable amplitude are equal for the two
channels. Although a similar situation could occur in
spaced-antenna diversity systems, such systems usually
employ antennas of the same directivity characteristics
and full advantage is taken of the favorable statistical
relationship of the fading at the several antennas. This
fact probably accounts for the preference shown to
spaced-antenna diversity in practice and the limited
use of polarization diversity.® The experiments reported
here indicate that good diversity performance is attain-
able from the statistical behavior of the perpendicular
polarization components of the received signals, but
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that the problem lies in developing antennas which fully
utilize this behavior. These findings should serve to en-
courage further examination of the problem of polariza-
tion diversity antenna design.
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3 With the simple antennas employed in the experiments reported
here the median signal amplitude received by the vertical antenna
was, on the average, about 3 db less than that received by the hori-
zontal antenna. This is in good agreement with what would be ex-
pected from the directivity of the antennas and typical angles of
arrival of the signals. Although objective measurements of the level
of background interference were not obtainable, it.appeared that the
level of interference was about the same for the two antennas.

A Theory of Target Glint or Angular Scintillation
in Radar Tracking”

RICHARD H. DELANOTY, ASSOCIATE, IRE

Summary—A theory is presented to describe the statistical
aspects of tracking a complex isolated structure, such as an aircraft
or naval vessel, by radar. The results are expressible in simplest
form when the target subtends an angle small compared with the
beamwidth. Other situations require special consideration and
treatment, but can be attacked by the same general methods. How-
ever, when the angle subtended by the target is small, a single de-
scription applies to all radar tracking systems. An apparent and an
effective radar center are defined and their statistical properties
derived. Special treatment is given to additional noise arising in
conical scanning due to amplitude fluctuations as such. The theory
provides information relating to the spectra as well as to the prob-
ability densities and rms values of the pertinent quantities. It must
be understood that the theory is approximate, is based on a particu-
lar model of the target, and leaves the determination of certain cri-
tical parameters to experiment in the case of any particular target.

INTRODUCTION

HE PROBLEM of amplitude fluctuations in chaff
Treturn, sea return, ground return, ship return and

aircraft return has been the subject of much in-
vestigation, effort and speculation. In many situations
the probability density function of the echo amplitudes
follows the Rayleigh distribution. In other cases the
echo amplitudes follow the probability law of the en-

* Decimal classification: R116XR537. Original manuscript re-
ceived by the Institute, July 29, 1952; revised manuscript received,
December 29, 1952.
< 1 Hughes Research and Development Laboratories, Culver City,

alif,

velope of a sine wave plusnarrow band thermal noise. A
summary of much representative work in this field is
given in chapter 6, volume 13, of the M.I.T. Radiation
Laboratory Series,! where many additional references
can be found. In all such work the Rayleigh distribution
of amplitudes is explained by the model of an infinite
number of random scatterers with statistically inde-
pendent amplitudes and phases, in fact, independent
phases are enough, the amplitudes can even be constant.
The infinity of the number of scatterers is not critical,
even 5 or 6 is close to infinity for the purposes of this
problem, provided the amplitudes of the scatterers are
roughly equal. (See page 554, Reference 1.)

The assumption of many independent scatterers, or
more specifically, of many equivalent point source radi-
ators, to represent the radar target is the basis for the
method presented in this paper. Furthermore it is con-
venient to consider first the case where all of the equiva-
lent point sources are close to the tracking axis, i.e.
where the tracking antenna is not in the process of “re-
solving” one source from another.

It is assumed in the above model of the target that
phase differences are the most important cause of signal
fluctuations when observing the target over a small

1 D. E. Kerr, “Propagation of Short Radio Waves,” McGraw-Hill
Book Co., New York, N. Y.; 1951. (The present work was completed
before publication of this book.)
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range of aspect angles. The derivations given here are
concerned primarily with stationary statistics. Actually,
as the target changes aspect by gross amounts, the na-
ture of the target changes also; specifically, the rms
amplitudes and the positions of the equivalent point
sources change, and as a result, the mean radar center,
later defined, changes. This change is assumed to be slow
and continuous, so that in any small angular region the
statistics of the target may be regarded as stationary.
Multiple reflections are ignored. Polarization is not con-
sidered specifically, but is implicitly taken into account
in that each polarization contributes separately but
differently to the final amplitude and phase of each sig-
nal af the output of the antenna.

DERIVATION OF THE BaAsic TRACKING EQUATION

The amplitude or envelope properties are well known.
From N signals of amplitude a,(t) and rf phase, 8,(¢)
measured at the antenna output terminals, the total vector
rf signal is

N N
> ancosb, + 7D a,sin b,

n=l ne=l

ay + jar = Ee'r. (1)

N
VT = Z anefon =]

n=1

As N approaches infinity (assuming all the a2 roughly
equal) an(t) and a2(t) come to have normal or Gaussian
distributions and the envelope E(f) has then a Rayleigh
probability density. If E(¢) is Rayleigh distributed, the
standard deviation of E is v/(4/x) —1 E=0.52E which is
the total fluctuation of E about its mean E, no matter
what the spread of this fluctuation in frequency.

In angular tracking, each rf signal a.e® must have
an additional part due to the instantaneous tracking er-
ror between the antenna tracking axis and the angular
position of the equivalent point source radiator. With
conical scanning this additional part is an almost sinus-
oidal amplitude modulation, the amplitude and phase
of which modulation are the polar co-ordinates of the
angular error. Thus, for small angular errors the nth sig-
nal is

an[1 4 bo(en) cOS (ot — @a") Jeitn
= g, [1 + boen COS (Wit — ) Jei (2)

Gn = an(t), € = €a(t), 00 = 0,(2) and ¢." = ¢.'(2)

where the constant by is the fractional modulation per
unit of angular error e¢ and ¢,’ is the direction of the
angular error. The essential point here is the assumption
of linearity of modulation coefficient with angular error.
The total rf signal is the sum of all the signals of the
type given in (2).

The signal for conical scanning can be considered as
broken up into three parts, corresponding to a sum sig-
nal and two difference signals. The sum of terms of the
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form given in (2) can be expressed as
N
Vesw = D an[1 + boen cos (wit — ') et
ne=l
N
= Vr -+ cos w,t Z Anbo€1ne™®
fiem]
N
+ sin w,t D apboezae® 3)
ne=l
where
€1n 2 €, COS ¢, (4a)
€n 2 €, SIN ¢n'. (4b)

The modulations sin w,f and cos w,t provide error-signals
which can be separated out and referred to two perpen-
dicular tracking planes, which can be called plane 1 and
plane 2 in agreement with the above notation.

A FIXED POINT ON THE TARGET

THE SCAN AXIS
O
One 0,. o
o (o]
LFY) 92 o °
oY 8, (o] °

-Fig. 1—Mathematical representation of the target in a plane
perpendicular to the line of sight.

It is convenient to express €, and e, as the sum of
two parts, the first, the deviation of the antenna track-
ing axis from some fixed point on the target, which is in-
dependent of 7, and second the deviation of the position
of the nth equivalent point source radiator from this
fixed point. Thus we define

€in = — €+ 01 (5a)
€2 = — €2 + O2n (Sb)
where
dn COS ¢,
tan 6y, = T 2 01n (6a)
d, sin ¢,
tan 8y, = =l 2 By (6b)

and d, is the linear distance at range R of the nth
equivalent point source radiator from the line through
the radar and the fixed point on the target and ¢, is
the direction of d, relative to some reference direction,
say, horizontal. Fig. 1 illustrates these quantities in a
plane perpendicular to the line of sight (LOS). With this
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substitution (3) becomes

Viu = Vr[l — byey €OS wel — boe sin w,! |

N
+ oS w,t Z anbod e

ne=]

N
+ sin w,t Z a,bod2neim,

ne=1

Q)

Further discussion will be simplified if the terms with
subscript 2 are dropped and only one tracking channel
is considered at a time. Under the assumption of small
en and e, the interactions between the two channels
are negligible. Thus all pertinent information is obtained
by considering

N
Vrann = Vr[l — boey cos w,t] + cos Wol O, Anbodine®®  (8)
ne=1
since the subscript 1 is now superfluous, we shall drop
it, and the equation can apply to either channel.
Let us now expand the identities of (1) to include the
additional modulation terms

N
VT = Z a,.e”" = Eei" = ay + jaz

ne=l

(92)

N
> anbobiei™ = Evei® = By + js.

n=1

(9b)

As N approaches infinity ay and a; become normally or
Gaussianly distributed, and so do 81 and ;. The asymp-
totic independence of B and B is easily demonstrated.
A particular choice of origin for the 8, (the fixed point
on the target) achieves the independence of the a's and
B's, since with normally distributed variables only the
mean product has to equal zero to give complete inde-
pendence

@Br = bo 3. Y Gumbum COS B, COS O = by D 0,25, c0s? b,

n m

1 X
= —boD a2, =0

nel

(10)

il the origin is chosen so as to make this mean cross-
preduct zero the asymptotic independence of ay and B,
s established. The condition that a8, be zero also re-
sults in (10). The statistical independence of the a. and
8, was assumed in (10). If the amplitudes a, are con-
stant with time, the bar over a,?can be removed in (10).
With the origin properly chosen all the quantities in
(9a) and (9b) are asymptotically independent.

With an actual radar target it is well to bear in mind
that the point defined by (10) is a slowly varying func-
tion of aspect. If this point is a rapidly varying function
of aspect, the theory presented here does not apply.

Linear detection of Vra = Ere®r gives the envelope
FEr, whereas square-law detection gives the square of
the envelope Er? Er?is easily obtained as the dot prod-
uct or inner product of Vra with itself. This dot
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product is (assuming e is small also)
Er? = V- Vpar = [aa(1 — boe cos w,t) + 1 cos w,t]?
+ [az(l — boe cos w,t) + B2 cos w.t]2
= (12 + as?) (1 — 2bee cos w,t)
+ 2(ayB1 + aafz) cos w,t + terms
o~ F2(1 — 2bge cos w,f) 4 2(asfr + asBs) cos w,t (11)

and

a8, '*7‘7‘{252

Ep o~ E(1 — bee cos wt) + —— VE COS w,t

= E(1 — bee cos w,t)
+ [B1 cos 8, + B sin 6,] cos w,t
= E — boeE cos w,t + U, cos w,t

= E 4 [U. — U] cos wit. (12)

Equation (12) states the significant result that the total
signal component at w, (the tracking error-signal) is
composed of two parts: (a) the useful signal tending to
pull the tracking axis back to the geometrical center de-
scribed by (10) which signal is —beeE cos w,t; and (b) an
independent random error-signal (B: cos 68,48, sin 6,)
cos w¢ which can be called the angular scintillation
error-signal. In addition, the envelope E(f) very often
contains components near the frequency w, which give
error signals of considerable importance. These will be
discussed later.

As the number of sources, N, approaches infinity, U,
approaches a Gaussian distribution for the same reason
that E becomes Rayleigh distributed. For fixed 6, the
quantity U,=p cos 8,4 sin 6, is Gaussian with zero
mean since it is the sum of two Gaussian variables with
zero mean. Since the variance of U, is independent of 6,,

TUat = Bi¥ cos? b, + B? sin? 0, = B,F = B;*
¥y 1 —
= Z — bo%a, 25,2

n=1

(13)

it follows that U, is Gaussian independent of 8, as long
as B and B, are independent of 8,, which they are. The
above expression has been expressed in terms of the
properties of the point sources, namely, the mean
square amplitudes @,? and the co-ordinates .. The
amplitudes a.(f) have been assumed statistically inde-
pendent of the phases 8,(t).

If, for example, the a,? are all equal, the mean square
value of U, is

T3 = Lo ¥ 62 = = boiNaToE = — WET
2 nel 2 2
_lem & (14)
2 R?

The restoring signal is U»=bo¢E. However, on the aver-
age only beeE is useful; the remainder, boe(E—E) has a
mean of zero and is a noise whose rms value is pro-
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portional to €. If € is small (as assumed) this noise can be
neglected, but if a very large steady state error € is used
experimentally, say, then this noise will dominate all
other sources of error. If U, is normalized with respect
to the mean useful signal per unit angular error, we ob-

tain,
2
= 1/——5,,,.,. (15)
™

7:ma as defined by this equation will be called the rms
effective radar center fluctuation about the mean radar
center. This result is in terms of the rms angle §.ms; the
relation Rb,ms =d:ms €Xpresses 7.ms in terms of a fixed
rms displacement or distance at the target, where R is
range to the target.

From (11) we can obtain the corresponding ratio
when square-law detection is used

[EE, cos (8, — 8,) ]ems 1
-E—g = ’\7—21 5rms-
Square-law detection is observed to be slightly superior
as regards its effect on the rms noise angle due to angular
scintillation.
Illustrative of (15) is the case where all the radiators
are concentrated into two equal groups separated by a

length L at range R. This case maximizes %:ms for a
given L, and the result is obviously

L
V2rR
If the sources are uniformly spaced along the length L,
we have

_ Walme _ =
rms ZEZ

boE

ﬂrms

0 —
Nrms =

(16)

(16a)

Nrms =

L
V67 R

(16b)

Nrms =

or, if they are concentrated into four equal groups uni-
formly spaced along L

5 L

oo 16
18r R (160)

Nrms =

Although common sense and speculation can be used to
estimate both L and the distribution of sources a priori,
experimental measurement is still required in any spe-
cific case. '

Although these results have been derived specifically
for conical scanning, they are equally applicable to any
system which develops any kind of modulation on the
signal from each source which is linear with angular
error and which is in phase with the unmodulated signal
from that source (or effectively in phase when used by
the system). Essentially all linear modulation systems
fall in this category.

PROPERTIES OF THE APPARENT RADAR CENTER

The next important results to be derived from (12)
which gives the total angular error-signal in one track-
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ing channel are the properties of the “apparent radar
center” whose definition is as follows. The apparent
radar center is the position € of the antenna axis for
which the error-signal is instantaneously zero; let this
value of € be designated as €. This definition ignores
noise due to components of E(¢) near w,, which is treated
later. Under the assumptions which make (12) valid, €
is single valued, or, in other words, ¢ is single valued
for a target small compared to a beamwidth and for €
small compared to a beamwidth. From this definition
and from (12), assuming linear envelope detection, € is
given by

U. B1cosb, + B3sinb, E, cos (6, — 6,)

= boE boE T bE

€0

Since we are at present confining our attention to a
single tracking plane, U, is Gaussianly distributed with
zero mean and E is Rayleigh distributed. Since U, and
E are independent it is relatively easy to derive the
probability density of their ratio €. The probability dis-
tribution of € under these circumstances is a special case
of the Student’s ¢ distribution in statistics with 2 degrees
of freedom. The variable ¢ in the Student’s ¢ distribution
is the normalized ratio of sample mean to sample stand-
ard deviation when 7 independent samples of a Gaus-
sianly distributed random variable are observed.? This
interesting but somewhat unrelated fact provides us
with the probability density of €. However, the follow-
ing results are also derived in the Appendix which con-
siders the general problem of the probability density of
the ratio of two independent random variables. In a
single tracking channel this probability density is

boErms 1 b2EF  \~
—°—<1 +— == eo'“’> . (18)

P = —
) = Vo 2 Ug

For the second example previously cited, radiators a,
uniformly spaced along a length L (perpendicular to
the line of sight from the radar), this probability density
reduces to

~ R 12R:  \-
P(éo) = \/3 T(l + 60"") .

- (19)

One interesting property of this distribution is the
fraction of the time €, points off the radar target in the
tracking plane, i.e. lies outside the angular region of
L/R radians, which in this case turns out to be

2 f Pleo)deo = f (14 2)¥2dx
(1/2)(L/R) Vs

3
=1- 1/:=0.134 (20)

or 13.4 per cent of the time. Another property of some
interest is the second moment, or mean square of €.

2 P. G. Hoel, “Introduction to Mathematical Statistics,” John
Wiley and Sons, Inc., New York, N. Y.; 1947.
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Since e is not Gaussianly distributed, as is U,, for exam-
ple, the theoretical distribution of € gives infinite mean
square or mean fourth power, and so forth, for e, i.e.

® B x¥dx _
[ wreta=3 | =

This result violates the initial assumption that ¢, is al-
ways small compared to a beamwidth. However, it
points out the fact that dividing Us by E causes the
large values of € to be much more probable than if €
were Gaussianly distributed.

To the extent that a very rapid AGC divides the total
signal of (12) by E(?), these remarks apply also to such
an AGC. If the scan modulation components are very
small, and if the bandwidth of E(¢) is low enough a rapid
AGC acts in approximately this manner.

In considering both tracking channels simultaneously

a complete description of the two dimensional statistics
of U, and € will not be presented here. However, it is
useful to consider under what circumstances the U,’s are
statistically independent in the two perpendicular track-
ing channels. Examination of (7) shows the two complex
vectors which need to be independent. These are
Zf—lanalne” =p+jB: and Zf—xanazne”"=’h+j’¥2. For
simplicity let us assume that all the &'s are small so
that (6a) and (6b) apply. Then it is easy to show that
independence of all the components of the above two
complex vectors is assured if a single summation van-
ishes, namely

(21)

_ da? COS P SiN @y

- 1 X
el s -0 (22
B1v1 = Bav2 2 Zl a R (22)

If (22) holds, the error-signals in the two channels are
statistically independent, and are Gaussian in the case
of U,. Equation (22) holds whenever there exists any
one axis through the target plane (or a great circle
through the target) with respect to which the equivalent
point source radiators are symmetrically located both in
angular, or linear, distance and in amplitude a,, assum-
ing always that one of the tracking channel directions
coincides with this axis. Equation (22) also implies that
if the pattern of point sources is identically symmetrical
around any two perpendicular axes, the error-signals
Ua and U, are independent with equal standard devia-
tions no matter what the orientation of tracking axes.

As an example of this latter double symmetry con-
sider equal point sources uniformly spaced over a circu-
lar area of radius p. This double symmetry allows easy
extension of the results for tracking in a single plane to
three dimensional tracking. In the case of the apparent
radar center, the probability density is

(23)
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This distribution also predicts an infinite value for ?’2,

as it must. The total probability that e’ exceeds p/R,
i.e. lies outside of the circular target is

f”P( Ndeo zf” xdx 1
oIR e =), (1+292 5

THE STATISTICAL NATURE OF THE TRACKING
TRANSFER FUNCTION

(29)

Returning to consideration of tracking in a single
plane, we can see from (12) that the restoring error-
signal is proportional to E(t) as well as to e. It must in-
evitably follow, unless the AGC is fast, that the antenna
tracking equations relating antenna tracking axis to the
radar center of the target are not constant coefficient
linear differential equations whose properties are easily
treated by the use of complex transfer functions Y(w)
or Y(p). The differential equations involved will have
coefficients which contain E(¢), a statistical variable, in
addition to the forcing function Us,, also statistical. The
mathematical treatment of such equations is not at
present in a state of razor sharp precision.

Physical reasoning reveals some common situations
where the variability of the useful signal due to E(¢) will
have practically no effect. If the spectrum of E is suffi-
ciently broad, i.e. if E fluctuates up and down fast
enough relative to the time constant or averaging time
of the tracking servo, the total applied error-signal after
such averaging will differ only slightly from the ensem-
ble average —boeE. In such cases as far as the tracking
equation is concerned —beeE can be replaced by —boeE
and constant coefficient equations result. Certain solu-
tions of tracking performance obtained on analogue com-
puters at Hughes Aircraft Company have shown that a
ratio of, say, 10 to 1 in scintillation to tracking band-
width is quite adequate for the above substitution of E
for E. When this substitution is made the angular error-
signal is just as though the target were a point source
fluctuating in angular position by an amount #ms as
given in (16).

SPECTRA OF E AND U,

The spectrum of narrow band noise which has been
detected with a linear or square-law detector is easily
calculated for a square-law detector and somewhat less
easily calculated for a linear detector.® Precisely the
same situation applies to the random signals which pro-
duce E and U.. Since it has been shown? that the shapes
of the detected spectra are only very slightly different
for square-law and linear detection, we shall consider
here only the square-law case. Equation (11) shows the
squared envelope to be

1]. L. Lawson and G. E. Uhlenbeck, “Threshold Signals,”
Sec, 3.8, vol. 24, M.I.T. Radiation Lab. Series,
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IZ2 = alz + azz (25)
and the error-signal corresponding to U, to be propor-
tional to aufBr+ P2 The question of the magnitudes of
the spectra is not important here, because the spectra
can be normalized later using the well known relation
that the total integral of the power spectrum of any
quantity over all frequency is equal to the variance or
square of the standard deviation of that quantity, which
is known for both E and U..

The shape of the spectrum of E? (hence of E) can be
determined from the spectra of o and a,. Since oy and a;
have identical spectra either will do. The power spec-
trum of au? is just the convolution of the power spectrum
of a; on itself.* Although the spectrum of E(f) can be
measured, there are many simple situations in which it
can be calculated as well. For example if a line of uni-
formly spaced randomly phased point sources rotates
at a constant angular velocity with respect to the LOS,
the spectrum of ay(¢) is rectangular and the spectrum of
on? is triangular, maximum at zero frequency and drop-
ping to zero spectral density at the highest beat fre-
quency, namely that between the two outside point
sources.

In like manner the spectrum of a1+ a=f: can be ob-
tained by taking the convolution of the spectrum of ay
on the spectrum of Bi. In cases where there is no de-
pendence of the rate of change of phase 8, on position
8, or d,/R, the spectra of 8; and of ay are usually identi-
cal. In other cases the spectrum of 8, is different but its
calculation involves no real problem if the spectrum of
oy can be determined. In no case will the bandwidth of
the amplitude fluctuations E(¢) differ significantly from
the bandwidth of U,.

AppITiONAL NOISE DUE TO AMPLITUDE
FrLuctuaTIONS IN E(f)

In addition to signal components at frequency w, of
amplitude U, and — U, the actual envelope E(t) may
have noise components close to w,. These components
are interpreted by the receiver as real signals and, unlike
U., have no definite relation to the size or geometry of
the collection of point sources which we call the target.
Any mechanism at all giving rise to fluctuations at this
frequency or close to it produces an additional noise
term. Problems of this sort are considered in section
6.10 of vol. 25, M.I.T Radiation Laboratory Series.
However this source® states that the rms fluctuations
in amplitude about the mean are found in practice to be
about 1 of the mean, whereas with the Rayleigh dis-
tribution the amount predicted is 0.52 times the mean.

If the spectral shape for E(t) is known or can be de-
termined, the actual magnitude of the spectral density

4 S. O. Rice, “Mathematical analysis of random noise,” Bell Sys.
Tech. Jour., vol. 25, p. 46; 1945.

5 H. M. James, N. B. Nichols, and R.S. Phillips, “Theory of Servo-
mechanisms,” McGraw-Hill Book Co., New York, N. Y.; 1947.
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can be determined through the identity (basic to the
definition of power spectrum)

E'—-E = (i— 1>E2=j;w<1>(w)dw

™

(26)

where ®(w) is the power spectrum of E(t), or of E(f) — E
and E is assumed Rayleigh distributed. The correspond-
ing spectral density after phase detection, i.e. after the
error-signals have been extracted from the signal Er of
(12), expressed as an equivalent angle, is

2% (w,)
bo?E?

$p(w) = for w~0 (27)

where the factor of 2 arises from the fact that both
frequencies above and below w, contribute to the out-
put noise at the difference frequency. This spectral
density is the same in both tracking channels. The
magnitude of this noise in angular units is independent

of range to the target unless the spectrum of E(¢) is
range dependent in some way.

SHORT RANGE THEORY

When the target is large or the beamwidth is narrow
or the range is sufficiently small, it may happen that
one of the basic assumptions of the preceding theory is
no longer satisfied. This assumption is that the angular
error 8,— ¢ of each point source radiator is sufficiently
small that its individual error-signal, or scan-modula-
tion component, is small. When this condition is not
satisfied by all the sources simultaneously for all €'s to
be expected, the simplicity of the preceding theory is
not possible. It is then no longer possible to divide the
error-signal into two statistically independent parts, one
of them proportional to both e and the signal envelope.
In fact it is no longer possible to consider the two track-
ing channels separately, as they interact. The error-
signals in the two channels, and their vector sum, are
functions of the orientation of the two tracking axes
with respect to the target. The apparent radar center is
no longer uniquely defined, and the rms error-signal de-
pends on e which, however, was also true for long range
tracking but in a different manner. It is possible to de-
rive equations for the mean and rms error-signals for
fixed ¢, but they will not be presented here. Calculations
from these equations show how the mean error-signal
slope decreases rapidly as the target comes to subtend
two or three beamwidths.

FINITE NUMBER OF SOURCES

The theory presented here has given results for a tar-
get whose equivalent point sources are infinite in num-
ber. From results in the literature on E, the absolute
magnitude of N randomly phased sinusoidal compo-
nents®! it seems well established that five or six roughly

¢ \W. R. Bennett, “Distribution of the sum of randomly phased
com8ponents,” Quart. of App. Math., vol. 5, pp. 385-393; January,
1948.
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equal sources is remarkably close to infinity as far as
the resulting probability density of E is concerned. An
unpublished paper by A. Vazsonyi of Hughes Aircraft
Company has shown that the rms value of 7, as defined
by (15), never exceeds the value given in (15) when the
point sources are finite in number and of equal intensity.
Even when N is as small as four, the above paper shows
the 7. is somewhat greater than 0.9 times the value
given by (15). Thus the infinite source theory is slightly
pessimistic in all cases but gives answers very close to
the more rigorous answer from a finite number of re-
flectors even so.

Consider bricfly a two source target. For two fixed
amplitude signals it is easy to determine one particular
property of the apparent radar center €, and that is the
phase and amplitude ratio required to put € outside
the two sources. Imagine the scan axis pointed at the
larger source, so that its scan modulation is zero. If the
resultant of the two complex signal vectors is at an
angle of more than 90° with respect to the small vector,
its scan modulation will produce a modulation on the
resultant out of phase with itself. Such a modulation
tells the antenna to move away from the smaller source,
i.e. outside the target. From simple geometrical con-
siderations it is apparent in Fig. 2 that a smaller signal,
added to the larger, whose phase and amplitude are such
as to put the resultant completely in the circle fulfills
the required qualifications.

LARGER VECTOR

Fig. 2—Vector diagram illustrating when the smaller vector is
more than 90° from the resultant.

When calculations are carried out on the two-radiatcr
case, it is found that for essentially all plausible situa-
tions the rms fluctuations in effective radar center,
suitably defined in this case, are smaller than those ob-
tained for an infinite number of reflectors. In case the
two amplitudes are independent statistical variables,
Rayleigh distributed, the results immediately become
identical to the infinite radiator case with each source
taking the place of a large number of sources. This re-
sult seems reasonable at once since each source can be
represented by an infinite number of sources all at the
same location, the infinite number of sources producing
the Rayleigh distribution of amplitudes.
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APPENDIX

ProBaBiLITY DENSITIES OF A RATIO OF RANDOM
VARIABLES

Consideration of the apparent radar center €, which
makes the total error-signal instantaneously zero, re-
quires that the probability density of the ratio of two
random variables be determined. Hf we define random
variables x, ¥ and #u related according to #=x/y with
probability densities Pi(x), Ps(y) and Ps(u), with x and
y independent, the probability densitics must be related
according to the following equation. Assume here for
simplicity that x and y assume only positive values, as
this assumption is no limitation on the generality of the
results but implies that other cases must be treated
separately and combined after P3;(u#) is determined for
each portion of the problem.

fuP;,(u)du = fsz(y)dyfw Py(x)dx. (28)

The integral f3*P;(x)dx is clearly the total probability
that x is small enough so that, for fixed y, (x/y) %, and
the total equation gives this probability averaged over
all values of y. By differentiation of both sides of this
equation we obtain

0 d uy
Pi(u) = fo Py(y)dy d—1;f0 Py(x)dx

- f " yPy(uy) Po(5)dy. (29)

A useful example is when x is Gaussian and y is Ray-
leigh distributed, i.e.

1

Py(x) = P e+’ (30a)
2
Py) = 2wt 520 (30b)
M
then
Pa(u) —] fﬂo i e—uzﬂzlzdz Qe"yzlﬂzdy
0 \/2‘” o 'y
n #2 -3/2

Due to symmetry considerations this expression applies
to negative u. If both x and y have Rayleigh distribu-
tions with mean square values u,? and u,?, respectively,
Py(u) is

© 4ydu ,
P;’(u) f Y . e—u’vzlmze—vzluzldy
o m’ps

Y JTPe
5 [1 a7 CE e

Il

1 Hi
PYITIL 27—-2

- e [1 + u? —'i’—] . (32)
w? p
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““Pulses per Beamwidth for Radar”*
L. V. BLAKE

As the result of a conversation with Dr. W, M. Hall,!
I would like to make the following addition to the
above paper, which was published recently in PROCEED-
INGS.

The result obtained in this paper was based on the
square-law relation between pre-detection (IF) and
post-detection (video) signal-to-noise ratios, for small
signals. This was pointed out explicitly on page 771.
As I probably also should have pointed out, this in ef-
fect restricts application of the results to the case of a
radar which has an appreciable number of pulses per
beamwidth, since for radars having few pulses, the
minimum-detectable signal-to-noise ratio is likely to be
appreciably greater than unity. The above-mentioned
square-law relation then no longer applies. For large
signal-to-noise ratios, in fact, the relation is approxi-
mately first-power (lincar). For intermediate-level sig-
nals, the law would be intermediate between first-power
and square-law.?

The square-law assumption was made because, as was
pointed out, in most discussions of minimum detectable
signals, one is concerned with weak signals. It has in
fact been customary to make this square-law assump-
tion in most discussions of the dependence of radar sys-
tem sensitivity on the system parameters (e.g., pulse
rate). Yet there has been an increasing tendency to
design radars with fewer pulses per target per scan, and
for these the small-signal analysis would not apply.

It was pointed out by Dr. Hall that the analysis of
my paper can be readily applied to the case of a linear
relationship between pre-detection and post-detection

* Proc. I.R.E,, pp. 170-174; June, 1953.

! Raytheon Manufacturing Co., Newton, Mass.

2 This is the effect of “suppression” of weak signals by noise, not
to be confused with an actual nonlinearity of the detecting device,
such as may occur with small input voltages. The effect considered
here is much more fundamental and occurs when signals are small
relative to the noise, regardless of the actual values of voltage in-
volved. See \V, R. Bennett, “Response of linear rectifier to signal and
noise,” Bell Sys. Tech. Jour., vol. 23, pp. 97-113; January, 1944,
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signal-to-noise ratios. This merely requires omission of
equation (3), so that the law of variation of video sig-
nals with antenna-beam position is given by (2). This
leads to the finding that the optimum integration angle
is 1.2 times the half-power beamwidth (instead of 0.84),
and the equivalent rectangular beamwidth is 0.67 times
the half-power beamwidth (instead of 0.47). Then, how-
ever, the effective radar-sensitivity factor is 0.67 di-
rectly (whereas in the other case it was the square root
of 0.47). Thus the new value of radar-system sensitivity
reduction is 1.7 db, compared to the previous 1.6 db.
This is an insignificant difference practically, and also
mathematically, in view of the graphical method of
solution of (10), and other approximations made.

This interesting result implies that approximately this
loss figure can be applied for any intermediate case—
that is, for any pre-detection and post-detection signal-
to-noise-ratio relationship. The optimum integration
angles and equivalent rectangular beamwidths for the
intermediate cases would be intermediate between the
values found in my paper and here. They could be cal-
culated for any specified intermediate law. Generally
speaking, however, it will usually happen that the mini-
mum detectable signal will either be small, so that a one-
half-power integration law can be assumed, or rather
large, so that a first-power law will hold. In the inter-
mediate cases it is likely to be difficult to make a close
estimate of what law does apply.

As a guess, based on numerous experimental and
theoretical results, the first-power law probably holds
in the region of 5 pulses per target per scan or less, and
the one-half-power law probably holds for 50 pulses or
more (counted in the conventional manner based on
half-power beamwidths). The latter figure would be ob-
tained, for example, with an antenna of 6-degree beam-
width scanning at 6 rpm (36 degrees per second), with
a 300-per-second pulse rate. It should be clearly under-
stood that these numbers of pulses are guesses, given
only to indicate order of magnitude.

Calculation of the Gain of Small
Horns*

Schelkunoff! has given curves for calcu-
lating the gain of electromagnetic horns

* Original manuscript received by the Institute,
June 24, 1953; revised manuscript received July 30,
1953.
18, A. Schelkunoff, *Electromagnetic Waves,*
D. Van Nostrand Co., N.Y., N.Y., pp. 363-365; 1943.

having dimensions commonly used in prac-
tice. For horns having dimensions which are
small in terms of wavelengths, and which
therefore lie outside the range of the curves,
it becomes necessary to revert to the original
gain formula from which the curves were
calculated. The formula involves the calcu-
lation of a number of Fresnel integrals, and
is rather tedious to apply. By use of the fol-
lowing simple procedure the range of the

curves may be effectively extended to cover
any horn likely to be encountered in prac-
tice.

The method may also be employed to im-
prove the accuracy of the curves, both in the
case of small horns, and horns which already
fall on the curves. This is achieved mainly
by eliminating interpolation of the slant
height, which is nonlinear and leads to the
largest errors,
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Let A, B, Ly and Lg be the H-plane and
E-plane aperture dimensions and slant
heights, respectively, in wavelengths, of the
actual horn (which may either be too small
to fall on the curves, or which may require
interpolation between two values of slant
height). A fictitious horn is now imagined
having the dimensions (also in wavelengths):

a=kyA In = ky’Lu
b=kgB lg = kg'Le

where kz and by are constants, to a high de-
gree arbitrary, selected to make a, b, s and
lg fall somewhere in the range of the curves,
and preferably in a region where they can by
read with good accuracy. This accuracy, to-
gether with greater ease in reading the
curves, may be attained most readily by
making Ix and lg coincide with one of the
curves already plotted on the H and E
plane graphs, respectively. This determines
ku? and k2. The remaining interpolation of
the abscissas can be carried out with no ap-
preciable difficulty or inaccuracy. If the gain
of this fictitious horn, as read from the
curves in the usual manuer, is grict, then the
gain of the actual horn is given by:

Btict

keky

uot =

or,indb
Gt = Griot — 10 logio keku.

These formulas may easily be verified
from the original expression for the gain
given by Schelkunoff.

It is desirable to use values of kg and ky
greater than unity, since this reduces the
error incurred in the actual reading of the
curves. This is automatically insured in the
calculation of the gain of horns too small to
fall on the curves, but in transferring larger
horns from one part of the graph to another
it is possible to choose the k’s less than unity.
This increases the error, and should be
avoided whenever possible.

It should be remembered that the ap-
proximations involved in calculating Schel-
kunoff’s gain formula get worse as the horn
dimensions get smaller; however, results
satisfactory for most practical purposes may
still be achieved in the case of fairly small
horns,

E. H. Braun
Naval Research Lab.
Washington 25, D. C.

Frequency Modulation and Instan-
taneous Frequency*

In a recent letter on this page! J. Shekel
has in strong words rejected the idea of an
instantaneous frequency of a frequency-
modulated wave as being ‘“fallacious’” and
“misleading.” At the end of his letter,
strangely enough, he accepts the concept

* Received by the Institute, May 21, 1953.
1J. Shekel, ®'Instantaneous’ frequency,” Proc.
LR.E,, vol. 41, p. 548; April 1953,

itself but calls an ““intuitive’ ¢nterpretation
of it erroneous. Mr. Shekel particularly
criticizes the use of this concept in a paper
by J. Marique.? Since the offending lines
there are quoted from an earlier paper,? the
author of this paper may be permitted to
make a few comments, even though very
few readers are likely to be disturbed by
Mr. Shekel’s arguments.

In harmonic analysis a frequency domain
is defined strictly apart from the time do-
main. In the former, time does not exist,
and everybody will agree that there, such
concepts as instantaneous frequency and
time-varying frequency are excluded. How-
ever, the concept of frequency is indispen-
sable also in the time domain, where the in-
stantaneous value of a time-varying fre-
quency can be defined as rigorously as the
instantaneous angular velocity of a spinning
wheel or of a planet in its orbit about the
sun,
Despite his enthusiasm for mathematical
precision, Mr. Shekel neglects to specify the
class of real time functions relevant to the
discussion. All real time functions can of
course be written in the form f(t)=A()
cos ¢(t) with a very wide choice of A(t) and
¢(f), unless certain restrictions are applied
to these functions. In the theory of modu-
lated sine waves these restrictions in terms
of wo+0(t) =¢’(¢) are that the frequencies of
all essential spectral components of A(¢)
and ¢’(t) be small compared with the con-
stant wo, that 6(f)<Kwo, and that A(f) be
bounded.

Mr. Shekel’s assertions are:

1. The factoring of a time function f(f) to
the form A (t) cos (¢) is not unique; any
definition of instantaneous frequency in
terms of ¢(¢) is consequently ambiguous.

2. Even if f(t)=A cos ¢(t), where 4 is a
constant, d¢/dt is not the instantaneous
frequency.

‘The answer to the first point is that with-
in the class of modulated waves as defined
above the factoring is indeed unique.
Nearly all the zeros of f(t) are independent
of A(t) and determine uniquely the function
cos ¢(t).

Also ¢/(¢) is then known with as high a
mathematical precision as you wish, and it
is hard to see any reasonable objection to
calling it the instantaneous value of the
radian frequency. When a new concept is
introduced and defined, it can hardly be
said to be right or wrong, but it can be criti-
cized from the points of view of simplicity,
usefulness, ambiguity, and consistency with
established definitions and postulates. The
definition of ¢’(f) as the instantaneous ra-
dian frequency passes these tests quite
satisfactorily.

1 J. Marique, “The response of RLC resonant cir-
cuits to EMF of sawtooth-varying frequency,” Proc.
I.R.E., vol. 40, p. 945; August 1952.

3 G. Hok, “Response of linear resonant systems to
excitation of a frequency varying linearly with time,”
Jour. of Appl. Phys., vol. 19, p. 242; March 1948.

It seems to be the lack of universality in
the concept that concerns Mr. Shekel. He
expects a quantity that can be calculated
from observations on an arbitrary time func-
tion at any instant without knowledge of
its previous history. Such a demand is not
possible to meet, since the function must be
observed over a long time before it can safely
be classified as a modulated wave. Both
A(t) and ¢’(f) may be transients, sequencies
of transients, or random processes, which by
their nature require observation over a long
time before their characteristics can be con-
sidered known. However, despite their
limited but well defined domain of appli-
cability such concepts as frequency modula-
tion, frequency deviation, and instantane-
ous frequency certainly justify their exist-
ence,

After a surprisingly long derivation Mr.
Shekel correctly concludes that a sine func-
tion of constant frequency satisfies the dif-
ferential equation f”+4w*f=0. ‘Apparently
because f” and f are easily observable at any
instant, he prefers to use this equation as a
definition of w, but his extension of this defi-
nition to a variable w(t) is of course just as
improper as a direct substitution of a de-
sired w(t) for w in f(t) =A cos (wt-+¢). After
f(¢) has been found for all values of ¢ in a
sufficiently large interval T, ¢(f)=cos™!
(f(t)/A) can be plotted point by point, and
¢’(#), the slope of the tangent to this curve,
is an observable quantity with as high
mathematical precision as f(t) and f'/(¢).

As illustrations Mr. Shekel quotes from
the literature two statements and declares
that their ‘‘apparent paradoxes’ simply
mean that they are “‘erroneous’’:

“The maximum of a response of a tuned
RLC circuit to a voltage of a varying fre-
quency does not occur when the instantane-
ous frequency (of this voltage) coincides
with the resonance frequency of the circuit.”
This statement is quite correct, and since
the phenomenon has a very simple physical
explanation, there is actually nothing para-
doxical about it.

*The spectrum of a frequency-medulated
wave is wider than the range of variation of
the instantaneous frequency.” Any student
who has grasped the idea that an amplitude-
modulated wave will produce an appreciable
response in a filter tuned to one of its side
frequencies, even though the instantaneous
frequency of the input, i.e., the carrier fre-
quency, is outside the pass band of the filter,
will readily accept this statement by an-
alogy. The initial hurdle is the ¢ntuitive ac-
ceptance of the formally demonstrated
equivalence of the time-domain and fre-
quency-domain descriptions of a simple
problem. The extension to more compli-
cated problems later on requires no appre-
ciable additional intuitive effort.

GunNAR Hok
Department of Elec. Eng.
University of Michigan
Ann Arbor, Michigan,
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James B. Angell (5'45-A'47) was born in
Staten Island, N. Y., on December 25, 1924.
He received the S.B. and S.M. degrees of the
cooperative course in
electrical engineering
at the Massachusetts
Institute of ‘I'echnol-
ogy in 1946, and an
Sc.D. degree in elec-
trical engineering
from the same school
in 1952,

Between 1946 and
1951 he worked as a
research assistant in
the Research Labo-
ratory of Electronics
at M.L.T, studying noise in tracking radars.
Since 1951, he has been a project engineer in
the Research Division of the I’hilco Corpora-
tion, where he has worked on microwave
communication systems, various military
projects, and, more recently, in leading a
group studying transistor circuit applica-
tions.

Dr. Angell is a member of Tau Beta DIi,
Eta Kappa Nu, and Sigma Xi, and an asso-
ciate of the AIEE.

James B. ANGELL
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George R. Arthur (S'47-A'51-M’51) was
born in Philadelphia, I’a., on February 22,
1925. He received the B.E. degree with
high honors from
Yale University in
1948, and the M.E.
degree in electrical
engineering in 1949,
during which time he
held a Thomas Edi-
son Fellowship. He
received the Ph.D.
degree from the Yale
Graduate School in
1952.

From 1943 to
1946, he was an elec-
tronics technician in the U. S, Navy. While
at Yale, he was a research assistant on a
U. S. Signal Corps Project on pulse modula-
tion. From 1949 to 1952, he was an instruc-
tor in electrical engineering at Yale. During
this period, Dr. Arthur also served as a re-
search engineer on projects on information
theory and noise. Since 1952, he has been
with the Sperry Gyroscope Company as a
project leader on automatic flight control
systems.

Dr. Arthur is a member of Sigma Xi,
Tau Beta Pi, AIEE, ASEE, and the Yale
Engineering Association.

GEORGE R. ARTHUR

Bernard Berkowitz was born on June 7,
1918. He graduated from Lehigh University
with honors in 1940, receiving the B.A. de-
gree in physics.

For three years Mr. Berkowitz was em-
ployed by the Navy Department, princi-
pally in connection with the degaussing of
mine sweepers. From
1943 to 1946 he
worked on instru-
mentation for the
Manhattan Project,
first with the Kellex
Corporation, and lat-
er with the Carbide
and Carbon Chemi-
cals Corporation.

Mr. Berkowitz
joined the Sperry
Gyroscope Company
in 1946, working on
the development of an accelerometer. In
1947 he transferred to the antenna section,
where recently he has been appointed a
senjor project engineer.
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B. BErRKOWITZ

William E. Bradley (SM’'45-F’53) was
born in Lansdowne, I’a., on January 7, 1913.

He received the B.S. degree in electrical
engineering from the
University of Penn-
sylvania in 1936. In
June of the same
year, he joined the
PPhilco organization,
transferring early in
1937 from produc-
tion to television re-
search. He has been
associated with re-
search at Philco in
the fields of televi-
sion, microwave ra-
dar, frequency modulation, physical optics,
and solid state physics. He became assistant
director of the research division in 1945,
director in 1946, and technical director in
1952.

Mr. Bradley is a member of Sigma Xi,
Tau Beta Pi, Eta Kappa Nu, American
Physical Society, and Franklin Institute.

W. E. BRADLEY

Richard H. DeLano (A’'48) was born in
Los Angeles, Calif.,, on August 13, 1925.
He received the B.S. and M.S. degrees from
the California Insti-
tute of Technology in
1946. Since 1946 he
has been employed in
the Research and
Development Labo-
ratories of the
Hughes Aircraft
Company, where, at
present, he is in the
Theory and Analysis
Department of the
Guided Missile Lab-
oratory. His work

R. H. DeLaNo

has been centered primarily in statistical
and noise theory, in the application of these
to radar tracking and servo problems, and
to various problems in missile guidance and
circuitry.

Mr. DeLano is a member of Tau Beta
Pi, and RESA.

0,
(%3

Palmer L. Edwards (A'48) was born on
March 9, 1923, in Enterprise, Alabama. He
received the B.S. degree in physics from
Louisiana State Uni-
versity in 1944 and
the M.S. degree in
engineering sciences
and applied physics,
Harvard University,
in 1947.

Mr. Edwards has
been employed at
the Naval Ordnance
Laboratory since
July, 1944, except for
two years spent in
graduate studies at
Harvard University. He is a research associ-
ate in the Explosives Research Department
of the Naval Ordnance Laboratory. He is
a member of Phi Kappa Phi.

P. L. EDWARDS
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Lawrence P. Faber, Jr.,, was born in
Palo Alto, Calif., on April 23, 1920. He
served with the U. S. Army Air Force from
1941 to 1945. Ile re-
ceived the B.S. de-
gree in electrical en-
gineering in 1948,
and the M.S. degree
in electrical engineer-
ing in 1951, from
Washington Univer-
sity in St. Louis. He
was associated with
the Diversity Recep-
tion Research I’roj-
ect at Washington
University from 1948
to 1952. Since 1952 Mr. Faber has been em-
ployed by Vickers Electric Division, Inc., of
St. Louis.

L. P. FABER, JR.
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John L. Glaser (S'42-A’51-SM'52) was
born in St. Louis, Mo., on January 21,
1921. He received the B.S. degree in electri-
cal engineering in
1943, from Washing-
ton University in St.
Louis. He served
with the Anti-air-
craft Artillery and
Signal Corps during
World War II. He
was also an instruc-
tor at the M.I.T. Ra-
dar School, and a ra-
dar and communica-
tions officer in the
Panama Canal Zone.

Joun L. GLASER
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In 1948 and 1952 respectively, he re-
ceived the M.S. degree and the D.Sc. degree
in electrical engineering from Washington
University, while serving as Project Director
of their Diversity Reception Research
Project.

In 1952, Dr. Glaser joined the Bell
Telephone Laboratories, New York, N. Y.,
where he now is engaged in systems engi-
neering. He is a member of the JTAC Sub-
committee on Study of Spurious Radio
Emissions, and Sigma Xi.
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George L. Hall was born in Brandywine,
Virginia, on February 18, 1926. He received

the B.S. degree in physics from William and *

Mary College in 1949,
and the M.S. degree
in physics from Syra-
cuse University in
1951, where he held

g a General Electric
L fellowship.

‘ During  World

War [II, Mr. Hall

served as a radar

«nl n,. technician in the

Army Air Corps and
Signal Corps. From
1951 to 1953, he was
employed in the electron-tube laboratory of
Federal Telecommunication Laboratories,
Inc., as a senior engineer on traveling-wave
tubes and electron-beam devices.

At present, Mr. Hall is studying for his
Ph.D. in physics at the University of Vir-
ginia, where he is associated with the elec-
tronics rescarch laboratory. He is a member
of Sigma Xi.

GEORGE L. HALL
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Paul G. Hansel was born in Grand
Island, Nebraska, on June 22, 1917, He at-
tended the University of Kansas from 1935
to 1940, and for a
short period in 1946,
receiving a B.S. de-
gree in Engineering
Physics. From 1941
to 1947 he was en-
gaged in the develop-
ment of radio direc-
tion finders and
special-purpose  re-
ceivers at the Signal
Corps  Engineering
Laboratories.

In 1947, he joined
Servo Corporation of America. He is Chief
Radio Engineer of that organization, and is
concerned with the development of radio
and radar instruments, navigation, systems,
and apparatus for frequency control and
measurement.

PauL G. HANSEL
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James G. Holbrook (M’52) was born in
Houston, Texas, on June 15, 1922. He en-
tered the Air Force in 1941 to 1945, where
his principal work was with long range
navigational systems in the Pacific. Mr.
Holbrook became affiliated with Stations
KGMB and KHON in Honolulu, T.H.,
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shortly after the war. In 1948 he joined the
FCC in the Territory, but returned to the
United States one year later for study.
He received the B.S.
degree from The Mil-
waukee School of En-
gineering in early
1952, and since has
been with Northrop
Aircraft, Los An-
geles, where he is cur-
rently in charge of
antenua research.

Mr. Holbrook is
also a member of the
American  Physical
Society.
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Dietrich A. Jenny (A'47) was born in
Ennenda, Glarus, Switzerland, on August 15,
1920. He received his Diploma in Physics in
1946, and his Doctor
of Natural Science
degree in 1950, from
the Department of
Mathematics and
Physics at the Swiss
Federal Institute of
Technology in Ziirich
Switzerland.

In 1947, Dr.

J. G. HoLBROOK

i

Jenny joined the
Laboratories  Divi-
D1ETRICH A. JENNY  sion of the Radio

Corporation of Amer-
ica at the David Sarnoff Research Center in
Princeton, N. J., where he worked on elec-
tron tubes, color television, and did the ex-
perimental part of his doctoral thesis on
secondary electron emission. His more re-
cent work was concerned with thermionic
emission problems. Since 1951 he has been
engaged in transistor and semiconductor
research.

Dr. Jenny is a member of the American
Physical Society and Sigma Xi.
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Robert E. Kansas (S'44-A'53) was born
in New York City, N. Y., on March 4, 1926.
He received the B.E.E. degree from the Col-
lege of the City of
New York in 1945,
and the M.E.E. de-
gree from the Poly-
technic Institute of
Brooklyn in 1947.
During 1948 and
1949 he became a
member of the Elec-
trical  Engineering
Department of the
College of the City of
New York, teaching
courses in electric-
circuit theory, and dc and ac machinery.

From 1949 to 1952, as a graduate student
at Harvard University, he completed re-
quirements for the Ph.D. degree in applied
physics. In 1952, he joined the Research Di-
vision of Philco Corporation, where he is
engaged in research on the circuit implica-
tions of transistor physics.

Mr. Kansas is a member of Sigma Xi,
Tau Beta Pi, Eta Kappa Nu, American
Physical Society, and AAAS.

RoBERT E. Kansas
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o Francis P. Keiper, Jr. (§'50-A’51) was
born in Washington, D. C., on April 13,
1929. He received the B.E.E. degree from
Cornell  University
with the first five-
year engineering class
in June, 1951. While
at Cornell, he partici-
pated in the indus-

trial co-operative
plan.
Shortly after join-

ing the Research Di-
vision of the Philco
Corporation in 1951,
Mr. Keiper became
engaged in the evalu-
ation of transistor devices and in the study
of transistor circuits.
He is a member of Eta Kappa Nu.
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Fraxcis P. KEIPER
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Daniel Levine (S'44-A'47-M’47) was
born in New York, N. Y., on July 21, 1920.
He received the B.S. degree from the Uni-
versity of Michigan
in 1941, majoring in
chemistry. The fol-
lowing year, during
which he served as
laboratory assistant
in  electrochemistry
at the same Univer-
sity, he received the
M.S. degree. In 1948,
he received the M.S.
degree from Ohio
State University,
with a major in elec-
tronics. In 1942 he entered the Army Air
Corps, and attended radio and radar schools
at Sioux Falls, S. D., Harvard, and M.I.T.,
following which he went into counter-meas-
ures work, and was engaged in Ferret activi-
ties in the Pacific Theater at the end of the
war.

Upon his return to the United Stales in
1945, Mr. Levine was assigned to the radar
laboratories at Wright Field, Ohio, and con-
tinued his project work at that laboratory
following his separation from the armed
forces. He is now Technical Consultant for
the Search Radar Branch, Aircraft Radia-
tion Laboratory, Wright Air Development
Center.

DANIEL LEVINE
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Kam Li(S'50) was born in 1927 in Canton,
China. He received the B.S. degree from
Chiao-tung University, Shanghai, in 1949,
and the M.S. degree
in electrical engineer-
ing from the Moore
School of Electrical
Engineering, Univer-
sity of Pennsylvania,
in 1951.

In 1951, Mr. Li
joined the electro-
medical group of the
Moore School of
Electrical Engineer-
ing, and the Depart-
ment of DPhysical
Medicine, as a research assistant. He has
been working on electrical properties of bio-
logical material at ultrahigh frequencies.

KaMm L1
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PPhilip Parzen (SM'52) was born on June
28, 1916, in Poland. He received the B.S.
degree in physics from the College of the

City of New York in
© 1939, and the M.S.
degree in physics
from New York Uni-
versity in 1946. He is
completing work for
the Ph.D. degree in
mathematics at New
York University.

During the war
he was employed at
the  Westinghouse
Research Labora-
tories and, since
1947, at the Federal Telecommunication
Laboratories, Inc., working on problems
in microwave tubes and electromagnetic
wave propagation.

In addition to his membership in IRE,
Mr. Parzen is a member of the American
Physical Society.

PuiLir PArzEN

Herman I. Schwan (M’53) was born in
1915, in Germany. He studied physics, elec-
trical engineering, and biophysics in Goet-
tingenand Frankfurt,
and spent two years
in industry as an
electrical  engineer
(Siemens  Telefun-
ken). He received the
Ph.D. Degrees in
physics and biophys-
ics, in 1940 and 1946
respectively,  from
the University of
Frankfurt, and was
engaged in biophysi-
cal research and ul-
trahigh frequency development work from
1938 to 1947 at the Kaiser-Wilhelm-Insti-
tute at Frankfurt. From 1946 to 1947 he
held positions as assistant director and as-
sistant professor at the same institute.

Dr. Schwan came to this country in 1947,
and worked for the United States Navy's
Aero-Medical Equipment Laboratory as a
research specialist. Since 1950 he has been
with the University of Pennsylvania and
holds appointments as Associate P’rofessor
of Physical Medicine and Physics in Medi-
cine in the Graduate School and School of
Medicine, and as Assistant Professor of
Electrical Engineering in the Moore School
of Electrical Engineering. He heads the elec-
tromedical research team which has been
organized at the University of Pennsylvania
by the Electrical Engineering and Medical
Schools, and is conducting research in the
fields of biophysics and medical electronics.

He is a member of the American Associ-
ation for the Advancement of Science,
Franklin Institute, and an associate member
of the AIEE.

H. . Sciiwax
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Ruth F. Schwarz was born in Louisville,
Ky., on July 12, 1925. She received the B.A.
degree in physics from the University of
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Louisville in 1946, the M.A\. degree in
physics and the Ph.D. degree in physics
from Radcliffe College in 1949 and 1953
respectively.

Mrs. Schwarz has
been working with
the Philco Corpora-
tion for the last year,
where she is engaged
in the transistor re-
search and appli-
cations program of
the corporation.

She is a member
of the American
Physical Society, and
Sigma Xi.

Rutn F. Sciiwarz
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Charles Siisskind (A’'47-M’52) was born
in 1921, in Prague, and received his second-
ary education in Czechoslovakia and in
Great Britain. He
graduated from the
California Institute
of Technology in
1948, and received
the DM.Eng. and
Ph.D. degrees from
Yale University in
1949 and 1951 re-
spectively.

During the war,
Dr. Siisskind served
with the 8th Air
Force in Europe as
an airborne-radar specialist. His interest in
the microwave field led to a doctoral thesis
on artificial dielectrics. An article based on
this dissertation, published by the British
IRE, earned him the Clerk-Maxwell Pre-
mium for “the most outstanding paper pub-
lished in the Institution’s Journal” in 1952.

Since 1951, Dr. Siisskind has been a re-
search associate at Stanford University,
where he is engaged in microwave tube re-
search and part-time teaching.

Dr. Siisskind is an associate member of
the British IRE, and a member of the Amer-
ican Physical Society, The History of Sci-
ence Society, and Sigma Xi.

CHARLES SUSSKIND
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John W. Tiley (A’43-M'45) was born in
Philadelphia, Pa., on April 2, 1913.

Mr. Tiley was actively engaged in the
radio service field
long before complet-
ing high school in
1931. In 1940, he
joined the Ihilco
Corporation as a ra-
dio and television
field service engineer.
In 1943, he became a
member of the Test
Equipment Engineer-
ing Department, de-
signing  microwave
test equipment for
factory use. In 1946, he was transferred to
the Research Division, where he was occu-
pied in the designing of radar systems. Since
1949, he has been concerned with applied
physics, particularly with semiconductors
and transistors.

Joun W. TiLEY
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Joseph F. Walsh was born in Albany
N. Y., on April 29, 1927, Mr. Walsh re-
ceived the B.S. degree in physics from Siena
College in 1949, and
the M.S. degree in
physics from Rensse-
laer Polytechnic In-
stitute in 1952,

Since July 1952,
Mr. Walsh has been
associated with the
transistor  rescarch
program of the Phil-
co Corporation. He
is a member of Amer-
ican [D’hysical Soci-
ety, and Sigma Xi.

Josern F. WaLsH
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Dean A. Watkins (A'47-M’48-S'49-
A’51) was born in Omaha, Neb., on October
23, 1922, He specialized in electrical engi-
neering, receiving the
B.S. degree from
Iowa State College
in 1944, the M.S. de-
gree from California
Institute of Technol-
ogy in 1947, and the
Ph.D. degree from
Stanford University
in 1951, where he
was a Gerard Swope
Fellow from 1950 to
1951.

In World War II,
Dr. Watkins was an army engineer unit
commander in the European and Dacific
Theaters. He was employed by the Collins
Radio Company from 1947 to 1948, and at
the Los Alamos Scientific Laboratory from
1948 to 1949. From 1951 to 1953, he was em-
ployed by the Hughes Aircraft Company,
where he was a member, and then head of
the microwave tube section of the Re-
search and Development Laboratories.
Since 1949, Dr. Watkins has been engaged
in microwave-tube research, specializing in
traveling-wave tubes and Dbackward-wave
oscillators. In March, 1953, he returned to
Stanford University, where he is now Asso-
ciate Professor of Electrical Engineering,
engaged in graduate teaching and research.
He is a member of Sigma Xi, Tau Beta P,
Eta Kappa Nu, Pi Mu Epsilon, and Phi
Kappa Phi.

Deax A. WATKINS

o,
g

Richard A. Williams was born in West-
mont, N. J., on July 20, 1924.

He was graduated from the University
of Pennsylvania with
the degree of B.A. in
physics in 1947,

Since 1947, Mr.
Williams has been a
member of the Re-
search Division of
Philco Corporation,
and has been en-
| gaged in the design
I and development of
radar, airborne tele-
vision, electronic tube
and semiconductor
device research. Mr. Williams is a member
of the American Physical Society.

& /

R. A. WiLLIAMS
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NVENTION EXHIBIT SITE

New York Asrways Helicoper Service

Aerial view of New York City's Kingsbridge Armory, new site for IRE's Annual Convention, conveys some idea of vastness of exhibit area.
Four acres of floor space, largest unobstructed area of the kind in the world under one roof, will accommodate over 600 exhibits all on one level.

IRE NaTionaL CONVENTION NEWS

March 22 through 25 have been selected
as the dates for the biggest and most im-
portant technical event of the coming year,
the 1954 IRE National Convention. As in
past years, the Convention will be held in
New York City in two locations, the
Waldorf-Astoria Hotel and a new exhibit
site, the Kingsbridge Armory.

An outstanding Convention program is
being planned to follow the same general
format which has proved so successful in
past years. I’rincipal activities will include
four days of informative technical sessions,
a bigger and better Radio Engineering
Show, the Annual Meeting of the Institute,
a “get-together” Cocktail PParty, and the
Annual Banquet. All indications are that the
attendance will exceed last year's record
total of 35,000.

A particularly noteworthy feature of the
Convention is the change in location of the
exhibits from Grand Central Palace to the
Kingsbridge Armory. The move, necessi-
tated by the lease of Grand Central Palace
to the United States Government, has
proved to be a blessing in disguise. Among
the many advantages of the Armory is that
it boasts the largest unobstructed floor of
any building in the United States. As a
result, the entire Radio Engineering Show

can now be housed on one floor, occupying
over four acres.

This floor space will accommodate over
600 exhibitions, a 50 per cent increase over
last year. To the member this means a
corresponding increase in the information
value of the Radio Engineering Show, for he
will now have the unique opportunity of
viewing the latest products of a substan-
tial portion of the entire radio-electronic
industry.

In addition to the increased size, the
Kingsbridge Armory provides considerably
improved facilities. Three well-equipped
auditoriums will accommodate approx-
imately half of the program of technical
papers during all four days of the Conven-
tion. For the convenience of visitors, a large
cafeteria is located within the building.

The Kingsbridge Armory is readily
reached by bus and by two subway lines.
Busses, free of charge to Convention regis-
trants, will run at frequent and regular in-
tervals between the Armory and the Wal-
dorf-Astoria Hotel. Subway service between
the two locations is excellent, requiring a
walk of only one block.

A comprehensive program of over 200
technical papers is being organized by the
Technical Program Committee with the
help of all 21 IRE Professional Groups.
Authoritative reports on the most impor-

tant advances in every branch of the com-
munications and electronics ficld will be
heard during all four days of the Conven-
tion. Technical sessicns and symposia will
be held in three auditoriums at the Kings-
bridge Armory and a like number at the
Waldorf-Astoria Hotel. The complete pro-
gram, including 100-word abstracts of all
papers, will be published in the March issue
of the ProceeDINGs oF THE I.R.E.

Plans are under way to publish again
the Convention Record of the L.LR.E., to
contain all available papers presented dur-
ing the 1954 Convention.

The Annual Meeting of the Institute will
be held on the morning of the opening day
of the Convention. This meeting is planned
especially for IRE members and will feature
as principal speaker John D. Ryder, Head
of the Electrical Engineering Department
of the University of Illinois.

The popular “get-together” cocktail
party will be held on Monday evening,
March 22, in the Grand Ballroom of the
Waldorf-Astoria Hotel. The Social activities
will be climaxed by the Annual Banquet on
Wednesday evening when a speaker of na-
tional prominence will deliver the principal
address, and the Annual IRE Awards will
be presented.

Further Convention details appear on
page 1A of this issue.
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“ELECTRONICS IN AVIATION”

“Electronics in Aviation” Day, a con-
ference jointly sponsored by the Institute
of Radio Engineers, Institute of the Acro-
nautical Sciences, Institute of Navigation,
and the Radio Technical Commission for
Acronautics, will he held at the Hotel Astor
on January 27, 1954 as part of the annual
convention of the IAS.

At the morning session the following four
papers will be presented: “Aircraft Control
Systems,” R. C. Seamans; “Operational
Telemetering,” M. Kicbert; “Long Range
Navigation,” J. A. Pierce; and “Magnetic
Amplifiers-Automatic 1’ilots.”

In the afternoon a symposium will be
conducted on the general subject of training
requirements and training devices, under
the chairmanship of I2.0. Carmody. I’rogram
will include a number of invited papers.

The evening session will deal with the
proper use of air space, a serious problem in
the effective use of mcdern aircraft.

It is expected that the general trend of
the discussion and the subjects covered will
be of considerable interest to many IRE
members, not only those in the Professional
Group on Aeronautical and Navigational
Electronics, but also those in apparently
unrelated fields.

PROCEEDINGS INDEX

This issue contains, in addition to the
annual PRocEEDINGS Index, an index to
the 1953 Convention Record. Due to space
limitations, the “Transactions” Index will
appear in a later issue of the PROCEEDINGS.

Calendar of "
COMING EVENTS

IRE PGME Symposium on Elec- |
tronic Plethysmography, Univer-
sity of Buffalo Medical School |
Auditorium, Buffalo, N. Y., De-
cember 10-11 ’

IRE-IAS-ION-RTCA Conference on
Electronics in Aviation, Astor
Hotel, New York City, January 27 |

1954 Sixth Southwestern IRE Con- |
ference and Electronics Show,
Tulsa, Okla., February 4~6

IRE-AIEE Conference on Transistor
Circuits, Philadelphia, Pa., Feb-

| ruary 18-19
1954 IRE National Convention, Wal- l

dorf Astoria Hotel and Kings-

bridge Armory, New York, N. Y.,

March 22-25 [
Society of Motion Picture & TV En-

gineers, 75th Annual Convention, ‘
Hotel Statler, \Vashington, D. C. [
May 3-7

IRE New England Radio Engineer-
ing Meeting (NEREM), Sheraton
Plaza Hotel, Boston, Mass., May
7-8

IRE-AIEE-IAS-ISA National Tele-
metering Conference, Morrison

| Hotel, Chicago, IIl., May 24-26

1953 WESCON LUNCHEON

Among those at the Speakers’ table at the All-Industry Luncheon, 1953 WESCON, are (1. to r.): Noel E.
Porter, William Jamieson, Robert L. Sink, George W. Bailey, Joseph Landells, Donald G. Fink, Jesse E.
Hobson, James Wilson McRae, and Norman H. Moore.

14,000 ATTEND 1953 WESCON

The 1953 Western Electronic Show and
Convention, co-sponsored by the Seventh
Region IRE and the West Coast Electronic
Manufacturers Association, was held in the
Civic Auditorium, San Francisco, Calif.,
August 19-21. Approximately 14,000 engi-
neers, scientists, and technicians attended
the technical sessions or visited the displays
at the Conference, which was very successful
from all standpoints.

During the three-day meeting there were
25 sessions at which technical papers were
presented on the latest advances in the field
of communications and radio-electronics.

Besides the technical sessions, four field
trips were arranged which covered the U. S.
Naval Electronic School; the Stanford Mi-
crowave Laboratory, the Sylvania Electric
Co., and Varian Associates; the KPIX Tele-
vision Studios; and the Chromatic Tele-
vision Laboratories. There were also many
exhibits on view, including one seen for the

MEbpicAL ELECTRONICS
SyMPOSIUM IN BUFFALO

The IRE Professional Group on Medical
Electronics is co-operating with the Schools
of Medicine and Engineering of the Univer-
sity of Buffalo in co-sponsoring a sympo-
sium on electronic plethysmography or blood
volume measurement.

The symposium will be held co-incident
with the formal dedication of the University
of Buffalo’s new medical school building on
December 10-11, 1953. A two-day program
is planned. Tours of research facilities in the
Buffalo arca will be interspersed with a
series of papers by research personnel active
in the field. The keynote address on Thurs-
day, December 10, will be given at 10:00
AM. by Dr. Jan Nyboer of the Dartmouth
College Medical School. Dr. Nyboer has
worked extensively in the field of impedance
plethysmography.

first time of Western historical electroniana,
early electron tubes, loudspcakers, com-
munication equipment, and newsclippings
and photographs relating to electronic de-
velopment.

Among the special events was the All-
Industry Luncheon, at which Donald G.
Fink, Director of Research of the Philco
Corp., delivered an address on “The Tran-
sistor—Glamor Boy or Workhorse.” The
Luncheon program also included the pres-
entation by Seventh Region IRE of the
Second Amnnual Achievement Award to
Simon Ramo (A’38-SM’44-F’-50) in recog-
nition of “his leadership in the organization
of industrial rescarch and engineering and
his devotion to the progress of the electronic
art through the advanced training and edu-
cation of the engineer.”

Next year, the event is to be held in the
Los Angeles area, where 1954 \VESCON is
scheduled for the I’an Pacific Auditorium,
August 25-27.

Other papers will be given by such au-
thorities as Dr. Sergei Feitelberg and Dr.
Ray Megibow of Mt. Sinai Hospital, Dr.
Henry Kalmus of the National Bureau of
Standards, and Warren Tilton of Hathaway
Instruments, Inc. A total of six to eight sig-
nificant papers will be presented.

\While the final program is incomplete at
this date, the following papers are repre-
sentative of those to be given: “Electronic
Plethysmography,” keynote address, Dr.
Jan Nyboer, Dartmouth College Medical
School; “An Electronic Flowmeter Sys-
tem,” Dr. Henry Kalmus, National Bureau
of Standards; “Design of Finger-Tip Plethys-
mographs with [Dhotoelectric and Strain
Gage Transducers,” Dr. Ray Megibow, Mt.
Sinai Hospital, New York City; and “Ap-
plications of the Electronic Plethysmograph
in Blood Pressure Determination,” J. Block,
Cornell University Behavior Farm.
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Five NEw CHAPTERS APPROVED

At a recent meeting of the IRE Execu-
tive Committee, the establishment of the
following Professional Group Chapters was
approved: The Chicago Chapter of the Pro-
fessional Group on Microwave Theory and
Techniques, the Chicago Chapter of the
Professional Group on Radio Telemetry and
Remote Control, the Los Angeles Chapter
of the Professional Group on Component
Parts, the I’hiladelphia Chapter of the Pro-
fessional Group on Engineering Manage-
ment, and the Albuquerque-Los Alamos
Chapter of the Professional Group on
Microwave Theory and Techniques.

SMPTE Honors IRE MEMBERS

Among the thirteen leading scientists
and engineers of the motion picture and
television industries who were honored re-
cently for outstanding technical achieve-
ments, were Otto H. Schade (M'10-SM’43-
F'51) and Arthur V. Loughren (\'24-
M’'29-SM’43-F’44). The annual awards of
the Society of Motion Picture and Televi-
sion Engineers, highest recognition awarded
for achievement in this field, were presented
at the 74th semi-annual convention of the
Society, which was held at the Hotel Statler
in New York City on October 5-9.

Mr. Schade was cited for his outstanding

technical paper, “Image Gradation, Grain-
iness and Sharpness in Television and Mo-
tion Picture Images.”

Mr. Loughren received the David Sar-
noff Gold Medal Award “for his contribu-
tion to the development of compatible color
television, including his active work on the
principle of constant luminence adopted as
part of the signal specifications of the Na-
tional Television System Committee.” Mr.
Loughren was cited for his work as chairman
of the color video standards panel of the
NTSC and was described in the citation as
“a guiding spirit and forceful exponent of
compatible color television.”

1953 Convention Record of the I.LR.E.

A limited number of copies of the Convention Record of the
I.R.E., containing approximately 190 papers presented at the 1953
IRE National Convention on March 23-26, are available at the In-

|
Part l Title
I |
1 | Radar and Telemetry
Sessions: 6, 12, 37, 43
2 | Antennas and Communications
Sessions: 1, 7, 13, 18, 28
3 Audio
Sessions: 25, 31, 38
4 | Broadcasting & Television
| Sessions: 2, 8, 23, 29, 35, 41
|
5 Circuit Theory
Sessions: 3, 9, 15, 21
6 | Electron Devices-
Engineering Management
Sessions: 16, 20, 24, 26, 39
—— - I,
7 Electronic Computers
| Sessions: 4, 10, 14
8 | Information Theory
Sessions: 22, 27, 33, 40
9 | Instrumentation-
Nucleonics
[ Medical Llectronics
[ Sessions: 5, 11, 17, 32, 34
10 | Microwaves

Sessions: 30, 30, 42

Subject

Navigation

Airborne Equipment

Radio Telemetry

| Remote Control
Antennas

| Propagation

| Mobile Communications

| Communication Systems

Acoustics

Audio

l Television
Broadcast Transmission Systems
Broadcast and TV Receivers

Network Theory
Wide-Band Amplifiers
Delay Lines

| ‘I'ransistor Networks
Transistors
Electron Tubes
Quality Control

; Engineering Management

Electronic Computers

Noise and Modulation
Information Theory

| Instrumentation
Transistor Measurements
Nucleonics

| Medical Electronics

Microwave Equipment Manufacture
Discontinuities & Transitions
Ferrites and Detectors

CONVENTION RECORD OF THE L.R.E.

|
‘

{

stitute of Radio Engineers, 1 East 79 Street, New York 21, N. Y.
Prices of individual Parts and the subject matter of each Part are
given below, To insure delivery, place your order promptly.

IRE | \onmempere |Vl Libraries
Members ANOonmMembers |- 4hd Colleges

$1.00 ’ $3.00 l $2.40
i(Out of stock)

1.25 3.75 3.00

1.00 3.00 2.40

1.50 4.50 | 3.60

1.25 3.15 | 3.00
|

1.00 3.00 2.40
1

1.00 3.00 | 2.40

1.25 | 3.75 3.00

1.25 | 3.75 3.00
|

1.00 3.00 2.40
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Transactions of the IRE Professional Groups

Issues Receutly Published

The following issues of Transactions are now available from the Institute of Radio

l

Engincers, Inc., 1 East 79 Street, New York 21, N. Y. Prices are indicated below,

| with a listing of the contents of each.

CS-1, July, 1953

(Including papers presented at the Technical

Conference on Communications; sponsored by

the IRE Cedar Rapids Section)

Keynote Address, Arthur A. Collins

The Trausmission of Intelligence in Type-
script, I. S. Coggeshall

Comparative Study of Modulation Meth-
ods, R. M. Page

Design Trends in Communication Equip-
ment, L. Morgan Craft

Voice of America and the IZlectromagnetic
\War, George Q. Herrick

Long-Range Communication Trends, Mur-
ray G. Crosby

Aspects of Naval Communications Systems,
Joseph A. Kreek

Manufacturers’ Contributions to Military
Communicatious, J. Ernest Smith

Twinplex, Twinmode, and Polyplex Radio-
telegraph Systems, Christopher Buff

Transmitting Antennas at Mackay Radio
Brentwood Station, B. Ilart

Constitution and By-lLaws

Vol. AU-1, No. 4, July-
August, 1953

Technical Editorial

Loudspeaker Impedance, Vincent Salmon

PGA News

PGA Committee Appointments,
Camras

New Chapters

IRE-PGA Session at NEC

Technical Papers

Room Acoustics, Hale J. Sabine

The Uniaxial Microphone, ITarry F. Olson,
John Preston, and John C. Bleazey

PGA Institutional Listings

Marvin

Vol. EC-2, No. 3, September, 1953

A Photoclectric Decimal-Coded Shaft Digi-
tizer, W. H. Libaw and L. J. Craig

An Analog-to-Digital Converter, A. D. Scar-
brough

The Univac Tube Program, T'. D. Hinkel-
man and M. Kraus

Sponsoring Group

Communications Systems
Audio

Electronic Computers
Airborne Electronics
Industrial Electronics
Antennas and Propagation

Publication

Vol. CS-1, No. 1
Vol. AU-1, No. 4
Vol. EC-2, No. 3
PGAE-8
PGIE-1
Vol. AP-I, No. 1

Contributors
Review Section, H. D. Huskey, Fd.
Institutional Lislings

PGAE-8, June, 1953

A Report from the Chairman, K. C. Black

Memorandum from the Editor, John E.
Wilkinson

Classified Symposium on Airborne Electron-
ics

A Discussion of United Air Lines VHF Net-
work Developments, K. J. Rhead

Theoretical Performance of Airborne Mov-
ing Target Indicators, Frank R. Dickey,
Jr.

Calendar of Coming Events

Professional Cards

PGIE-1, August, 1953

Certification of Industrial Heating Equip-
ment, Everett G. Ilenry

The Role of Electronics in Naval Ordnance,
J. M. Bridges

Induction Heating Generators as Production
Tools in Heat Treating Operations, Peter
A. Hassell

Electronics in the Atomic Energy Field,
V. L. Parsegian

Machine Tool Control from a Digital-Analog
Computer, Harry W. Mergler, George J.
Moshos, and Allen E. Young

Electronic Control Circuits in the Mechani-
cal Heart and Lung, Jokn R. Engstrom
and Leo E. Farr, Jr.

Vol. AP-I, No. 1, July 1953

News and Views

Contributions

Measurement of Path Loss between Miami
and Key West at 3675 MC, R, L. Robbins

Radiation from a Vertical Electric Dipole
over a Stratified Ground, James R. Wait

A Two-Dimensional Microwave Luncberg
Lens, G. D. M. Peeler and D. H. Archer

The Lffect of lons on Magneto Ionic Char-
acteristic Polarization, William Snyder

Communicalions

Symposium on Tropospheric Wave Propaga-
tion within the Horizon, 1. C. Hoffman

Group IRE Non-
Members Members Members*
$1.50 $2.25 $4.50
0.70 1.05 2.10
0.75 1.10 2.25
0.65 0.95 1.95
1.00 1.50 3.00
1.20 1.80 3.60

* Public libraries and colleges can purchase copies at IRE Member rales.
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ProrrssioNaAL Group NEWS

AIRBORNE ELECTRONICS

The name of the Professional Group on
Airborne Electronics has been changed by
the IRE Exccutive Committee at the re-
quest of the Group to Professional Group on
Acronautical and Navigational Electronics.

ELEcTrRON DEVICES

The San Francisco Section of the P’ro-
fessional Group on Electron Devices met
recently at Stanford University under the
chairmanship of John S. McCullough. Dr.
Walter Kohl of the Research Department
of Stanford University presented a paper
entitled “Tube Pumping and [Processing
Procedure for High Vacuum and Long Life.”
Dr. Kohl also conducted a panel discussion
on this topic. Other members of the panel
were R. E. Woenne of Litton Industries;
G. E. Reiling of Varian Associates; and
IHomer Broker of Sylvania Electric Co.

ENGINEERING MANAGEMENT

A. D. Arsem, General Electric Company,
Syracuse, N. Y., has been appointed the new
Secretary-Treasurer of the Professional
Group on Engincering Management.

VEHICULAR COMMUNICATIONS

The Executive Committee of the IRE
has approved the establishment of the Bos-
ton Chapter of the Professional Group on
V'ehicular Communications. Interim officers
appointed were Robert Lewis, Boston Edi-
son Co., chairman, and Sherman M. Wolf,
secretary.

\WINNIPEG BECOMES SECTION

I'he Winnipeg Subsection of the Toronto
Secction has now been granted full Section
status by the IRE Lixecutive Committee.
The territory of the new Section encom-
passes the Canadian Provinces of Manitoba
and Saskatchewan.

Approval has also been given to the for-
mation of the Buenaventura Subsection of
the Los Angeles Section, to include the Cali-
fornia Counties of Ventura and Santa Bar-
bara. These actions bring the total number
of IRE Sections to 68 and Subsections to 18.

TRrRANSISTOR CIRCUITS
CONFERENCE

The IRE Professional Group on Circuit
Theory and the American Institute of Elec-
trical Engineers are jointly sponsoring a
Conference on ‘Transistor Circuits, to be
held on Thursday and Friday, February 18
and 19, 1954, in Philadelphia, Pa.

The Conference will include several pa-
pers discussing the representation of transis-
tors for circuit design purposes, problems
peculiar to the design of transistor circuits,
and current trends in transistor circuits in
both linear and pulse applications. The Con-
ference is designed to appeal primarily to
engineers working actively with transistor
circuits; as a consequence, the introductory
concepts of transistor circuit design and per-
formance will not be reviewed in any detail.

Registration material for the Conference
will be ready for mailing early in January,
and details of the registration procedure will
be announced at that time.
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REPORT ON THE ACTIVITIES OF THE
IRE PrOFESsIoNAL GROUP ON
Circult THEORY

The following article was reprinted
from the September 1953 issue of the
Transactions of the IRE Professional
Group on Circuit Theory. It is pre-
sented here as an excellent example of
the manifold service which a typical
Professional Group provides its mem-
bers.

—The Editor

During the year ending 30 June 1953 the
Professional Group on Circuit Theory has
progressed well toward maturity. The in-
crease in the number of its paid-up members
from 419 to 2,027 is clear evidence of the
basic role that circuit theory plays in the
work of many IRE members—a role made
possible because circuit theory offers a uni-
versal language and a set of concepts as ap-
plicable to servomechanisms as to micro-
wave clectronics. To fulfill this role, the
PGCT will encourage symposia on applica-
tions of circuit theory that may originate in
one field but which have general application
in other fields, and will publish future issues
of its TRANSACTIONS on a regular four-times-
a-year basis. The success both of these sym-
posia and of the TRANSACTIONS will require
the active participation of prospective au-
thors. It is worthwhile, therefore, to review
briefly here the activities planned for the
future. All members desiring to participate
in these activities are encouraged to do so.

SyMPosIA

The I.R.E. Professional Group on Cir-
cuit Theory has sponsored, or will sponsor,
four symposia during the year 1953. During
the [.R.E. Winter Convention, 1953, a sym-
posium entitled “Panel Discussion on Wide-
Band Amplifiers” was held. This presented
five papers which summarized the broad-
band amplifier field from conventional am-
plifiers through travelling-wave-tube ampli-
fiers. In addition to this symposium, three
other sessions of contributed papers on Net-
work Theory, Time-Domain Networks—De-
lay Lines, and Active Networks—Transis-
tors, were organized for this Convention.
All of these papers were published in the
“Convention Record of the IRE, Part 5”
which was distributed free to PGCT mem-
bers.

The PGCT co-operated with the Poly-
technic Institute of Brooklyn's Microwave
Research Institute to present a symposium
in New York on April 23rd and 24th, on
“Nonlinear Circuit Analysis.” During the
four sessions, twenty-one papers were pre-
sented to cover theoretical and applicational
topics in this field. The papers are to be pub-
lished in October 1953 and PGCT members
may purchase copies of the symposium pro-
ceedings at a reduced rate.

Two sessions on circuit theory were
sponsored by the PGCT at the Western
Electronic Show and Convention. Papers
given at those sessions comprise this issue of
the TRANSACTIONS. Arrangements are also
being made to publish some of the papers
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given at the Servomechanisms Sessions in the
next issue of the PGCT TRANSACTIONS.

During the National Electronics Con-
ference, September 28-30, in Chicago, the
PGCT will sponsor a symposium on Filter-
ing. This will include two sessions covering
topics on Wave Filters and Time-Domain
Filtering. A list of the papers by title is given
below in the report of the Chicago Chapter.

A symposium is being planned in co-oper-
ation with the Philadelphia Sections of the
IRE and AIEE on the general topic of de-
sign and synthesis problems associated with
active, solid-state elements. This will be a
two-day symposium, held during the early
part of February in Philadelphia, with ad-
vanced registration. The papers given will
not be published in the PGCT Transac-
TIoNS. However, further details will be given
in the next issue.

Customary plans for the Circuit Theory
Symposium and Circuit Theory Sessions
sponsored by the PGCT at the 1954 IRE
Convention are under way. The topic of the
Symposium will be announced later.

Arrangements are also being made for the
third Network Theory Symposium to be
given in New York during April 1954 in co-
operation with the Microwave Research In-
stitute of the Polytechnic Institute of
Brooklyn. The tentative topic of this sym-
posium is “Information Networks” and it
will examine some of the effects of Informa-
tion Theory upon Network Theory, Design
and Application. The arrangements for this
program are being made at an early date so
that as many international authorities as
possible can be represented and describe
their activities in this important new field.
Authors who have material that they believe
is suitable for presentation at this sym-
posium should contact immediately Dr.
Herbert J. Carlin, Chairman of the PGCT
Symposium Committee.

TRANSACTIONS

The PGCT has not hitherto published its
TRANSACTIONS on a regular quarterly basis.
There are, however, several good reasons
why it should attempt to do so. One of the
principal purposes of the TRANSACTIONS is
to provide a quick and inexpensive publica-
tion medium for its members suitable for
communicating not only technical informa-
tion but also news items, announcements of
symposia and other local and national ac-
tivities. By publishing successive issues
every three months, the PGCT can insure
distribution of material within 2 to 5 months
after it is received. This should permit a
lively give-and-take reporting of work and
ideas in progress which might not be feasible
in the IRE PROCEEDINGS and should stimu-
late interest and participation in PGCT ac-
tivities.

Many convention or symposium papers
are never written up for publication because
a short talk requires too much elaboration
and extension to become easily a formal
paper. However, the central ideas can often
be discussed and summarized in one or two
pages and informal notes of this type would
be suitable for the TRANSACTIONS. Although
the high standards of writing required by
the IRE PROCEEDINGS must be adhered to,
formality and completenessof treatment may
not be needed. This will permit the dissemi-

December

nation among the workers in this field of
new methods and mathematical tools of as
yet unknown usefulness while the art is still
developing. The circulation and discussion of
partly formulated theories and unsolved
problems can be most stimulating and
worthwhile.

At the other extreme, there are papers
replete with useful mathematical detail
which, because of length or highly-special-
ized content, cannot find a suitable journal
for publication. Network theorists, both here
and abroad, have long felt frustrated over
the lack of a publication catering to their
interests. By providing such an outlet,
PGCT TRANSACTIONS can serve a very use-
ful purpose. To encourage the submission of
high-grade papers and notes from abroad,
complimentary copies of this and future
issues will be sent to circuit-theory workers
in Europe, Japan and elsewhere.

It is recognized that circuit theory is
basic to most of electronics and that meri-
torious papers that might be published in the
TrANsacTIONS should also be published in
the PROCEEDINGS. Prospective authors should
clearly understand that the quick publication
of their papers in the TRANSACTIONS does not
preclude later publication of the same ma-
terial in the IRE PROCEEDINGS. In fact, the
suggestions and criticisms received by an
author upon preliminary publication of his
paper in the TRANSACTIONS should enable
him to polish and improve the paper for
possible submission to the PROCEEDINGS.

All papers submitted to the PGCT will
be reviewed by the Papers and Transactions
Committee before being accepted for publi-
cation. This committee will recommend for
publication in the PROCEEDINGS (or, possi-
bly, for initial publication in the TrRANSAC-
TIONS with subsequent publication in the
PROCEEDINGS) those papers that, in its
opinion, contain important information that
should be gotteu before the entire IRE read-
ership. Since the recommendations of the
PGCT committee may be substituted for
those of the IRE PPapers Review Committee,
papers thus sponsored by the PGCT re-
ceive preferred and special handling. In this
manner, the PGCT can act both as a source
and as a filter to insure that really valuable
circuit-theory papers appear in the Pro-
CEEDINGS, and that the high standards and
value of this major institute publication are
maintained in this field.

To give a coherence to the papers ap-
pearing in the TRANSACTIONS, some of the
issues will be built around a central theme or
topic. By planning these issues well in ad-
vance, we can commission specialists to or-
ganize and contribute papers to the issue de-
voted to their specialty. It is hoped that one
paper of these issues will be in the nature of a
survey paper with a good bibliography and
that the other papers will treat the frontier
work being done in this country and ahroad
on the different aspects of the topic. Issues
currently being planned are as follows:

SErRVOMECHANISMS IssUE (Dec. 1953)—
Organized by Prof. Otto J. M. Smith, Univ.
of Calif., Berkeley, Calif, This issue will in-
clude papers given at the \Western Electronic
Show and Convention.

CirculT StABILITY IssUE (March 1954)
—Organized by Prof. Sam J. Mason, Mass.
Institute of Tech., Cambridge Mass.
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With the advent of transistors as circuit
elements, the engineer is faced with the
necessity of applying his intuitions, de-
rived from his experience with unilateral
elements and single-loop feedback struc-
tures, to the design of stable circuits in which
neither of these conditions is met. “Stabil-
ity” can mean several different things: it can
mean that the circuit parameter values do
not change with time, temperature, and
other factors often ignored in circuit theory
(but so important in practice!). Or, it can
refer to certain dynamical properties meas-
ured by Routh’s and Nyquist's criteria, etc.
In practice, these meanings are not unre-
lated for the sensitivity of an element im-
plies something about the parameter toler-
ances as well as the stability margins. There
appear to be a number of basic notions and
questions concerning stability which are not
generally appreciated. This issue will survey
what is known and describe current develop-
ments and unsolved problems.

NETWORK APPROXIMATION ISSUE (June
1954)—Organized by Dr. W. H. Kautz,
Stanford Research Institute, Stanford, Cali-
fornia.

This issue will include survey papers and
a bibliography of the approximation problem
in both the frequency and time domains. It
should provide the circuit theorist with a
most useful reference volume.

NONLINEAR FILTER IssUE (Sept. 1954)—
Organized by Mr. Warren D. White, Air-
borne Instruments Laboratory, Mineola,
L.I,N. Y.

TIME-VARIABLE NETWORKS IssUE (Dec.
1954)—Organized by Dr. L. A. Zadeh, Co-
lumbia University, New York.

Authors who have material that is suita-
ble for reporting in any one of these issues
are urged to contact the organizer at the
earliest possible date. Other topics being con-
sidered for future issues are Network Topol-
ogy and Circuit Models of Physical Phe-
nomena. Your editor will welcome good sug-
gestions for other topics.

Although these issues each have a central
topic, this will not exclude the inclusion of
other contributed papers that have been ac-
cepted for publication in the TRANSACTIONS.
In each issue space will be provided for short,
informal communications in the form of
“letters to the editor” and discussions of
other papers previously published in the
TraNsACTIONS or PROCEEDINGS. Contribu-
tions and communications should be sent to
the Editor, preferably in duplicate and pre-
pared in accordance with the standard prac-
tices for preparation of manuscripts and il-
lustrations.

CoMMITTEE MEMBERSHIP FOR 1953-54

Last spring, the Nominating Committee
consisting of Drs. J. G. Brainerd, D. L.
Trautman, Jr., and W. N. Tuttle, prepared
the following slate of officers and commit-
tee chairmen for the one-year term ending
30 June 1954:

Chairman—C. H. Page, National Bu-
reau of Standards, Washington 25, D. C,

Vice-Chairman—H. J. Carlin, Polytech-
nic Institute of Brooklyn, 55 Johnson Street,
Brooklyn 1, N. Y.

Secretary-Treasurer—Milton Dishal,
Federal Telecommunications, Inc.,, 500
Washington Avenue, Nutley 10, N. J.
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West-Coast  Representatives—D. L.
Trautman, Jr., Dept. of Electrical Engineer-
ing, University of California, Los Angeles
24, Calif.; Louis Weinberg, Research and
Development Labs. Hughes Aircraft Com-
pany, Culver City, Calif.

Symposium Committee—H. J. Carlin,
Chairman, Polytechnic Institute of Brook-
lyn, 55 Johnson Street, Brooklyn 1, N. Y.

Special Problem Committee—W. E.
Bradley, Chairman, Philco Corp., Tioga and
C Streets, Philadelphia 34, Pa.

Section Chapters Committee—]. J.
Gershon, Chairman, DeForest’s Training,
Inc., 2533 North Ashland Avenue, Chicago
14, 1L

Papers and Transactions Committee—
W. H. Huggins, Chairman, Air Force Cam-
bridge Research Center, 230 Albany Street,
Cambridge 39, Mass.; J. L. Bower, Electro-
mechanical Dept., North American Avia-
tion, Inc., 12214 Lakewood Blvd., Downey,
Calif.; W. H. Kautz, Stanford Research
Institute, Stanford California; Sam J.
Mason, Dept. of Electrical Engineering,
Mass. Institute of Technology, Cambridge
39, Mass.; Otto J. M. Smith, College of En-
gineering, Univ. of California, Berkeley 4,
Calif.; W. N. Tuttle, General Radio
Company, 275 Mass. Avenue, Cambridge
39, Mass.; L. A. Zadeh, Dept. of Electrical
Engineering, Columbia University, New
York 27, N. Y.

The members of the Administrative
Committee are as follows:

Term Ends 30 June 54—]. G. Brainerd,
R. L. Dietzold, E. A. Guillemin.

Term Ends 30 June 55—]. L. Barnes,
H. J. Carlin, W. H. Huggins.

Term Ends 30 June 56—\V. E. Bradley,
Milton Dishal, C. H. Page.

CHicaGo CHAPTER NEwWsS

The Chicago Chapter of the PGCT has
arranged for a full program of fine technical
sessions for this coming season and is looking
forward to it with much enthusiasm. The
Circuit Theory Group follows much the
same plan as the other professional groups
affiliated with the Chicago Section. When a
paper to be presented is of interest to another
group, a joint meeting is encouraged. For
example, Bernard S. Parmet will present a
paper on September 25th which is of interest
to both the Broadcast and Television Re-
ceivers Group and our Group. The Co-ordi-
nating Papers Chairman, Dr. Soria, immedi-
ately suggested a joint meeting which has
since been arranged.

The other sessions will include such
talent as Myril B. Reed, Thomas J. Higgins,
Benjamin B. Bauer and others of similar
caliber, all of whom can contribute much to
a Circuit Theory meeting. In addition, the
Chicago Chapter is sponsoring a symposium
to be held at the National Electronics Con-
ference in Chicago. The interesting program,
which includes substantial contributions to
the fields of Filter and Network Synthesis, is
as follows:

Filters T

“An introduction to modern filter the-
ory” by E. A. Guillemin,
“R-C active filters” by J. G. Linvill.
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“Electro-mechanical filters” by S. P.
Lapin.

“Geometric aspects of least-squares
smoothing” by A. A. Houser.

Filters 11

“The role of nonlinear filters in electronic
systems” by W. D. White.

“Filtering impulses in the time domain”
by A. A. Gerlach.

“Computational techniques which corre-
late steady state and transient re-
sponse of filters” by E. A. Guillemin.

“Use of sampled functions for time do-
main synthesis” by W. K. Linvill.

“Potential analog methods of solving the
approximation problem of network
synthesis” by R. E. Scott.

Network Synthesis

“The role of analytic continuation in net-
work synthesis” by S. Seely.

“The role of conformal transformations
in network synthesis” by W. R. Le-
Page.

“Formulation of the approximation
problem” by N. Balabanian.

“Synthesis of RC shunted high-pass net-
works” by C. F. White.

The new officers are not only looking for-
ward to a successful year with at least five
scheduled meetings, but in addition they
would like to make the symposium at the
National Electronics Conference an annual
event. The new officers for the 1953-54
season are:

Joseph J. Gershon, Chairman, DeForest’s
Training, Inc.

Edward E. Mittman, Vice-Chairman,
Motorola, Inc.

D. H. Pickens, Secretary, Raytheon
Mfg. Co.

Bernard S. Parmet, Meetings and Papers
Committee, Motorola, Inc.

Willis J. Steen, Chairman Membership
Committee, Motorola, Inc.

Lloyd E. Matthews, Publicity Commit-
tee, Zenith Radio Corp.

George H. Wise, Procedures Committee,
DeForest’s Training, Inc.

Lois E. Pepperburg, Jr., Past Chairman,
Motorola, Inc.

Los ANGELES CHAPTER NEWS

At an election meeting held on 14 May
1953, the following officers were elected for
the year 1953-54:

J. A. Aseltine, Chairman, Hughes Air-
craft Co.

W. R. Abbott, Secretary-Treasurer,
North American Aviation, Inc.

A. R. Noland, Program Chairman, Gil-
fillan Bros., Inc.

J. E. Jacobs, Program Chairman, Hughes
Aircraft Co.

The group is planning to hold meetings at
bi-monthly intervals with two speakers per
meeting. The results of a questionnaire indi-
cated that tutorial talks would be welcomed
at every other meeting, and that the 7:30
p.M. meetings held at the Institute for Nu-
merical Analysis on the UCLA Campus were
satisfactory to most members. Joint meet-
ings with the Los Angeles Section were not
desired.



1796

TrcuNICAL COMMITTEE NOTES

Under the chairmanship of D. C. Ports
the Antennas and Waveguides Committee
met on September 9. The Chairman reported
that the Standards on Waveguides were ap-
proved by the Exccutive Committee on
August 17 with the exception of Open Wire
Transmission Line. John Ruze has accepted
the job as Antennas and Waveguides Com-
mittec representative on the Annual Review
Committee. The remaining work of the
Antennas Committee, in addition to the
preparation of Annual Review material, is to
complete the definitions of waveguide com-
ponent terms. Subcommittee 2.2 was re-
quested to submit additional lists of com-
ponent terms, and if possible suggested defi-
nitions for consideration at the next meet-
ing. The work remaining for the West Coast
Subcommittee 2.3 includes the preparation
of a sclected bibliography and preparation
of standards on “Methods of Testing Wave-
guide Components.”

The Audio Techniques Committce con-
vened on September 9 under the chairman-
ship of C. A. Cady. The following changes in
membership of the committee were an-
nounced: I.. G. Runklie is to replace H. D.
Harris; F. L.. Hopper was appointed a new
member; and W. L. Black is taking over the
chairmanship of Subcommittee 3.2. H. \W.
Augustadt will continue as Chairman of Sub-
committee 3.1. A review of ASA C16.5 Pro-
posed Revision of Scction 4.8 —Calibration
was made by the committee. A new proposal
in Section 4.8 was adopted by the commit-
tec. The rest of the meeting was spent in a
discussion on the P’roposed Standard on
Audio Systems and Components IZxcluding
Recording: Methods of Measurement. A
number of modifications were made.

On August 14th the Facsimile Commit-
tee met under the chairmanship of Henry
Burkhard. A. G. Cooley presented printed
copics of a mockup of the IRE Facsimile
Test Chart. J. H. Hackenberg accepted the

“task of obtaining and preparing facsimile
data for the Annual Review. In line with
standardization of symbols, committce per-
sonnel are to survey components of facsimile
equipment to determine whether special
symbols might be needed. The committee
then turned to a discussion of definitions of
the 1942 Standards on Facsinile.

On September 10th the Standards Com-
mittee convened under the chairmanship of
A. G. Jensen. The first item considered was
ASA Draft Y32.2 on Graphical Symbols for
Electrical Diagrams. K. . Anspach pointed
out that as the IRIS and ASA proposals
now stand, there is no indication that the
two documents are identical. A F. Pomeroy
suggested that a foreword be written in the
IR Standard covering this point. J. G.
Kreer moved that a note be written by
Mr. Anspach and inserted in the fore-
word to the IRE Standard and that IRE
suggest to ASA that a corresponding note
be inserted in the foreword to the IRE
Standard. This motion was sceconded by
A. G. Clavier and adopted. Mr. Jensen
suggested the chair would entertain a mo-
tion that the Committee fully appreciated
the work which was put into this standard
and the work of the entire Symbots Com-
mittee; and that, in particular, Mr. Pom-

PROCEEDINGS OF THE I.R.E. December
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The following publications are available from the Institute of Radio Engineers, Inc.,
1 East 79 Street, New York 21, N. Y., at the prices listed below.

. r Group | IRE | Non-
Sponsoring Publications Mem- | Mem-  Mem-
Group | bers = bers | bers*
Aeronautical & | Transactions PGAE-4; “‘The Selectivity | $0.45 @ $0.65 | $1.35

Navigational | and Intermodulation Problem in UHF '
Electronics and Communication Equipment” (11 ‘
(Previously | pages)

.30 .45 .90

Known as | Transactions PGAE-5; ‘‘A Dynamic Air--
Airborne craft Simulator for Study of Human Re-
Electronics) | sponse Characteristics” (6 pages)
Transactions PGAE-6; ‘‘Ground-to-Air
Co-Channel Interference at 2900 MC” (10
pages)

Transactions PGAE-8; June 1953 Issue .65 95| 1.95
(25 pages) | |

.30 .45 | .90

Antennas and | Transactions PGAP-4;IRE Western Con- ' 2.20 ' 3.30  6.60

Propagation | vention, August 1952 (136 pages) |
Transactions Vol. AP-1, No. 1; July 1953 | 1.20 1.80 | 3.60
Issue (30 pages) |
{ f
Audio Transactions PGA-5; ‘‘Design Interrela- | .30 .45 .90 |

tions of Records and Reproducers,” by |
H. I. Reiskind (8 pages)

Transactions PGA-7; Editorials, Techni-
cal Papers and News (48 pages)

| Transactions PGA-9; September-Octo- .60 .90 1.80
ber 1952 Issue (28 pages)

Transactions PGA-10; November-De-
cember 1952 Issue (28 pages)

9 | 1.35 2.70 |

.70 | 1.05 2.10

Transactions Vol. AU-1, No. 1; Editorials, .60 .90 1.80
| Technical Papers and News (26 pages) | |
Transactions Vol. AU-1, No. 2; Editorials, .80 1.20  2.40 |

Technical Papers and News (36 pages)
Transactions Vol. AU-1, No. 3; Editorials, .80 1.20
Technical Papers and News (24 pages) ! |
Transactions Vol. AU-1, No. 4; Editorials,
Technical Papers and News (19 pages)

[

.

Broadcast and @ Transactions PGBTR-1; Round-Table .50 | .75 1.50 .
Television | Discussion on UHF TV Receiver Consid-

Receivers erations, 1952 IRE National Convention | {

[ (12 pages) | ] ‘

Transactions PGBTR-2; General Color- .60 | .90 1.80

ceiver Design Considerations and Con- ‘

| nection of UHF & Color Adaptors to UHF
Receivers (21 pages)

| | Transactions PGBTR-3; June 1953 Issue 1.40

| Issue (67 pages) |

[
'S

.10 ‘ .20

Circuit Theory l Transactions PGCT-1; IRE Western | 1.60 | 2.40
| | Convention August 1952 (100 pages) !

|
Sl |
d \

* Public libraries, colleges, and subscription agencies may purchase Transactions
volumes at IRE Member rates.

with Frank Gaffney or Ivan Easton for
their opinion on these delinitions. Wayne
Mason has completed his service tour over-
seas and is again in New York. e will at-
tend the Standards Committee meetings in
place of James Veatch who has so ably re-
lieved him. With regard to Color Tcle-
vision, Mr. Cumming explained to the mem-
bers present that the N'T'SC had established
PPanel 19 for the purpose of drafting working
definitions and symbols for color television.
The definitions have been turned over to

Continued on next page.

croy be commended for his work. Open
Wire Transmission Line, which had been
redetined by the Antennas & \Wave-
guides Commiittee, was presented by Mr.
Carter. The Standards Committee reviewed
the definition but after considerable discus-
sion it was moved that it be deleted from
the Standards on Waveguides: Delinition of
Terms, 1953. The Iixccutive Committee
will be informed of the action taken by the
Standards Committec. The next item on the
agenda was a letter ballot from ASA on
C42 Definitions. Mr. Cumming was to check
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Group

Communica- | Transactions Vol. CS-1, No. 1; Includes
papers presented at the Technical Confer-
ence on Communications (72 pages) |
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Systems

| Electron
| Devices

Publications

Group: IRE | Non- l
Mem- Mem- | mem-
bers | bers ' bers* |

1.50‘

Conference on Electron Tube Research |

and IRE-AIEE Conference on Semi-con- |

ductor Research, June 1952 (32 pages) |
Transactions PGED-2; Papers on Elec- | 1.60 | 2.40
I | tron Devices presented at the IRE Con-
ference on Electron Tube Research, Ot-
tawa, Canada, June 16-17, 1952 and IRE [

|
|
|
| Transactions PGED-1; Papers from IRE .80 1.20 | 2.40
|

! | Western Convention, Long Beach (84 | |

pages)

(24 pages)
|
| Electronic

Computers Issue (27 pages)

i | Transactions Vol. EC-2, No. 3; Septem- .75 | 1.10 | 2.25
ber 1953 Issue (27 pages)

| Review of Electronic Digital Computers, | 3.50 | 3.50 | 3.50

Papers and Discussions presented at the \

Joint AIEE-IRE Computer Conference |

ﬂ (114 pages)

pages)
ference (231 pages)

’ Industrial

Electronics (40 pages)

| Instrumenta-
| tion

(109 pages)

Quality

| (51 pages)
Vehicular
tions

[ (140 pages)

| Transactions Vol. EC-2, No. 2; June 1953

Review of Input and Output Equipment
Used in Computing Systems; Papers and
Discussions presented at the Jount AIEE-
IRE-ACM Computer Conference (142

Proceedings of Western Computer Con- I 3.50
[
' Transactions PGIE-1; August 1953 Issue :
]
[

Transactions PGI-2, ‘‘Data Handling | 1.65
Systems Symposium” IRE Western Elec-
tronic Show & Convention, California l

| Transactions PGQC-1, Papers presented
| Control | at 1951 Radio Fall Meeting, and 1952 IRE l |
National Convention (60 pages)
| Transactions PGQC-2; March 1953 Issue | 1.30 | 1.95 | 3.90

Transactions PGVC-2;

Communica- | What’s New in Mobile Radio (32 pages) | '
l | Transactions PGVC-3; Theme: Spec- |
trum Conservation, Washington, D. C.

Transactions PGED-3; June 1953 Issue .70 | 1.05 | 2.10 |

.90 | 1.35 2.70

~N
"
w

.20 | 1.80’ 3.60 |

—

Symposium on 1.20 1.80 | 3.60

3.00| 4.50 | 9.00

* Public libraries, colleges, and subscription agencies may purchase Transactions

volumes at IRE Member rates.

the Definitions Subcommittee of the Tele-
vision Systems Committee for considera-
tion. M. W. Baldwin, Jr. reported that there
are 93 terms on the N'TSC list, and that the
Subcommittee has tentatively accepted 25
of these for inclusion on the IRE list. Chair-
man Jensen asked Mr. Anspach to bring
the N'TSC working symbols to the attention
of the IRE Symbols Committee for con-
sideration. The last item on the agenda was
the consideration of C. A. Cady’'s letter of
August 6, 1953 concerning the Proposed
Revision of ASA C16.5. Section 4.8 (of this

standard) dealing with Calibration of VU
Meters had been brought up for reconsidera-
tion at the Audio Techniques Committee
meeting held on September 9, 1953 at which
time a new proposal was discussed and some
slight changes made. The Standards Com-
mittee approved this new proposal with one
change and it will now be presented to the
Executive Committee for approval.

The Electron Devices Committee con-
vened on September 11th under the chair-
manship of G. D. O’'Neill. Chairman O’Neill
reviewed the results of the meeting of the
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Executive Group which met on September
10th. The following chairmen were recom-
mended at that meeting: T. J. Henry, Sub-
committee 7.1; R. B. Janes, Subcommittee
7.2; E. O. Johnson, Subcommittee 7.3;
G. A. Espersen, Subcommittee, 7.5; . A.
Redhead, Subcommittee 7.6. A. E. Ander-
son, Subcommittee 7.7. A Chairman for
Subcommittee 7.4, Tubes with ’hotoemis-
sion Cathodes, has not been selected. The
Adhoc Committee on Reorganization of
Committee 7 had given considerable thought
to the revision of the 1950 standards and a
discussion of the conclusion reached was
given by L. S. Nergaard. R. M. Ryder
commented on the 1953-54 Annual Review.
Subcommittee Chairmen were requested to
inform Dr. Ryder of the date of their next
subcommittee meeting so that assignments
of Annual Review responsibility may be
made at these meetings. A short review of
the status of standards in preparation was
led by Mr. O'Neill.

On September 11th the Facsimile Com-
mittee met under the chairmanship of
Henry Burkhard. Members of the commit-
tee had been asked to determine before the
meeting whether special symbols might be
required for facsimile equipment com-
ponents. No special symbols for facsimile
use were proposed. John Hackenberg asked
for material on the progress of Facsimile
which could be included in the Annual Re-
view. Mr. Hackenberg discussed the pre-
liminary test chart. The rest of the meeting
was spent discussing definitions.

On September 18th the Sound Recording
and Reproducing Committee met under the
chairmanship of A. W. Friend. A. P. G.
Peterson, Chairman of Subcommittee 19.1,
reported work on three projects: (1) “Fre-
quency Response”™—R. E. Zenner is working
on this document and it is expected that
more data will be forthcoming in one or two
months. (2) “Non-linear Distortion” in two
parts—“Harmonic Distortion” and “Inter-
modulation Distortion”—\Work on the first
part is before the committee. The commit-
tee commended Dr. Peterson for the work
in cooperation with Subcommittee 3.2 and
Subcommittee 25.4. (3) “Determination of
Actual Recorded Signal on Magnetic Re-
cording Media.” J. H. McGuigan could not
be present but he spoke with Dr, Peterson
and reported definite progress in technical
survey of measurement and analyses. He
expects to have data available within a few
months. Lincoln Thompson, Chairman of
Subcommittee 19.2 on Mechanical Record-
ing and Reproducing, reports work in
progress on a standard relating to “Disc Fre-
quency Records,” through the cooperation
of Messrs. Fred W. Roberts and Theodore
Lindenberg. They hope to have the material
ready for presentation to the committee for
the November 20th meeting. R. M. Fraser,
Chairman of Subcommittee 19.3 on Optical
Recording and Reproducing, reported prog-
ress in working with the SMPTE Interim
Committee on Nomenclature in the de-
velopment of definitions of terms used in
Optical Recording and Reproducing. Eighty-
one terms are now being considered. There
was a discussion on material from Sub-
committee 19.1 on Magnetic Recording. Dr.
Friend announced the resignation from the
main committee of Dr. Harry Schecter.
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Waquar Ahmed (A'41-M'49) has been
appointed Professor and Head of the Elec-
trical Engineering Department, Engineering
College, Dacca, East
Pakistan.

Born in Calcutta,
India, in 1919, Dr.
Ahmed received both
his B.S. and M.S. de-
grees from the Uni-
versity of Calcutta.
In 1947 he received
the degree of Engi-
neer (E.E)) and in
1949 the Ph.D. de-
gree from Stanford
University.

During the year 1949-50, he was as-
sociated with the research group at the High
Voltage FEngineering Laboratory of the
General Electric Co. at Pittsfield, Mass. On
his return to Pakistan in 1950 he joined the
Electrical Engineering Department staff of
the Engineering College at Dacca. He has
been responsible for the planning and lay-
out of the Electrical Engineering Labora-
tories at the college. At present Dr. Ahmed
is on a visit to Australia and New Zealand,
representing East Pakistan as a member of
the Technical Observation Mission sent by
the government of Pakistan.

Dr. Ahmed is an associate member of the
Institution of Electrical Engineers, London,
an associate member of the American Insti-
tute of Electrical Engineers, a member of
Sigma Xi, and the American Association for
the Advancement of Science. He is also a
member of the Institute of Engineers,
Pakistan.

\WAQUAR AHMED

John L. Dalke (A’46-SM'52) has been
appointed a member of the Committee on
Radio Electrical Co-ordination of the
American Standards Association, represent-
ing the IRE. This committee deals with
measuring radio interference of electrical
components and completed assemblies of
electrical equipment.

Born in Enid, Oklahoma in 1913, Mr.
Dalke received his B.A. degree in 1937 from
Phillips University, Oklahoma, and his
M.S. degree in physics in 1939 from the
University of Oklahoma. He has been affili-
ated with the Dept. of Terrestrial Mag-
netism of the Carnegie Institution of Wash-
ington, and the Naval Research Laboratory.
From 1947 to 1951 he acted as project leader
of four groups in the VHF Standards Section
of the National Bureau of Standards Central
Radio Propagation Laboratory. In 1951,
Mr. Dalke was also appointed Assistant
Chief of the Applied Electricity Section of
the NBS.

Mr. Dalke is a member of the National
Research Council Committee on Chemistry
and Physics of the Conference on Electrical
Insulation and is consultant to ASTM in
connection with the establishment of radio

frequency standards for dielectric measure-
ments.
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Rodney D. Chipp (A’34-SM'43) director
of engineering for the Du Mont Television
Network, has been elected president of the
Technical Societies
Councilof New York,
Inc. Representing
virtually all of the
engineering and sci-
entific societies in the
Greater New York
area, the Council is
composed of 25,000
members. Mr. Chipp,
who served as direc-
tor and treasurer dur-
ing the past year,
represents the IRE,
one of the Council’s 18 member societies.

A native of New Rochelle, New York,
Mr. Chipp attended the Massachusetts In-
stitute of Technology. Associated with
broadcasting since 1933, he has worked with
the National Broadcasting Company, and
was in the Radar Design Section of the U. S.
Navy during the war. He joined Du Mont
early in 1948 as director of engineering.
Since then he has supervised the develop-
ment of Du Mont's ultra-modern Tele-
Centre in Manhattan and helped to con-
struct new and enlarged facilities at WTTG,
Washington, and WDTYV, Pittsburgh.

Mr. Chipp is a member of the Society
of Motion Picture and Television Engineers,
the Association of Federal Communications
Consulting Engineers, the Veteran Wireless
Operators Association, the National Society
of Professional Engineers, and is also an
associate member of the United States
Naval Institute.

RobNEY D. CHirP

The International Telephone & Tele-
graph Corporation has elected Henri G.
Busignies (M'42-SM'43-F'45) a vice-presi-
dent and member of
the management ad-
visory board.

Anative of Sceaux,
France, Mr. Busig-
nies received the E.E.
degree from the Uni-
versity of Paris in
1926. In 1928 he en-
tered the Paris Labo-
ratoriesof I. T. & T.
Until 1940 he traveled
in Europe and Africa
for the company, and
in 1941 he joined the Federal Telecom-
munication Laboratories, a subsidiary of
I. T. & T., as an executive engineer. Later
he became technical director of that or-
ganization.

One of the leading authorities on radio
and electronic aids to aerial navigation,
Mr. Busignies is best known for his inven-

H. G. BusiGNIES

tion of the first automatic direction finder
for aircraft, which has become standard
equipment on all large commercial and
military planes.

Mr. Busignies received the Lakhovsky
award of the Radio Club of France in 1926.
He was awarded the Presidential Certificate
of Merit in 1948 for his work with the Na-
tional Defense Research Council during
World War II.

Harold W. McInnes (A'S1) Studio
Engineer for the New Westminster,
B. C., Broadcasting Station of the
International Broadcasting Co., died
recently.

Mr. Mclnnes was born in Swan-
age, England, on December 6, 1917,
and came to Canada in his early
youth. His interest in radio engineer-
ing led him to service in the Signal
Corps during the early part of the
Second World War. From 1943-1946
the R.C.A.F. sent him to Radar and
Radio School, and later he was a
radar instructor at a navigational
school. After the war he attended the
British Columbia School of Science
for further training in radio engineer-
ing.
In 1947 Mr. Mclnnes joined the
IBC as a studio engineer in charge of
design, installation and maintenance
of studio and transmitting equip-
ment.

3
o<

Frederick G. Suffield (A'42-M'45-
SM'49) has been appointed assistant to the
President of the Triad Transformer Corpora-
tion, Venice, Calif.

Born in Chicago,
Ill., on October 22,
1920, Mr. Suffield
has an engineering
background of over
fifteen years in de-
sign and administra-
tive work. Prior to
his connection with
Triad, he was Man-
ager of Engineering
for Transco Products,
Los Angeles, Calif.,
and responsible for engineering, test, inspec-
tion, patents, and quality control. He had
previously been with the Los Angeles plant
of RCA Victor as Manager of Engineering,
and Chief Engineer for the Houston Corp.
Before coming to Los Angeles in 1946, he
was with Westinghouse Electric Corp. in
Baltimore, Md.

Mr. Suffield is a member of the Optical
Society of America, and is active in the
West Coast Electronic Manufacturing As-
sociation.

F. G. SUFFIELD
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Maurice L. Levy (:\'40-SM'47) has been
appointed Assistant Works Manager of
Emerson Radio and Phonograph Corp.

Mr. levy has
been in the elec-
tronics field since his
graduation from Un-
ion College in 1924
with the degree of
Bachelor of Science
in Electrical Engi-
neering. From 1924
to 1943 he was affili-
ated with the Strom-
berg-Carlson Co. as a
design and develop-
ment engineer. In
1943 he joined Emerson Radio as Chief
Engineer, Special Products. From 1949 un-
til the present he was affiliated with the
Teletone Radio Corp. as Director and Spe-
cial Engineer.

Mr. Levy, the inventor of many elec-
tronic circuits pertaining to radio, audio and
associated equipment, and the author of
many articles which have appeared in tech-
nical publications, has been active in
various engineering committees of the Radio
and Television Manufacturers Association.

MaAuRrICE L. LEvy

9,
g

Walter J. Seeley (A'22-SM’46) chair-
man of the electrical engineering department
of Duke University, has been named dean of
the College of Engineering of the university.
Professor Seeley will assunie his new post on
July 1. He has been a member of the faculty
since 1925.

A native of Hazelton, Pa., Professor
Seeley was graduated from the Polytechnic
Institute of Brooklyn in 1917 and received
the M.S. degree from the University of
Pennsylvania in 1924. He also has done
special work at Harvard and Columbia Uni-
versities. He taught for six years at the
Towne Scientific School, University of Penn-
sylvania, before joining the Duke staff. He
has for several years served numerous
government and industrial organizations as
consultant in the field of radio equipment
design, street lighting, telephone installa-
tion, and electrical power problems. During
both wars he served with the U. S. Navy,
conducting experimental research and di-
recting administrative and personnel work.
He was named president of the Navy Ord-
nance Laboratory Technical Reserve in
1945. He is currently director of the College
of Engineering's Research and Development
Program, which makes available the Univer-
sity’s facilities to industry and government.

Professor Seeley is a member of the
American Institute of Electrical Engineers,
the North Carolina Society of Engineers,
and the Charlotte Engineers Club. He has
been active in the IRE as the representative
at Duke University and also on the Educa-
tion Committee,

George M. Brown (A’42-SM'46)
electronics engineer with the New
York Central System of New York,
died recently.

A native of Qutlook, Washington,
Mr. Brown was born on December 16,
1908. He received the degree of
Bachelor of Science in Electrical Engi-
neering in 1929 from Washington
State College. From 1929 to 1946 he
was affiliated with the General Elec-
tric Co. as test and radio engincer in
the Radio Transmitter Department
and the Transmitter Division of the
Electronics Department. He led sev-
eral special problems groups in radar
development and emergency com-
munications and equipment.

In 1946 Mr. Brown joined the
New York Central System as an elec-
tronics engineer, to plan and super-
vise application of radio communica-
tion to railroad operations.

0
o

E. Finley Carter (A’23-F'36) has been
appointed Vice President and Technical
Director of Sylvania Electric Products Inc.
In his new capacity,
Mr. Carter will fur-
nish technical coun-
sel to Sylvania’s
management and en-
gineering groups, and
will handle broad
technical relations
with industry, uni-
versities, the armed
services, and other
organizations.

A native of Elgin,
Texas, and a gradu-
ate of Rice Institute, Mr. Carter served with
the General Electric Company for a number
of years in radio development work in the
early days of radio broadcasting. After three
years as Director of the Radio Engineering
Division of United Research Corp., he
joined Sylvania as a consulting engineer. He
served successively as an engineer of the
Radio Division, divisional assistant chief
engineer, and Director of Industrial Rela-
tions before becoming Vice President in
charge of Industrial Relations in 1945. A
year later he was appointed Vice President
in charge of Engineering.

Mr. Carter holds patents on a number of
devices, including electronic control equip-
ment, single frequency duplex transmission
and reception systems, radio receiver sys-
tems, and vacuum tubes. Ile is a member of
the American Institute of Electrical Engi-
neers, the American Radio Relay League,
the Illuminating Engineering Society, and
Tau Beta Pi, honorary engineering society.

E. FINLEY CARTER

Otto H. Schade (N'40-SM'43-F’51) na-
tionally known radio, TV and electronics
engineer of the Tube Department of the
RCA Victor Division,
Radio Corporation of
America, has been in-
vested with the hon-
orary degree of doctor.
of engineering by
Rensselaer Polytech-
nic Institute. The de-
gree was bestowed
“in recognition of his
part in the develop-
mentofradioand tele-
vision,” according to
the official citation.

Born and educated in Germany, Mr
Schade came to this country in 1926. Five
years later he began his long association
with the RCA Tube Department at its
Harrison, N. J., plant. Since 1938 he has
specialized in television circuits, camera
tubes, and picture tubes, and for the past
several years has been perfecting a unique
system of universal ratings and allied elec-
tronic test equipment with which, for the
first time, the quality of picture-producing
instruments can be measured in objective
mathematical terms.

Mr. Schade has been the recipient of
many awards, among them the RCA Victor
Award of Merit, the Modern Pioneers
Award of the National Association of Manu-
facturers, and the Morris Liebmann Memo-
rial Prize of the IRE. He is also the first
recipient of the David Sarnoff Gold Medal
Award of the Society of Motion Picture and
Television Engineers.

Ot110 H. ScHADE

9,
Qe

Michael J. Di Toro (A'37-SM'45) has
joined the Fairchild Guided Missiles Divi-
sion of the Fairchild Engine and Airplane
Corporation to head electronic development
in the Division’s engineering department.

Dr. Di Toro holds his doctor’s degree in
electrical engineering from Brooklyn Poly-
technic Institute with the major field of
communication and the minor fields of
physics and mathematics. Widely known for
his work in communications and missile in-
strumentation, he was for a time associate
director of the Microwave Research Insti-
tute of Brooklyn Polytechnic Institute. He
also filled important engineering posts in
several leading electronics firms.

Dr. Di Toro is the author of many tech-
nical papers, presented before major societies
in his field. He is also Adjunct Professor in
the Graduate Electrical Engineering De-
partment of the Polytechnic Institute of
Brooklyn where he teaches evening courses
in communication theory.

Dr. Di Toro is a fellow of the Acoustical
Society of America, a member of the Ameri-
can Physical Society, the American Institute
of Electrical Engineers and the Association
for Computing Machinery. He has also been
elected to the honorary fraternities, Eta
Kappa Nu and Sigma Xi.
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Dr. Raymond A. Heising (A'20-F’23) re-
cently retired from the Bell Telephone Labo-
ratories, Inc., after 39 years of service.

Dr. Heising is one
of the Bell System
radio pioneers. After
receiving the FE.E.
degree from the Uni-
versity of North Da-
kota in 1912 and his
Master's degree in
1914 from the Uni-
versity of Wisconsin,
he entered their em-
ploy in July, 1914,
when they initiated
their work on radio
and carrier communication. He participated
to a major extent in all of their early radio
work and in engineering the pioneer com-
mercial trans-oceanic radio telephone cir-
cuits. He is widely known for his radio inven-
tions, of which his best known is the con-
stant current modulation system which
made possible a transmitter simple and ef-
ficient enough to make practical the radio
telephone. He is also the inventor of several
other widely-used modulation systems: the
constant potential system, the grid modula-
tion system used in radio, and the rectifier
modulation system, used extensively in the
telephone plant. He has over one hundred
United States patents, including the patent
on the class C amplifier.

Dr. Heising transferred from radio to the
patent department of the Laboratories in
1945 and has since been engaged in patent
engineering and other patent work. He will
contimie in these fields as an independent
consulting engincer and patent agent.

Dr. Heising wasawarded the Morris Lieb-
mann Memorial prize of the IRE in 1921. He
served as president of the Institute in 1939,
as treasurer from 1943-1945, and was for
several terms an elected member of the
Board of Directors.

Dr. R. A. HeisinG

Leonard Mautner (M’'46-SM’47) and
Alexander F. Brewer (S'41-A"44-M'44-SM’
48) have announced the formation of a new
company, IZlectronic Control Systems, Inc.,
of which Mr. Mautner is president and Mr.
Brewer is executive vice president and secre-
tary, The company will concentrate its ef-
forts in seeking out and solving selected prob-
lems in the fields of automatic process con-
trol and data handling. New products will be
developed and possibly manufactured later
on in these specialized fields.

Mr. Mautner, one of the founders of this
new company, has been active in the fields of
electronics, radar, television and guided mis-
siles. He graduated from the Massachusetts
Institute of Technology with a B.S. degree in
electrical engineering, and later studied at
the Stevens Institute of Technology as well
as M\LI.T. For several years he was with the
U. S. Signal Corps as a radio engineer. Dur-

ing World War II he was associated with the
Radiation Laboratory at M.I.T., and later
he was in charge of a group of engineers as
Radiation Laboratory Member of the Com-
bined Research Group, Naval Research Lab-
oratory. Following the war, Mr. Mautner
was affiliated with the Allan B. DuMont
Laboratory in the Television Transmitter
Division, and with the Television Equip-
ment Corp., of which he was president. Since
1950 he has been with the Hughes Aircraft
Co., in charge of electronic research and de-
velopment of Guided Missiles Laboratories.

He holds six circuit patents in the fields
of radar and television, and has written a
number of articles in these fields, as well as a
textbook, “Mathematics for Radio Engi-
neers.” He is a member of Eta Kappa Nu.

Mr. Brewer, also one of the organizers of
the company, received his Bachelor’s and
Master's degrees in electrical engineering
from the California Institute of Technology
and Stanford University respectively. He
has been teaching and directing a wide va-
riety of electronic work in radar, microwave
techniques, relay links, and guided missiles
for more than thirteen years. During World
War II, Mr. Brewer participated in a num-
ber of important developments for the armed
services at the Sperry Gyroscope Co. After
the war he joined the technical staff of the
Hughes Aircraft Co., where he became head
of the missile electronics section. For the last
several years, he has been in charge of Radar
Systems Research.

Mr. Brewer has received a citation from
the U. S. Navy Department for his work dur-
ing World War 11, and holds several patents
in the electronic circuit and microwave
fields. He has also been a member of the Ad-
visory Council of the R. and D. Laboratories
of the Hughes Aircraft Co.

°
LX)

The nomination of Donald A. Quarles
(M’41-SM'43) to be Assistant Secretary of
Defense in charge of Research and Develop-

* ment was recently confirmed by the U. S.

Senate. Mr. Quarles has resigned his post as
president of the Sandia Corp., a subsidiary of
Western Electric Co., to assume his new po-
sition. He had been with the Bell Telephone
System for more than thirty years. From
1925 to 1952 he was with the Bell Laborato-
ries, Inc., of which he was appointed a vice
president in 1947, In 1932 he resigned this
position to become president of Sandia Corp.

Succeeding Mr. Quarles at Sandia is
James W. McRae (A'37-F'47). (See page
1197 September 1953 PROCEEDINGS.)

Gordon N. Thayer (SM'47-F'51) has
been appointed to take over Mr. McRae’s
duties as vice president of Bell Laboratories
in charge of switching and transmission de-
velopment. Mr. Thayer has been affiliated
with Bell Laboratories since 1930, engaging
in the development of mobile radio commu-
nications and equipment. In 1952 he was
named vice president in charge of the mili-
tary development of the Laboratories, the
position which he held until the present time.

Replacing Mr. Thayer in his former re-
sponsibilities is William C. Tinus (A'31-M’
36-SM'43-F’51). Mr. Tinus joined the Lab-
oratories in 1928, working in the field of mo-
bile radio systems for civil aviation, police
and military application. During World
War II he was connected with various tech-
nical advisory groups for the government,
and was a part-time consultant for the War
Department. After the war he became re-
sponsible for several long-term develop-
ments for the armed forces at the Laborato-
ries, and in 1951 he was made director of the
military electronics department, the position
which he held until the present time.

°
o

Donald M. McNicol (A'14-M"14-
F'-23-L'49) consulting communica-
tion engineer and a former president
of the IRE, died recently at the age
of 78.

Mr. McNicol, a native of Hope-
town, Ont., Canada, had been active
in the field of electrical engineering
since 1890. He began his career with
the Western Union Co. and the Postal
Telegraph Co., and by 1900 was en-
gaged in extensive wireless research.

He was the author of many arti-
cles and papers in his field, the most
widely known of his works being
“Radio and Telegraphy,” one of the
early books on this subject. He was
also the author of “American Tele-
graph Practice,” published in 1913,
which for a decade or more was the
standard text-book on the subject.
In 1922 he became the editor of “Tele-

graph and Telephone Age,” and later
was named assistant to the president
of Radio Corporation of America.
After two years with RCA he became
the editorial director of “Radio Engi-
neering” magazine, where he con-
tinued his writing on the science of
communication.

Mr. McNicol was an instructor at
the Teachers College of Columbia
University, and a lecturer at the Shef-
field Scientific School of Yale Uni-
versity and Cooper Union in New
York.

In 1914 he became a member of
the IRE, of which he was president in
1926, and a member of the board of
directors for six years. Mr. McNicol
was a Fellow of the American Insti-
tute of Flectrical lingineers, and
served for a time as chairman of the
publication committee of the AILE.
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Ralph R. Shields (M'50), formerly mer-
chandising supervisor for the television pic-
ture tube division, has been appointed to
the  newly-created
post of Product Sales
Manager of television
picture tubes of Syl-
vania Electric Prod-
ucts, Inc.

Receiving his ra-
dio engincering de-
gree in 1938 from In-
diana Technical Col-
lege, he was formerly
aftiliated with Dy-
mac, Inc.,asa branch
manager. e also was
an instructor of basic radio theory for Alfred
University, Alfred, N. Y., and supervisory
engineer for special studies branch with the
Signal Corps Engineering l.aboratories at
Ft. Monmouth, N. J. and Detroit, Mich.

Mr. Shields joined the commercial engi-
neering department of Sylvania’s radio tube
division at Imporium in 1948 as a senior
engineer.

Mr. Shiclds is the author of many engi-
neering and business paper articles on the
technical and economic aspects of television
servicing and servicing instruments.

RaLru R, SHIELDS

2
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Carl E. Smith (A'30-M’39-SM’43) has
announced his resignation from United
Broadcasting Co. where he served in an en-
ginecring  capacity
since the mid-thirties
and of late years as
Vice [President in
Charge of l<ngineer-
ing. He and his asso-
ciates have opened
offices in Cleveland,
Ohio, where they will
now devote full time
to expanding his con-
sulting engineering
work, which he has
followed for the past
several years in addition to his United
Broadcasting Co. connection. The new or-
ganization will continue under the name of
Carl E. Smith Consulting Radio Engineers.

Mr. Smith received his bachelor's degree
‘in engincering in 1930 from Iowa State Col-
lege. In 1932 he received his master’s degree
and a professional degree in 1936.

Mr. Smith is the author of numcrous
technical articles and books in the field of
applied mathematics, radio communication,
and directional antennas. He holds member-
ships and is on local and national committees
of many scientific and engineering societies,
including the American Institute of Electri-
cal Lngineers, and the Society of Motion
PPicture and Television Engineers. He is a
registercd ’rofessional Engineer in Ohio and
Washington, D. C. and has practiced as a
Consulting Zngineer in a number of Federal
Communications Commission hearings.

CArL E. SymITH

Robert D. Teasdale (S'44-A'46-M'49-
SM’52) has recently been appointed Assist-
ant to the Director of Engineering and De-
velopment at Mag-
netic Metals Co. of
Camden, N. J. In ad-
dition to administra-
tive duties, he is di-
recting an analytical
and experimental in-
vestigation of the ef-
fectiveness of mag-
netic shielding for
color television tubes
and other compo-
nents.

Dr. Teasdale re-
ceived his B.S. degree from Carnegie Insti-
tute of Technology, and completed his grad-
uate work at the Illinois Institute of Tech-
nology, where he was a Swope Fellow in 1947
and held an RCA Fellowship in electronics in
1948. He served for three years as Associate
Professor of Electrical Engineering at the
Georgia Institute of Technology.

He is a member of Sigma Xi, American
Institute of Electrical Engineers, American
Association for the Advancement of Science,
Eta Kappa Nu, and the Engineers’ Club of
Philadelphia.

R. D. TEASDALE

Clyde B. Trevey (A’47-M’49),
Secretary-Treasurer of the Beau-
mont-Port Arthur Section since May
1, 1949, dicd recently.

A native of Cleveland, Texas, he
reccived his education in the public
schools at Cleveland and Beaumont,
Texas, and later received special
training in radio and electronics in the
navy.

He was employed by the Magnolia
Petroleum Co. as a radio operator in
1920, and held the position of com-
munications engineer with this com-
pany at the time of his death.

During World War [ Mr. Trevey
enlisted in the U. S. Navy and served
as a radio operator, and again in
World War II he served as a radio
operator and communications officer.

He was a member of the American
Radio Relay League, and an amateur
radio operator of long standing.

Charles W. Barbour, Jr. (§'+1-A'42-\"
48-SM’51) has recently been appointed As-
sistant Chief Engineer of Teletronics Labo-
ratory, Inc.

A native of Portland, Me., Mr. Barbour
received his Bachelor of Science degree in
electrical engineering in 1941 from North-
eastern University. He then became affil-
iated with the Submarine Signal Co., work-
ing in the field of development and design of
radar indicator circuitry and radar fire con-
trol equipment. From 1946-1951 he was with
the Glenn L. Martin Co. in the Radar De-
velopment Section as an electronics research
specialist. He joined the Teletronics Labora-
tory in April, 1952,

..

*

J. G. Rountree (.\'39-M’'44-SM’50) has
announced the establishment of an office
for the practice of consulting radio engineer-
ing.

Mr. Rountree was
born in Bee County,
Texas, on January 7,
1914. He received his
Bachcelor’s degree
with honors in Elec-
tronic Physics from
the University of
Texas in 1937, and
did graduate work at
Southern Methodist
University in Dallas
during 1944. He is a
Registered ’rofessional Engineer.

Mr. Rountree was employed in the en-
gineering departments of several broadcast
stations in Texas from 1936 to 1941. From
1941 to 1946 he was employed in the field
Division of the Engincering Department
of the Federal Communications Commis-
sion. In the course of that service he was
attached as a civilian liaison officer to Head-
quarters New Orleans Air Defense Com-
mand during World War II. During 1945,
he was in charge of the Montgomery, Ala.,
L.aboratory of the Federal Communications
Commission in connection with a VHF
propagation survey to assist in determining
the portion of the frequency spectrum to be
occupied by FM broadcasting.

He joined the firm of A Earl Collum,
Jr., Consulting Radio Engineers, in April,
1946, leaving that organization during No-
vember, 1953, in order to establish his own
office as consulting engineer.

Mr. Rountree was Secretary of the
Dallas-Fort Worth Section of the I.R.E.
during 1945, Vice Chairman during 1946,
and Chairman during 1947. During 1950 he
was an industry representative on the U. S.
Delegation negotiating the Cuban phase of
the North American Regional Broadcasting
Agreement. He is active in the field of ama-
teur radio and has held the license for Ama-
teur Radio Station WSCLP since 1932.

J. G. ROUNTREE
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Synchronisation of Reflex Oscillators by
Aly H. Abdel Dayem

Published (1953) by Verlag Leeman, Zurich,
Switzerland. 110 pages. Tables and figures.

Doctorate dissertation submitted to the Swiss
Federa! Institute of Technology.

Demands for increased microwave power
at a fixed frequency have necessitated the
investigation of either the parallel operation
of klystrons and magnetrons or the locking
of potentially high-power magnetron oscil-
lators by the injection of a crystal-controlled
signal. Investigations are currently being
made in the United States of the injection
locking of modulated magnetrons for use as
UHF television transmitters and of the
parallel operation of microwave oscillators to
obtain coherent phase, equal frequency, and
additive power. The doctorate thesis of
A. H. A. Dayem is an unusually compre-
hensive dissertation on the synchronization
problem of reflex klystrons which constitutes
a significant contribution and should be wel-
comed by workers in the field.

Chapter 1 of this pamphlet discusses the
synchronization of pentode oscillators
through the addition of an external signal in
the grid circuit. A brief review is made of
previous work done in this field and relevant
results obtained by different investigators.
Pentode oscillators are then considered in an
application in which a parallel resonant
plate circuit is inductively coupled to the
grid circuit. The author assumes a non-linear
function between the plate current and grid
voltage, the function consisting of an oscilla-
tion-starting term and an oscillation-limiting
term. Both the feed-back voltage and the
external synchronizing signal are contained
in the grid voltage. Equations are then
formulated for the determination of the node
current and the power of the plate circuit.
Two relations are obtained in the calculation
of the steady-state amplitude of oscillation
and the relative phase. The first relation,
which is called the “conservation of energy”
is obtained by the integration and averaging
of the power equation over a complete
period. This relation, therefore, involved the
averaged current and voltage quantities.
The second relation, called the “frequency
equation,” is obtained by differentiation of
the power equation, and integration and
averaging of the result over a complete
period. This relation involves the averaged
derivatives of the plate voltage and current.
The significant values derived in Chapter 1
are (1) the maximum range over which syn-
chronization can take place, and (2) the
amplitude of oscillation and the phase as
functions of the deviation between the cir-
cuit resonant frequency and the operating
frequency, with the amplitude of the ex-
ternal signal as a parameter.

Chapter 2 discusses the synchronization
of reflex klystron oscillators. The theory of
the velocity-modulated beam is reviewed
briefly and a resume is given of the assump-
tion made in the treatment and the limita-
tions of the idealization. A circuit arrange-
ment is suggested for the injection of an ex-

ternal signal to the klystron, the external
source being assumed to have higher power
capacity. In the circuit analysis, the klystron
cavity is represented by a parallel resonant
circuit shunted by the characteristic ad-
mittance of the waveguide. This resonant
circuit is driven on one side by the injected
current and on the other by the modulated
beam current, which depends on the termi-
nal voltage. Because the terminal voltage is
a function of both currents, a non-linear
problem is again encountered. The author
has used the averaging process mentioned
above to obtain expressions for the ampli-
tude and the phase of the reflex oscillator.
The performance of a hypothetical klystron
has been calculated, and the amplitude,
phase, and power output are plotted for
varying magnitudes of the external signal.

Chapter 3 analyzes the mutual syn-
chronization of two klystrons. The circuit
arrangement is considered first. The coupling
network between the klystrons is replaced
by a four-terminal network or by a section
of line having the proper characteristic im-
pedance and propagation constant. The en-
tire system can be represented by two
parallel tuned circuits interposed by a trans-
mission line. The author uses the smooth-
line equations to express the relationship
between the grid-gap voltage and bunched
current of one klystron and those of the
other. The resulting equations show the re-
lationship of the four unknowns: the ampli-
tudes of the two oscillators, their relative
phase, and the frequency of oscillation. In
view of the complexity of the problem, two
special cases are considered. In the first case,
the power capacity of one klystron is much
higher than that of the other; in the second
the two klystrons are identical.

Chapter 4 discusses the synchronous
parallel operation of klystrons. The general
requirements of the combining network
which couples the oscillators are given and a
number of possible arrangements are de-
scribed. In the treatment of the special
“magic T,” the author employs the scatter-
ing matrix method and evaluates the ele-
ments of the matrix from the terminal con-
ditions. The proper phase of the oscillators
and the length of the waveguide connecting
the klystron to the coupling network are de-
termined so that synchronization, isolation,
and matching are obtained. When a parallel
cascade connection of “magic-T” networks
is used, the parallel operation of 2° klystrons
is suggested.

Chapter 5 contains some experimental
results. A description of special apparatus
and some preliminary material on the meas-
urement of the Q-factors of the klystron
cavity are included. The results of an experi-
ment on mutual synchronization have
received primary attention. The synchronous
parallel operation of two klystrons has been
investigated, and the test results are given.
In the concluding part of the pamphlet,
the experiment on the synchronization of
klystrons by means of an external signal is
discussed briefly.

This pamphlet is fraught with typo-
graphical errors, some occurring in the text
and some in the equations. It would be
desirable for the author to supply a list of
errata so that the value of the paper will not
be marred appreciably. The bibliography in-
cluded in the pamphlet is not complete;
several papers on the synchronization of os-
cillators published in Great Britain and in
the United States have not been included.

T. S. Cuen

Radio Corporation of America
Harrison, N. J.

Introductory Electrical Engineering by
Willis and Chandler

Published (1952) by D. Van Nostrand Company.
Inc.. 250 Fourth Ave., New York 3, N. Y. 537 pages
-+14-page index +iv pages. 448 figures. 9 X6. $7.00.

Professors Willis and Chandler are members of the
staff of Princeton University.

Professors Willis and Chandler have de-
signed this book primarily to satisfy the
basic electrical engineering needs of the non-
electrical engineer. This is a difficult pedo-
gogical task because of the necessity to cover
so much ground in a relatively limited time.
Moreover, the authors have had to write for
the inexperienced reader who is unlikely to
have the opportunity to follow his introduc-
tion to electrical engineering with detailed
advanced study.

The book is an excellent accomplishment
of a challenging task. On the one hand, the
coverage of the various topics is sufficient
for the specific needs of the reader for whom
it is planned. On the other, the material,
particularly that on linear and non-linear
circuit theory, constitutes a good foundation
upon which more advanced training can be
based.

The material treated is limited to basic
circuit theory, electrical machinery and
electrical instruments. Only one chapter, the
last, is concerned with material involving
electronic devices and this is limited to the
important subject of rectification. It is un-
fortunate that space limitations made the
omission of more electronics necessary.
Nevertheless, the book does establish the
groundwork for a survey course in elec-
tronics for non-electrical engineers.

The material throughout the book is
presented clearly, in logical order and as
thoroughly as the design objective of the
book warrants. Illustrative diagrams and
photographs are included in substantial
numbers and are well-chosen to reinforce the
written material. Each chapter is followed
by a sizable collection of problems which
have been carefully chosen to illustrate the
major points discussed.

In addition to being generally excellent
as a textbook for the purposes mentioned,
the book is useful to the communications
engineer who has occasional need of a non-
detailed refresher on electrical machinery.

L. H. O'NEewLL
Columbia University
New York, N. Y.
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Essentials of Microwaves by Robert B.
Muchmore

Published (1952) by John Wiley & Sons, Inc., 440
Fourth Avenue, New York 16, N. Y. 227 pages+4-
page index+4-page appendix+vi pages. 201 figures.
9X6. $4.50.

Robert B. Muchmore is on the technical staff of
the Research and Development Laboratories, Hughes
Aircraft Co., Culver City, Calif.

‘This descriptive book, which expresses
concepts in words rather than in mathe-
matics, is written for both the newcomer in
the field who seeks a general basic under-
standing of microwaves and the practicing
engineer or technician who wants a brief
but comprehensive review of the physical
principles of microwaves.

The book fulfills the requirements of its
intended readership. Muchmore manages to
explain a difficult subject in easy-to-under-
stand (mostly non-mathematical) terms,
which are nevertheless technically accurate.
A knowledge of low-frequency electronics is
assumed.

The book includes a brief introduction
(in which the microwave region is defined
as that part of the electromagnetic spectrum
extending from 300 to 100,000 megacycles).
‘The author then starts with Maxwell's laws
of electricity and magnetism. Vector equa-
tions are used in the discussion of these laws
merely as a convenient shorthand method of
writing a principle that can be lengthy when
expressed in words. Principles governing
wave propagation are derived from these
laws, and, in subsequent chapters, are ap-
plied to waveguides, cavity resonators,
microwave filters, and microwave antennas.

In the next five chapters the above prin-
ciples are applied to electron devices. The
author presents excellent discussions on
waves and electron streams, limitations of
grid-control tubes, klystrons, traveling-wave
and double-stream tubes, magnetrons, and
electrical noise. It is interesting to note that
the subject of microwave electron tubes
takes up as much as one-third of the book.

The last four chapters cover applications
for microwaves to radio systems, relays,
radar, and physical research, and the sub-
ject of microwave measurements.

“Essentials of Microwaves” describes
with a minimum of mathematics the basic
physical principles underlying the operation
of all microwave devices. The author has
done a very good, concise job, and the book
fulfills its intended purpose authoritatively
and with high technical accuracy.

FrANK R. ARAMS
Radio Corporation of America
Harrison, N. J,

Dielectric Aerials by D. G. Kiely

Published (1953) by John Wiley & Sons, Inc., 440
Fourth Ave., New York, N. Y. 127 pages +2-page in-
dex +1-page bibliography +xii pages. 48 figures. o}
X41%. $2.00.

This excellent little monograph presents
a review of the existing state of the art con-

cerning dielectric aerials.

By way of introduction to the subject
the characteristics of guided wave transmis-
sion along dielectric rods and tubes are pre-
sented in considerable detail. Then the sev-
eral methods of deriving the radiation char-
acteristics of dielectric rod and tube an-
tennas are given, together with the available
experimental data. The author makes a criti-
cal evaluation of the various methods of
analysis and points out their probable do-
mains of usefulness.

The mathematical sections are complete
and well-written. Those having a good back-
ground in Maxwell's equations and radiation
theory will have little trouble following the
analysis, especially since the author supple-
ments the mathematics with good descrip-
tions of the physical mechanisms involved.

The author concludes with a section on
other types of dielectric antennas, such as
the dielectric horn and shaped dielectric
rods. An excellent bibliography is included.

This book will be of value to anyone
working in the antenna field.

WirLiaMm C. JAKES, Jr.
Bell Telephone Laboratories, Inc.
Holmdel, N. J.

Television Receiver Design: IF Stages by
A. G. Uitjens

Published (1953) by the Philips Technical Library,
Eindhoven, The Netherlands, 133 pages +44-page ap-
pendices +-x pages. 122 figures. 6 X9. $4.50.

A. G. Uitjens is an electronic tube specialist with
the Philips Research Laboratories, the Netherlands.

This is the first of a series of six to eight
books on television receiver design to be
published by the Philips Technical Library.
It is concerned with i-f amplification and
the factors which influence practical design.
While quite mathematical, it is filled with
numerous practical conclusions derived from
the calculations and should appeal to the
busy design engineer. [ts readability is im-
proved by numerous graphs and diagrams,
and the book adheres to an outline which
permits the study of various phases of design
without confusion.

Its 179 pages are a vast expansion over
the material usually given this subject in
text books, and it will serve as a valuable
guide and reference book not only for tele-
vision engineers but for anyone concerned
with broad-band amplifier design in the spec-
trum of 10 Mc to 100 Mc.

Among the subjects treated at length are
pentode stages using two terminal coupling
networks. Gain and bandwidth relations are
described for staggered tuned amplifiers.
Distortion in double sideband and vestigial
sideband systems is discussed. The analysis
is repeated for four terminal coupling net-
works.

The subject of noise and practical limits
of amplification is well covered, including
many methods for improving signal to noise
ratio.

Feedback is treated from knowledge and

experience, and over 30 pages are devoted
to this subject in a most complete fashion.
A final summary is given of practical con-
siderations which may be deduced from the
theory.

GARRARD MoOUNTjOY

A. R, & T. Electronics
North Little Rock, Ark.

Television Engineering by S. W. Amos and
D. C. Birkinshaw in collaboration with
J. L. Bliss

Published (1953) by lliffe & Sons Ltd., Dorset
House, Stamford Street, London, S.E. 1, England. 271
pages +4-page index+23-page appendix +3-page bib-
liography. 188 figures. 83 X5)}. 30s.

This is the first volume of a series written
by members of the staff of the British Broad-
casting Corporation and intended primarily
for the corporation’s own operating and
maintenance personnel.

Considered in the light of the stated ob-
jective of the series this first volume should
fulfill its purpose very well. In addition it is
a valuable contribution to the literature of
television and should find considerable use
as a television text.

Being written from the British view-
point the American reader may encounter a
slight amount of confusion from the differ-
ence in terminology but of course this is no
reflection on the authors. For example, the
term “frame” is used in the manner of our
“field,” while our “frame” is, in turn, called
a “picture.” Also “post sync line suppression
period,” while accurately descriptive, may
lack some of the intimacy of our “back
porch.”

The book is divided into three sections:
(1) fundamentals, dealing with the concept
of scanning and signal waveforms; (2) tele-
vision camer tubes; and (3) television and
electron optics.

The section on camera tubes is a particu-
larly good and up-to-date one, describing
the various types of tubes and clearly point-
ing out the advantages and limitations of
each.

The section on television and electron
optics devotes a space equivalent to almost
one-third of the book to a rather complete
and conventional treatment of the funda-
mental optics of mirrors and lenses. While
there is no question about the material or its
value, this subject is so completely covered
in various texts on optics that there is some
question as to the value of devoting so much
space to its representation in this volume.
The same feeling is held to a lesser extent
concerning the part of this section devoted
to electron optics as such.

Taken as a whole, this is a very compre-
hensive volume, written in readable style.
We will look forward with interest to the
succeeding volumes in the series.

LesLiE E. FLorY
RCA Laboratories Division
Princeton, N. J,
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Electronique Generale by Blanc-Lapierre,
Goudet, and Lapostelle

Published (1953) by Editions Eyrolles, 61 Boule-
vard Saint-German, Paris (V®), France. 396 pages 48-
page index +58-page appendix +4-page bibliography.
203 figures. 93 X64. 3.208 francs.

This book deals with the physics of the
electron tube. Written in French for stu-
dents of the National Advanced School of
Telecommunications, it has two general ob-
jectives. It establishes first the bridge be-
tween the basic laws of physics relative to
the extraction of electrons out of matter and
their behavior in a vacuum when subjected
to the influence of fields. Secondly, it de-
scribes the basic theory and characteristics
of vacuum tubes and electron devices which
employ electronic conduction.

The early chapters are concerned with
the basic principles of electromagnetic field
theory, Maxwell's equations, fields produced
by systems of charges, and elementary con-
siderations of relativity. This is followed by
a discussion of various types of vacuum
pumps and gages and the techniques for the
creation of high vacuums. Next is given the
theory of electrons in metals, the laws of
thermionic emission, practical emitters in-
cluding tungsten, thoriated tungsten and
oxide coated types and the characteristics of
the diode and the effects of space charge.
Other forms of emission such as secondary,
photoelectric and cold cathode emission are
discussed. The fluctuations in the plate cur-
rent of electron tubes caused by the Shottky
effect and the influence of space charge are
described and the mathematical relation-
ships derived.

The last part of the book covers the
ficld of electron optics including rubber
membrane, electrolytic tank and numerical
methods of studying electron trajectories.
Analogies to optics are drawn to describe
the electrostatic and magnetic lens. Electron
guns, microscopes, particle accelerators, and
the effects of transit time in high frequency
tubes complete the material in this hook.
Appendices covering the calculus of prob-
ability, statistical mechanics and space
charge derivation are helpful to those who
need review in these subjects,

As will be seen from the above, this book
is directed to the physics rather than engi-
neering aspects of electron tubes. In its
treatment there is a certain degree of un-
evenness in depth. Certain parts are treated
in much detail while others are given a
superficial treatment. There are places
where the reader feels that his reading
should be accompanied by lectures to fill in
gaps. Despite these few faults, however, the
book is quite good in most parts and is a
worthwhile addition to the reference shelf.
To those potential reader® who might be
deterred from investigating this book further
because it is written in French, this re-
viewer would give the reassurance that they
will become accustomed to the language
after a surprisingly short time.

Joun R. RaGazziNi

Department of Electrical Engineering
Columbia University, New York, N. Y.

Fundamentals of Electronic Motion by
Willis W. Harman
Published (1953) by McGraw-Hill Book Co.. Inc.,

330 West 42nd St., New York 36, N. Y. 304 pages +3-
page index+11-page appendix+x pages. 10 figures.
64 X91. $6.50.

Here is a book which should amply
justify space on the electron tube bookshelf
of many people. It is the author’s intent that
the book should be useful for the user of elec-
tron tubes in a strictly educational sense, and
for the student whose primary aim is to gain
understanding. Throughout the chapters,
the philosophy of analysis is stressed rather
than the presentation of specialized in-
formation. No initial mathematical knowl-
edge beyond the calculus is assumed. In
reading, it would impress one as the writing
of a physicist on an engineering subject or
that of an engineer tending toward funda-
mentals rather than practice.

Chapter headings demonstrate very well
this point; for example: Fields and Elec-
trons; Motion in a Static Field; Electron
Properties and Sources; Motion in a Mag-
netic Field; Negative and DPositive Space
Charge; Motions in Time-Varying Fields;
Space Charge and Velocity Motion; Travel-
ing-Wave Amplification; Traveling-\Vave
Magnetron Amplifiers and Oscillators; and
Relativistic Electrodynamics.

The book is quite easy to read; his style
is excellent, it has instructive illustrations,
and it is well-interspersed with problems to
test the reader on his understanding of the
text.

The reviewer would recommend this
book to beginners in graduate study of
physics or electrical engineering and to
those starting or early in a professional
carcer of electron tube rescarch and develop-
ment.

For those more skilled, many would still
find it interesting reading, although not as a
point of departure for advanced work in the
fields encompassed.

HaroLp A, Zano

Signal Corps Engineering Laboratories
Fort Monmouth, N. J,

Mathematical Physics by Donald H. Menzel

Published (1953) by Prentice-Hall, Inc., 70 Fifth
Ave., New York, N. Y. 408 pages 4+4-page index +vii
pages. 77 figures. 63 X93%. $11.35.

This text is properly entitled “Mathe-
matical Physics.” It differs from most
theoretical physics texts in placing major
emphasis on mathematical methods and
tools rather than on the development of
physical theories. On the other hand, it
differs from mathematics texts in emphasiz-
ing vigor rather than rigor. Very little at-
tention is paid to existence and uniqueness
theorems, and problems of convergence of
the various expansions are passed over
lightly.

Many mathematical tools are introduced
and carried far enough to give the student a
familiarity and feeling of confidence in their
use. For example, the student is introduced
to and given an elementary working knowl-
edge of : vector analysis, spherical harmonics,
dyadics, matrices, tensors, calculus of varia-
tions, solutions of the wave equation sub-
ject to a variety of boundary conditions,
eigenvalue problems, and heat flow prob-
lems.

These mathematical methods are illus-
trated by application to a wide variety of

subjects chosen from classical and rela-
tivistic mechanics, electromagnetic theory,
and electron dynamics.

A selection of problems appears at the
end of each chapter. The problems have heen
introduced primarily to give the student
exercise in the application of the mathe-
matical tools developed in the text.

It is the opinion of the reviewer that the
author has done a fine job of bringing to-
gether in a very readable form a wide sclec-
tion of mathematical methods that are
normally acquired by students only by tak-
ing scattered courses.

Lroyp T. DEVORE

German Electric Co.
Syracuse, N. Y.

Principles and Practices of Telecasting
Operations by Harold E. Ennes

Published (1953) by Howard W. Sams & Co.,
Inc., 2201 E. 46th St.. Indianapolis, Ind. 565 pages
4-26-page appendix44-page index+vii pages. 13
figures. 6 X94. $7 95.

This publication of 596 pages will be
welcomed by those thousands of engineers
and technicians who are directly connected
with the installation, operation, main-
tenance, and repair of television equipment.

[t is the second of a series of “reference
handbooks” written by Harold E. Ennes for
the broadcast industry. His lirst publication,
“Broadcast Operators Handhook,” was pub-
lished by John F. Rider in 1947 for the AM
Broadcast industry. This latest book on
television practices and principles will be an
indispensable reference source for technical
directors, supervisors, crew chiefs, operating
technicians and production personnel.

The reader will find the book clearly il-
lustrated and the material well prepared in
a straightforward, easy-to-read style. Very
little knowledge of advanced theory is re-
quired for complete understanding.

The author has avoided the use of com-
plicated manufacturer’s diagrams, and has
used instead only simplified diagrams to
describe to the reader the functional cir-
cuitry in terms of basic theory.

The studio technician and cameraman
will especially welcome the carly chapters of
the book covering the theory and operation
of the image orthicon and ionoscope cam-
eras, lens, synchronizing generators, camera
control units, stabilizing amplifiers, filmand
slide projectors, and the flying spot scanner.
An up-to-date review of operating tech-
niques is also included, as well as a chapter
on studio lighting and studio equipment
maintenance procedures.

The remaining chapters cover a com-
plete description of portable television field
equipment and microwave relays for remote
telecast. A thorough analysis of TV trans-
mitters is given along with everyday opera-
tional procedures. Test equipment and
maintenance techniques for the trans-
mitting plant are also presented.

In summation, it can be said that the
book contains a wealth of information for
the operating personnel of TV stations, as
well as those engaged in related technical
fields, and is considered one of the most up-
to-date handbooks recently released.

E. K. JETT

WMAR-TV
Baltimore, Md.
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534.133:534.232 3164
Graphical Aids in Interpreting the Per-
formance of Crystal Transducers—W. G.
Cady. (Jour. Acous. Soc. Amer., vol. 25, pp.
687-696; July 1953.) When the mechanical
damping of a transducer is large, as by acoustic
radiation from one or both faces into a liquid
or solid, the circular diagram that represents
its characteristics requires special treatment.
As a background for this treatment, the uses
and limitations of the conventional circle for a
resonator with small losses is first reviewed.
The problem of the transducer with large
losses is then considered with special reference
to the equations and graphs for a thickness-
type transducer with unsyminetrical loading.
For planc-wave transducers the expressions
are exact for all loads and at all frequencies,
including harmonics. Either the voltage or the
current may be constant. From the admit-
tance or impedance diagrams the magnitude
and phase of current, voltage, particle velocity,
and vibrational amplitude at any frequency
can be obtained immediately. Similar results
would be found with plates in lengthwise
vibration. A new type of diagram is developed
for representing vibrational amplitudes. As ap
ittustration, the case of a quartz plate radiating
into three liquids of widely different acoustic
properties is treated. When the load is unsym-
metrical, there is no true node anywherc in the
crystal except when the load is zero or infinity.
There is, however, a plane of minima' vibration,
the amplitude and location of which are de-
rived. The equations indicate certain peculiar
effects when the specific acoustic resistance of
the medium is just twice that of the crystal.

534.231 3165

The Problem of the Momentum of a Sound
Wave-—A. Schoch. (Z. Naturf., vol. 7a, pp.
273-279; March/April 1952.) The relation be-

| The index to the Abstracts and References published in the Proc. LLR.E.,

from February, 1952 through January, 1953, published by the Wireless Engineer,
is now out of print. No further orders will be taken. '
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tween the radiation pressure and momentum
of a traveling sound wave is investigated; it is
found that a wave packet does possess mo-
mentum, but that in a stationary wave the
time average of the momentum is zero.

534.231:532.527 3166

The Theory of Steady Rotational Flow
Generated by a Sound Field—P. J. Wester-
velt. (Jour. Acous. Soc. Amer., vol. 25, p. 799;
July 1953.) Corrections to paper noted in 1552
of June.

534.232 3167

Design Techniques for a High-Frequency
Transducer with a Wide-Beam Searchlight
Pattern—A. L. Lane. (Jour. Acous. Soc. Amer.,
vol. 25, pp. 697-702; July 1953.) Experiments
showed that a properly designed BaTiO;
spherical-shell sector wiil give the required
wide-angle radiation with negligible side lobes.
Design details are discussed and the cffects of
various types of baffle are shown graphically.

534.232:546.431.824-31 3168

Electromechanical Response and Dielectric
Loss of Prepolarized Barium Titanate under
Maintained Electric Bias: Part 1-——H. G. Baer-
wald and D. A. Berlincourt. (Jour. Acous.
Soc. Amer., vol. 25, pp. 703-710; July 1953.)
For moderate driving fields, operation on the
retained polarication, without additional bias
voltage, is satisfactory, but at higher driving
fields the dieclectric losses increase inordinately
and lead eventually to depolarization and loss
of response. This can be remedied by applica-
tion of a comparatively modest direct-voltage
bias. The losses of various BaTiO; ceramics for
considerable ranges of temperature, applied
field and bias voltage are shown graphically.

+ QOther effects obtained with bias-voltage opera-

tion, such as increase of electromechanical
coupling, are also considered.

534.26 3169

On the Diffraction of a Plane Sound Wave
by a Paraboloid of Revolution: Part 2—C. W.
Horton. (Jour. Acous. Soc. Amer., vol. 25, pp.
632-637; July 1953.) Numerical values are
tabulated of functions which occur in connec-
tion with the scalar wave equation in rotational
paraboloidal co-ordinates. Application is made
to analysis of the scattering of a plane wave
by a rigid convex paraboloid of revolution. The
asymptotic expansions of the scattered waves
are discussed and their amplitudes are tabu-
lated. The magnitude and phase angle of the to-
tal pressure are evaluated for points on the sur-
face of the paraboloid. Part 1: 1047 of 1951
(Horton and Karal).

534.26 3170
Diffraction of Acoustic Waves at a Small
Circular Aperture—T. Anders. (Z. Phys., vol.

135, pp. 219-224; June 1, 1953.) The integral
equations derived by Honl (2182 of 1952) are
applied to the case of a plane acoustic wave
incident normally on a circular aperture in a
plane screen impervious to sound. They are
solved as a first approximation with the help
of a suitable series representing the wave am-
plitude.

534.321.9:534.61 3171
A Thermoelectric Method of Comparing
Intensities of Ultrasonic Fields in Liquids—
R. B. J. Palmer. (Jour. Sci. Instr., vol. 30,
pp. 177-179; June 1953.) A sensitive detector
causing very little disturbance of the field, and
useful at high ultrasonic frequencies, is based
on the rise of temperature of certain materials
due to the absorption of incident radiation. A
comparison is made between this device and
the radiation-pressure detector. Experimental
procedure and some results are given.

534.414 3172

The Effects of Viscous Dissipation in the
Spherical Acoustic Resonator—H. G. Ferris.
(Jour. Acous. Soc. Amer., vol. 25, p. 799;
July 1953.) Corrections to paper noted in 1564
of June,

534.612.4:621.395.61 3173

Absolute Calibration of Microphones at
Audible and Ultrasonic Frequencies—V. Gav-
reau & A. Calaora. (Ann. Télécommun., vol. 8,
pp. 150-157; May 1953.) Two methods are
discussed: (g¢) the vibrating-piston method
noted in 2690 of 1952 (Gavreau and Calaora),
(b) a reciprocity method described by Beranek
(1857 of 1950), with the formula corrected to
take account of the variation of acoustic im-
pedance due to the “baffle effect” at high fre-
quencies.

534.833.4:621.397.7 3174

Investigations on Sound Absorbers for
Television Studios—G. Venzke. (Tech. Haus-
mitt. Nordw Dtsch. Rdfunks, vol. 5, pp. 41-46;
March/April 1953.) Results of the experi-
mental determination of sound absorption
charactersitics of perforated bricks backed with
rock-wool, and of rock-wool boards, are shown
graphically. The design and construction of
sound absorbers for the Hamburg television
studios are described.

534.84 3175

Acoustic Design of Auditoria—P. H. Parkin
and W. A. Allen. (Nature [London,] vol. 172,
pp. 98-99; July 18, 1953.) A survey of design
problems and their solutions, with reference
to the requirements for both speech and music.

$34.844.1/.2 3176

Reverberation Times of Some Australian
Concert Halls—A. F. B. Nickson and R. W.
Muncey. (Aust. Jour. Appl. Sci., vol. 4, pp.
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186-188; June 1953.) Measurements were made
of sound-level decay rate of fortissimo chords
recorded on magnetic tape from concerts broad-
cast from several Australian halls and from the
Usher Hall, Edinburgh. The reverberation
times for the Usher Hall were within 0.1 sec of
those obtained by Parkin et al. (3220 of 1952).
All the Australian halls have reverberation
times long for their respective volumes, the
Sydney hall being the worst in this respect,
with an average reverberation time of 2.9 sec.
This may account for complaints of the poor
musical quality of the halls.

534.861.1 3177
Electro-acoustic Means for the Reproduc-
tion of Sound—F Enkel. (Tech. Hausmill,

NordwDtsch. Rdfunks, vol. 5, pp. 47-50;
March/April 1953.)
621.395.623.7 3178

Loudspeaker Developments—P. W.
Klipsch. (Trans. I.R.E., vol. AU-1, pp. 16—
22; May/June 1953.) The historical de-
velopment of the corner type of loudspeaker
unit for high-fidelity reproduction of sound is
described.

621.395.623.7:534.373 3179

Acoustic Damping for Loudspeakers—B. B.
Bauer. (Trans. I.R.E., vol. AU-1, pp. 23-
34; May/June 1953.) The transient response
of loudspeakers and the cabinets in which
they are fitted can be controlled by acoustic
damping, which can be determined from
the acoustical constants of the system by ap-
plication of the results of an equivalent-
circuit analysis. The performance character-
istics of acoustically damped loudspeakers are
largely indepencent of amplifier impedance.
Details are given of the method of obtaining
the required acoustic damping for a loudspeaker
(a) in a flat baffle, () mounted in a cabinet.

621.395.625.3 3180

Apparatus for the Continuous Very-Long-
Period Recording of Sound—A. M. Springer.
(Fernmeldetech. Z., vol. 6, pp. 218-219; May
1953.) An endless wire on a storage cylinder is
continuously moved axially along the cylinder
with the aid of a skewed auxiliary cylinder,
and traverses a recording head. A wire of
length 1.4 km gives a recording time of 3 hours
when runat 13 cm/s.

681.85:534.851 3181

The Lateral Mechanical Impedance of
Phonograph Pickups—]. G. Woodward and
J. B. Halter. (Audio Eng., vol. 37, pp. 19-20, 54;
and pp. 23-24,43; June and July 1953.) An out-
line of the experimental method of determining
the dependence of pickup mechanical imped-
ance and response on frequency is given. Curves
for several types of gramophone pickup manu-
factured between 1901 and 1951 illustrate the
improvement in perforinance during this pe-
riod.

ANTENNAS AND TRANSMISSION LINES

621.315.2:621.396.822 3182

Noise Measurements on Telecommunica-
tion Cables—E. Widl. (Fernmeldetech. Z., vol.
6, pp. 261-268; June 1953.) Circuits used in the
determination of the noise sensitivity factor of
long-distance telecommunication cables are
given. The theory of noise investigations in
artificially influenced cables has previously
been given (Frequenz, vol. 6, p. 1; Jan. 1952.)
Measurements on such cables under various
load conditions are described and the results
are discussed.

621.315.212 3183

Characteristics of Coaxial Cables with Disk
Insulators in the Frequency Range above 1
kMc/s—G. Giinther. (Arch. Elekirotech., vol.
41, pp. 40-45; 1953.) The hf properties of a co-
axial cable, with 13-mm inner corductor and an
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outerconductor 40-mm internal diameter, were
investigated theoretically and experimentally
at wavelengths of 10, 20 and 30 cm. For a disk
separation of 40 mm, the resonance wave-
length, which is equal to the critical wave-
length below which losses due to the production
of other wave modes increase very rapidly, is
8.3 cm. At 10-cm wavelength the attenuation
due to thermal losses is 0.6%, higher, the leak-
age attenuation 10% higher and the character-
istic impedance 7% lower than in an equivalent
homogeneous cable.

621.315.212 3184

Characteristics of Coaxial Cables with Heli-
cal-Strip Insulation in the Frequency Range
above 1 kMc/s—H. Kaden. (Arch. Elekiro-
tech., vol. 41, pp. 45-64; 1953.) The character-
istics of this type of cable, determined theo-
retically and experimentally, are compared
with the characteristics of the disk-insulator
type [see above). The attenuation due to ther-
nal losses at 10-cm wavelength is 11%, higher
than in a homogenecous cable, the leakage at-
tenuation 78% higher and the characteristic
impedance 189%, higher, for cables with con-
ductors of the same dimensions.

621.392:621.315.212 3185

Composite-Dielectric Coaxial Line—]J. A.
Kostriza. (Elec. Commun., vol. 30, pp. 155-
163; June 1953.) Analysis is given for wave
propagation in a coaxial line in which the con-
ductors are separated by two coaxial dielectrics
of different permittivity; the possible modes
are indicated and equations are derived for the
cut-off frequencies. A comparison is made with
the single-dielectric line as regards the ratios of
the cut-off frequencies of higher-order modes.
The effective permittivity of the equivalent
single-dielectric line is computed from electro-
static considerations and the calculated value is
verified by an experimental determination at
2.2 km for a line using air and pyralin as the
two dielectrics.

621.392.09 3186

Experiments with Single-Wire Transmis-
sion Lines at 3-cm Wavelength-—D. G. Kiely.
(Jour. Brit. IRE, vol. 13, pp. 194-199; April
1953.) An account of experiments carried out in
1950 on various dielectric-covered wires. At-
tenuation values obtained by SWR measure-
ments are in agreement with calculated values.
A tapered cylinder of soft wood or a carbon-
coated card was found suitable for loading the
wire for measurement purposes. Polystyrene
disks supported the stretched wire. The effect
of moisture and rain on the transmission loss is
considerable and limits the applications of
these lines at 3-cm A.

621.392.2 3187

The ‘Exponential’ Transmission Line and its
Radiation Loss—G. Piefke, (Arch. elekt. Uber-
tragung, vol. 7, pp. 229-23S; and pp. 274-280,
May and June 1953.) The “exponential” trans-
mission line, defined by Lo ¢=262, Cx ¢¥¥ and
propagation constant o= F+ia-+p, cannot be
realized in practice. A transmission line having
a similar field distribution is considered and its
characteristics and field distribution are de-
rived by a new method. Maxwell’'s em equa-
tions are solved for the radiation loss from this
{ine,

621.392.21.028.4 3188

A Method of Calculating the High-Fre-
quency Resistance of Cylindrical Conductors of
Arbitrary Cross-Section—F. Lettowsky. (Arch.
Elektrotech., vol. 41, pp. 64-72; 1953.) An ex-
pression for the hf resistance of an infinitely
long conductor is derived and applied to the
Lecher-wire system and to a conductor of rec-
tangular crosssection.

621.392.26 3189
Travelling Waves between Two Parallel
Diaphragm-Loaded Reflector Planes—W,

December

Dillenbach. (Arch. elekt. Ubertragung, vol. 71,
pp. 297-304; June 1953.) The phase velocity of
waves traveling between two parallel planes
can theoretically be made greater than, equal
to, or less than the velocity of light in free
space, by using diaphragms normal to the
planes and to the direction of propagation of
the waves. The theory of wave propagation in
such guides with and without diaphragms is
given,

621.392.26 3190

Thick Obstacles in Waveguides, and Appli-
cations—P., Chavance and P. Salort. (Ann.
Télécommun., vol. 8, pp. 171-183; May 1953.)
The system is considered in which a rectangular
conductive block is fixed by means of screws to
one of the broad sides of a rectangular wave-
guide; such an arrangement can be used for
impedance matching in several frequency
channels simultaneously. From the point of
view of analysis the obstacle resembles a
low-Q resonant cavity, but simplifying approxi-
mations admissible in dealing with the latter
are not valid in the present case. Charts useful
for dealing with design problems for two or
three channels are presented; the extension to
deal with n channels or a wide frequency band
is discussed. The measurements were made with
standard French waveguide of crosssection
66.37X29.50 mm.

621.392.26 3191

A Simple Graphical Analysis of a Two-Port
Waveguide Junction—J]. E. Storer, L. S.
Sheingold and S. Stein. (I’roc. I.R.E., vol. 41,
pp. 1004-1013; Sept. 1953.) Graphical analysis
based on the original work of Deschamps is pre-
sented 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 co-
efficient of a load terminating the junction can
be obtained graphically from the measurement
of the reflection coefficient as seen through the
junction.

621.392.26:621.392.5 3192

Wide-Band Phase-Delay Circuit—H. So-
hon. (Proc. I.LR.E., vol. 41, pp. 1050-1052;
Sept. 1953.) If signals of the same frequency are
applied at the inputs of two waveguides, the
relative phase at the two outputs depends on
the lengths of the waveguides and on the cut-
off frequencies. The phase-delay circuit de-
scribed is based on these considerations. Four
relations are developed which uniquely deter-
mine the four parameters constituted by the
lengths of the waveguides and the cut-off fre-
quencies. A numerical example is worked out.

621.392.26:621.396.611.3 3193

Slot Coupling of Rectangular and Spherical
Wave Guides—L. B. Felsen and N. Marcuvitz.
(Jour. Appl. Phys., vol. 24, pp. 755~770; June
1953.) A dominant-mode waveguide radiating
through a slot into a half-space may be re-
garded from a network viewpoint, the half-
space being represented by a number of spheri-
cal transmission lines, the waveguide feed by a
uniform transmission line and the slot by a
coupling network. An approximate evaluation
is made of the equivalent-circuit parameters of
a slot-coupled junction of a rectangular and a
spherical waveguide, when the far field can be
satisfactorily represented by the dominant
spherical mode. The results are useful in con-
nection with the measurement of em scattering
by obstacles located in a half-space illuminated
by a slot antenna.

621.396 3194
Portable  Aluminium  Mast—(Wireless
World, vol. 59, p. 424; Sept. 1953.) The 200-
foot mast, of Al-Si-Mg alloy, is in 8 foot 4
inch sections each weighing 110 1b. and can be
erected in 8 hours by a team of six men.
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621.396.67 3198

A New Solution for the Current and Voltage
Distributions on Cylindrical, Elliptical, Conical
or Other Axisymmetrical Antennas—O. Zinke.
(Proc. LLR.E., vol. 41, pp. 1048-1049; Sept.
1953.) Abstract only. Sce 2437 of 1952,

621.396.67 3196

Designing Discone Antennas—J. J. Nail.
(Electronics, vol. 26, pp. 167-169; Aug. 1953.)
Discussion enabling a designer to select the
least flare-angle compatible with bandwidth re-
quirements, to determine disk size and disk-to-
cone spacing for optimum matching to a 50-Q
line, and to predict radiation-pattern character-
istics.

621.396.67 3197

Mutual Impedance of Rhombic Antennas
Spaced in Tandem—]. G. Chaney. (Jour.
Appl. Phys., vol. 24, pp. 751-755; June 1953.)
The mutual impedance formula for separately
driven collinear standing-wave antennas may
be used dircctly in the determination of the
radiation impedance of these antennas when
connected in cascade, but modifications are
necessary for the case of traveling-wave an-
tennas under similar circumstances. Formulas
are derived for two identical, coaxial and co-
planar rhombic antennas in tandem. These
formulas are considerably simplified for the
case where the antennas are closely spaced and
connected in series.

621.396.67:621.317.328 3198

An Aerial Analogue Computer—W. Saraga,
D. T. Hadley and F. Moss. (Jour. Brit. IRE,
vol. 13, pp. 201-224; April 1953.) Problems of
antenna-array design are discussed and a gen-
eral expression for the field is derived on which
the computer design can be based. A descrip-
tion is given of experimental apparatus, demon-
strated in 1950 at the Physical Society Exhibi-
tion, by which the radiation pattern of a 2- or
3-clement array is traced instantaneously on a
cathode-ray tube screen. In array design, a
satisfactory approximation to the required pat-
tern is made by a direct method of curve fitting,
the position of the elements, the current ampli-
tude and phase being determined directly from
the settings of the computer controls. Typical
oscillograms are shown and explained. See also
1337 of 1947 (Brown and Morrison), and 282 of
1951 (Todd).

621.396.67.011.21 3199

Simplification for Mutual Impedance of
Certain Antennas—]J. G. Chaney. (Jour. Appl.
Phys., vol. 24, pp. 747-750; June 1953.) The
formula for mutual impedance obtained by the
generalized circuit method (1854 of 1952) is re-
duced to a form requiring fewer integrations
when calculating the mutual impedance of vari-
ous combinations of open and terminated wire
antennas. The new formula is used to deter-
mine the mutual impedance of the legs of an
X-type crossed-wire antenna having sinusoidal
current distribution. From this result the driv-
ing point impedance of a biconical antenna can
be deduced.

621.396.671 3200
A Note on the Impedance Transformation
Properties of the Folded Dipole—M. Zakhaim.
Proc. LLR.E., vol. 41, pp. 1061-1062; Sept.
1953.) Comment on 34 of 1951 (Guertler).

621.396.671 3201

The Theory of a Linear Antenna: Part 1—
Y. Nomura and T. Hatta. (Technol. Rep.
Tohoku Uniy., vol. 17, pp. 1-18; 1952.) The ex-
pressions for the current distribution and the
field intensity along an antenna are expanded
in Fourier series, and an impedance matrix is
introduced to connect the coefficients of the two
expansions. The current distribution and the
feeding-point impedance are calculated and the
results tabulated and shown graphically, A
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good agreement with Hallén's results (2763 of
1939) was found.

621.396.676 3202
The Fields of an Oscillating Magnetic Di-
pole Immersed in a Semi-Infinite Conducting
Medium—]. R. Wait and L. L. Campbell.
(Jour. Geophys. Res., vol. 58, pp. 167-178; June
1953.) Expressions for the fields are derived
for the case when the axis of the dipole is paral-
lel to the interface between the conducting
medium and the semi-infinite insulating space
above it. Various special cases are discussed in
detail. An estimate of the field for a frequency
of 160 kc shows that the attenuation in sea-
water is very great if the transmitting dipole is
more than a few metres below the surface. See
also 39 of January (Wait) and 2109 of July.

621.396.677 3203

Lens Aerials at Centimetric Wavelengths—
J. P. A. Martindale. (Jour. Brit. IRE, vol. 13,
pp. 243-259; May 1953.) A survey paper. Com-
pared with systems using reflectors, lens an-
tennas have the advantage of rear feed; scan-
ning can be achieved by movement of the feed
only, without any great change of the beam
shape or loss of efficiency. Criteria are stated
for assessing lens antennas, and a brief descrip-
tion is given of various types in use or under
development.

621.396.677 3204

The Theory [of the] Convex-Waveguide
Lens—T. Sakurai. (Jour. Phys. Soc. [Japan],
vol. 8, pp. 372-377; May/June 1953.) Theory
and design data are given for a device forming
part of a reflex em horn radiator. The trans-
formation by the lens of a cylindrical wave into
a plane wave is independent of frequency. An
outline of the use of the lens in the construction
of a very-wide-band microwave radiator is
given.

621.396.677 3205
Nonresonant Sloping-V Aerial—]. S. Hall.
(Wireless Eng., vol. 30, pp. 223-226; Sept.
1953.) Explicit formulas are derived for the
components of the distant electric field of the
apex-driven sloping-V antenna, assuming uni-
form current distribution and infinite ground
conductivity. Calculated patterns are in agree-
ment with experiment for a typical antenna,
but there is considerable vertically polarized
radiation off the line of the main beam.

621.396.677 3206

The Characteristics of Parabolic Reflectors
in Absorbing Media—A. Esau. (Fernmeldetech.
Z., vol. 6, pp. 197-201; May 1953.) Formulas
are derived for the gain and the radiation char-
acteristics of an omnidirectional dipole used
with a parabolic reflector in an absorbing
medium. Analogous formulas are derived for
the case of the normal type of dipole. In an ab-
sorbing medium the gain decreases, the mag-
nitudes of the subsidiary minima increase
and the maxima decrease with increase of apg,
where « is the absorption coefficient of the
medium and po is the radius of the aperture of
the mirror. Radiation characteristic curves are
given. For experimental work at 14 cm, see 38
of 1938 and 1795 of 1939 (Briine).

621.396.677:621.396.933 3207

Stagger-Tuned Loop Antennas for Wide-
Band Low-Frequency Reception—D. K. Cheng
and R. A. Galbraith. (Proc. I.R.E., vol. 41,
pp. 1024-1031; Sept. 1953.) Design calcula-
tions are made for an experimental 100-kc sys-
tem which consists of 12 identical small loop
antennas, arranged in two groups at right
angles to each other and stagger tuned to differ-
ent frequencies within the required frequency
band. The outputs are applied to a squaring
circuit and then added in a parallel-plate sum-
ming amplifier beforc being passed via a
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grounded-grid amplifier and a cathode-follower
stage to the receiver. The system has a 3-db
bandwidth of 16.5 kc. An electrolyte-tank
method of analysing the response of such sys-
tems is discussed in an appendix.

621.396.677.012.12 3208

A Simple Model for the Representation of
the Directional Action of Two Vertical Radia-
tors.—R. Walter. (Tech. Ilausmitt. Nordw-
Dtsch. Rdfunks, vol. 5, pp. 37-40; March/April
1953.) The intersection of a right circular
cylinder with a corrugated surface representing
a plane wave is shown to represent the direc-
tional pattern of radiation from two vertical
radiators for any given phase and amplitude
conditions. A graphical representation of a 3-
dimensional model is used to obtain numerical
results for particular cases.

621.396.677.1:523.72:621.396.822 3209
The Distribution of Radio Brightness over
the Solar Disk at a Wavelength of 21 cm:
Part 1—A New Highly Directional Aerial Sys-
tem—W. N. Christiansen and J. A. Warburton.
(Aust. Jour. Phys., vol. 6, pp. 190-202; June
1953.) Detailed description of the antenna sys-
tem and method of use. A shorter account was
noted in 2573 of September (Christiansen).

CIRCUITS AND CIRCUIT ELEMENTS

621.3:4.3 3210

Note on the Optimum Input-Winding Re-
sistance of a Magnetic Amplifier employing
Voltage Feedback—P. D. Atkinson. (Elliott J.,
vol. 1, pp. 102-103; May 1953.)

621.314.31:621.314.7 3211

Transistor-Controlled Magnetic Amplifier
—R. H. Spencer. (Electronics, vol. 26, pp. 136—
140; Aug. 1953.) A circuit is described in which
the collector electrode of a transistor is con-
nected to a winding on a toroidal core, this part
of the circuit being completed via the second-
ary of a transformer (primary voltage 12.5v at
60 cps) and the load resistor back to the tran-
sistor base electrode. With this arrangement,
output currents up to 100 ma peak can be ob-
tained in the load for emitter input-signal cur-
rents <0.5 ma peak. Complete response to a
change of input signal is obtained in one cycle
of the applied alternating voltage.

621.314.7 3212

Collector-Base Impedance of a Junction
Transistor—R. L. Pritchard. (Proc. I.LR.E.,
vol. 41, p. 1060; Sept. 1953.) Comment on 874
of March (Early).

621.314.7:[621.396.645 4 621.318.57 3213

Transistor Circuits and Applications—G.
C. Sziklai. (Elec. Eng., vol. 25, pp. 358-364;
Sept. 1953.) See 2583 of September.

621.316.726.078.3 3214

Theory of A.F.C. Synchronization—W. J.
Gruen. (Proc. LR.E,, vol. 41, pp. 1043-1048;
Sept. 1953.) The performance of an AFC system
can be described in terms of three parameters:
(a) the gain constant, (b) the damping ratio, and
(¢) the resonance or cut-off frequency. Using
these parameters, expressions for the perform-
ance under conditions of small disturbance to
the input phase and for the pull-in performance
are derived, two different types of control-net-
work transfer function being considered.

621.316.86:537.312.6 3215

The Characteristics and Applications of
Thermally Sensitive Resistors or Thermistors
—J. W. Howes. (Jour. Brit. IRE, vol. 13, pp.
228-239; April 1953.) Basic properties of
thermistors are reviewed and terms used to
specify their characteristics are defined. Outline
descriptions are given of their applications in
measurement, control and protection circuits,
etc.
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621.318.435.3 3216

A Range of 400-c/s and 1600-c/s Trans-
ductors for Service Use—A. G. Milnes and
C. S. Hudson, (Flec. Eng., vol. 25, pp. 322-
320; Aug. 1953.) A survey of common trans-
ductor wypes is made and details are given,
together with particular applications, of input-
type transductors with mumetal or permalloy
cores for supply voltages of 13, 15 and 50v rms,
and power-type units with IICR or permal-
loy-F cores for supply voltages of 115 and 200v
rms. All are of the automatic self-excitation

type.

621.319.4 3217

Stray Capacitance with High-Permittivity
Dielectrics—W. Heywang. (Z. angew. Phys.,
vol. 5, pp. 161-163; May 1953.) Expressions
are derived for the stray es ficld and stray ca-
pacitance of a parallel-plate capacitor. The
corrections for stray capacitance of circular
parallel-plate and cylindrical capacitors are de-
termined.

621.387:621.316.721 3218

Control of Thyratrons by Small Signals—
R. Bailey. (fileec. Eng., vol. 25, pp. 374-—
377; Sept. 1953.) Variation of the phase of the
control-grid voltage enables the power supplied
by a thyratron to an external circuit to be
varied continuously over a wide range. The re-
sults obtained with small control voltages indi-
cate that although signals as small as 1-2 v inay
be permissible when the thyratron forins part
of a feedback systein, large signals should be
used whenever possible.

621.392.26 3219
A Circular-Waveguide Magic Tee and its
Application to High-Power Microwave Trans-
mission—B. E. Kingdon. (Jour. Brit. IR,
vol. 13, pp. 275-287; May 1953.) The magic-T
discussed comprises a circular-section wave-
guide with two mutually perpendicular side
arms of rectangular section, spaced longitudi-
nally at a distance Ay; this system constitutes
a pair of Hg —II;, mode transformers. The de-
vice can be nsed as a variable power-dividing or
power-combining bridge, and one of its main
uses is for combining feedback power with
power from the source at the input to a linear
electron accelerator. When two similar sections
are joined via a rotatable coupling, the result-
ing systein is suitable for external connection
via the rectangular side arms; the power-divid-
ing ratio depends on the angle of rotation be-
tween the two sections. Other applications in-
clude use with a circular polarizer to act as a
phase-shifter or variable impedance.

621.392.4 3220

A Contribution to the Theory of Nonlinar
Systems—I1.. A, Zadeh (Jour. Frank. Inst.,
vol. 255, pp. 387-408; May 1953.) A system of
classification of nonlincar 2-terminal networks
is introduced and basic properties of various
classes are established. The system is such that
each class in the sequence N, Ng, N3 ... con-
tains as a member the class before it. A general
nonlinear network of class N, is completely de-
fined by its responses to a family of step func-
tions with amplitudes ranging over all real
values. An explicit expression is developed for
the response of a class-V) network to a specified
input. Modes of realization and characteriza-
tion of networks of class .V, are outlined and a
procedure for determining the optimuin filter
of any class is indicated.

621.392.54621.396.615 3221

The Equivalent Q of RC Networks—P.
Tenger; A, . Bolle, (Elec. Ing., vol, 23,
pp. 394-395; Sept. 1953.) Comments on 2919 of
October (Brown) and author’s reply.

621.392.5 3222
Response  Characteristics—L.  Storch.

(Proc. LR.E., vol. 41, p. 1061; Sept. 1953.)

Comment on 2374 of 1951 (Kenyon).

PROCEEDINGS OF THE I.RE.

621.392.5 3223
A Note on the Analysis of Vacuum-Tube
and Transistor Circuits—L. A. Zadeh. (Proc.
I.R.E., vol. 41, pp. 989-992; Scpt. 1953.) The
getting up of node equations for a network con-
taining one or more active clements is reduced
essentially to the determination of the admit-
tance coefficients for the passive network re-
sulting from removal of the active elements,
and adding to these the corresponding admit-
tance coefficients for the active elements, the
latter being obtained from tables given in the
text. Mesh equations are obtained in an analo-
gous way, using impedance-coefficient tables.

621.392.5 3224

Tolerance Coefficients for RC Networks—
C. Belove. (Jour. Appl. Phys., vol. 24, pp. 745-
747; June 1953.) A method is presented for de-
termining the effect on network design charac-
teristics of the use of nonideal components. A
set of tolerance coefficients is derived relating
percentage changes of the positions of the poles
and zeros of the network function to percentage
changes of the network components, Changes
of gain or phase are then easily calculated. An
exact solution is obtainable only when the net-
work contains at most three independent ca-
pacitors. Two theorems are proved which serve
to check approximations made for more comn-
plex networks.

621.392.5 3225

Realizability Conditions for the Series-
Parallel Matrix and Canonical Series-Parallel
Circuits for Reactance Quadripoles—F. M.
Pelz. (Frequenz, vol. 7, pp. 160--166; June
1953.)

621.392.5 3226

Spinor Theory of Four-Terminal Networks
—W. T. Payne. (Jour. Math. Phys., vol. 32,
pp. 19-33; April 1953.) A spinor can be de-
scribed as a geometrical object in 3-diinensional
space having a magnitude (s) and three Eu-
lerian angles. In the application of spinor the-
ory to 4-terminal networks the four spinor
components represent the complex current and
complex voltage, the associated vector repre-
sents power and the directiou ratio represents
impedance. Applications of the spinor theory
are shown, but the study is restricted to steady-
state conditions. Negative resistance is not ex-
cluded from the considerations.

621.392.5 3227

The Four-Pole Transmission Matrix—S. R.
Deards. (Lilec. Eng., vol. 25, p. 351; Aug.
1953.) Comment on 1605 of June (Hinton), and
author's reply.

621.392.5 3228

The Gyrator as a 3-Terminal Element--]J.
Shekel. (Proc. 1.R.E,, vol. 41, pp. 1014-1016;
Sept. 1953.) A 3-terminal gyrator, forming the
nucleus of any 3-terminal network that violates
the reciprocity relation, is considered. A method
is developed which realizes such an element
with any unilateral transducer such as a tube
or transistor. The effect of loading by parallel
or series admittance is investigated.

621.392.5/.6}:512.831 3229

The Algebraic Theory of Linear Transmis-
sion Networks—Ml. G. Arsove. (Jour. I'rank.
Inst., vol, 225, pp. 310-318; and pp. 427-444;
April and May 1953.) The theory is based on
the series combination of two networks, with
equal numbers of input and output terminals,
to form a “semi-group.” The theory is developed
in a series of definitions, theorems and proofs.
Fundamental properties of transmission net-
works are derived and principal types of net-
work are classified. By means of a factorization
theorem a simple criterion for symmetry can be
derived. The necessary and sufficient conditions
for the existence of a characteristic impedance
are determined. The theory provides a concise
definition and a method of rigorous treatment
of the general transmission line.

December

621.392.5:621.314.25 3230

Simplified Solution of Phase-Shift Net-
works—R, D. Trigg. (Elec. Eng., vol. 25, pp.
331-332; Aug. 1953)) The method is par-
ticularly applicable to phase-shift circuitsin RC
oscillators and selective amplifiers. The arbi-
trary initizal assumption is made that all reac-
tive network clements can be treated alge-
braically as resistances, i.c. as scalar quantitics.
This enables mesh equations to be written
down and solved simnply, the results being then
interpreted in terms of the complex quintities
involved. Three illustrative cxamples are
worked out.

621.392,5.015.3 3231

A Simple Connection between Closed-Loop
Transient Response and Open-Loop Frequency
Response—J. C. West and J. Potts. (Proc.
TEE, part 11, vol. 100, pp. 201-208; June 1953.
Discussion, pp. 209--212, The phase-mar-
gin concept of the characteristics of the Ny-
quist diagram in the vicinity of the critical
point is extended to give a more generalized
formula. This relates the damping of the prin-
cipal oscillatory mode of a closed-loop feedback
system to the shape of the Nyquist diagramn.
All the quantities involved can be obtained
froin this diagram without further mmathemati-
cal analysis or graphical construction on the
diagram.

621.392.5.029.64:538.614 3232

New Linear Passive Nonreciprocal Micro-
wave Circuit Component-—L. Goldstein and
M. A, Lampert. (filec. Commun., vol. 30, pp.
164-165; June 1953.) Repriut. See 1265 of May.

621.392.52 3233

Termination Variation in the Constant-K
Filter—S. C. Dunn. (I¥7reless Eng., vol. 30, pp.
227-231; Sept. 1953.) The problem treated is
that of finding the modification required in a
conventional filter when the terminations are
resistive, but otherwise quite general. The filter
elements are given normalized values and, in
addition, modified by factors Ay and Az to corre-
spond with the change in termination from
equal values to those modified by factors « and
8. From the expressions for the insertion trans-
fer ratio of the original and of the modified cir-
cuit, by equating appropriate terms and solv-
ing, a diagram is constructed relating the four
factors x1, x7, « and 8. Two numerical examples
illustrate the practical application of the dia-
gram in the design of filter half-sections. Full-
section and multi-section filters are treated in
similar fashion, the calculations being corre-
spondingly more complex.

621.392.52 3234

Synthesis of Narrow-Band Direct-Coupled
[waveguide] Filters—1I. J. Riblet. (I’roc.
LR.E., vol. 41, pp. 1058-1059; Sept. 1953,)
Discussion on 58 of February.

621.392.52 3235

Design of Symmetrical Bridge-Type Elec-
trical Filters by the Operating-Parameter The-
ory—F. M. Pelz. (Arch. elekt. Ubertragung,
vol. 7, pp. 290-296; June 1953.) Design formu-
lag are developed and tabulated for symmetri-
cal low-pass filters of degrees 1, 3, 5 and 7, for
attenuation characteristics with given zeros and
poles. A review of the theoretical foundations is
based on work by Cauer (392 of 1942) and by
Darlington (1361 of 1940).

621.392.52 3236

A Unitary Design System for Band-Pass
Filters of the Zobel and Laurent Types—R. C.
Brandt. (Frequenz, vol. 7, pp. 167-180; June
1953.) A systematic representation of the
properties of band-pass filters, based on the
wave-parameter theory, is followed by the de-
velopment of general design forinulas for band-
pass half-sections, including the zigzag filters of
Laurent. The system is based on Cauer's classi-
fication of Q functions, supplemnented by some
intermediate functions.
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621.392.52.029.42 3237

A Band-Pass Filter for Low Frequencies—
G. W, Morris and P. G. M. Dawe. (Electronic
Eng., vol. 25, pp. 365-369; Sept. 1953.) De-
scription, with circuit diagrams, of a filter with
a pass band of 8-13 cps, consisting of four
stagger-tuned RC-amplifier circuits with inputs
and outputs connected in parallel by resistor
networks., The filter was developed for a-band
encephalography.

621.392.6 3238

Synthesis of 2n-Poles by Networks Con-
taining the Minimum Number of Elements—
B. D. H. Tellegen. (Jour. Aath. Phys., vol. 32,
pp. 1-18; April 1953.) The method of Brune
(1932 Abstracts, p. 280) is extended to the syn-
thesis of passive 2n-poles; the procedure is il-
lustrated for n=3. After splitting off a series
resistance, the number of clements in the 2n-
pole can be reduced, and by repeating this pro-
cedure the 2n-pole of zero order can be realized
as shown,

621.395.645:621.395.44 3239
The L3 Coaxial System: Amplifiers—
Morris, Lovell and Dickinson. (See 3411.)

621.396.61.029.62:621.396.933 3240

High-Frequency Oscillators Designed for
Regulation and Control of Aircraft V.H.F.
Equipment—R. Olivier. (Onde élect., vol. 33, pp.
343--346; May 1953.) Description of a quartz-
controlled 75-mc fixed-frequency unit, and a
108-132-mc vio with a frequency converter for
the range 329-335 mc. A 1-mc quartz crystal
provides check points for all harmonics of 1 mc
in the range of the vfo,

621.396.611.1 3241

Action of an Unlimited Train of Telegraphic
Signals on a Resonant RLC Circuit—]J. Mari-
que. (HF, Brussels, vol. 2, pp. 145-156; 1953.)
The response of a series RLC circuit to a train
of pulse signals is considered for three types of
pulse: rectangular, symmetrical trapezoidal,
and of sine-squared form. Analysis shows that
in the steady state, whatever the degree of mis-
tuning of the circuit with respect to the signal
hf, the amplitude of the current varies continu-
ally with time. The variations are due partly to
energy dissipation during the intervals between
the signals, and partly to beating of the forced
oscillations due to the signals with the natural
oscillations of the circuit. The latter cffect is
particularly noticeable in a very sclective cir-
cuit, but its magnitude is largely dependent on
the degree of istuning of the circuit. See also
3041 of 1952 and 1941 of July.

621.396.611.1:621.3.016.35 3242

Amplitude Stability in Oscillating Systems
—N\. R. Scott. (Proc. I.R.E., vol. 41, pp. 1031-
1034; Sept. 1953.) As a supplement to the
Kryloff and Bogoliuboff method of determining
amplitude of oscillation in quasilinear systeins,
a method based upon energy balance is pre-
sented. From the energy-balance condition, a
criterion for stability of oscillation is deduced
for the case of one degree of freecdom. The treat-
ment is then generalized to systems of » degrees
of freedom.

621.396.611.1:621.396.822 530.145 3243

Quantum Theory of a Damped Electrical
Oscillator and Noise—]. Weber. (Phys. Rev.,
vol. 90, pp. 977-982; June 1953.) “Field quan-
tization is applied to an clectrical oscillating
circuit. Damping effects are treated by per-
turbation theory. Quantum effects occur both
in the damping and in the noise, and are dis-
cussed in detail. . . . The vacuum fluctuations
are shown to be observable in certain [low-
temperature] noise experiments.”

621.396.615:621.314.7 3244

Junction-Transistor Circuit Applications—
P. G. Sulzer. (Electronics, vol. 26, pp. 170-173;
Aug. 1953.) The basic circuits described include
amplifiers, impedance-changing circuits, phase

Abstracts and References

inverters, oscillators, multivibrators and saw-
tooth frequency-sweep oscillators.

621.396.615.14 3245

Self-Excitation with Disk-Seal Valves in a
Grounded-Grid Circuit—E. Willwacher, (Fern-
meldetech. Z., vol. 6, pp. 243-249; June 1953.) A
circle diagram is derived for the internal ca-
pacitive coupling between anode and cathode
in a grounded-grid oxcillator. The phase of the
transconductance and the input admittance,
resulting from the long transit times of clec-
trons, are taken into account. Calculations for
several circuits with external feedback are
made with the aid of the diagram.

621.396.619.13:621.392 3246

AM-FM Analogy—H. C. Harris. (Sylvania
Technologist, vol. 5, pp. 64-69; July 1952.) A
method is described for analysing the response
of a circuit to a FM signal, and for determining
spectral distribution, based on considering the
equivalent signal produced by a series of se-
quentially pulsed AM carriers whose frequen-
cies range between the extremes of the FM de-
viation. The required FM response is obtained
as the synthesis of the responses to these sepa-
rate AM signals. Both aperiodic and periodic
signals are considered. The method is particu-
larly appropriate and gives exact results when
the modulating wave form is rectangular; for
other cases the results are approximate.

621.396.645 3247

The Theory and Design of Cathode-Fol-
lower Output Stages—IE T. Emms, (Flec.
Eng., vol. 25, pp. 386-387; Scpt. 1953.) Limita-
tions inposed on the design of cathode-follower
stages feeding loads with an earthy end are
noted. Procedures are outlined for choice of
tube for a particular service and then complet-
ing the circuit design, under the conditions that
the specified maximum anode current and
anode dissipation are not exceeded and that
linear operation is achieved.

621.396.645:621.314.7 3248

Transistor Operation: Stabilization of
Operating Points—R. F. Shea. (Proc [ R.E,,
vol. 41, p. 992; Sept. 1953.) Correction to paper
abstracted in 688 of March,

621.396.645:621.396.619.23 3249

‘Why Fight Grid Current in Class B Modula-
tors?—J. L. Illollis. (Trans., I.R.E., vol.
AU-1, pp. 26-32; March/April 1953.) By using
triode valves with low anode resistance and
low amplification factor, efficient operation
of audio amplifiers can be obtained without al-
lowing the grid voltage to swing positive; grid
current is thus avoided. Direct coupling may be
used between the driving amplifier and a
modulator operated in this way, permitting the
use of a large amount of negative feedback.
Measured response and distortion are pre-
sented for a modulator designed on these lines.

621.396.645.029.3 3250

A Single-Ended Push-Pull Audio Amplifier
—A. Peterson and D. B. Sinclair. (Proc. LR.E.
vol. 14, pp. 118-122; Sept/June 1953.) Reprint.
Sce 1250 of 1952,

621.396.645.029.3 3251

Analysis of a Single-Ended Push-Pull
Audio Amplifier—Chai Yeh. (Trans. I.R.E.,
vol. AU-1, pp. 9-19; March/April 1953.) Sce
2613 of September.

621.396.645.35 3252

Coupling of Cathode Followers in D.C. Am-
plifiers—L. A. \Vallet-Cerisier. (Electronique
{Paris], no. 78, pp. 22-27; May 1953.) A sym-
metrical phase-reversal circuit is described
which, together with screen-coupled cathode-
follower stages, has resulted in the development
of an amplifier operated from a single 250v
source, giving a gain of 60 db and having a flat
response up to 20 ke. The level of the fluctua-
tion-noise voltage is almost too low to be meas-
urable.
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621.396.645.371.081.75 3253

Harmonic Distortion and Negative Feed-
back—F. G. Kerr and S, Uminski, (Wireless
Eng., vol. 30, pp. 232-233; Sept. 1953.) Com-
ments on 2278 of August (Rowlands) and au-
thor’s reply.

GENERAL PHYSICS

530.145.7 3254

Accuracy of Perturbation Calculated from
Inaccurate Unperturbed Wave Function—A.
Rahman. (Physica, vol. 19, pp. 377-384; May
1953.)

535.37:527.52 3255

Excitation of Luminescence by Variable
Electric Fields. Primary Effect—G. Destriau.
(Jour. Phys. Radium, vol. 14, pp. 307-310;
May 1953.) Reply to Herwelly's criticisms
(1644 of June), and description of further ex-
periments showing clearly that luminescence
due to glow discharge can be distinguished
from luminescence indiced by an electric field.

535.37:621.32 3256

Electroluminescence: a New Source of
Light—G, Destriau. (Bull. Soc. frang. élect.,
vol. 3, pp. 381-387; June 1953.) A review of de-
velopments since the discovery of the phenome-
non by the author in 1936, and an account of re-
cent experimental work. See also 110 of 1949,
and 1341 of 1951 (Payne et al.).

537.224 3257

Fundamentals in the Behavior of Electrets
—W. F. G. Swann. (Jour. Frank. Inst., vol. 255,
pp. 513-530; June 1953.) Further mathematical
development. For previous work see 608 of
1951 and back reference.

537.311.4 3258

The Resistance of an Imperfect Contact be-
tween Two Metals. Comparison with Experi-
mental Results for Thin Granular Films—N.
Nifontoff and M. Perrot. (Compt. Rend. Acad.
Sci. [Paris), vol. 237, pp. 228-231; July 20,
1953.) Sce also 2628 of September (Nifontoff).

537.311.4:537.315 3259
A Simple Varying-Capacitor Method for the
Measurement of Contact Potential Difference
in High Vacuum—H. P. Myers. (Proc. Phys.
Soc., vol. 66, pp. 493-499; June 1953.) Appara-
tus based on Kelvin's original method and
suitable for use at a pressure of 1078 inm Hg is
described. The value found for the contact-po-
tential difference between Cu and Ag films
evaporated on to w sheets was 0.28 +£0.03v,
the Ag being positive with respect to the Cu.

537.311.4:537.315:546.289 3260

On the Changes in Contact Potential Differ-
ence of a Germanium Rectifier during the
Electrical Forming—T. Niini. (Jour. Phys.
Soc. [Japan], vol. 8, pp. 324-330; May/June
1953.)

537.52 3261
Breakdown of a Gas subject to Crossed
Electric Fields—W. A. Prowse and P. E. Lane.
(Nature [London}, vol. 172, pp 116-117; July
18, 1953.) Experiments with various gases show
that breakdown in a resonator subjected to 1-us
voltage pulses with a repetition frequency of
1019/sec is not helped by application of alter-
nating ficlds, of frequency 1, 3 or 10 mc, per-
pendicular to the main field, even when such
fields are only a little below the value at which
they would cause breakdown if acting alone.

537.523 3262

Formative Time-Lags in the Electrical
Breakdown of Gases-—]. Dutton, S. C. Hay-
don and F. L. Jones. (Brit. Jour. Appl. Phys.,
vol. 4, pp. 170-175; June 1953.) The time rate
of growth of ionization currents in a uniform
field greater than that corresponding to the
static sparking potential is investigated theo-
retically. Curves showing the dependence nf the
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formative time lag on overvoltage are given,
with an example of their use in the elucidation
of secondary ionization processes operative in
the breakdown mechanism.

537.525 3263

Microwave Technique for Studying Dis-
charges in Gases—M. A Lampert and A. D.
White. (Elec. Commun., vol. 30, pp. 124-128;
June 1953.) Experiments were made with a
neon-filled tube inserted through a “pancake”
waveguide (internal height 1 mm), the varia-
tion of the discharge dc due to the rf field being
observed on a cro for various relative positions
of tube and guide. The frequency used was
about 5 kmc and the rf power <100 mw.

537.525:621.316.721:535.215 3264

The Control of Self-Maintained Discharge
Currents by Illumination of the Cathode——W.
Kluge. (Z. angew. Phys., vol. 5, pp. 173-177;
May 1953.) The discharge characteristics of
neon-filled Ni/cs and Al/K photocells, illumi-
nated with a Hg-discharge lamp, were ob-
tained experimentally. The magnitude of the
controllable current in the Townsend discharge
space depends on the illumination of the cath-
ode, the driving potential applied and the value
of the stabilizing resistance used.

537.527.2 3265

Discharge between Positive Point and
Plane in Compressed Air—M. Toitot and A.
Boultoud. (Comp!. Rend. Acad. Sci. [ Paris}, vol.
237, pp. 322-323; July 27, 1953.) At gas pres-
sures of several tens of atmospheres, the spark
discharge frotn a point may be precedect by rela-
tively large currents, which are due either to
the corona effect or to a dark discharge result-
ing from the emission from the cathode.

537.531.8+535.215 3266

Electron Emission from Metals as an After-
Effect of Irradiation—K. Seeger. (Z. Phys.,
vol. 135, pp. 152-162; June 2, 1953.)- The emis-
sion of electrons fromn metals was measured
after irradiation with X rays, ultraviolet rays
and visible rays and after glow-discharge had
taken effect. The dependence of the secondary
emission on the wavelength of the incident
radiation, and on the structure of the metal
surface, was investigated. The time and tem-
perature relation is independent of the manner
of excitation, which may even be produced by
mechanical means. The magnitude of the sec-
ondary emission depends on the state of oxida-
tion of the surface. It is further discussed, how
far the secondary emission depends on the na-
ture of the metal or the nature of the surround-
ing gas. The work function of electrons after
irradiation is also considered.

537.533:539.232 3267
Surface Films and Field Emission of Elec-
trons—F. L. Jones and C. G. Morgan. (Proc.
Roy. Soc. A, vol. 218, pp. 88-103; June 9,
1953.) The mechanisin of cold emission of elec-
trons from surfaces covered with atarnish film,
under electric fields of the order of 10 kv/cm,
was investigated. The results obtained are con-
gistent with the view that the electrons are ex-
tracted from the metal substrate by the high
electric field set up across the thin surface film
when covered with a layer of positive ions.

537.567 3268

Transmission of Radio Waves through
Highly Ionized Gases—P. Verzaux. (Jour.
Phys. Radium, vol. 14, pp. 310-316; May
1953.) Preliminary theoretical discussion of the
effect of highly ionized media on the transmis-
sion of em waves, with special reference to the
possible use of centimeter waves in the study of
the intense thermal ionization produced in a
gas subject to high-pressure shock waves.

538.56:535.42 3269
Intensity and Polarization of Electromag-
netic Waves diffracted at a Slit: Part 2—H.

PROCEEDINGS OF THE I.R.E.

Honl and E. Zimmer. (Z. Phys., vol. 135, pp.
196-218; June 2, 1953.) Diffraction of electro-
magnetic waves at a slit is investigated under
the supposition that the electric field vector is
perpendicular to the slit edges (magnetic case).
This supplements the investigation of the same
problem for the case where the electric field vec-
tor is parallel to the slit edges (electric case)
[2183 of 1952 (Groschwitz and Héni)]. The
combination of both cases makes it possible to
calculate the intensity and polarization of the
wave field for incident polarized and unpolar-
ized radiation. In the case of very narrow slits,
to which the Fresnel-Kirchhoff theory is no
longer applicable, the electric component nor-
mal of the slit edges is determinative for the
diffracted field.

538.566:535.42 3270

The Diffraction of Electromagnetic Waves
at a Conducting Circular Disk and at a Circular
Aperture in a Conducting Plane Screen—W.
Andrejewski. (Z. angew. Phys., vol. 5, pp. 178-
186; May 1953.) Numerical results of calcula-
tions based on the rigorous theory of diffraction
of Meixner and Andrejewski (2767 of 1950) are
given. These describe the characteristics of
diffracted waves in the near and far fields and
are valid when the circumference of the disk
and the wavelength are of comparable magni-
tude. The tmethods of approximation com-
monly used are critically examined.

541.183.26:539.234:546.74 3271

Sorption Properties of Thin Nickel Films—
W. Scheuble. (Z. Phys., vol. 135, pp. 125-140;
June 2, 1953.) The sorption of O and H by Ni
films is studied. Oxygen sorption, which is
much greater than that of hydrogen, takes
place in two stages: (a) instantaneous covering
of the film by a monatomic layer, (b) gradual
penetration of the oxygen atoms into the film.
The quantity of sorbed oxygen is independent
of the gas pressure but depends on temperature.
Oxygen-covered Ni films have catalytic reac-
tions with hydrogen; on the other hand, hydro-
gen films have no effect on the sorption of oxy-
gen.

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA

523.72 3272

Distribution of Radio Brightness on the
Solar Disk at 9.35 kmc/s—1I. Alon, J. Arsac and
J. L. Steinberg, (Compt. Rend. Acad. Sci.
[Paris], vol. 237, pp. 300-302; July 27, 1953.)
Observations during the first six months of 1953,
made with interferometer equipment, confirm
the results obtained at the annular eclipse of
Sept. 1, 1951 (Boston et al, 1282 of 1952) con-
cerning the increased brightness at the edge of
the disk. Further observations will be required
to determine whether the radio brightness in-
creases at first uniformly from the center and
then more rapidly to a maximuin near the edge,
or whether there isa secondary maximum at the
center.

523.72:621.396.822 3273

Asymmetry in the Decimetre-Wave Radia-
tion from the Sun—E. J. Blum. (Compt. Rend.
Acad. Sci. [Paris), vol. 237, pp. 135-137; July
15, 1953.) Data obtained in Australia at the
eclipse of November 1, 1948, and in Khartoum,
at the eclipse of February 25, 1952, are adduced
in support of the conchision that radiation from
the quiet sun at wavelengths around 50 cm is
best accounted for by a model sun having an
equatorial-axis/polar-axis ratio of 3:2. See also
2786 of 1952 (Blum et al.) and back reference.

523.72:621.396.822:621.396.621 3274
Radio-Noise Receivers—Steinberg. (See
3402.)

§23.746“1953.01/.03” 3275

Provisional Sunspot-Numbers for January
to March, 1953—M. Waldmeier. (Jour. Geo-
phys. Res., vol. 538, p. 266; June 1953.)

December

523.75:550.385 3276

Solar-Flare Effects and Magnetic Storms—
D. van Sabben. (Jour. Atmos. Terr. Phys., vol.
3, pp. 270-273; June 1953.) In the years 1949-
1951 there appeared to be no increase in storm
probability after the occurrence of a solar-flare
effect, except perhaps in the probability of se-
vere magnetic storms.

523.755:621.396.822 3277

Thermal Emission from the Solar Corona in
the Wavelength Range 10 cm-10 m—A. Reule.
(Z. Naturf., vol. 7a, pp. 234-247; March/April
1952.) Calculations are made of the sun’s radia-
tion for various models of the corona. A method
is developed for determining the temperature of
the corona from the measured intensity dis-
tribution over the solar disk. Radiation from
the corona may introduce appreciable irregu-
larities in the intensity distribution. Failure to
take account of deviations from radial sym-
metry may lead to incorrect interpretation of
results; Stanier's conclusions (1401 of 1950)
may be affected in this way.

523.854:621.396.822 3278

An Investigation of the HII Regions by a
Radio Method—DP. A. G. Scheuer and M. Ryle.
(Mon. Not. R. Astr. Soc., vol. 113, pp. 3-17;
1953.) The distribution of brightness near the
galactic plane was determined from measure-
ments made with a radio interferometer at 81.5
mc and 210 mc. The results obtained are dis-
cussed.

550.38:621.317.353.2 3279

The Harmonic Analysis of the Earth’s
Magnetic Field, for Epoch 1942—H. Spencer
Jones and P. J. Melotte. (Mon. Not. R. Astr.
Soc. Geophys. Suppl., vol. 6, pp. 409-430;
June 1953.) There is no evidence of a dipole
field of external origin greater than 0.19, of the
field of internal origin. The intensity of the
latter is, at present, decreasing by about 5%,
per century. The geomagnetic poles have a
westerly drift of 4.5° per century; the mean
position of the north magnetic pole at present
is 73.5°N, 100°W.

550.38“1953.01/.03” 3280

Cheltenham Three-Hour-Range Indices K
for January to March 1953—R. R. Bodle,
(Jour. Geophys. Res., vol. 58, p. 266; June
1953.)

550.384:525.35 3281

On Variations of the Geomagnetic Field,
Fluid Motions, and the Rate of the Earth’s Ro-
tation—E. H. Vestine. (Jour. Geophys. Res.,
vol. 58, pp. 127-145; June 1953.) Full paper.
See 1338 of May.

550.384.3:931: 3282

The Magnetic Secular Variation in New
Zealand—A. L. Cullington. (N. Z. Jour. Sci.
Tech., vol. 33, Sec. B, pp. 355-372; March
1952.) An account is given of the work on
secular variation from 1941 to 1950. The ob-
servations are tabulated and the results are
presented in the form of isoporic charts for
each magnetic element.

§50.385:523.72:621.396.822]:621.396.11 3283

Relationship between Radio-Propagation
Disturbance, Geomagnetic Activity and Solar
Noise—D. van Sabben. (Jour. Atmos. Terr.
Phys., vol. 3, pp. 194-199; May 1953.) Data
on ionospheric disturbance of radio communi-
cation between New York and Amsterdam dur-
ing the years 1948-1950 are compared with
geomagnetic character figures. A general corre-
lation is established, the maximum radio dis-
turbance showing a mean time lag of 7 hours
behind the maximum geomagnetic disturb-
ance. Investigation of the relation between
solar rf radiation and geomagnetic storms
showed that a marked increase of the radiation
on at least one of the frequencies 80, 175 and
200 mc occurred at some time during the five
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days preceding a storm, except in the case of
recurrent storms.

550.385“1952.10/1953.03” 3284

Principal Magnetic Storms [Oct. 1952-
March 1953)—(Jour. Geophys. Res., vol. 58, pp.
267-269; June 1953.)

550.386“1952.10/12" 3285

International Data on Magnetic Disturb-
ances, Fourth Quarter, 1952—]. Bartelsand ]J.
Veldkamp. (Jour. Geophys. Res., vol. 58, pp.
261-265; June 1953.)

551.51 3286
Physical Properties of the Atmosphere be-
tween ~80 km and ~250 km—H K. Kall-
mann. (Jour. Geophys. Res., vol. 58, pp. 209-
217; June 1953.) The calculated values of
temperature, pressure, molecular weight, den-
sity and particle concentration are in fair agree-
ment with available experimental results.

551.510.3:535.325 3287

The Constants in the Equation for Atmos-
pheric Refractive Index at Radio Frequencies—
E. K. Smith, Jr., and S. Weintraub. (Proc.
I.R.E., vol. 41, pp. 1035-1037; Sept. 1953.) See
1990 of July.

551.510.535 3288
Ionospheric Disturbance Forecasting—
L. H. Martin. (Jour. Brit. IRE, vol. 13, pp. 291~
301; June 1953.) Causes and effects of solar-
flare disturbances, prolonged periods of low-
layer absorption, and ionospheric storms, are
reviewed. In an examination of the bascs for
predicting ionospheric storms, sunspot classi-
fication is explained and the correlation of iono-
spheric storms with solar-flare effects, geo-
magnetic data and “precursor” disturbances in
high latitudes is discussed. In general the ac-
curacy of predictions 10 days in advance is
65-80%,. Disturbance ratings used in the storm
warning service are given and methods of pre-
diction adopted during sunspot-maximum and
sunspot-minimum periods are outlined.

551.510.535 3289

A Note on the ‘Sluggishness’ of the Iono-
sphere—E. V. Appleton. (Jour. Atmos. Terr.
Phys., vol. 3, pp. 282-284; June 1953.) By
analogy with thelr circuit, a “tiine of relaxation”
}a N, analogous to a time constant, is obtained
from the equation for the variation of ioniza-
tion, where N is the electron density and a the
recombination coefficient. Two methods of de-
termining a N are described and its value is
calculated for the D, E, Fy and F; (winter) lay-
ers. Although the value of N varies by a factor
of over 100, aN is constant within a factor of
about 5. This result may be interpreted as indi-
cating either that a must fall steadily from the
D to the F; layer, or that the physical process of
electron disappearance is not merely one of at-
tachment.

551.510.535 3290

Method of Determining the True Height of
the Ionospheric Layers, taking account of the
Effect of the Geomagnetic Field: Part 1—
Application of an Approximate Expression for
the Refractive Index (Ordinary-Ray Case)—E.
Argence and M. Mayot. (Jour. Geophys. Res.,
vol. 58, pp. 147-165; June 1953. In French.)
Expressions are derived for the characteristic
parameters of an ionospheric region, assuming
a parabolic law for the ionization. The values of
the virtual heights of the F; layer, for frequen-
cies in the range 1.45-3.80 mc are calculated
and compared with the observed heights amd
those calculated by Appleton’s method. The
correction term in the expression for the thick-
ness of the layer shows that the effect of the
geomagnetic field is such as to reduce the value
of the thickness. Numerical results are in good
agreement with the corrections indicated by
Shinn and Whale (1405 of 1952.)

Abstructs and References

551.519.535 3291

Dynamic Probe Measurements in the
Ionosphere—G. Hok, N. W. Spencer and W. G.
Dow. (Jour. Geophys. Res., vol. 58, pp. 235-
242; June 1953.) Mecasurements made during a
v-2 rocket flight showed a rapid rise of probe
current between 90- and 105-km height, which
indicated a positive-ion/electron density ratio
of approximately 10:1,

551.510.535 3292

Nature and Origin of Sporadic E Regions as
observed at Different Hours over Calcutta—
B Chatterjee. (Jour. Atmos. Terr. Phys., vol.
3, pp. 229-238; June 1953.) Typical results of
the experimental determination of the varia-
tion of the reflection and transmission cocffi-
cients of the E, region are shown graphicalty,
and a statistical study is made of the variation
of echo amplitude. The amplitude distribution
of E, echoes from a thin layer is of the Gauss
type, that from an ion cloud of the Rayleigh
type, while, in general, both the steady and the
scattered reflection components are present
to give a Rice type of distribution (2168 of
1945). The results of observations made in the
early morning, at sunrise, in the afternoon and
during thunderstorms are discussed and several
ionizing agents are suggested.

551.510.535 3293

Ionospheric Storms in the Auroral Zone—
T. Nagata and T. Oguti. (Rep. Ionosphere Res.
[Japan], vol. 7, pp. 21-28; March 1953.) The
values of foF, observed at College, Alaska, are
statistically analyzed. When the F; layer in the
auroral zone is sunlit, the value of foF2 usually
begins to decrease just after the cominence-
ment of a geomagnetic storm. This is attributed
to an expansion of the layer due to heating
caused by impinging corpuscles. When the Fg
layer is in <larkness, an increase of foF; is ob-
served.

551.510.535 3294

ravelling Disturbances in the Ionosphere
—R. E. Price. (Nature, [London}, vol. 172, pp.
115-116; July 18, 1953.) Pulse measurements
at 5.8 mc have been made during the past three
years at Perth, Western Australia, using Mun-
ro's method (2504 of 1950). Results agree in
general with those of Munro. The velocities
observed ranged between 5 and 20 km/min.
The direction of travel in summer lies between
0° and 90° S of E and in winter between 0° and
60° E of N, with a rapid change-over in the
equinoctial months.

551.510.535 3295

F-Region Triple Splitting—G. R. Ellis.
(Jour. Atmos. Terr. Phys., vol. 3, pp. 263-269;
June 1953.) “Measurements of the direction of
arrival of Z echoes have been made at Hobart,
Tasmania. The results indicate that F-region
triple splitting is caused by back scattering
from a rough layer. The directions observed
are consistent with the assumption that reflec-
tion at the Z level occurs when the angle of in-
cidence is such that the wave normal becomes
parallel to the geomagnetic field at the ordi-
nary level of reflection.”

551.510.535 3296

Continental Maps of Four Ionospheric Dis-
turbances—R. S. Lawrence. (Jour. Geophys.
Res., vol. 58, pp. 210-222; June 1953.) The
changes with time of the geographical distribu-
tion of foF; deviations from normal are shown.

551.510.535 3297

Sweep-Frequency h’t Measurement of the
Ionosphere—Y. Nakata, K. Kanand H. Uyeda.
(Rep. Ionosphere Res. [Japan), vol. 7, pp. 1-6;
March 1953.) Continuous records of Fz-layer
heights were obtained with equipment covering
the frequency band 1.8-3.5 mc in 10 seconds.
The records show marked discontinuities at
approximately 1700,0000 and 0400 local time.
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The corresponding graphs of Fslayer heights
for several stations in Japan, and of the geo-
magnetic variations at one station, are shown.

551.510.535 3298

A Consideration of the Mechanism of Elec-
tron Removal in the F; Layer of the Ionosphere
—T. Yonezawa. (Rep. Ionosphere Res. {Japan),
vol. 7, pp. 15-20; March 1953.) The transfor-
mation of atomic ions into molecular ions by a
transfer of charge and the subscquent recom-
bination of molecular ions with electrons are
considered theoretically. Such a mechanism
may possibly explain the attachment type of
electron removal, but the theory fails to give
the value of the attachment coefficient and of
its variation with height.

551.510.535:537.568 3299

The Collision Frequency of Electrons in the
Ionosphere—M Nicolet. (Jour Atmos, Terr.
Phys., vol. 3, pp. 200-211; May 1953.) Theo-
retical! analysis indicates that the electron col-
lision frequency in the ionosphere depends on
the concentration of neutral particles in the D
and E regions and on the e¢lectron concentra-
tion in the F region. Any atmospheric model for
the region ahove the E layer should not, there-
fore, be based on the frequency of clectron col-
lisions with neutral particles.

551.510.535:550.384/.385 3300
Diurnal and Storm-Time Variations of Ge-
omagnetic and Ionospheric Disturbance—
R. P. W. Lewis and D. H. Mcintosh. (Jour.
Atmos. Terr. Phys., vol. 3, pp. 186-193; May
1953.) Analysis of records obtained at Abinger
and Slough during a period of 46 months shows
the diurnal variations to be very complex, with
significant differences dependent on season and
on activity level. The 24-hour component is
important in both geomagnetic and ionospheric
phenomena, but a 12-hour component is found
only in ionospheric foF; disturbance. The storm-
time variations of foF2 and of horizontal mag-
netic force H are statistically closely linked.

551.510.535:550.384/.385 3301

The Morphology of the Ionospheric Varia-
tions associated with Magnetic Disturbance:
Part 1—Variations at Moderately Low Lati-
tudes—D. F. Martyn. (Proc. Roy. Soc. A.
vol. 218, pp. 1-18; June 9, 1953.) Graphs of the
ionospheric variations with local time and with
storm time at Watheroo, Canberra and Wash-
ington are given. The local-tiine variations are
mainly diurnal; the storm-time variations are
appreciable for about three days after the com-
mencement of the magnetic storm, and the ini-
tial shape of the curve depends on the local
time of the commencement. A theory of these
variations is developed. All ionospheric varia-
tions due to magnetic disturbance are attrib-
uted to the es field produced by the intense
impressed current system in the auroral re-
gions. See also 1673 of June.

551.510.535:550.384 3302

An Ionospheric-Disturbance Index—]. M.
Bullen. (N. Z. Jour. Sci. Tech., vol. 33, Sec.
B, pp. 348-354; March 1952.) A three-hourly
index I, with a range 0-9, based on the varia-
tion of the critical frequency and the height of
the F. layers, has been developed. A positive
correlation of ~ 0.6 was found between the
Lincoln (N. Z.) I-indexes and the Amberley
(N. Z.) geomagnetic K-indexes for the period
between October 1949 and September 1950.
The seasonal variation of the correlation be-
tween the I and K indexes was investigated
and a comparison with radio disturbance con-
ditions made,

551.510.535:550.385 3303

On the Variation of the F, Layer accom-
panying Geomagnetic Storms—K. Sinno. (Rep.
Ionosphere Res. [Japan], vol. 7, pp. 7-14; March
1953.) The universal-time dependent and local-
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time dependent parts of the variations of
foF2 and I'F, during geomagnetic storms have
been calculated from data for several widely
separated stations. The local-time variations
appear to be due to the Sp current associated
with the storin. No indication of a moving dis-
turbance from the auroral zone was found.

551.510.535:550.385 3304

Storm Phenomena in the Ionosphere—
E. V. Appleton. (Arch. elekt. Ubertragung, vol.
7, pp. 271-273; June 1953. In English.) Recent
advances in our knowledge of I7-layer iono-
spheric perturbations accompanying a ag-
netic stonn are summarized. The diurnal con-
trol is shown and differences between phenom-
ena at high, medium and low latitudes are
noted. For medium latitudes the effect of a
storim is to exaggerate the geomagnetic distor-
tion of the F layer alrcady present. Sce also
2308 of August (Appleton and Piggott.)

551.510.535:621.396.812 3308
Investigation of Ionospheric Absorption—
S. J. Estrabaud. (Electronic Eng., vol. 25, p.
395; Sept. 1953.) Comment on 1680 of June
(Jenkins and Ratcliff) and anthors’ reply.

551.594.21:621.396.9 3306

Radar Echoes associated with Lightning—
V. G. Miles. (Jour. Atmos. Terr. Phys., vol.
3, pp. 258-262; June 1953.) Echoes from thun-
derstorms overhead and from distant storins
were observed using 500-kw, 1.9-us radar pulses
operating on a wavelength of 10 cm. The echoes
from a storm overhead frequently occur in
pairs, corresponding to reflections from cloud
layers at different heights.

551.594.5 3307

Orientations of Auroral Displays in West-
Central Canada—R. E. Jensen and B. W. Cur-
rie. (Jour. Geophys. Res., vol. 58, pp. 201-208;
June 1953.) A seasonal variation of oricntation
was found by statistical analysis of observa-
tions made at Saskatoon in 1949-1951.

551.594.5 3308

Radio Reflections from Aurora—B. W.
Currie, P. A. Forsyth and F. E. Vawter. (Jour.
Geophys. Res., vol. 58, pp. 179~200; June 1953.)
Echoes, at 56 and 106 mc, were observed when
the auroral form exhibited some ray structure
and then only from parts of the aurora at eleva-
tions < 15° above the horizon. No echoes were
recorded at 3 kmc. The 106-mc echoes occur
most frequently within the auroral zone, the
56-mc echoes some distance south of it. It is
suggested that echoes arise by critical reflec-
tion from centers of high electron density, 1.4
X 108/cm3 for 106-mc echoes and 4X 107/cm?
for the 56-mc echoes.

551.594.5 3309

Scale-Height Determinations and Auroras
—D. R. Bates and G. Griffing. (Jour. Atmos.
Terr. Phys., vol. 3, pp. 212-216; May 1953.)
The method hitherto used for determining scale
heights from auroral luminosity curves isshown
to be invalid. The possibility of protons being
responsible for the production of auroras is con-
sidered.

551.594.52(99) 3310

The Southern Auroral Zone as Defined by
the Postion of Homogeneous Arcs—F. Jacka.
(Aust. Jour. Phys., vol. 6, pp. 219-228; June
1953.)

LOCATION AND AIDS TO NAVIGATION

526.94:621.396.9 3311

Nonquantized Frequency-Modulated Alti-
eter—H. P. Kalmus, J. C, Cacheris and H. A.
Dropkin. (Jour. Res. Nat. Bur, Stand., vol.
50, pp. 215-221; April 1953.) A frequency
shifter, connected between the microwave FM
oscillator feeding the transmitting antenna and
the mixer of the receiver, makes continuous
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altitude measurement possible. The theory of
operation is given and three types of the instru-
ment are described. Experimental results,
shown graphically, indicate that linear opera-
tion down to 10 fect is possible. A suitable fre-
quency shifter for microwave equipment, uti-
lizing a gyrator of the ferrite type, is described
in an appendix.

621.396.9:551.578.1 3312

Radar Observations of Rain at Sydney,
New South Wales—G. A. Day. (Aust. Jour.
Phys., vol. 6, pp. 229-239; June 1953.) Observa-
tions made at 9.1-cm wavelength are described
and a correlation between the type of rain echo
and wecather conditions is established.

621.396.932/.933 3313

Latest Developments of the Decca Naviga-
tion System—P. Giroud and A. Gayffier.
(Onde élect., vol. 33, pp. 300--308; May 1953.)
The service area and error curves are shown for
the French Decca chain to be brought into
service in 1953. The operation of the Mark VII
receiver and route tracer for aircraft use are
described.

621.396.932/.933 3314

Rana Radio-Navigation Equipment—E.
1Ionoré and E. Torcheux. (Onde élect., vol. 33,
pp. 319-327; May 1953.) Considerable ad-
vantages are claimed for the system, whioh was
first demonstrated in 1952, In its simplest
form an installation comprises a “free” trans-
mitter radiating on two frequencies Iy and Fa
near 1600 kc, a “slave” transmitter on frequen-
cies 40 cps above F), and 40 cps below Fa, and
a control receiver connected by land line to the
stave transmitter for frequency control. In a
mobile receiver, measurement is made of the
phase difference between the two 40-cps beat
notes. With each transmitter radiating on four
different frequencies, three signals for phase
comparison are derived, providing three de-
grees of sensitivity in position determination.
A description is given of various units of the
equipment.

621.396.933 3315

Distance Measuring Equipment D.M.E.—
F Penin and G Phélizon. (Onde élect., vol.
33, pp. 309-318; May 1953.) Itlustrated de-
scription of direct-reading equipment produced
in IFrance. Results of tests show the accuracy
of the system to be within about +250 m at
distances up to 260 km.

621.396.933 3316

Regional-Control Radar Equipment at
Orly—P. Bouvier. (Onde élect., vol. 33, pp.
328-336; May 1953.) Description of 10-cm
equipment for moving-target indication now
being installed. Altitude range is 10 km and ex-
treme horizontal range 150 km.

621.396.933 3317
Telecommunications and Radio Aids in
Civil Aviation—(See 3419.)

621.396.933:621.396.677 3318

Stagger-Tuned Loop Antennas for Wide-
Band Low-Frequency Reception—Cheng and
Galbraith. (See 3207.)

MATERIALS AND SUBSIDIARY
TECHNIQUES

621.396.933.4:373.62 3319

Training Apparatus for Air-Traffic Control
by Radar—(Ingineering, [London], vol. 175,
pp. 572-574; May 1953.) Apparatus is de-
scribed which produces artificially, by means of
an electromechanical system, aircraft traces on
a ppi display screen. Block diagrams are given.
The heading, rate of turn, and airspeed of four
aircraft may be regulated from a remote-con-
trol box and the effect of wind simulated. The
pulse width, antenna beam wiclth and speed of
rotation can also be adjusted.

December

533.5 3320

Methods of Obtaining High Vacuum by
Ionization. Construction of an ‘Electronic
Pump'—H. Schwarz. (Revy. Sci. Instr., vol. 24,
pp. 371-374; May 1953.) English version of
2011 of July.

535.37 3321

Field Emission of Crystal Phosphors—M.
Ueta. (Jour. Phys. Soc. [Japan], vol. 8, pp. 429-
431; May/June 1953.) The relation between
emission intensity and applied potential for
Zn,Si03-Mn and ZnS-Cu phosphors is shown
graphically.

535.37:546.471.61:537.533.9 3322

The Decrease of Luminescence resulting
from Irradiation by Electrons—K. H. J. Rott-
gardt. (Naturwissenschaften, vol. 40, pp. 315-
316; June 1953.) The observed change in
luminescence of ZnF; screens wtih the number
of the impinging electrons is in close agreement
with a relation given by Broser & Warminsky
(1371 of May). The electron traps produced
cause the transition of electrons, without radia-
tion, from the conduction bhand into the filled
band.

537.224 3323

Plastic Electrets and their Applications—
H. 1I. Wieder and S. Kaufman. (Elec. Eng.
N.Y., vol. 72, pp. 511-514; June 1953.) Sec
2025 of July.

537.311.33 3324

Space-Charge-Limited Emission in Semi-
conductors—W. Shockley and R. C. Prim.
(Phys. Rev., vol. 90, pp. 753-758; June 1,
1953.) For an n-i-n structure comprising a
plane parallel layer of intrinsic semiconductor
between two layers of n-type material, an ex-
pression for current density is derived which is
analogous to Child’s law for thermionic emis-
sion. In obtaining this expression, both diffu-
sion and dependence of mobility on field have
been neglected. An exact solution can be given
for both n-i-n and p-i-p structures, when drift
velocity is proportional to field.

537.311.33 3325

Preparation and Properties of Arsenide
Semiconductors—F. Gans, J. Lagrenaudie and
P. Seguin. (Compt. Rend. Acad. Sci. [Paris],
vol, 237, pp. 310-313; July 27, 1953.) Arsenides
of Ga and In were prepared by heating the con-
stituent materials to controlled temperaturesin
an evacuated fused-quartz tube. The arsenide
of Ga has good rectifying properties. One n-
type sample would rectify up to 20 or 25v. An-
other sample showed p-type rectification. The
material is also photoconductive, with a sharp
cut-off near 1.1 u.

$37.311.33:[546.28 4 546.289 3326

Mobility of Holes and Electrons in High
Electric Fields—E. J. Ryder. (Phys. Rev.,
vol. 90, pp. 766-769; June 4, 1953.) Pulsc
measurements of conductivity were made for
n- and p-type Ge filaments at temperatures
of 77°K, 193°K, and 298°K, and for »n- and p-
type Si filaments at 298°K. The specimens con-
sisted of short slender filaments with two rela-
tively massive ends. At 298°K, the observed
critical field, above which mobility varies as
E~V2, E being theelectric field, is 0.9 kv/cm for
n-type Ge, 1.4 kv/cm for p-type Ge, 2.5 kv/cm
for n-type Si, and 7.5 kv/cm for p-type Si.
Results of conductivity measurements on an
n-type Ge specimen at 20°K are also given.

537.311.33:546.28 3327

Energy-Band Structure in Silicon Crystal—
E. Yamaka and T. Sugita. (Phys. Rev., vol.
90, p. 992; June 1, 1953.) Calculations for the
lowest three energy levels give results in agree-
ment with experimental values. See also 421 of
I‘ebruary (Holmes).
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537.311.33:546.289 3328

High-Field Mobility in Germanium with
Impurity Scattering Dominant—E. M. Con-
well. (Phys. Rev., vol. 90, pp. 769-772; June 1,
1953.) Discussion of Ryder's results (3326
above) for an n-type Ge specimen at 20°K,
A combination of impurity scattering and lat-
tice scattering accounts semiquantitatively for
the observed variations in mobility, provided
the rate of encrgy loss in collisions is greater by
a factor of about 9 than that given by theory
based on the assumption of spherical surfaces
of constant energy.

537.311.33:546.289 3329
Space-Charge Limited Hole Current in
Germanium—G. C. Dacey. (Phys. Rev., vol.
90, pp. 759-763; June 1, 1953.) The theory of
Shockley & Prim (3324 above) is extended to
the case of high electric fields, and the corre-
sponding expression for current density is de-
duced. Experiments on Ge at 77°K give results
in good agreement with theory, when recently
determined values of mobility, critical field and
“punch-through” voltage are used.

537.311.33:546.289 3330

Forming of Germanium Surfaces—R.
Thedieck. (Z. angew. Phys., vol. 5, pp. 163—
165; May 1953.) The barrier potential distri-
bution in the vicinity of a forming crater was
determined experimentally. A continuous -
type surface was obtained from n-type Ge by
repeated point forming so that the formed areas
overlapped. The barrier potential of the formed
surface was independent of the shape and ma-
terial of the metal point contact used in the
forming process.

537.311.33:546.289:621.314.7 3331

Mechanism of Point-Contact Transistors—
R. Thedieck. (Z. angew. Phys., vol. 5, pp. 165-
166; May 1953.) The thickness of the p-type
layer and that of the barrier layer obtained by
the point-contact forming of n-type Ge (3330
above) were estimated as about 14x and <2u
respectively. A 2-point-contact transistor with
characteristics similar to those of a p-n-p-
junction type was produced.

537.311.33:621.314.7 3332

p-n Junction revealed by Electrolytic Etch-
ing—E. Billig and J. J. Dowd. (Nature,
[London), vol. 172, p. 115; July 18, 1953.) The
specimen is immersed in a suitable electrolyte,
which has an inert electrode as cathode and
the n-type region as anode. A current of about
1 ma/mm? maintained for 1-2 minutes etches
the n-type region sufficiently to reveal the
potential barrier. The method is also appli-
cable to n-p-n specimens. This type of etching is
much less effective than a strong chemical etch
in improving the rectifying properties of the
junction.

537.581:537.311.32:546.28 3333

Electrical Resistivity and Thermionic Emis-
sion of Silicon—L. Esaki. (Jour. Phys. Soc.
Japan, vol. 8, pp. 347-349; May/June 1953.)
Experimental investigation in the range 1100-
1350°C.

538.221 3334

Developments in Sintered Magnetic Ma-
terials—]J. L. Salpeter. (Proc. L.R.E., vol.
14, pp. 105-118; June 1953.) A review of ferro-
magnetic theory underlying the development
of materials snch as ferroxcube and ferroxdure.

538.221 3335

A Neutron Diffraction Study of Magnesium
Ferrite—L. M. Corliss, J. M. Hastings and
F. G. Brockman. (Phys. Rev., vol, 90, pp.
1013-1018; June 15, 1953.) Application of a
strong magnetic field enables the coherent
scattering to be separated into its nuclear and
magnetic parts. The magnetic scattering is in
good agreement with the Néel model of ferri-

Abstracts and References

magnetism. Analysis of the nuclear scattering
gave a value of 0.88+£0.01 for the degree of
inversion and 0.381 +£0.001 for the space
group parameter.

538.24:538.662 3336

The Temperature Dependence of the Spon-
taneous Magnetization in an Antiferromag-
netic Single Crystal—N. J. Poulis and G. E. G.
Hardeman. (Physica, vol. 19, pp. 391-396;
May 1953.)

538.662 3337

Condition for Vanishing Spontaneous Mag-
netization below the Curie Temperature—
K. F. Niessen. (Physica, vol. 19, pp. 445-450;
May 1953.) Theory is given of a method of de-
termining the temperature Ty at which the
spontaneous magnetization of a particnlar
spinel structure vanishes. A condition is de-
rived for the extreme case where T, coincides
with the Curie temperature; this condition can
be applied to experiments for finding the ratio
of mutual interactions of magnetic ions.

538.662 3338

On the Temperature Sensitivity of Special
Magnetic Materials—T. A. I{eddle. (Brit.
Jour. Appl. Phys., vol. 4, pp. 161-166; June
1953.) A survey of thermomagnetic materials
sensitive in the range —60°C to +120°C. Ap-
plications of these materials in temperature-
sensitive and compensating devices are con-
sidered.

539.23:537.311.31 3339

Complement to the Paper on the Variation
of the Electrical Resistance of Very Thin Metal
Films as a Function of Applied Potential—].
Romand, R. Aumont and B. Vodar. (Compt.
Rend. Acad. Sci. [Paris], vol. 237, pp. 33 -35;
July 6, 1953.) Complementary to 2535 of 1950
(Vodar and Mostovetch). Further experiments
on evaporated Pt films, using Aumont and
Romand’s sensitive null detector (2726 of Sep-
tember), confirm the previous results, but sug-
gest that theory will probably have to be
developed for filins of thickness such that the
space occupied by aggregates is not negligible.

539.231:537.311.31/.32 3340
Conducting Films on Glass—(Elec. Rev.
[1.ondon), vol. 152, pp. 1069-1072; May 8, 1953.)
The developtnent of the cathodic sputtering
process at the National “Physical Laboratory
for the preparation of oxide and low-resistance
Au films on glass is reviewed. The thickness of
the Au films is about 25X 1078 in. and test
siunples have been operated with a dissipation
of 3kw/ft® without failure. Possible applica-
tions of such films to prevent electrification of
the glass in sensitive electrical instruments, as
fixed resistors in radar circuits, and in fluores-
cent lainps and Hg-vapor rectifiers are noted.

546.28 +546.289 4 546.832 3341

The Isotopic Constitution of Silicon, Ger-
manium, and Hafnium—]J. II. Reynolds.
(Phys. Rev., vol. 90, pp. 1047-1049; June 15,
1953.)

546.28 3342

Electron-Spin Resonance in a Silicon Semi-
conductor—A. M. Portis, A. F. Kip, C. Kittell
and W. H. Brattain. (Phys. Rev., vol. 90, pp.
988-989; June 1, 1953.)

546.289 3343

Solute Distribution in Germanium Crystals
—W. P. Slichter and E. D. Kolb. (Phys. Rev.,
vol. 90, pp. 987-988; June 1, 1953.)

546.289:[535.324535.34 3344

The Optical Constants of a Single Crystal of
Germanium—D. G. Avery and P. L. Clegg.
(Proc. Phys. Soc., vol. 66, pp. 512-513; June 1,
1953.)
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621.314.632.1:537.312.6 3345

The Temperature Dependence of the Zero-
Bias Resistance of Cuprous-Oxide Rectifiers—
A. Okazaki, H. Tubota and H. Suzuki (Jour.
Phys. Soc. [Japan), vol. 8, pp. 431-432; May
/June 1953.) The mobility of current carriers in
Cuz0, in the range 250°—400°K, was determined
from measurements of the zero-bias resistance.
Landsberg's formula (3472 of 1952) was used.
Comparison is made with results obtained by
other workers from Hall-effect measurements.

MATHEMATICS

511:53:621.39 3346

Radio Technology and the Theory of Num-
bers—V. van der Pol. (Jour. Frank. Inst., vol.
255, pp. 475-495; June 1953.) The application
of results of the theory of numbers to problems
in physics and radio technology is illustrated
by particular examples.

516.6:517.7 3347

Some Coordinate Systems Associated with
Elliptic Functions—P. Moon and D. E. Spen-
cer. (Jour. Frank. Inst., vol. 255, pp. 531-543;
June 1953.) Results are given of a study of
cylindrical and rotational co-ordinate systems
based on elliptic-function transformations.
The six transformations listed are the ones most
likely to be of practical utility.

519.272.119 3348

On a Class of Stochastic Operators—L. A.
Zadeh. (Jour Math Phys., vol. 32, pp. 48-53;
April 1953.) A relation betwecn autocorrela-
tion functions, and a product relation for auto-
correlation functions, are derived for given
linear stochastic operators.

681.142 3349

An Automatic Analogue Computor for the
Solution of Mine Ventilation Networks—
D. R. Scott and R. F. Hudson. (Jour. Sci.
Inst., vol. 30, pp. 185--188; June 1953.)

681.142:519.272.119 3350
A Thermistor-Bridge Correlator—V. C.
Anderson and P. Rudnick. (Rev. Sci. Instr.,
vol. 24, pp. 360-361; May 1953.) The corre-
lator described is designed to give a direct indi-
cation of the correlation coefficient between
two cw signals. Two thermistors are used as
mean-square elements in a circuit giving cor-
relation coefficients to within about 19,

681.142:538.221 3351
Digital Storage using Ferromagnetic Ma-
terials—A. E. De Barr. (Elliott J., vol. 1, pp.
116-120; May 1953.) Four types of magnetic
digit-storage system are described.

681.142:538.221 3352

An Analysis of Magnetic-Shift Register
Operation—E. A. Sands. (Proc. LR.E., vol.
41, pp. 993-999; Sept. 1953.)

681.142:621.385.832 3353

A Method for Improving the Read-Around
Ratio in Cathode-Ray Storage Tubes—].
Kates, (Proc. LR.E., vol. 41, pp. 1017-1023;
Sept. 1953.)

MEASUREMENTS AND TEST GEAR

529.786 3354

Quartz Clocks of the Greenwich Time Serv-
ice—H. M. Smith. (Mon. Not. R. Astr. Soc.,
vol. 113, pp. 67-80; 1953.) A general account
of the development and of tlie assessment of
performance of the quartz clocks at Greenwich
and Abinger is given. The criterion of perform-
ance, defined as the change in rate expressed
in milliseconds per day per month per month,
is of the order of 0.1 in modern ring-crystal-
oscillator clocks, compared with a criterion
svalue of 3.4 for the best pendulum clock of the
Paris observatory. See also 2223 of 1951,



1814

538.566:535.222 3355

Proposed Use of a Cylindrical Surface-
Wave Resonator for the Determination of the
Velocity of Short Electromagnetic Waves—
H. M. Barlow and A. E. Karbowiak. (Brit.
Jour. Appl. Phys., vol. 4, pp. 186-187; June
1953.) The use of the cylindrical surface-wave
resonator at a frequency between 1 and 40
kmc/s for the determination of ¢ is suggested.
The method of calculating the wave velocity is
outlined, but no estimate of the ultimate ac-
curacy of the method is made.

621.3.087.4:551.510.535 3356

Automatic Ionospheric-Height Recorder—
C. Clarke and E. D. R. Shearman. (Wireless
Eng., vol. 30, pp. 211-222; Sept. 1953.) De-
scription of “commercial equipment based on a
design by Naismith and Bailey (1191 of 1951],
for measuring the virtual heights of reflection of
ionospheric echoes as a function of transmitted
frequency. A pulse transmitter consisting of a
master oscillator and power amplifier is tuned
through the frequency range in five bands.
The receiver is separately tuned and is kept in
step with the transmitter by a frequency dis-
criminator and servo-mechanism. The receiver
output is presented on two cathode-ray tubes,
one for monitoring and one for photographic
recording, each displaying a linear time-base
sweep. Height and frequency calibrations,
which are derived from a crystal source, are
displayed, and a crystal-controlled time switch
is incorporated for the automatic operation of
the equipment.”

621.314.25 3357

A Phase Shifter for Use from 10-100 Mc/s
—W. P. Melling. (Elliott J., vol. 1, p. 115; May
1953.) Description of a goniometer type of phase
shifter using crossed conductors in a metal
cylinder closed by a rotatable cap carrying a
pickup loop. See also 1735 of June (Thirup).

621.314.7:621.317.3 3358

Measurement of the Small-Signal Param-
eters of Transistors—G. Knight, Jr., R. A,
Johnson and R. B. Holt. (Proc. I.R.E., vol. 41,
pp. 983-989; Sept. 1953.) With input current
and output voltage as independent variables,
the set of parameters most appropriate for the
description of circuit operation of junction
transistors comprises (@) the short-circuit in-
put conductance, (b) a specified voltage feed-
back ratio, (¢) the short-circuit current gain,
and (d) the open-circuit output resistance.
Grounded-base connection only is considered.
The measurement method applied in obtaining
the dynamic impedance parameters (2863 of
1949 (Lehovec)] is also applied here. Circuit
diagrams and a table giving measurement de-
tails for all parameters are presented. Sources
of error and their elimination are discussed.

621.314.7:621.317.733 3359
Equipments for Measuring Junction-Tran-
sistor Admittance Parameters for a Wide Range
of Frequencies—L. J. Giacoletto. (RCA Rev.,
vol. 14, pp. 269-296; June 1953.) Description
of the use of a commercially available bridge
for the determination of conductance parame-
ters associated with a junction transistor, at 1
ke, and also of the construction of four admit-
tance bridges for the determination of transistor
conductance and suceptance parameters as a
function of frequency from 1 kc to 1 mc.

621.316.842/.843).025 (083.74) 3360

Alternating-Current Resistance Standards
A. H. M. Arnold. (Proc. IEE {[London], part
1I, vol. 100, pp. 319-328; June 1953.) Basic
design principles for resistance standards hav-
ing a resistance within 0.01% of the nominal
value and a phase angle<10™* radian at fre-
quencies up to about 20 kc are described. Ni-
Cr-Al alloys appear suitable for standards in
which self-heating is considerable. Details are
given of a 1-Q standard comprising 21 bifilar
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unijts of Cu-Ni wire in parallel; the calculated
phase angle is <10™* radian up to 30 kc. For-
mulas for eddy-current losses, inductance and
capacitance of standards of various types are
given,

621.317.333.4.015.7:621.315.2 3361

A Portable Pulse Test-Set for the Measure-
ment of Impedance Irregularities in Coaxial
Cables used for the Transmission of Television
Signals—F. A. Vitha. (Commun. News, vol. 13,
pp. 117-127; June 1953.) The theory of reflec-
tion at cable irregularities is reviewed. The
equipment described comprises a transmitter
unit and cro. Pulse duration can be either 0.05
or 0.25 us. Pulse rate is controlled by an oscil-
lator at one of nine frequencies between 10 and
300 kc or by triggering from an outside tiining
source. Cables of length from 50 m to 15 km
can be tested. Accuracy is within £3 mor *3§
m according to total cable length

621.317.7.029.6 3362

Instruments for use in the Microwave
Band—A. F. Harvey. (Proc. 1.E.E., part 11,
vol. 100, p. 244; July 1953.) Discussion on pa-
per abstracted in 1969 of 1952 (Harvey.)

621.317.715 3363

A Logarithmic-Scale Valve Galvanometer
—G. Heiland and G. Rupprecht. (Z. angew.
Phys., vol. 5, pp. 167-171; May 1953.)
Theory, design and applications of instru-
ments with a working range of 10712—107¢ A,

621.317.723 3364

A Logarithmic-Scale Electrometer—W.
Waidelich. (Z. angew. Phys., vol. 5, pp. 171~
173; May 1953.) The design of an es quadrant-
type voltmeter for the range 10 V-1 kv is de-
scribed.

621.317.733 3365

High-Resistance Bridge for Conductivity
Measurements—M. Unz. (Jour. Sci. Insir.,
vol. 30, pp. 179-184; June 1953.) The bridge
described is suitable for measuring the conduc-
tivity of the ground or other specimens with un-
reliable contact surfaces.

621.317.733:1621.316.86:537.312.6 3366

Direct-Reading Thermistor Bridge—K. F.
Treen. (Electronic Eng., vol. 25, pp. 350-351;
Aug. 1953.) Comment on 1749 of June (Pear-
son & Benson), and authors’ reply.

621.317.733.011.21 3367

Wheatstone Bridge for Admittance Deter-
minations—H. P. Schwan and K. Sittel. (Elec.
Eng., vol. 72, p. 483; June 1953.) Digest
only. Description of a bridge for measurement
(to within 0.19}) of resistances in the range 102
~100 k2 and capacitances from zero to 1000 pf.
The reactance calibration is independent of
frequency for all resistors > 100%.

621.317.74 3368

Design and Construction of an Accurate
Standing-Wave-Ratio Meter for the 9.5-
kMc/s Band.—]J. Le Bot and S. Le Montagner.
(Jour. Phys. Radium, vol. 14, pp. 299-303;
May 1953.) A general discussion is given of
the effects on wave propagation of the usual
type of slotted guide and probe arrangement.
Accuracy of machining and finishing the equip-
ment described was such that the positions of
the voltage minima were defined to within
+ Su.

621.317.755 3369

Automatic C.R.T. Trace Brightening for
Varying-Amplitude R.F. Signals—]J. de Klerk.
(Elec. Eng., vol. 25, pp. 388-389; Sept. 1953.)
In photography of short trains of pulses of
varying amplitudes, if the exposure is correct
for the large-amplitude pulses, the small-ampli-
tude pulses will be over-exposed. This difficulty
is overcome by means of a circuit which auto-
matically increases the brightness of the trace
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by an amount proportional to the signal am-
plitude. Typical oscillograms illustrate the use
of the circuit.

621.317.755 3370
The Oscilloscope, Type GM 5660—T. M. W.
van Velthoven. (Commun. News, vol. 13,
pp. 139-146; June 1953.) Description, with
circuit diagrams of the various units, of an
instrument with a 10-cm screen and a special
synchronization system for examination of
transients of duration down to 0.1 us.

621.317.755 3371

Some Special Oscillograph Techniques—
F. M. Bruce. (Jouwr. Bril. IRE, vol. 13, pp. 303~
314; June 1953.) Techniques and apparatus in
use for investigation of transients in heavy-
current equipment are described, including
(a) a continuously evacuated oscillograph with
the beam impinging directly on photographic
film, (b) high-speed oscillographs for micro-
gsecond transients, (¢} equipment for multiple
recording with a high-speed drum camera, (d)
a recurrent-surge cro for pulse tsets on trans-
formers, (¢) a recovery-voltage indicator for
testing circuit-breakers.

621.317.755:512.99 3372

Study of a Vectorial Analyser—]J. van Geen,
(HF, Brussels, vol. 2, pp. 157-161; 1953.)
Description of equipment for vectorial cro dis-
play of sinusoidal voltages. A circular-sweep
timebase is used, the frequency being 1 kc.
Applications to em wave propagation along an
artificial transmission line and to sound-wave
propagation inanecho-free roomare illustrated.

621.317.755:621.397.6 3373

Testing of Television Studio Equipment by
means of Synchronizing Pulses of Variable
Phase—E. Demus. (Fernmeldetech. Z., vol. 6,
pp. 208-213; May 1953.) A “line selector” os-
cilloscope and its applications to 625-line
equipment are described. Block diagrams and
oscillograms illustrating various faults are
given. Similar equipment was described by
IFisher (1762 of 1952).

621.317.756+621.317.77 3374

A Harmonic-Response-Testing Equipment
for Linear Systems—D. O. Burns and C W.
Cooper. (Proc. IEE [London], part II, vol.
100, pp. 213-221; June 1953. Discussion, pp.
221-222.) Detailed description of equipment
for measurements in the frequency range 0.1-
100 cps. Phase shift and attenuation are indi-
cated on dials. The phase meter is an air-cored
dynamometer with oil damping. With purely
sinusoidal excitation of the fixed coil, the mov-
ing coil responds only to the fundamental com-
ponent of the applied signal. Sinusoidal signals
at the test frequency are obtained by demodu-
lating a carrier-frequency signal which has
been modulated electromechanically. The
equipment includes a special amplifier for low-
impedance coupling and a calibrated amplifier
for attenuation measurements.

621.317.761.029.422 3375

Automatic Frequency Meter for Very Low
Frequencies—F. Hubl. (NachrTech., vol. 3,
pp. 222-225; May 1953.) A description is given
of the principles and design of a direct-reading
meter suitable for measurement of the fre-
quency difference between two standard-fre-
quency sources. A system of sensitive relays is
used to control the operating time of a motor
coupled to a dc potentiometer, the current
through which is a measure of the difference
frequency.

621.317.794:621.362:537.311.33 3376

The Construction of Radiation Thermo-
couples using Semiconducting Thermoelectric
Materials—D. A. H. Brown, R. P. Chasmar
and P. B. Fellgett. (Jour. Sci. Insir., vol. 30,
pp. 195~199; June 1953.) An investigation is
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reported of methods of construction of thermo-
couples of the type described by E. Schwarz
(British Patent Specifications Nos. 578187
and 578188). The composition of the thermo-
electric materials is discussed. Performance
figures for experimental thermocouples are
given together with those obtained on commer-
cial couples made by Schwarz.

621.396.615.17.018.75:621.397.62 3377

An Introduction to the Sine-Squared Pulse
—G. J. Hunt and E. W. Elliot. (Jour. Teley.
Soc., vol. 7, pp. 49-59; April/June 1953. Dis-
cussion, p. 59.) The sine-squared, or “raised
cosine,” pulse is one in which each ordinate is
the square of the corresponding ordinate of a
half sine-wave. A description is given of a com-
plete generator uging in the squaring stage a rf
pentode with signal applied simultaneously to
control and suppressor grids; pulses of 0.34,
0.17, 0.1 and 0.05 us are available. For testing
the transient response of television or other
low-pass systems, this type of pulse offers
many advantages.

OTHER APPLICATIONS OF
RADIO AND ELECTRONICS

620.179.1:677.72 3378

Electromagnetic Testing of Winding Ropes
—A. Semmelink. (Trans. S. Afr. Inst. Elec.
Eng., vol. 44, pp. 113-129; May 1953.) Dis-
cussion, pp. 130-145.) Details are given of an
ac test method in which a wire rope is magnet-
ized longitudinally and flux variations are
detected by means of a search coil.

621.316.71:666.16 3379

Electronic Control of Glass-Grinding Ma-
chines—(Engineering, [London}, vol. 175. pp.
574-575; May 1, 1953.) Glass windows whose
edges are to be ground are mounted on a rotat-
ing chuck whose rate of rotation is controlled
by a cam-operated servomechanism to prevent
excessive grinding speeds at critical points of
the profile.

621.384.612 3380

Radiation by Electrons in Large Orbits—
D. R. Corson. (Phys. Rev., vol. 90, pp. 748-
752; June 1, 1953.) Measured values of electron
energy loss per orbit revolution in tne Cornell
University synchrotron are in excellent agree-
ment with values calculated from classical em
theory.

621.384.613 3381

The Betatron—R. Widerde. (Z. angew.
Phys., vol. 5, pp. 187-200; May 1953.) A clear
account of the theory, development and ap-
plications of the betatron to date. 70 references.

621.385.833 3382

An Improved Scanning Electron Micro-
scope for Opaque Specimens—D. McMullan.
(Proc. 1EE [lLondon] part II, vol. 100, pp.
245-256; June 1953. Discussion, pp. 257-259.)

621.385.833 3383
Potential of an Electrostatic Electron Lens.
Comparison of the Results of Calculations and
of Measurements made in an Electrolyte
Tank—M. Laudet and P. Pilod. (Jour. Phys.
Radium, vol. 14, pp. 323-328; May 1953.)

621.385.833 3384
Space-Charge Requirements in Some
Ideally Focused Electronoptical Systems—

N. Wax. (Jour. Appl. Phys., vol. 24, pp. 727-
730; June 1953.)

621.385.833 3385

The Magnetic Circuit in Electron-Micro-
scope Lenses—T. Mulvey. (Proc. Phys.
Soc. [London], vol. 66, pp. 441-447; June 1,
1953.)

621.385.833 3386
The Effect of Pole-Piece Saturation in
Magnetic Electron Lenses—G. Liebmann.

Abstracts and References

(Proc. Phys. Soc. [London], vol. 66, pp. 448-
458; June 1, 1953.)

621.385.833 3387

Focusing of High-Energy Particles by Grid
Lenses: Part 1—The Convergence of Grid
Lenses—M. Y. Bernard. (Jour. Phys. Radium,
vol. 14, pp. 381-394; June 1953.)

621.385.833:537.12/.13 3388

Obtaining Electron Images of Surface Bom-
barded by Ions—A. Septier. (Compl. Rend.
Acad. Sci. [Paris], vol. 237, pp. 231-233; July
25, 1953.)

621.387.424 3389
Application of Wilkinson’s Theory to G-M
Counters with External Cathode—D. Blanc
and H. Zyngier. (Compt. Rend. Acad. Sci.
[Paris), vol. 237, pp. 38-39; July 6, 1953.)

621.387.424 3390

Limitation of the Propagation of the Dis-
charge in G-M Counters—E. Picard and A.
Rogozinski. (Jour. Phys. Radium, vol. 14, pp.
304-306; May 1953.)

PROPAGATION OF WAVES

538.566 3391

A Note on Sommerfeld's 1909 Paper—
B. M. Fannin. (Proc. I.R.E., vol. 41, pp.
1059-1960; Sept. 1953.) Comment on 2871 of
1950 (Kehan and Eckart)).

538.566 3392

Concerning Green’s Reinterpretation of
the Magnetoionic Theory—C. G. McCue.
(Jour. Atmos. Terr. Phys., vol. 3, pp. 239-244;
June 1953.) In Green's equations of motion of
an electron under the influence of the electric
component of the radio wave, which were given
in a handbook of the Ionospheric Prediction
Service, NSW, Australia, October 1950, the
x component of the electric wave vector is neg-
lected. This invalidaf the remainder of
Green's analysis. Appleton’s interpretation of
the magneto-ionic theory appears to be suffi-
cient at present. The calculation of the muf,
when the magnetic field of the earth is taken
into consideration, is discussed.

538.566 3393

Wave Propagation in an Anisotropic In-
homogeneous Medium—]. Feinstein. (Jour.
Geophys. Res., vol. 58, pp. 223-230; June 1953).
The results are given of wave-theory calcula-
tions for the characteristic-mode polarizations
and reflection coefficients for the case of finite
gradients of electron density and an arbitrarily
oriented geomagnetic field. Consideration of
the variation of polarization with distance
within the medium leads to a simple interpre-
tation of the departures from geometrical
optics. The treatment is extended to collision
frequencies near the critical tube. Modifica-
tions introduced by the wave principles used
are discussed and the results of If polarization
measurements are explained.

538.566:551.551 3394

Electromagnetic-Field Fluctuations due to
Turbulence, at the End of a Line-of-Sight
Propagation Path—]. Voge. (Compt. Rend.
Acad. Sci. [Paris], vol 237, pp. 351-353; July
27, 1953.) Megaw (1105 of April) treated this
problem on the basis of a turbulence spectrum
physically the most probable. A Taylor type of
spectrum is here assumed; this may be less cor-
rect, but is often simpler to use. Analysis for
two cases considered, (a) ultra-short waves
transmitted over a moderately great distance,
(b) light waves, leads to formulas analogous to
those of Megaw.

621.396.11:[550.385:523.72:621.396.822 3395

Relationship between Radio-Propagation
Disturbance, Geomagnetic Activity and Solar
Noise—van Sabben. (See 3283.)
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621.396.11.029.6 3396

Large Reductions of V.H.F. Transmission
Loss and Fading by the Presence of a Mountain
Obstacle in Beyond-Line-of-Sight Paths—-
F. H. Dickson, J. J. Egli, J. W. Herbstreit and
G. S. Wickizer. (Proc. 1I.R.E., vol. 41, pp.
967-969; Sept. 1953.) A graph of transmission-
loss/obstacle-height for paths of 50 and 150
miles and frequency 100 mc is shown which is
based on knife-edge diffraction theory. As com-
pared with paths having no mountain obstacles
paths with such obstacles will show consider-
able transmission gains provided particular
combinations of antenna height, obstacle
height and frequency are chosen. Experimental
results for a 38-mc, 160-mile communication
link in Alaska, with effective antenna height of
50 feet and obstacle height >8,000 feet, were
in reasonable agreement with calculations.
Field-strength records also showed absence
of severe tropospheric fading.

621.396.11.029.62 3397

Study of Ultra-Short-Wave Propagation
over the Barrier presented by the Alps—
J. Dufour. (Tech. Mitt. schweiz. Telegr.- Teleph-
Verw., vol. 31, pp. 124-12—-; May 1, 1953. In
French.) The signal strengths of North Italian
and South German FM transmitters operating
in the 90-95 mc band were measured during the
summer of 1952 at five stations in Switzerland.
Recordings were made at three stations. The
expected field-strength calculated from the free,
space field, but allowing for diffraction at inter-
vening ridges, agreed within 10 db with the
measurement results which, apart from line-of-
sight paths, show fair agreement with the
CCIR curves. Rapid signal-strength varia-
tions were related to interference between the
direct and the ground-reflected wave. Stow var-
iations seemed to be due to refraction condi-
tions. The absence of variations always corre-
sponded to rainy windy weather. On two occa-
sions the passage of a cold front coincided with
marked signal increase. Apart from improved
reception at high-altitude stations, the Alps are
not found to introduce any new propagation ef-
fect.

RECEPTION

621.396.62+621.397.62:0061.4 3398

Radio and Television at the Paris Fair—
P. A. Frangois. (TSF et TV, vol. 29, pp. 202—-
206 and 241-242; June/Aug. 1953.) 133 radio
receivers exhibited, including one FM re-
ceiver, are classified, with indications of
ranges, number of tubes, etc. Trends in design
are noted.

621.396.621 3399

The Reception of Frequency-Shift Signals
from Short-Wave Transmitters—H. Bohnen-
stengel. (Fernmeldetech. Z., vol. 6, pp. 249-253;
June 1953.) The effect of interference on the
reception of frequency-shift signals is ana-
lyzed. A table is given relating bandwidth,
mean effective noise voltage, the minimum
voltage required for reception for (a) recorder
operation with amplitude keying, (b) fre-
quency-shift keying, (¢) printer operation, and
the permissible frequency shift using a mini-
mum keying-pulse time of 20 ms. The effect
of fading on reception is also investigated. The
efficacy of normal frequency-shift gystems is
attributed to amplitude limitation. A fre-
quency-diversity system using two values of
frequency shift, or additional FM of the fre-
quency radiated, is recommended.

621.396.621 3400

Magnetic Demodulation—L. Pungs and
G. Meinghausen. (Frequenz, vol. 7, pp. 153~
160; June 1953.) The magnetic-flux/field-
strength characteristic is made use of for de-
modulation which results from the rectifica-
tion of the induction flux. Demodulation of
A and B types, depending on the point of op-
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eration on the ®/H curve, is discussed by
analogy with demodulation by means of non-
linear resistors. The circuit and method used
in the deternination of the rectification charac-
teristic curves are described and examples of
load-line determination of the dynamic char-
acteristics are given,

621.396.621:621.396.822 3401

Signal-to-Noise Ratios, in Band-Pass Lim-
iters—W. B. Davenport, Jr. (Jour. Appl.
Phys., vol. 24, pp. 720-727; June 1953.) A gen-
eral analysis is made of the relation between
the output signal and noise powers and the
input signal and noise powers for band-pass
limiters whose transfer characteristic is a non-
decreasing odd function of its argument. Spe-
cific results are given for the case wherethe
limiter output is proportional to the nth root
of its input; they include the ideal symimetrical
limiter as a limiting case. The output sig-
nal/noise power ratio is essentially directly
proportional to the input signal/noise power
ratio for all values of the latter. This is duc to
the band-pass characteristics, rather than to
the symmetrical limiting action.

621.396.621:621.396.822.523.72 3402

Radio-Noise Receivers—]. L. Steinberg.
(Onde élect., vol. 32, pp. 445454 and 519-526;
Nov./Dec. 1952. vol. 33, pp. 274-284, June
1953.) A detailed account of work carried out
from 1947 to 1950. The conditions were de-
termined which recciving equipment must
satisfy if it is to be used for measurement of
uhf radiation. The known characteristics of
solarrf radiationare reviewed and the operation
of a receiver is analyzed for the case when the
level of the received rf noise is small compared
with the tube and circuit noise of the receiver
itself. With regard to the measurement of tem-
peraturcs, noise factor is defined, and statis-
tical analysis is presented of the fluctuations in
the measurement apparatus at the output of
the receiver after the detector. A method of
eliminating fluctuations of gain by use of a
permutation system at the input of the re-
ceiver is described. This system of nodulation
results in an increase of the ratio of useful
signal to noise and hence of the stability in all
cases, even when gain fluctuations are absent.
Various modulation systems are critically dis-
cussed and a new systein is described. The rela-
tion between noise factor N/and bandwidth
Af is considered. A minimum value of the
quantity N+/Af is required; this condition
introduces circuit problems different from
those et with in normal radiocommunication
practice. Mecasurements of the spectrum of gain
fluctuations, made with a selective amplifier
and a noise generator moclulated with square
waves, show that the spectrum extends much
farther towards high frequencies than is indi-
cated by American investigators. A complete
description is given of rf noise-measurement
equipment operating on 1.2 kmc with a noise
factor of 11 db and an input bandwidth of 10
mnc. With this equipment a variation of ap-
parent antenna temperature of +£1°K can be
detected. With the antenna actually used, a re-
ceived power of 4X 1073 J1”/cm? can be de-
tected. Apparatus operating with a larger aerial
in 158 mc¢, but with a smaller bandwidth, can
detect a power of 2.5X10:% 11°/cin?. Results
of observationg made with this equipment
during the eclipse of the sun on 28th April 1949
are described and discussed in relation to opti-
cal measurcments,

621.396.621.54:621.314.7 3403

Transistorized Superhet Receiver-—(Elec-
tronics, vol. 26, pp. 202, 205; Aug. 1953.) De-
scription abstracted from a paper entitled
“Application of Transistors to Radio-Receiver
Circuitry,” by E. Toth. The special problems
arising in receiver design owing to transistor
characteristics such as low input impedance,

PROCEEDINGS OF THE I.R.E.

high output impedance, low power-handling
capacity, etc., are discussed. The receiver de-
scribed has one rf amplifier stage (550 kc-1.55
mc), mixer, heterodyne oscillator operating
4535 kc above the signal frequency, three 455 kc
IF amplifier stages, crystal-diode second de-
tector, af pre-amplifier and af output stage, 8
transistors being used. Gain control is effected
by ganged potentiometers at the inputs of the
rf amplifier and the first IF amplifier. An input
of about 200 uV is required for 6 mw output at
1 ke, with 10 db output signal/noise ratio.
Maxinum power output is about 15-20 mw
for 5% harmonic distortion at 1 kc¢. The total
dc power required is about 1 w:3 v, 8 ma for
the emitter bias circuits, and 30v, 30 ma for
the collector circuits.

621.396.622:621.396.822 3404

Decrease of the Low-Frequency Signal-to-
Noise Ratio when Increasing the Intermedi-
ate-Frequency Bandwidth, using a Square-
Law or a Linear A.M. Detector—H. de Lange
Dzn, (Commun. News, vol. 13, pp. 128-138;
June 1953.) Mecchanical analogy suggests that
for calculations relating to linear detection, a
If noise voltage can be treated as an AM and
phm carrier having the same frequency as that
of the system. This provides a simpler method
of calculation than that of Friinz (3026 of 1941,
and 443 of 1944). Taking particular account of
the relation between If and IF noise spectra,
Burgess's analysis for a linear detector (3098 of
1951) is modified to give results in closer agree-
ment with experiment. Calculations of the rela-
tion between bandwidth and signal/noise ratio
for different levels of modulation show that IF
bandwidth can be increased considerably with
only a moderate reduction of signal/noise ratio,
particularly with lincar detection. The use of
preamplification to ensure linear operation of a
detector is justified even for threshold signals.

621.396.622:621.396.822 3405
The Output Signgh-to-Noise Ratio of a
Power-Law Device—N. M. Blachiman. (Jour.
Appl. Phys., vol. 24, pp. 783-785; June 1953.)
First-order statistics are applied to the prob-
lem of a power-law device fed by a sinusoidal
signal and narrow-band random noise, to ob-
tain an expression for the signal/noise power
ratio for the output components in the vicinity
of any harmonic of the input signal, in terins
of the input signal/noise power ratio. Formulas
are given for the cases of large and small values
of the input ratio. See also 2168 and 2169 of
1945 (Rice), and 1175 of 1949 (Middleton).

621.396.822:621.317.34 3406

The Measurement and Assessment of
Background Noise—I. Belger. (Tech. Haus-
mitl. NordwDltsch. Rdfunks, vol. 5, pp. 51-59;
March/April 1953.) The characteristics of
noise meters are surveyed and experimental
results of subjective tests made to determine
the permissible signal/noise ratio are given.
The average ratio to be aimed at is ~55 db,
but 45 db is tolerable for most types of modu-
lation and even at 35 b the quality of many
programs is satisfactory,

STATIONS AND COMMUNICATION
SYSTEMS

016:621.396.931 3407
Metre Waves in Mobile Services—R. Her-
mann. (Onde élect., vol. 33, pp. 347-352; May
1953.) Classified bibliography of papers and
books published in U.S.A., Europe and Austra-
lia before February 1952, dealing with mobile
communication gystems and equipment.

621.394.333:621.018.78 3408

Oscillographic Representation of the De-
gree of Distortion in Teletype Signals—K. W,
Seiffert. (Fernmeldetech. Z., vol. 6, pp. 214-217;
May 1933.) The degree of gencral distortion
and the degree of relative distortion are de-
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fined and two cr instruments used to measure
them are described.

621.395.44 3409

The L3 Coaxial System: System Design—
C. H. Elmendorf, R. D. Elrbar, R. H. Klie
and A. J. Grossman. (Bell Sys. Tech. Jour.,
vol. 32, pp. 781-832; July 1953.) Design prob-
lems and requirements for the system, which
provides 1860 telephony channels or 600 te-
lephony channels and a television channel in
each direction on a pair of coaxial cables, are
discussed and methods adopted to meet the
requirements are described. An account is given
of the main features of the terminal and re-
peater equipment.

621.395.44:[621.395.521.3+621.395.664 3410

The L3 Coaxial System: Equalization and
Regulation—R. W. Ketchledge and T. R.
Finch. (Bell Sys. Tech. Jour., vol. 32, pp. 833—
878; July 1953.) A theory of the equalization
of complex systems is outlined and the location
and function of the various equalizers are ex-
plained. The analogue computer used in the
regulation system is described and also the
cosine-equalizer adjustment technique used
with manual equalizers. Details of the circuits
and operation of the regulation system are
given,

621.395.44:621.395.645 3411
The L3 Coaxial System: Amplifiers—
L. H. Morris, G. H. Lovell and F. R. Dickin-
son. (Bell Sys. Tech. Jour., vol. 32, pp. 879-
914; July 1953.) The circuits and mechanical
design of the line amplifiers and the flat-gain
amplifiers are described. The two types are
basically similar, consisting of two feedback
amplifiers in tandem coupled by a network
which, in the case of the line amplifier, is vari-
able and is automnatically adjusted to compen-
sate for variations in cable temnperature and
for small deviations from the nominal 4-mile
spacing of repeaters. All important components
are subject to strict quality control to ensure
uniformity of amplifier performance.

621.396.4:621.396.65 3412

Experimental Radio Bearer Equipment for
Carrier Telephone Systems—W. S. McGuire
and A. G. Bird. (Proc. LLR.E., vol. 14, pp.
135-147; Sept./July 1953.) Two FM bearer
systems are described, for the frequency ranges
420-470 mc and 860-960 mc respectively. Both
are crystal controlled, with a frequency devia-
tion of +£180 kc and a carrying capacity of
12-17 telephone channels. The performance of
both systems meets CCIF requirements
when used with the appropriate carrier equip-
ment. Intermediate relay stations re-radiate
on a frequency slightly different from that of
the received signal. Details are given of a
typical installation conprising transmitter, re-
peater and receiver for the 420-470 mc band,
and its performance over a 100-mile circuit is
reported.

621.396.619.13:621.392 3413
A.M.-F.M. Analogy—Harris (See 3246.)

621.396.619.16 3414

Coding by Feedback Methods—B. D.
Smith. Proc. LR.E,, vol. 41, pp. 1053-1058;
Sept. 1953.) The feedback coder converts an
analogue (uantity, such as a voltage, into a
digital quantity. It compriscs an error ampli-
fier, control circuits and a decoding network
which is used as the feedback element in the
amplifier. The binary coder is considered in de-
tail, and the principles of binary-coded decimal
systems arc briefly mentioned. The feedback
coding method is compared with the counting
and coding-tube methods, and a system of
nonlinear coding is outlined.

621.396.619.16 3415
New Method of Modulation with Reduced
Bandwidth—F. Benz. (Ost. Z. Telegr. Teleph.
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Funk Fernsehtech., vol. 7, pp. 66-75; May
/June 1953.) Two equal carriers 90° out of
phase are modulated by the outputs_of two
tubes in push-pull. These tubesare driven by
an alternating pulsed input, the modulation
voltage being applied to the screen grids in
parallel. The two modulated carriers are com-
bined and amplified. For the same hf bandwidth,
the reccived If bandwidth is twice that obtain-
ing in other modulation systems. For recep-
tion, two IF signals are derived and demodu-
lated scparately before being applied to a
phase-discriminator combining circuit. Recep-
tion is possible using a normal AM recciver.
Distortion due to inaccurate phase and fre-
quency transformations in the recciver is cal-
culated and the application of the method in
pwm, pphm and pcm systems is discussed.

621.396.722 3416

International Monitoring—]. T. Dickinson.
(Wireless World, vol. 59, pp. 422-423; Sept.
1953.) Functions and equipment of the receiv-
ing station of the European Broadcasting
Union, opened in July 1953 at Jurbise-Masnuy,
near Mons, are briefly described. Continuous
watch is kept, covering all broadcasting bands.
Two frequency standards are housed in an
underground compartment, one of modified
Telefunken design with outputs of 1, 10, 100
and 1000 kc derived from a 500-kc quartz
crystal, the other of American manufacture.
Fequency monitoring, accurate to within 4 or §
parts in 107, is based on heterodyning the re-
ceived signal with an appropriate rf signal of
known frequency injected into the receiver.
For If and mf reception, inverted-L antennas
are used; for hf, elevated horizontal dipoles;
for vhf, a rigid horizontal dipole. Large rotating
frame antennas facilitate reception in crowded
channels.

621.396.931 3417
Problems Concerning Radio Transmission
for Telephone Links with Mobile Stations—
. Klein. (Tech. Mill. schweiz. Telegr.- Teleph-
Verw., vol. 31, pp. 145-168; vol. 31.) French
version of paper abstracted in 1486 of May.

621.396.932 3418

Radiotelegraphy, Radiotelephony and Nav-
igational Aids Aboard Merchant Ships and
Fishing Vessels—L. Lahure and J. Fontaine.
(Onde élect., vol. 33, pp. 289-299; May 1953.)
A review of the development of ships' radio
apparatus from the first transmitters to inodern
equipment based on recommendations of re-
cent conventions.

621.396.933 3419

Telecommunications and Radio Aids in
Civil Aviation—(Onde élect., vol. 33, pp. 249-
288; May 1953.) Seven papers reviewing post-
war developments:

Organization of Civil Aviation—Portier.
An outline of national and international ar-
rangements.

Telecomnmunications in Civil Aviation—
G. Hoerter. An account of traffic and naviga-
tion systeins required for different air services.

Control Towers—Macelloni & Vannel.
Description of equipment lay-out and vhf R/T
recording and df apparatus.

Central Telecommunications Office—Qui-
quandon and Lalini. Operation of telegraph
and telephony services and receiving equip-
ment of a typical center are described.

H.F. Transmitters for Aerodromes—Nill.
INustrated general description of a standard
series of fixed-frequency transmitters for 50 w,
300 w, 1 kw and 10 kw.

Radio Aids to Air Navigation—Villiers.
A review of past and present systems, in par-
ticular loran and consol, vor/dme, and Decca,
and instrument landing systems H,, and gca.

Radio Installations at French Overseas
Aerodromes—Bargain. A note on the phases
of development, with a map showing the scrv-
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ices planned for different airfields, particularly
in N.\V. Africa.

SUBSIDIARY APPARATUS

621-526 3420

A Study of a Second-Order Sampling
Servo—S. R. Cooper. (Elec. Eng., vol. 25, pp.
342-349; Aug. 1953.)

621-526 3421

Operating Modes of a Servomechanism
with Nonlinear Friction—H. Lauer. (Jour.
Frank. Inst., vol. 255, pp. 497-511; June 1953.)

621-526 3422

Considerations on Discriminators in Air-
borne Servo Systems—]. C. Gille. (Onde élect.,
vol. 33, pp. 337-342; May 1953.) Discussion
of performance requirements for automnatic-
pilot mechanisms.

621-526 3423

Reduction of Forced Error in Closed-Loop
Systems—1L. H. King. (Proc. L.R.E., vol. 41,
pp. 1037-1042; Sept. 1953.)

TELEVISION AND PHOTOTELEGRAPHY

621.397.242:621.395.44 3424

The L3 Coaxial System: Television Ter-
minals—]J. \V. Rieke and R. S. Graham. (Bell
Sys. Tech. Jour., vol. 52, pp. 915-942; July
1953.) The special requircinents of teriinal
equipment for the transmission and reception
of television signals are discussed. The trans-
mitting and receiving equipments are de-
scribed, with details of the modulation process,
vestigial-sideband operation, filter character-
istics, pilot-frequency generator, etc.

21.397.26:621.396.65 3425
The Hinsbeck Relay Station in the Inter-
national Television Link on the Occasion of
the Coronation—I1I. Ehlers and G. Droscher.
(Tech. Hausmitt. NordwDitsch. Rdfunks, vol. S,
pp. 33-36; March/April 1953.) The planning
of the station is discussed and the equipment
used in the relay described, with a block dia-
gram showing the arrangements for duplicate
reception and retransmission to Wuppertal for
distribution to the NWDR network.

621.397.26:621.396.65 3426
New Television Directional Radio Links of
the Federal German Post Office—(Fernmel-
detech. Z., vol. 6, pp. 220-233 and 269-279;
May/June 1953.) A series of seven articles by
various authors giving a description of the
complete system linking Hamburg and Co-
logne, with the recent extension to Frankfurt
am Main. See also 1431 and 2033 of 1952
(Schmidt), and 2160 of July (Behling et al.).

621.397.335:535.623 3427

A Subjective Study of Color Synchroniza-
tion Performance—M. 1. Burgett, Jr. (Proc.
L.R.E., vol. 41, pp. 979-983; Sept. 1953.) The
circuits associated with five main color re-
ceiver functions are so grouped that noise can
be introduced into each geparately in amounts
controllable by the observer, who variegs the
noise to match each of 7 standard comments
ranging from “not perceptible” to “not usable.”
NTSC signals are applied, and a mono-
chrome receiver is also used for comparison.
Results obtained by 10 observers indicate that
noise in the color-synchronization circuit has
relatively little adverse effect on picture qual-
ity, compared with noise in the luminosity-
information or deflection-synchronization cir-
cuits,

621.397.5:535.623 3428

Principles and Development of Color-~
Television Systems—G. H. Brown and
D. G. C. Luck. (RCA Rev., vol. 14, pp. 144-
204; June 1953.) A review of the development
of compatible color-television systems by the
RCA from 1940 to 1953 is given and the
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fundamentals of colorimetry and the physiol-
ogy of vision are discussed. The 1953 NTSC
field-test specifications are given in an appen-
dix.

621.397.5:535.623 3429

Colorimetric Analysis of R.C.A. Color-
Television System—D. \W. Epstein. (RCA
Rev., vol. 14, pp. 227-258; June 1953.) An
outline of the principles of colorimetry is given,
and the effects of camera spectral characteris-
tics and studio lighting on the fidelity of repro-
duction in the RCA compatible color-tclevi-
gion system are analyzed.

621.397.6:621.317.755 3430

Testing of Television Studio Equipment by
Means of Synchronizing Pulses of Variable
Phase—Demus. (See 3373.)

621.397.61:535.623 3431

Optimum Utilization of the Radio-Fre-
quency Channel for Color Television—R. D.
Kell and A. C. Schroeder. (RCA Rev., vol. 14,
pp. 133-143; June 1953.) Discussion of the
technical and physiological considerations on
which the NTSC specifications of the field-
test gignal are based.

621.397.611.2 3432

Standards Converter for International TV—
A. V. Lord. (Electronics, vol. 26, pp. 144-147;
Aug. 1953.) Description of the principles and
construction of equipment of the type used for
conversion of programs from the French 819-
line standard to the British 405-line standard.
Sec also 2469 of August.

621.397.611.2 3433

Signal Generation in Television Camera
Tubes: Part 2—Construction, Operation and
Performance of the Diflerent Types of Tube —
R. Theile. (Arch. elekt. Ubertragung, vol. 7,
pp. 281-290, and pp. 328-337; June/July 1953.)
See 1828 of June. Part 1, 1829 of June.

621.397.62 3434

A 427/45-Mc/s Converter for the Society's
Television Transmissions—D. N. Corfield.
(Jour. Telev. Soc., vol. 7, p. 86; April/June
1953.) Corrections to paper abstracted in 2809
of September.

621.397.62+621.396.62]:061.4 3435
Radio and Television at the Paris Fair—
Frangois. (See 3398.)

621.397.62:535.623 3436

Color-Television-Signal Receiver Demodu-
lators—D. H. Pritchard and R. N. Rhodes.
(RCA Rev., vol. 14, pp. 205-226; June 1953.)
The basic concepts of a simultaneous subcar-
rier color system are described, with particular
reference to the receiver demodulator problem.
The design of denodulators for the NTSC
type of signal is discussed and examples are
given of practical circuits.

621.397.62:621.396.615.17.018.75 3437
An Introduction to the Sine-Squared Pulse
—Hunt and Elliott. (See 3377.)

621.397.62:621.396.662 3438

Factors Affecting the Design of V.H.F.-
U.H.F. Tuners—Ii. ll. Boden. (Sylvania
Technologist, vol. 6, pp. 64-67; July 1953.)
Design requirements for the stages of a single
tuner for U.S. channels 2-83, utilizing Type-
6AN4 triodes in the rf amplifier and mixer
stages and a Type-6T4 triode as oscillator
tube, are considered. Three possible tuner
circuits are examined. Noige-figure and gain
measurements made on the compromise tuner
gave values of 7-14 db and 25-20 db respec-
tively, in the frequency range from channel 2
to channel 83.

621.397.621 3439
In Search of the Perfect Raster—P. ]J.
Edwards. (Jour. Telev. Soc., vol. 7, pp. 60-76;
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April/June 1953.) Defects considered are: (a)
inaccurate interlace; (b) deformities of the
complete raster and of the individual scanning
lines; (C) nonlinearity of scan; (d) nonuniform-
ity of focus. The adverse influence of incorrect
synchronization is considered and a description
is given of a synchronization separator circuit
using a cathode-coupled limiter, Good raster
shape and linear scanning fields can be ob-
tained by using deflection coils with suitably
graded windings.

621.397.621.2:535.623 3440

The Preparation of Phosphor Screens for
Color-Television Tubes—S. Levy and A. K.
Levine. (Sylvania Technologist, vol. 6, pp. 60—
63; July 1953.) A photographic method for the
preparation of three-dot screens for color-
television tubes is described. A paste consisting
of a green, red or blue phosphor mixed with a
photosensitive binder is applied to the glass
screen and is illuminated by a point source of
light through a mask of the desired pattern.
The screen is then developed, fixed and the
unexposed areas are washed away by a solvent.
The process is repeated for the other colors. A
permanent silicate binder is sprayed on, after
removing the photosensitive binder by baking
at 400°C.

621.397.826 3441
Influence of Echoes on Television Trans-
mission—P. Mertz. (Jour. Soc. Mot. Pict. Telev.
Eng., vol. 60, pp. 572-596; May 1953.) Image
distortion due to echoes is classified in terms of
the characteristics of the echo signals, and
tolerances for small- and large-screen television
pictures in respect of over-all phase drift, en-
velope delay and phase delay are estimated.

TRANSMISSION

621.396.619.14 3442

Susceptance Valves and Reactance Valves
as Phase Modulators—A. van Weel. (Jour.
Brit. IRE, vol. 13, pp. 315-320; June 1953.)
In two of the three basic ways of connecting a
triode to operate as a variable impedance, the
grid-anode capacitance is effectively in parallel
with the circuit impedance. The application of
these “susceptance” tubes for phm is described,
only one tube being necessary to introduce
phase variations up to 45° with mutual-con-
ductance variations 0.5 ma per volt. A
pentode grounded-anode susceptance-tube cir-
cuit and a pentode reactance-tube circuit, both
providing a phm output current, are described.

621.396.932 3443

Some Problems in the Design of Marine
Transmitters—D. J. Spooner. (Jour. Bril.
IRE, vol. 13, pp. 325-330; June 1953.) Tech-
nical requirements in transmitter design in re-
spect of frequency stability, bandwidth, power
output and keying, based on official perform-
ance specifications, are discussed. Recom-
mended “type-approval” tests, including a se-
quence of climatic and durability tests, are
described.

TUBES AND THERMIONICS

537.311.33:621.314.7 3444
Transistors: Theory and Application: Part
6—Operation of Junction Transistors—A Co-
blenz and H. L. Owens. (Electronics, vol. 26,
pp. 156-161; Aug. 1953.) Discussion of the
physical and electrical properties of transistor
triodes and tetrodes, p-n-p-n junctions, and
the phototransistor. Part 5, 3021 of October.

621.314.7 3445

Unipolar °‘Field-Effect’ Transistor—G. C.
Dacey and I. M. Ross. (Proc. I.R.E., vol. 41,
pp. 970-979; Sept. 1953.) The field-effect
transistor is essentially a structure containing a
semiconducting current path, the conductivity
of which is modulated by the application of a
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transverse electric field. Modifications are
made to Shockley's ideal theory to take ac-
count of the following factors: (a) series re-
sistance at the source and/or drain contacts,
(b) carrier depletion, (¢) negative gate resist-
ance, (d) temperature effects. Design charts
are then developed and their use explained.
Details of results obtained with experimental
units differing slightly in their dimensions are
given. The results are in substantial agreement
with the modified theory. Units having stable
characteristics, transconductances up to 0.3
ma per volt and flat frequency response to 3
mc have been produced.

621.314.7:537.311.33:546.289 3446
Mechanism of Point-Contact Transistors—
Thedieck. (See 3331.)

621.383.032.2 3447

Development of the Ca-AgO Photocathode
During Thermal Treatment—V., Schwetzoff.
(Compt. Rend. Acad. Sci, [Paris], vol. 237, pp.
320-322; July 27, 1953.) The observed changes
of photoelectric and secondary emission are
shown graphically and discussed.

621.383.2.014.33 3448

Pulse Irradiation of Composite Photo-
cathodes with Intermediate Semiconducting
Layers—W. Kluge and S. Weber. (Naturwis-
senschaften, vol. 40, p. 315; June 1953.) Pulse
illumination of Ag-Css0-Cs cathodes in vacu-
um photocells resulted in no fatigue. The il-
lumination with white light was varied up to
107 Lux, with a pulse width at half maximum
intensity of 15 us. The saturation pulse cur-
rent was proportional to the intensity of il-
lumination.

621.383.42 3449
The Modern Single Layer Selenium Photo-
electric Cell—G. A. Veszi. (Jour. Brit. IRE,
vol. 13, pp. 183-189; April 1953.) Review of
photocell development and applications.

621.385:537.525.92 3450

Propagation of Space-Charge Waves in In-
finite and Finite Electron Beams—P. Parzen.
(Elec. Commun., vol. 30, pp. 134-138; June
1953.) Small-signal theory is developed for the
case of beams of infinite lateral extent in planar
diodes. The theory yields results in agreement
with those of Llewellyn and Peterson (2578
of 1944) but can more readily be extended to
deal with finite beams and with the effects of
thermal velocities. Its application is not re-
stricted to diodes. The analysis is relevant to
the properties of traveling-wave tubes.

621.385.017.72 3451

The Vapotron—G. Ashdown. (Elec. Eng.,
vol. 25, pp. 378-379; Scpt. 1953.) A detailed
account of the vaporization method of cooling
high-power transmitting tubes has previously
been given by Buertheret (542 of 1952).

621.385.029.6 3452
Effect of Thermal-Velocity Spread on the
Noise Figure in Traveling-Wave Tubes—
P. Parzen. (Elec. Commun., vol. 30, pp. 139-
154; June 1953.) Reprint. See 2934 of 1952.

621.385.029.63/.64 3453

On the Theory of the Helix-Type Travel-
ling-Wave Valve-—E. I. Vasil'ev and V. M,
Lopukhin, (Zh. tekh. Fiz., vol. 22, pp. 1838-
1842; Nov. 1952.) A theoretical investigation
of the effect of the velocity scatter of the beam
electrons on the range of the existence and on
the value of the complex roots of the dispersion
equation for a traveling-wave tube using a
helix.

621.385.029.64 3454
Traveling-Wave Oscillator Tunes Elec-
tronically—H. R. Johnson and J. R. Whinnery.

(Electronics, vol, 26, pp. 177-179; Aug. 1953.)
Details are given of the construction and op-
erating characteristics of an electrically short
tube with an output >100 mw at 3 kmc. By
variation of the helix voltage, a 4.5% change
of frequency is obtainable. The electrical
length is 14 A. External feedback through a
filter eliminates undesired oscillation modes.

621.385.032.216:537.581:537.311.32 3455

Relationship between Thermionic Emission
and Electrical Conductivity of Oxide-Coated
Cathodes—S. Narita. (Jour. Phys. Soc. {Japan],
vol. 8, pp. 331-338; May/June 1953.) (Ba,
Sr)CO; and sintered BaCOQO; cathodes are in-
vestigated. A new emission and conduction

mechanism is proposed for oxide-coated
cathodes.
621.385.832/621.396.662 3456

A New Type of Tuning Indicator for Battery
or Mains Receivers-—H. P. White. (M ullard
tech. Commun., vol. 1, pp. 104-110; July 1953.)
Full details are given of the new Mullard DM70
tuning indicator. It has a simple electrode
structure and a 1.4v filament.

621.387 3457

The Characteristics of some Large-Current
Glow-Discharge Tubes—F. A. Benson. (Elec.
Eng., vol. 25, p. 321; Aug. 1953.) Short-
time characteristics of Type-CV1199 tubes, de-
signed for the current range of 30-180 ma, are
reported.

621.396.615.141.2 3458
Theory of the Multisegment Magnetron—
V. L. Kalinin and T. P. Ryazonova. (Zh. tekh.
Fiz., vol. 22, pp. 1592-1598; Oct. 1952.) The
results obtained by Slutskin (1839 of 1948)
are further developed to cover the case when
the modulation of the density of the tangential
electron stream is taken into account. The dis-
cussicn is based on the consideration of an
electrical circuit equivalent to a multisegment
magnetron (Fig. 1) and a general formula (12)
is derived for the mean energy exchange be-
tween the electron streams and the slots during
one cycle. Several particular cases are con-
sidered in detail; the theoretical conclusions are
in good agreement with experimental results.

621.396.615.142 3459

Debunching of Electron Beams constralned
by Strong Magnetic Fields—N. Chodorow,
E. L. Ginzton and E. J. Nalos. (Proc. LLR.E.,
vol. 41, pp. 999-1003; Sept. 1953.) Feenberg's
golution of the equations of electron motion in
v tubes is arbitrarily extrapolated to cover
large values of the bunching parameter. Ex-
periments to test the validity of this procedure
were made on a conventional type of two-cavity
klystron. With increasing value of the debunch-
ing parameter, the ouput ri current decreased
and the input voltage required to produce
maximum output current increased. Voltages
at the cavity gaps were well below the beam
voltage in all experiments. A phase reversal of
output current at a particular value of beam
radius was observed. Experimental results are
in reasonable accordance with theory, when
this is corrected for nonuniformity of the beam
crosssection. The extrapolation may be con-
sidered valid for values of the debunching
parameter <3.5 and of the bunching parame-
ter <4.

MISCELLANEOUS

001.891:621.396 3460

Radio Research 1952 [Book Review}—
Publishers: H.M. Stationery Office, London,
1953, 51 pp., 2s—(Elec. Jour., vol. 151, p. 262;
July 24, 1953.) Reports of the work carried out
during 1952 at the Radio Research Station,
Slough, at overseas stations, and at British uni-
versities collaborating with DSIR,
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GENERAL INFORMATION

The Institute

The Institute of Radio Enginecers serves those inter-
ested in radio, allied electronics, and communications
fields through the presentation of technical material,
and by the monthly publication of PROCEEDINGS OF THE
LLR.E., a technical journal. The Institute also pub-
lishes I.R.E. Standards, a number of Professional Group
Publications, as well as a Convention Record.

Membership has grown from a few dozen in 1912 to
more than 35,000 in 1953. There are several grades of
membership, depending on the qualifications of the ap-
plicant, with dues ranging from $5.00 per year for Stu-
dents to $15.00 per year for Members, Senior Members,
Fellows, and Associates of more than five vears’ stand-
ing.

ProressioNnAL Grouprs

To serve more fully the many special fields of inter-
est, Professional Groups have been formed in each of 21
technical fields on an Institute-wide basis, with member-
ship open only to IRE members.

Group activities include the sponsoring of symposia
and conferences, and the publication of TRANSACTIONS
ofF THE I.R.E., journals containing technical material
of special interest to Group members. To support Group
activities, assessment fees may be levied by the Groups
on their members.

The PrRoCEEDINGS

The PrROCEEDINGS has been published without inter-
ruption from 1913, when the first issue appeared. Over
4,700 technical contributions have been included in its
pages, portraying a currently written history of devel-
opments in both theory and practice. The contents of
papers are the responsibility of the authors and are not
binding on the Institute or its members. All rights of
republication are reserved by the Institute.

Annual subscription rates for the United States of
America, its possessions, and Canada, $18.00; to college
and public libraries when ordering direct, $13.50; other
countries, $1.00 additional for postage.

The TRANSACTIONS

TraNsAcTIONS have been published at intervals by
Professional Groups since December, 1951, when the
first issue appeared. A total of nearly 500 specialized
technical papers have thus been made available to
Group members during the first year of publication. All
papers published in the TRANSACTIONS are procured and
reviewed by the respective Professional Group. The
contents of papers are the responsibility of the authors
and are not binding on the Institute, the Groups, or
their members. All rights of republication are reserved
by the Institute. The annual contents of the TrRaNSAC-
TIONS are published in a separate index. The TRANSAC-
TIONS arc sent free to paid members of the respective
Groups.

Subscription rates covering all issues of TRANSAC-
TIONS published during the twelve-month period start-
ing July 1, 1952, for the United States, its possessions,
and Canada, $100; to colleges and public libraries, $75.

I.R.E. STANDARDS

IRE Standards, as listed on Cover 1V of the Index to
the PROCEEDINGS, are available for those who wish to
buy them at the prices indicated.

ConvenTioN RECORD

In 1953, for the first time, the Institute published the
first volume of the Convention Record of the I.R.E.
This comprises, in ten parts, a record of more than 200
papers presented at the annual national Convention.
The subject matter of each part is devoted to a special-
ized field of electronics.

All members of the I.R.E. Professional Groups re-
ceive a copy gratis of that part of the Record that con-
tains papers within the member's specialized field of
interest. Any one part of the Convention Record, or all
ten parts, can be purchased. Prices of individual parts,
and a list of the subject matter contained in each, are
shown in the price list on page 10 of the Convention
Record index.
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GENERAL INFORMATION

The Institute

The Institute of Radio Engineers serves those inter-
ested in radio, allied electronics, and communications
fields through the presentation of technical material,
and by the monthly publication of PROCEEDINGS OF THE
[LR.E., a technical journal. The Institute also pub-
lishes I.R.E. Standards, a number of Professional Group
Publications, as well as a Convention Record.

Membership has grown from a few dozen in 1912 to
more than 35,000 in 1953. There are several grades of
membership, depending on the qualifications of the ap-
plicant, with dues ranging from $5.00 per year for Stu-
dents to §15.00 per vear for Members, Senior Members,
Fellows, and Associates of more than five vears’ stand-

ing.
Proressional. GRoOUPS

To serve more fully the many special fields of inter-
est, Professional Groups have been formed in each of 21
technical fields on an Institute-wide basis, with member-
ship open only to IREE members.

Group activities include the sponsoring of symposia
and conferences, and the publication of TRANSACTIONS
orF THE [.R.E., journals containing technical material
of special interest to GGroup members. To support Group
activities, assessment fees may be levied by the Groups
on their members.

The PRoOCEEDINGS

The PROCEEDINGS has been published without inter-
ruption from 1913, when the first issue appeared. Over
4,700 technical contributions have been included in its
pages, portraying a currently written history of devel-
opments in both theory and practice. The contents of
papers are the responsibility of the authors and are not
binding on the Institute or its members. All rights of
republication are reserved by the Institute.

Annual subscription rates for the United States of
America, its possessions, and Canada, $18.00; to college
and public libraries when ordering direct, $13.50; other
countries, $1.00 additional for postage.

The TRANSACTIONS

TransacTiONs have been published at intervals by
Professional Groups since December, 1951, when the
first issue appeared. A total of nearly 500 specialized
technical papers have thus been made available to
Group members during the first year of publication. All
papers published in the TRANSACTIONS are procured and
reviewed by the respective Professional Group. The
contents of papers are the responsibility of the authors
and are not binding on the Institute, the Groups, or
their members. All rights of republication are reserved
by the Institute. The annual contents of the TRANSAC-
TIONS are published in a separate index. The TRANSAC-
TIONS are sent {ree to paid members of the respective
Groups.

Subscription rates covering all issues of TRANSAC-
TIONS published during the twelve-month period start-
ing July 1, 1952, for the United States, its possessions,
and Canada, $100; to colleges and public libraries, $75.

I.R.E. STANDARDS

IRE Standards, as listed on Cover IV of the Index to
the PROCEEDINGS, are available for those who wish to
buy them at the prices indicated.

CoNVENTION RECORD

In 1953, for the first time, the Institute published the
first volume of the Convention Record of the ILL.R.E.
This comprises, in ten parts, a record of more than 200
papers presented at the annual national Convention.
The subject matter of each part is devoted to a special-
ized field of electronics.

All members of the LLR.I. Professional Groups re-
ceive a copy gratis of that part of the Record that con-
tains papers within the member's specialized field of
interest. Any one part of the Convention Record, or all
ten parts, can be purchased. Prices of individual parts,
and a list of the subject matter contained in each, are
shown in the price list on page 10 of the Convention
Record index.
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KiNgo oo 109 46. Reliability of Military Electronic Equipment and Our
Ability to Maintain It for War, 4. S. Brown......... 161
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Session 1: Antennas I---General (Sponsored by the I’ro- Session 25: Seminar—Acoustics for the Radio Enginecer—I
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