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Preparation of Technical Articles™
BEVERLY DUDLEYY, ASSOCIATE, LR.E.

Summary—To appeal to the interests and intellectual requirements
of the reader, the text of technical articles must be properly selected,
arranged in logical order, and well proportioned, with essential con-
cepls presented in proper relation to one another. To assist in meeting
these requirements, a topical outline is given as a basis for the develop-
ment of research or engineering articles. Recommendations are given

for the typing, mailing, and proofreading of the manuscript. Sugges-

tions are tncluded for the preparation of diagrams and photographs so
that they may be most suitable for publication.

INTRODUCTION

ECHNICAL articles, regardless of their subject,
Tare meant to represent a contribution to knowl-

edge. For this reason alone, if not for many
others, they should be prepared with utmost care. If
they are written in a highly critical time, as that into
which this decade falls, they should disseminate excel-
lence in more ways than one. The English employed
should receive careful consideration. Authors who pen
technical articles are not expected to delight the con-
noisseurs of belles lettres. But it is not necessary that
they completely neglect their English. A spoken word
may be forgiven; it may also be forgotten. But a writ-
ten word spells responsibility to its author at all times.
If writers would pay more attention to their language,
many a reader not only would receive a far clearer
meaning of the subject conveyed, but would also de-
rive greater enjoyment from the article.

Any article intended for publication in the technical
press of the United States should be written in clear,
concise, good English. There are many occasions where
the author has failed to make his meaning clear, be-
cause he has underestimated this simple point. The
author’s meaning may be entirely clear to him, but if
he would take the trouble to have someone else read
his article many ambiguities might be corrected in the
original manuscript.

PRIMARY PURPOSE OF ARTICLE

To be read is the primary purpose of any article. If
it is eagerly read from beginning to end, the author
reaps an additional reward for his name will have im-
printed itself upon the mind of the reader, and articles
bearing his by-line will be looked for. Any legitimate
evocation which may induce the prospective reader to
follow the text attentively is permissible, provided it is
done within the definite limits of good taste. Good taste
never should be extenuated and should serve as a guide
for all technical publications because the writer will be
regarded as an authority.

It is obvious that if the article is to be read it must
be interesting to the group for which it is intended. A

* Decimal classification: R050. Original manuscript received by
the Institute, May 13, 1942, Presented, Winter Convention, New
York, N. Y., January 13, 1942.

t Managing Editor, Electronics, McGraw-Hill Publishing Com-
pany, New York, N. Y.
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first consideration is that the subject matter must be
appropriately selected. However, the manuscript must
also appeal to the intellectual and academic standards
of the readers.

GENERAL CONSIDERATIONS DETERMINING
THE TYPE oF WRITING

The type of writing which should be employed will
depend upon a number of factors. If the article is to
be used for reference purposes, for example, each indi-
vidual section of the article should be complete in itself
so that the important information is readily apparent
and immediately available. On the other hand, if the
article is to be used for purposes of general instruction
only, the requirement that each portion of the article
be an independent unit need not be so rigorously fol-
lowed.

The type of writing employed will depend to a very
considerable extent upon the publication in which it is
to appear. Therefore it is recommended that the au-
thor study the publication to which he intends to
submit his manuscript in order that he may prepare his
material in conformity with its style and policies. Very
frequently such publications will have certain editorial
and technical requirements which are published in the
journal. By following these recommendations the au-
thor will save himself a considerable amount of time
and effort in the proper preparation of his article.

ETHicAL AND CENSORSHIP CONSIDERATIONS

The author has definite obligations to ascertain that
the statements made are as precise and accurate as pos-
sible. Errors in the published article as well as incon-
sistencies and mistakes will reflect upon his technical
ability.

At the present time each author submitting manu-
scripts for publication has an additional duty imposed
upon him by virtue of the fact that the United States
has entered into the world conflict. Much technical
literature is potentially, if not actually, of such a na-
ture as to be of aid or comfort to the enemy. Articles
falling in this classification should not be published, or
at least should be modified so that they conform to the
best interests of the nation. It is recognized, of course,
that by withholding the publication of technical or
scientific information, the allies as well as the enemies
may be handicapped and there appears to be some
tendency to recognize this point of view. Censorship of
techmical articles is the responsibility of the individual
author as well as that of the editor of the publication.
If there is any doubt in the author's mind as to whether
or not discussion of a particular phase of his work
might be contrary to the interests of the nation, he
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should ascertain from his research director, or from the
editor of the publication for which the article is in-
tended, the advisability of publishing the results of his
research.

Common sense demands that articles appearing in
the technical press be prepared with good taste. Cul-
ture and ethics will‘dicate a limit to the number of
times an author mentions a company’s name in his ar-
ticle, and a reasonable degree of modesty in referring
to the achievements of the persons in his organization.
On the other hand, there have been cases where the
work of others, who had directly or indirectly made
contributions in the realm upon which the article
touches, has been consciously or unconsciously over-
looked. No author who submits an article for publica-
tion in one of the leading technical journals of the
country should subject himself to such criticism for it
is incumbent upon him to be familiar with the work of
others. Fair play (if not cultural attainment) will de-
mand that adequate recognition be given to the work
of others, whether a part of his organization or net.
Acknowledgment for assistance and similar courtesies
may, with advantage, form a part of the published
manuscript.

Five IMpORTANT PoinTs WHicH HELP
MAKE A GooD ARTICLE

Only experience can be used to ascertain whether an
article is a good one. No amount of written instructions
can guarantee that an article composed in accordance
with suggestions will be suitable throughout. Neverthe-
less, observance of the following important points will
aid in assuring that the technical article is properly
prepared.

(a) Selection. Include all material and data which
may be necessary to bring out the main idea or message
of the article. Reject all material which is irrelevant.

(b) Adaptation. The article should be adapted to
the technical, cultural, academic, and intellectual at-
tainment of the reader. As a corollary, the author
should have in mind a particular type of reader for
whom he is writing, even before he begins to prepare
his manuscript.

(c) Arrangement. Arrange all parts of the article in
a natural, logical order, keeping related topics together

(d) Articulation. The relationship of all parts of the
article should be made clear and unmistakable. Much
of this can be accomplished by clear, concise writing
but considerable aid may also be obtained through the
use of an appropriate outline in its preparation, or the
use of heads and subheads in the manuscript itself to
segregate appropriately the individual parts of the
complete article.

(e) Proportion. The relative amount of space to be
given to the various aspects of the subject should be
determined by their relative importance to the article
as a whole. The more important topics should reccive
proportionately more extensive treatment, while rela-
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tively little space should be devoted to insignificant
details which the intelligent reader may be expected to
supply for himself.

WRITING THE MANUSCRIPT

It is rather difficult to answer the question of op-
timum length of a manuscript since many factors enter
into such a decision. The article should be long enough
to treat all of the essential points adequately; no
longer. The shorter an article is, while still conveying
the same information, the more useful it will be. A
good rule to follow in determining the length of an ar-
ticle is: Have something to say, say it, stop.

The author will have to determine the number of
copies which should be prepared. In most cases the
editor or publisher will require only one copy for his
own use. But where the manuscript may be examined
by several specialists in a particular field, the editor
may require several copies. Publication in the Pro-
CEEDINGS of the Institute of Radio Engineers will be
expedited by submitting three copies of the manuscript
and illustrations. In all cases the author should retain
a copy of the manuscript for purposes of checking and
proofreading.

An important point to consider in the initial prepara-
tion of an article (especially if it is mathematical) is the
terms and symbolic notations employed. The author
should be clear to specify at all times and in unmistak-
able form the terms and symbols to be employed, es-
pecially if they are used in some unusual or nonstand-
ard form. It is advisable to employ terminology and
symbolic notation which are universally recognized,
and are in conformity with the standards of the various
engincering and scientific societies.

No article should be written until all the necessary
material which the author may require for its prepara-
tion is at hand. This will save lengthy interruptions
and tend to minimize discontinuities of thought. It will
be helpful if the article is planned in outline form before
the text is begun. A written outline is usually most use-
ful, but at least a mental picture of the article as a
whole should preface the start.

The outline for a technical manuscript may include
the following subjects:

Title

By-line a

Summary or abstract

Introduction

Historical development of prior arts

Theory underlying the advances recorded in the ar-
ticle

Experimental method for verifying the theory

Description of experimental method and equipment

Results of experimental method '

Analysis of experimental results

Correlation of theory and experiment

Account of the discrepancies between theory and ex-
periment
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Significance of discrepancies

Conclusion

Acknowledgment

Bibliography and references

Appendixes

The successful writer realizes the psychological val-
ues that an appropriate title holds. The right title is
very important, yet few writers give this matter careful
thought. In many cases the title sounds as if it had
been tacked on hastily, just before sealing the envelope
that is to carry the article to its final destination, as if
the author had remembered at the last minute that the
inclusion of a title was customary

The abstract or summary should be an abridgement
of the essential material in the article. It enables the
reader to obtain quickly an idea of the contents of the
article so that he may determine whether these meet
his present requirements in his search for information.
The abstract must present as much information as
possible as concisely as possible. The important results
and conclusions should be indicated and the signifi-
cance of the-article always be clearly stated. It is not
sufficient for the abstract or summary to state merely
that certain research work has been undertaken since
this conveys no information concerning the details of
the rescarch. It is much more desirable for the author
to state his results and conclusions, and the significance
of his work in relation to the present state of the sci-
ence.

The introduction should be planned to acquaint the
reader as thoroughly and as quickly as possible with
the problems to come, their importance, their relation
to other problems with which the rcader is familiar and
to pave the way for the main text which is to follow.

A sparkling introduction will immediately attract
attention, but if the entire article is written in a bril-
liant style, it will hold the reader fascinated. Why
should a technical article be unattractive? For too long
a period we have seen in print uninspiring, clumsily
written articles at the reading of which our eyes threat-
ened to close scveral times, despite the undisputed
technical contribution which they “elucidated.” An ar-
ticle that fails to beguile us to reading it from start to
finish has completely missed its aim. For a goodly num-
ber of years past we have reflected upon dullness as
being commensurable with erudition; in reality we
have been lacking imagination, originality, and pen
appeal.

The conclusions should state clearly the deductions
which are logically drawn from the treatment as de-
veloped in the article. The conclusion is mainly a state-
ment of results achieved or new thoughts which have
been derived as a result of the article.

MEcHANICAL CONSIDERATIONS IN WRITING A
MANUSCRIPT

The physical and mechanical form in which a manu-
script is presented can do much to make an editor
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. feel kindly or unkindly toward accepting an article.
It should go without saying that all copy should be
typewritten with a machine having a clean ribbon and
making a firm impression. All typing should be done on
white paper 84 X 11 inches in size. It is especially desir-
able to avoid the use of legal-size paper since this does
not conveniently fit into filing cabinets and the stand-
ard size of mailing envelopes. Margins of at least 1 inch
should be left all around the paper although it is pref-
erable to leave a margin of 1} inches on the left-hand
side for binding.

All text should be double spaced, in order that ap-
propriate editing and printer's marks may be inserted
on the original manuscript.

Do not include drawings on pages of typed text. The
text is sent to the printer who sets it in type whereas
the drawings are usually sent to the engraver who
makes cuts of them. If the drawings are on the same
sheet with the text, it is necessary either to cut the
drawings and text apart, or to have the printer and
engraver work from the same sheet. Both practices are
undesirable. The latter is especially bad since the copy
may become easily damaged and soiled making it im-
possible for the engraver to produce satisfactory cuts
from them.

USE OF MATHEMATICS

Sometimes the question arises as to the extent to
which mathematics can be used advantageously in a
technical article. The answer to this question can be
given only by the author himself. He should remember
that the use of an extensive amount of mathematical
treatment will necessarily limit the audience which can
appreciate his work since not all persons (not even all
engineers and all scientists) are capable of reading and
properly interpreting mathematical statements. Like-
wise, it should be recognized that mathematics
are necessary only where quantitative considerations .
are involved. On the basis of these thoughts we may
establish the following three points for the author to
bear in mind: (1) Use mathematics only where they
are needed to develop some quantitative relationships,
(2) omit the use of mathematics where their employ-
ment is not essential for a clear understanding of the
subject, (3) use only as much mathematics as are re-
quired, and keep these in the most simple form consist-
ent with the development of the essential quantitative
concepts.

An author can do much to simplify the mathemati-
cal form and complexity with which his article appears.
This is especially true if he deals with relatively simple
fractions. In such cases it is highly desirable, from a
typographical point of view, to write such equations
with the free use of parentheses, brackets, and fraction
bars, rather than to use a long dividing line with nu-
merator above and denominator below. This latter
practice requires at least two or three lines of type and
must be set by hand, whereas the recommended
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practice frequently makes it possible to set a relatively
complicated equation of the fraction type on a type-
setting machine. Likewise, complicated exponents may
be greatly shortened by writing it in the form “exp”
followed by the exponent. For example, it is simpler
to set the equation in the form

I = AT? exp (— bo/T)

than in the form
I = AT3HIT,

Typesetters are not mathematicians and the simpler
the author can make the physical form of his mathe-
matics, the more nearly certain he can be that his text
will come through on galley or page proofs in the re-
quired manner.

ILLUSTRATING THE ARTICLE

Ilustrations are usually a highly important part of
any well-prepared technical article. They may be used
to present a better visual picture than can be done
with words, to further the concept of quantitative reja-
tionship (as through the employment of graphs), or to
create an easier understanding of the relationships to
various parts than can be done in type.

All illustrations, whether photographs or line draw-
ings, should be clear, clean cut, and to the point. The
intended information should be designated easily and
clearly and any extraneous material should be elimi-
nated. In photographic illustrations, particular atten-
tion should be given to the background which may
show material in which the author is not particularly
interested. It is advisable to provide sufficiently wide
margins in all cases. In making a cut for purposes of
reproduction, the editor can always crop an illustration
if it shows unnecessary extraneous matter, but he is not
in a position to supply additional information which
the author does not provide for him.

It is, of course, necessary to provide adequate cap-
tions for cuts for all illustrations. These captions to-
gether with their illustrations should be sufficiently
complete to convey to the reader adequate information
to enable him to interpret the illustration properly. It
should not be necessary to read the text completely to
understand what an illustration is about.

REQUIREMENTS FOR PHOTOGRAPHS

A good half-tone reproduction can be obtained only
from a good photoengraving, and this in turn can only
be made if the original photograph is a good one.
Glossy 8- X 10-inch photographic prints which are clear
and sharp are by far the most suitable for publication.
The “soot and whitewash” type of contrasty print is
undesirable. The photographic print should show all
tonal ranges from clear white to black, with good
gradation in varying shades of gray. Cuts from which
printed reproductions are made employ a metal plate
whose surface has been finely screened and appreciable
detail may be lost in the screening process. Conse-
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quently, the printed reproduction will always show less
detail than the photographs from which it is made.

It is well to have photographs made by a professional
photographer. Do not submit snapshots made with a
small camera or in which the dominant subject is such
a small part of the entire picture that it is lost. If you
make the photographs yourself, use a camera making
negatives at least 4 X5 inches in size. If possible use a
camera with a focusing back screen so that as the in-
verted image on the ground glass of the camera is
viewed; the nccessary camera adjustments and ar-
rangement of equipment and lights can be made in the
desired manner. In general, it is advisable to provide
an adequate amount of diffuse illumination to make a
relatively long exposure with a small aperture (corre-
sponding to a large f number). By this procedure
(which is of course suitable only for still objects) the
sharpest and clearest of images may be obtained with
the least amount of trouble and effort.

Legends should be provided for each photograph.
Each must be complete and accurate to show its in-
tended relationship to the article as a whole. The leg-
ends may be pasted on the back of the photographs or
at the bottom of the prints. For the PROCEEDINGS it is
preferred that they be typed together on a separate
sheet and the illustrations marked on the border with
figure numbers only. Whichever method be used, the
legend must be unmistakably identified with the ap-
propriate print. Do not attémpt to write or type on the
back of photographic prints as the impressions may
show through on the glossy surface.

A photograph many times the size of the original
should clearly indicate the amount or extent of mag-
nification in the legend. Likewise, this magnification
will have to be modified by the ratio of reduction when
the engraver’s cut is made from the print. It would be
well for the author to check this change in size when
he receives cut proofs from the editor.

Do not use paper clips on pictures as they fre-
quently dent the picture’s surface. Photographs should
be mailed in plain envelopes with a cardboard stiffener
to prevent or minimize damage.

REQUIREMENTS FOR SKETCHES AND GRAPHS

All drawings for reproduction must be in black on
white paper, ot preferably, on tracing cloth or Bristol
board. Black India ink (with a carbon base) should be
used in all cases.

All graphs, drawings, and sketches should be in com-
plete, finished form, properly lettered in ink so that the
engraver's cut may be made directly from the drawing.
Technical publications do not have the time, money, or
facilities, nor can they assume the responsibility for
having illustrations redrawn by a professional drafts-
man. It is the duty of the author to provide illustra-
tions of sufficient quality that they may be used
directly to make a half tone or line cut.

Lettering should be 1/4-inch high for graphs of
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approximately 8 X10 inches in size. Drawings which
are smaller or larger than 8X 10 inches should have
lettering proportionately smaller or larger respectively.

Do not letter figure numbers or captions on the
drawings. These should be inserted in the margin where
they will not interfere with the sketch or graph.

Do not use orange or green cross-section paper for
preparing graphs for reproduction. The co-ordinates
invariably show up and produce an undesirable cross-
hatch backing. If the divisions in the graph are close
together, these lines run together and block up the
drawing producing a dirty and untidy appearance.
Since blue does not photograph on emulsions used by
photoengravers, blue graph paper can be used and the
blue co-ordinates will be eliminated when the engrav-
ings are made. All important co-ordinates should be

X Broken letter Z— Straighten lines
© Invert letter L~ Move to left
& Take out (dele) -3 Move to right
A _Left out; insert M Move up
F# Insert space L Move down
V vl;:?d:pace between D Paragraph
Z  Closeup he® No paragraph
< Depress space V.{- Wrong font
/%/ One-emdash alef~ Let it stand
- Two-em dash A~.  Transpose
@ ] = e Capitals
N Comma .
. AL Small capitals
¢ Colon
Le Lower case (small
3 Semicolon, 0 detrers)
v Aposrrophe Jtad  alics
] V Quotation marks ﬂM Roman
L_[:/ Hyphen M Insert lead

properly drawn with India ink. The co-ordinates
should be spaced at least 1/4 inch for an 8-X10-inch
graphical illustration. Most engineering graphs or
curves are simply used to indicate a variation of func-
tional relationships. They are seldom intended for the
reader to obtain exact values from the curves. How-
ever, if this is the purpose, then the graphs should be as
large as possible and should be very accurately drawn.

Blueprints cannot be used for purposes of reproduc-
tion although they may be used for editorial examina-
tion. It is frequently convenient to make a tracing from
which the original cuts may be made and to supply the
editor with a number of additional blueprints (made
from this tracing) which may be used in editing the
article.

TRANSMITTING THE ARTICLE

It is advisable to send the manuscript by insured or

registcred mail. Insured mail enables the author to
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place an evaluation upon the manuscript and to collect
a fee equal to this evaluation in the event the manu-
script is lost. However, this is of little importance in
most cases since one is hardly ever able to place a
proper monetary evaluation on a manuscript. By send-
ing the manuscript by registered mail, one is assured
that everything humanly possible has been done to as-
certain that the material reaches the person to whom
it is directed.

Never fold any manuscript material or illustrations.
If the illustrations are so large that they cannot easily
be mailed flat, it is preferable to roll them up and send
them through the mail in a cardboard mailing tube.

In submitting the manuscript it is advisable to ac-
company it by a letter of transmittal. This letter should
indicate the title of the article, the author or authors,
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their affiliations, and to call attention to any matter
which the author considers important or unusual. This
letter of transmittal provides an excellent opportunity
for the author to inquire about publishing procedure
which may be unfamiliar to him and date of publica-
tion of his article. However, in the case of scientific or
engineering organizations, where the manuscript must
be read by others, it is not always possible to indicate
definitely when an article may be published.

PROOFREADING

A manuscript which has been accepted for publica-
tion is marked for style and size of type, and is then
sct in type by the printer. The type is held in troughs
or trays about 20 inches long and called galleys. “Gal-

ley proofs” are printed and returned for checking

against the original manuscript. No new material
ghould be added, nor should extensive changes be made



in these proofs. Such changes are always expensive and
wasteful, but in technical publications, the addition of
new material or changes should be particularly avoided,
especially if there is possibility that the article may
have important patent significance.

In correcting galley proofs, the more common stand-
ard proofreaders’ marks, given here, will be found use-
ful. Corrections should be indicated on the edge or

border of the galley; they should not be written in the
text itself.

He who passes judgment on himself will not be
judged by others. If this admonition is observed in the
preparation of technical articles, it may be safely as-
sumed that the fate of the manuscript will be a happy
one.

Copper-Oxide Rectifiers in Standard

Broadcast Transmitters*
R. N. HARMON T, ASSOCIATE, I.R.E.

Summary—Improvements in the processing of copper used in
copper-oxide rectifiers make practical the use of this type of rectifier
in modern broadcast transmitlers. Features are reliability, long life,
and ability to withstand surges.

HE dry-type metal rectifier most commonly
T known as copper oxide or Rectox is, from an

operating standpoint, one of the simplest pieces
of apparatus for converting alternating into direct cur-
rent. It is not only a very simple design, but also easy
to operate; usually with outstanding reliability. Many
attempts have been made in the past to develop this
type of converter into an acceptable form for convert-
ing larger blocks of power, and to put the larger types
on a more competitive basis with other kinds of con-
verters.

Recently these attempts have been successful, and
by giving proper attention to all factors entering into
the design of this rectifier, its field has been enlarged to
include many applications formerly using hot-cathode
vapor tubes. This has been particularly true of recent
commercial broadcast transmitters.

Because the construction of the Rectox metal recti-
fier is so very simple, not many ways have been found
to increase its eficiency and output. Each rectifier ele-
ment consists essentially of a copper disk with a sur-
face layer of cuprous oxide (produced by oxidizing the
surface of the disk) and of a second electrode that is in
contact with the layer of cuprous oxide. The stack-type
rectifier unit as now made consists of a number of such
elements which, separated from one another by spacers
and special cooling fins, are stacked on bolts and held
together by end plates.

The most important material used in the manufac-
ture of this rectifier is the copper. A thorough investi-
gation of the properties of copper and the unavoidable
impurities which it contains has revealed that, in gen-
eral, copper from which certain impurities have been
removed as completely as possible to be the most ap-
propriate grade of copper for the manufacture of these

* Decimal classification: R356.3. Original manuscript received
by the Institute, May 13, 1942,

t Westinghouse Electric and Manufacturing Company, Balti-
more, Maryland.
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rectifiers. Of great influence on the performance of the
rectifiers is also the manner in which, beginning in the
copper mill and ending in the annealing furnace, the
metal is worked and treated.

Fig. 1—Rear view‘of distribution cubicle for 50-kilowatt broad-
cast transmitter showing at bottom force-draft-cooled 3-phase full-
wave 1250-volt, 0.7-ampere and 3-phase full-wave 3000-volt, 1.4«
ampere rectifier for plate supplies.

By special annealing treatments, by careful choice of
the copper, and by special production tests such recti-
fiers can be produced with great constancy, long life,
and high efficiency. Further improvemeats in weight
and size, as well as cost, have been made by forced-
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draft cooling which in some instances increased the
output allowable more than ten times that obtainable
with natural cooling.

The new forced-draft Rectox is well suited to appli-
cation in broadcast transmitting apparatus. Qutstand-
ing advantages are its long life and reliability. No
maintenance should be required. Even if a failure
should occur, the plug-in construction permits replace-
ment about as quickly as a tube. Its operation is in-
stantaneous, that is, it is completely without time lag
or any initial transient forming a build-up period.

Hence the need for any time-delay device is eliminated,
thus simplifying the control circuits.

In a standard line of 5-, 10-, and 50-kilowatt trans-
mitters, all rectifiers except the main plate rectifiersare
of this type having ratings from a few hundred voltsand
a quarter ampere up to 3000 volts and 1.4 amperes.
Some of these units have been in operation over 15,000
hours. Nearly all of these units are forced-draft-cooled
and are supplied air from the main cooling system
used to cool the large radio tubes.

The Half-Wave Voltage-Doubling Rectifier Circuit

D. L. WAIDELICHT, ASSOCIATE, 1.R.E., AND C. H. GLEASON{, ASSOCIATE, LR.E.

Summary—An analysis of the half-wave voltage-doubling rectifier
circuit is made with the main assumption that the tube drop is zero
while conducting, The performance characteristics of the circuit as
predicted by the analysis are presented together with experimental
verifications of several of these characteristics. Operating conditions
for which polarized electrolytic condensers may be used and the currents
to be expected on_short circuit are discussed. The performance charac-
teristics calculated from the analysis are presented as curves suitable
for use in the prediction of the performance of an assembled circuit,
and in the design of this doubler to meet specified operating conditions.
A comparison is made of the performance characteristics of the half-
wave and full-wave voltage doublers.

INTRODUCTION

HE half-wave voltage doubler is being found
T useful as a power supply and as a component of
high-voltage supplies. This circuit has several
advantages over others employing input transformers.
It offers economy in cost, size, and weight and hence
is used in transformerless receivers. For use in radio-
receiver power supplies, it has the important advan-
tage of having a common input and output terminal.
Although no analysis of this half-wave doubler scems
to have been made, several references to its operation
and applications may be found.!? Greinacher? seems to
have made the first use of this circuit, employing it as
the basic element of his voltage-multiplication circuit.
The results presented in this present paper on the
half-wave doubler were obtained by a method of
analysis similar to those employed in two previous
analyses of the full-wave doubler.4®# The purposes of

* Decimal classification: R134XR366.3. Original manuscript
received by the Institute, May 1, 1942, This paper constitutes a
report on a project of the Engineering Experiment Station at the
University of Missouri.

t University of Missouri, Columbia, Missouri,

J Westinghouse Electric and Manufacturing Company, Bloom-
field, New Jersev.

1 M. A. Honnell, “Applications of the voltage-doubler rectifier,”
Communications, vol. 20,& 14; January, 1940,

* J. Millman and S. Seely, “Electronics,” McGraw-Hill Book
Company, New York, New York, 1941, p. 418,

3 H. Greinacher, “Uber eine Methode, Wechselstrom mittels
elektrischer Ventile und Kondensatoren in hochgespannten Gleich-
tatrom1 ;znllzuwandeln," Zeil. fur Phys., vol. 4, pp. 195-205; Febru-
ary, 5

¢ D. L. Waidelich, “The full-wave voltage-doubling rectifier
circuit,” Proc, 1.R.E,, vol. 29, pp. 554-558; October, 1941.

8 N. H. Roberts, “The diode as a half-wave, full-wave and volt-
age-doubling rectifier,” Wireless Eng., vol. 13, pp. 351-352; and
pp. 423—430; July and August, 1936,
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this paper are to present the results of the analysis
by means of curves suitable for use in design, to com-
pare some of the theoretical results with experimental
results, and to compare the operating characteristics
of the half-wave doubler with those of the full-wave
doubler.

ANALYSIS

The circuit diagram of the half-wave voltage doubler
is shown in Fig. 1, and the current and voltage wave-
forms are shown in Fig. 2 for a complete cycle of the
impressed alternating voltage e. Tube 7 starts to
conduct at wt=a and stops at wt=f, where w/27
is the supply frequency and ¢ is the time in seconds.
Tube T, starts to conduct at wt=8 and stops at

C Ty

T A
I B
ALTERNATING

CURRENT
SUPPLY

Fig. 1—Circuit diagram of the half-wave voltage-doubling rectifier.

wt= ~90 degrees. Condenser C, is charged to approxi-
mately the peak value of the alternating voltage while
tube T, is conducting and is discharged during the rest
of the cycle. The voltage of C, is e, and is shown in
Fig. 2. The load voltage and also the voltage on C; have
exactly the same shape as the load current i, flowing
through the load resistance R. The tube currents ¢, and
15 have been reduced to one fifth of their size for con-
venience,

To simplify the analysis, the following assumptions
are made: (1) the applied alternating voltage is sinu-
soidal, and the source has no impedance; (2) when
conducting the tube drop is zero, and when not con-
ducting the tube resistance is infinite; (3) the condens-
ers have zero power factor and are both the same size;
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and (4) the load resistance has no inductance. The most
serious of these assumptions is that of considering the
tube drop to be zero, and this may be taken into ac-
count by an extension of this analysis.

Because the tubes act as open circuits when not con-
ducting, the doubler circuit may be broken down into

Fig. 2—Voltage and current waveforms in
the half-wave voltage doubler.

three equivalent circuits which are in operation over
certain portions of each cycle. While tube T is con-
ducting, from w!=a to wt=4, the equivalent circuit is
Fig. 3(a). While neither tube is conducting, §=8 to
wt=(8+360 degrees), the equivalent circuit is Fig.
3(b); and while tube T is conducting, the doubler is
represented by both Figs. 3(b) and 3(c). It can be
shown that the tubes are never conducting at the same
time, hence the equivalent circuits of Fig. 3(a) and
3(c) are never in operation simultaneously.

. G
LT .
w2 +li- i
q, te
es»Ep,Sinwt Cz;‘_ q,

%

0 +

@sEqySincwt 1;2

{e)

Fig. 3—(a) The equivalent circuit with tube T conducting.
(b) The equivalent circuit with neither tube conducting.
(b) and (c) The equivalent circuits with tube Ts conducting.

In spite of the simplifying assumptions made, the
analysis israther complex; therefore, only the analytical
results and the more salient points of the analysis will
be presented. An outline of the analysis may be found

in Appendix II.
Before the voltage and current relations of the
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doubler can be found, the angles at which the tubes
start and stop conducting must be determined. The
analysis shows that all of these angles depend only
upon the parameter (wCR). In Fig. 4, for tube T,
the angle a at which the tube starts conducting, the

T

[
i

I3
o

ANGLES 8 AND 7
L3
o

»
-]

o
o

Fig. 4—The angles a, 8, and v of tube T;.

angle 8 at which the tube stops conducting, and the
angle v during which the tube is conducting are shown
as calculated for several values of (wCR). For light
loads (large values of wCR) angles « and 8 approach 90
degrees and vy approaches zero degrees. As the load on
the doubler is increased (wCR decreasing), angle a ap-
proaches — 90 degrees, and angle 8 rises to a maximum
of 111 degrees and then decreases toward 90 degrees.
The angle ¥ rises to a maximum of 195 degrees and
then approaches 180 degrees as (wCR) decreases to-
ward zero.

X LTI

60

||
[ [{T~NLT]
M

. weR
Fig. 5—The angles & and £ of tube T\.

In Fig. 5 the angles of conduction for tube T, are
also shown as functions of (wCR) as calculated from
the analysis. Angle 8§ at which the tube starts conduct-
ing is nearly —90 degrees for light loads and decreases
toward —270 degrees as the load approaches short
circuit. The angle ¢ during which the tube is conduct-
ing varies from nearly zero degrees at light loads to-
ward a limit of 180 degrees as the load is increased.

CHARACTERISTICS

A most important characteristic of this circuit is the
average output voltage for various loads. In Appendix
Il it is shown that the ratio of the average output
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voltage to the maximum value of the impressed alter-
nating voltage (Eq4./En) is a function of the parameter
(wCR) alone. In Fig. 6 this ratio is shown as a function
of (wCR) by a curve calculated from the analysis. For
light loads this ratio is nearly two, dropping off toward
zero for very heavy loads.
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Fig. 6—The ratio of the output average voltage to the maximum
value of the alternating supply voltage (Ea/En). The circles are
experimental points.

The output voltage contains some ripple voltage,
with the fundamental frequency predominating. The
per cent ripple r is defined as the per cent ratio of the
effective ripple voltage to the average output voltage,®
and is shown by the analysis to be solely a function of
(wCR). A curve of the per cent ripple r versus (wCR)
calculated from the analysis is shown in Fig. 7. At light
loads (wCR greater than 20) the per cent ripple is ap-

proximated by
r = 160/wCR.

The effect of the circuit upon the alternating-voltage
supply is sometimes of interest and may be determined
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Fig. 7—The per cent ripple r. The experimental points
are shown as circles.
from a knowledge of the effective current I and the
input power factor. The ratio of the cffective input
current to the average output current (I/I4) and the
power factor are also functions of (wCR) only. Curves
of these quantitics calculated from the analysis are
shown in Fig. 8. For light loads the tube currents are

¢ [nstitute of Radio Engineers, “Standards on Radio Reccivers,
1938,” p. 6.

Waidelich and Gleason: Ilalf-Wave Voltage-Doubling Rectifier Circuit

537

quite peaked with a correspondingly high value of
(I/14). As the load approaches short circuit, this ratio
approaches 2.22. The power factor is very low for high
values of (wCR) corresponding to the very peaked cur-
rents. It rises to a maximum of 54 per cent at wCR =30
and decreases toward zero as the load approaches

10 // \\\ 30
°F POWER \‘ M;
7 FACTOR \ . Ad )
A / ,/\\ ]
i; /' // N| =
) / L g
i :
3}— —‘//' " E
=
03 4 10 w0 10 0 00 COREICC

wCR
Fig. 8—The ratio of the effective input current to the average

output current (I/I4) and the input power factor. The circles

shown are experimental points.
short circuit, at which the doubler becomes a capaci-
tive load on the alternating-voltage source. Examina-
tion of the doubler circuit shows that the average cur-
rents of each tube are the same and are equal to the
average output current I4, which in turn may be
found from Fig. 6. The ratio of the maximum tube
current in tube T to the average output current
(4m1/Iac) is shown in Fig. 9 as a curve calculated from
the analysis. Also shown is a similar curve for the ratio
(4m2/14c) for tube T.

The ratio of the peak inverse tube voltage to the
maximum value of the applied voltage (ep,/Em) is

A /Il
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Fig. 9—The ratio of the maximum tube currents to the average
output current (4m/I4;) for both tubes. The circles are experi-
mental points, -

shown in Fig. 10 for both tubes. These ratios are very

nearly two at light loads and decrcase toward zero as

the load approaches short circuit.

As a verification of these calculated curves of the
doubler’s characteristics, some experimental results are
shown for comparison. The ripple voltage was evalu-
ated experimentally by measurement of the harmonic
components with the aid of a wave analyzer. The
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Fig. 10—The ratio of the maximum inverse tube voltage to the
maximum value of the alternating supply voltage (e,/Ea) for
both tubes with experimental points shown.

maximum tube currents were measured by the use of a

cathode-ray oscilloscope. The peak inverse tube volt-

ages were measured with a peak-voltage voltmeter
designed for this purpose.

CONDENSERS ,

The input condenser C; must withstand the maxi-
mum value of the alternating-voltage supply E.., and
the load condenser C; must withstand a maximum
voltage of 2E,.. The analysis shows that the voltage on
condenser C; reverses over a part of the cycle if the
doubler is loaded heavily enough. This reversal occurs
if the angle d is less than — 180 degrees, and from Fig. 5
this corresponds to values of (wCR) less than 4.50.
Hence a polarized electrolytic condenser may be used
for Cy only if (wCR) is greater than 4.50. From Fig. 6
(Eic/En)=0.772 for (wCR) =4.50; therefore, this value
of (E4/Ens) may be used to determine whether or not
this type of condenser may be used. This value of
(E4c/En) is below the usual operating values for this
circuit, and hence in most practical circuits, polarized
electrolytic condensers may be used without danger.
In any case a polarized electrolytic condenser may be
used for condenscr Ca.

OPERATION ON SHORT CIRCUIT

When the doubler is short-circuited, the tubes con-
duct throughout alternate half cycles. The analysis
shows that the effective input current on short circuit is

I = wCE./\2,
the average output current is
Id‘- = wCE,,./1r,

and the per cent ripple is 121.2 per cent. The per cent
ripple and short-circuit currents calculated from these
expressions are in quite good agreement with the ex-
perimentally determined values.

CoMPARISON OF HALF-WAVE AND
FuLrL-WAVE DOUBLERS

A comparison of the operating characteristics of the
half-wave and full-wave* voltage doublers shows that

December

throughout the normal operating range (wCR greater
than 10) the full-wave doubler offers a higher input
power factor, lower maximum tube currents, slightly
less ripple (and of higher frequency) in the output
voltage, and slightly better voltage regulation; while
the half-wave doubler offers lower peak inverse tube
voltages, lower effective input currents, and a common
input and output terminal allowing both the load and
input source to be grounded if necessary.

PERFORMANCE AND DESIGN

The performance of an assembled half-wave doubler
may be predicted if the capacitance of the two equal
condensers C; and C; and the load resistance R are
known. Upon evaluation of the parameter (wCR), the
curves of Figs. 6 to 10 may be used to determine the
operating characteristics of the circuit.

These curves may also be used to design a half-wave
doubler to meet certain prescribed operating condi-
tions. Often the input voltage and frequency, the out-
put direct voltage, and the output direct current are
specified. In addition, the application may restrict the
per cent ripple allowable in the output voltage. Hence
E.n, Eq., and Iy are specified together with a restriction
on the per cent ripple r. From the curve of Fig. 7 the
value of (wCR) is fixed by the ratio (E;/E.). The
capacitance of the condensers may be found from
(wCR), the load resistance R =(Eq4./I4), and the supply
frequency w/2m. The curves of Figs. 9 and 10 may be
used to determine the peak inverse tube voltage and
the maximum tube current, thus enabling the selection
of rectificr tubes of proper inverse voltage and maxi-
mum current ratings. From Fig. 7 the per cent ripple in
the output voltage may be found. If this value is
greater than the per cent ripple allowable, the output
voltage may be filtered, or some compromise in the
specified current and voltages may be made so as to
increase the value of (wCR). The per cent ripple in the
output can be materially reduced by placing a filter
circuit between the output condenser and the load
resistance. Insertion of a filter will cause some altera-
tion in the operation of the doubler circuit as predicted
from this analysis; however, the analysis will still af-
ford a rather good approximation of the operating
characteristics of the doubler.

CONCLUSIONS

On the basis of the experimental verifications ob-
tained, the mathematical analysis is representative of
the actual operation of the doubler circuit, and there-
fore, prediction of the performance of the doubler by
the analysis scems justifiable. The assumption of no
tube drop while conducting scems to have introduced
little error, but for large tube drops an extension of this
analysis would have to be used.

It has been shown that the design of this circuit and
the predetermination of its performance is facilitated
by the use of the results of this analysis.

Bakiha
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APPENDIX |
Nomenclature

w/2m =frequency of the alternating-voltage supply
¢t =time in seconds

0=wt
E,.=the maximum value of the alternating-voltage
supply

e=the instantaneous value of the alternating-
voltage supply
i, =the current flowing through tube T}
i, =the current flowing through tube T
i=the input current, ;412
i, =the current flowing through the load resistance
R
i.=the current through condenser C:
e. = the instantaneous voltage on condenser C,
g1 =the charge on condenser C,
g2 =the charge on condenser G,
R =the load resistance in ohms
C =capacitance in farads of condensers C, or C,
a =angle in radians at which the tube T starts to
conduct current
B=angle in radians at which the tube T stops
conducting
~ =angle in radians during which tube T} is con-
ducting, 8 —a
8 =angle in radians at which the tube T’ starts to
conduct current
t=angle in radians during which the tube T is
conducting, — (6+w/2)
Z=vV4Rt+4(1/uC)?
M =tan"Y(wCR),0=M = (7/2)
)\z =tan! (2(0CR), 0 é)\z é (7I'/2)
i, =current 7, at angle «
ig=current 7, at angle 8
e.s = voltage e, at angle 8
e; =instantaneous inverse voltage on the tube T}
e; =instantaneous inverse voltage on the tube T’
e, = peak inverse voltage on tube T
e,2 = peak inverse voltage on tube T
8, =angle at which the peak inverse voltage occurs
on the tube T
im1=the maximum current through tube T}
in.2=the maximum current through tube T
8., =angle at which the maximum current through
tube T occurs
E=the effective value of the alternating-voltage
supply
I =effective value of the input current
E4. = the average value of the load voltage
I4.=the average value of the load current
Eo = the effective value of the load voltage
Io=the effective value of the load current
Eo, = the effective value of the alternating component
of the load voltage
I, = the effective value of the alternating component
of the load current

Waidelich and Gleason : Half-Wave Voltage-Doubling Rectifier Circuil
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r =the per cent ripple
P =the average input power

AprpPENDIX 11
Analysis
(a). Angles at Which the Tubes Start and Stop Conduct-
ing

From angle o to angle B the equivalent circuit of

Fig. 3(a) is in operation. The initial conditions at

angle o are substituted in the solutions of the circuit
equations to give

ic/Cz

iaR = Epsin a + En,

(1
(2)

= wE,, cos wt — 1,/Cy,

. Em
i, = —Z—COS (0 — X2)
E,
+ [ia——Z— cos (a—)\z)] exp[—(@—a)cotr]. (3)
At angle B, i, =1p; substituting in 3),
. Em
3 = —Z—COS (3 - )\2)

+ [ia—%': cos (a—)\z)] exp |— (B—a) cot o], (4)

From angle B to angle (4360 degrees) the equiva-
lent circuit of Fig. 3(b) is in operation. For this circuit,
i, =1 at angle B, and

i = igexp [— (6 — B) cot \y]. (5)
At angle B, ig=i.= —1., and by (1),
ip = — wCEn, cos . (6)

Atangle (a4 360 degrees), i, =1, because of the steady-
state conditions imposed, hence

in = igexp {[8 — (a+ 2m)] cot M}, )

Equations (2), (4), (6), and (7) form a system of
equations in the unknowns i, ig, @, and B, and by the
substitution of ¥y =8—a and after some manipulation,
may be reduced to

A;sinB + Bicospg =1 (8)
Aysinp + Bycosf =1 9
where
sin? A,
A= — — T exp (v cot Az)

sin )\z
+|: 2 sin (‘Y+)\z)—C°5‘Y:|

sin A2 cos A2
B = — [wCR + ;| (v cot M)

sin Az
+ siny + g (v + M\o)

Ay = — cos vy
B, = siny — wCR exp [— 27 — ¥) cot M.
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From the relations sin?3+cos?8=1, (8) and (9) may
be combined to give

(A; — A2)? + (B, — B))? — (4B — 4:B))? = 0. (10)

These coefficients A, 4., B,, and B; are functions of
(wCR) and the angle v; hence v is defined implicitly in
(10) as a function of (wCR). For assigned values of
(wCR), the corresponding values of ¥ may be deter-
mined by several methods.”® For a specific value of
(wCR), ¥ may be found from (10), angle 8 from (8) and
(9), and a=8—7. Therefore, angles «, B, and vy are
functions only of (wCR).

The angle § at which tube T, starts to conduct is
determined by use of the fact that e. at angle 6 is equal
to e. at angle 3, and from (1) is

es = E.(sin 8 + «wCR cos ) = En sin §, (11)

and
6 = sin~! (sin 8 + wCR cos B). (12)

Because tube T, is conducting from §=6 to 8= —7/2,
its interval of conduction £ is

f=—(x/2+0). (13)
(). Average Load Vollage

The average load current [, is
1 at2r

T4 = 1.d6. '14'

>
From 6 =« to 6 =8 the load current is expressed by (3),
and from 6 =0 to 6 =a+ 27 the load current is given by
(5). With the substitution of these expressions, (14)
becomes, upon integration,
wCE, sin (B + X
) [1 a ® x):l
27

Idc: '15

cos A\,

and from (15) the ratio of the average load voltage to
the maximum value of the alternating voltage

(Es/E») is

aCEh i A

Ea/Ew = 14R/En [1 LA -‘)]. (16)
2 COS \;

This ratio is a function only of (wCR).

(c). Per Cent Ripple

The effective value E,, of the alternating component
of the output voltage may be found from the effective
value of the output voltage E, and the average output
voltage Ej. by use of the relation

Eoys = VE# — Ei (17)
The per cent ripple is then
E a A" E~2 - E—:2—
F= e X 100 = — =% % 100. (18)
de Edc

1 D. L. Waidelich, “The numerical solution of equations,”
Elec. Eng., vol. 60, pp. 480-481; October, 1941.

8 1. T. Whitaker and G. Robinson, “The Calculus of Observa-
tions,” Blackie and Son, Ltd., London, England, 1924, pp. 78-95.
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The effective output voltage E, is evaluated by means
of the effective output current I,, which in turn may
be evaluated from

1o = ,‘/;f i,2d6. (19)

With the substitution of (3) and (5), (19) becomes
upon integration

RIy\? Y
2r <~-E—>:=% sin?\, {-2 ~+1[sin 2(B— ;) —sin 2(a—)\2)]}

+sin? X, {cos B[wCR cos B+1} sin X, cos (B—Ns) ]
+cos a[(sin a+1) —} sin Xz cos (a—\,) | }
+wCR|{ — [wCR cos B+1 sin Ay cos (B—y) ]?

+ [(sin a+1) —  sin Az cos (a—\z) |2}

3

«CR («CR)
— 2 (sln a+ 1)2+ 5 cos? B (20)

The per cent ripple r can then be found from

V(RIo/En)* — (Eac/En)* X 100 (21)
E./E.

where (Ey./E,) may be obtained from (16).

(d). Effective Input Current and Power Factor
The effective input current I is evaluated from
1 7 6-?-’2:‘—_
I=4/5: {6 i2de. (22)

From angle a to angle 8 the input current 1 is 4, which
from Fig. 3(a) is

=i+ R—>) 11(23)
dt [ 3
and by (3)

g ’ sin X2 .
11=wCE,, | €os 6+ S sin (@—X,)

sin X2
—cot \q
2

From angle 8 to angle § the input current is zero.
From ¢ until #= —7/2 the input current is 7,, which
from Fig. 3(c) is

cos (@—Ng) —sin a—1 \

exp [~ (8—a) cot \;] ( (24)

i, = wCE,, cos 6. (25)

With the substitution of (24) and (25) into (22), the
effective current may be found from (26).

The elements of the doubler circuit, with the excep-
tion of the load resistance, are assumed to take no
average power. Therefore, the power input to the
doubler is the same as that taken by the load resistance
which is

P = 2R, (27)

This product IZR is evaluated in (20). The power input
may also be found from
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RI \? T 8 .
21( >=———-—-—%sm26+%[‘y+%(sin26—sin2a)]

4
4 sin Az cos )\2[

sin? B — sin? a]
2

— 2 sin Ap cOs )\2{[— cot A2 cos B + sin B] [wCR cos B +

sin’ Xz

[y + 3(sin 28 — sin 2a)]

sin XQ

cos (B — )\z)]

sin XQ . .
+[ . cos (@ — N\g) —sina — 1 [cot)\zcosa—sma]}

+ 1 sin? Ao{v + }[sin 2(a — X)) — sin 2(8 — M) ]}

— sin? \; cos )\2{[% sin g cos (@ — \p) — sina — 1][cot A; sin (@ — Ng) + cos (a — A2)]

sin XQ
2

- [wCR cos B +

cot A2 ([sin A, 2 sin A, 2
+ {[ s cos(a—)\z)-—sina—1]—-[wCRcosB+ cos(B—)\z)]}.

2

cos (B — )\z)] [cot Nz sin (B — N2) + cos (B — Xz)]}

5 (26)

1 3+2r
P=—
21I' 3

eido. (28)

The input power factor is, from 27,
(29)

(). Peak Inverse Tube Voltages

1. Tube T}

The ratio of the peak inverse voltage on tube Ty
to the maximum value of the supply voltage (es1/Em)
is

€p1
_1_’3...— = wCR cos B exp [(8 — & — 2m) cot M.

(30)
2. Tube T,
The ratio of the peak inverse voltage on tube T7
to the maximum value of the supply voltage (ep2/Em)
is given by

e sin A
EL:= 2 cos (6,—N2)
sin Xz
+[sin at1— cos (a—)\z)]exp[(—()p—a) cote] (31)

where 0, is the angle at which the peak inverse voltage
occurs and may be obtained from

sin )%
0= 2 sin (0, - Xz)

sin \,

+cot )\, [sin at+1— cos (a—)\z)]

32
exp [(—8,—a) cot \s]. (32)
For values of (wCR) greater than 10, angle 6, is very

ncarly equal to B and a good approximation is given
by

e
LA — wCR cos 8.

“m

(33)

(f). Maximum Tube Currents

1. Tube T,
For values of (wCR) greater than 13.2 the maximum
current through tube T} is

sin Xz

tmi=wCEn, {cos at sin (@—X\g)

sin XQ
—cot )\2[ 5 cos (a—A)—sina—1]g. (34)

For (wCR) less than 13.2 the maximum tube current is
given by

sin A

2

i1=wCE,,.{cos Om+ sin (Om—\2)

sin XQ
—cot )\2[ 5 cos (@a—Ny) —sin a— 1]
(35)
exp [— (om—a) cot x2]} )

where 0,, is the angle at which 4 is a maximum and
may be found from

sin Xz
0=sin O+ cos (Bm—X\2)
sin XQ
+cot? N\, [sin at1— cos (a—)\z)]
36
exp [— (Bm-a) cot Nl (36)
2. Tube T,

For values of (wCR) greater than 4.50 the maximum
current through tube T is

ime = — WCEp cos d. (37)

For (wCR) less than 4.50 the maximum tube current is

given by

img = — WCEm. (38)




Some Characteristics of a Stable Negative Resistance-
CLEDO BRUNETTI{, ASSOCIATE, I.R.E., AND LEIGHTON GREENOUGH, NONMEMBER, I.R.E.

Summary—By employing positive feedback in a two-stage am-
plifier it is possible to obtain an input impedance which is equal to the
tmpedance in the feedback circuit multiplied by a negative constant.
For a resistance-capacitance feedback circust the input impedance
becomes a negative resistance in_series with a negative capacitance.
With the proper chosce of circuil constants, the negative impedance
can be made lo approximate closely a pure negalive resistance over any
given frequency range. In the apparalus described, high stability ss
secured by the use of inverse feedback in addition lo the posstive-feedback
loop.

HERE is a need for a source of negative resist-

Tance that is independent of frequency and the

normal variations in tubes and supply voltages.!

Such a device would find application in the design of

oscillators,? the improvement of the Q of tuned parallel
Z¢

AAND—

| 3

& AMPLIFIER AE(

0 2 40--7

Fig. 1-—>Method of ubtaining negative resistance.

circuits,® the measurement of circuit impedances at low
and high frequencies,* the design of special networks,
and other uses.

The possibility of realizing such a negative resistance
has already been pointed out in the literaturc.? If, in an
ordinary amplifier, part of the output is coupled back
to the input, it is possible to adjust the (positive
feedback and amplification so that the input imped-
ance of the amplifier becomes a pure negative resist-
tance whose magnitude may be varied by changing
either the positive feedback or the amplification. In
fact, as pointed out by Crisson.® it is possible by this
method to obtain an input impedance that is the
negative counterpart of whatever impedance is used
in the positive-feedback circuit. If the amplification is

* Decimal classification: R132XR363.2. Original manuscript
received by the Institute, April 15, 1942,

t Formerly, Assistant Professor of Electrical Engineering, Le-
high University, Bethlehem, Pa.; now, Radio Physicist, National
Bureau of Standards, Washington, D. C.

} Byllesby Rescarch Fellow, Department of Electrical Enginecr-
ing, Lehigh University, Bethlehem, Pa.

! L. C.Verman, “Negative circuit constants,” Proc. .R.E., vol.
19, pp. 676-681; April, 1931.

? Cledo Brunetti, “The transitron oscillator,” Proc. I.R.E., vol.
27, pp. 88-90; February, 1939.

*F. E. Terman, R. R. Buss, W. R. Hewlett, and F. C. Cahill,
“Some applications of negative feedback with particular reference
to laboratory equipment,” Proc. 1.R.E., vol. 27, pp. 649-655;
October, 1939.

¢ H. linuma, “A method of measuring the radio-frequency re-
sistance of an oscillatory circuit,” Proc. I.R.E., vol. 18, pp. 537-543;
March, 1930.

¢ S. P. Chakravarti, “The band-pass effect,” Wireless Eng., vol.
18, pp. 103-111; March, 1941.

¢ G. Crisson, “Negative impedances and the twin 21-type re-
peater,” Bell Sys. Tech. Jour., vol. 10, pp. 485-513; July, 1931.
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made substantially independent of tube and supply
voltage variations by the employment of inverse
feedback, the resulting negative resistance will also be
found to be independent of these quantities approxi-
mately to the same degree. It is the purpose of this
paper to describe the characteristics of such a negative
resistance and to point out both its advantages and
limitations.

Consider the circuit of Fig. 1 where an impedance
Zys is connected between the input and output termi-
nals 1 and 3, respectively, of the two-stage amplifier.
The equivalent circuit (assuming the impedance of the
grid circuit of the first stage of the amplifier to be in-
finitely large) is shown in Fig. 2. If E, is the input volt-
age and 4 the amplification, the resulting input cur-
rent will be

E;, — AE;
P i 1
ZP/

from which the input impedance becomes

L, Z
Zn = "”/ =" (2/
I 1—-4

Thus, if 4 is real (i.e., has no phase shift) and is greater
than unity, Z, will be equal to Z,, multiplied by a
negative number. Z, may be varied by changing either
Zypror A, or both. In practice it is found best to vary

r—’\/‘
%E; K AE;

Fig. 2—Theoretical representation of amplifier as
source of negative resistance.

bpth Z,sand A, the former providing large-step varia-
tions in Z, and the latter serving as a fine control. By
keeping 4 low, optimum stability is obtained, pro-
vided, however, 4 does not approach unity, in which

case slight variations in the magnitude of 4 would be
magnified in Z,.

AMPLIFIER

‘ The dependence of the magnitude of the negative
impedance on the amplification may be found by dif-
ferentiating (2) with respect to the real quantity 4
assuming Z,, to remain constant. This yields
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dz, 1 BT TT
— (@ ]
dA 1 -4 12 e
w 10,000
! amB
or " ;
dZ. d.1 .
- = — (4) 10 + Rpf = 7900
Z, 1 -4 - 1 s
9
Equation (4) shows that, for 4
greater than unity, a given per- & 1 R =5800
centage variation in 4 will re-  , I
sult in a larger percentage vari< 2
ation in Z,. As A approaches § & !
u.nity Fhe ratio of. these v.ari.a- ? Ru3680
tions increases without limit, b 5 T
This emphasizes the necessity of o
maintaining a constant amplifi- | l
cation m.the.amphﬁer.' 3 - l e
The circuit used in these T 1 I
measurements is shown in Fig. 2 + , :
o o o I { Ry=525
3. It is strictly a conventional R — -
amplifier with simple positive : 1 1
and negative feedback applied o | ! i
to it as pointcd out by Terman 50 100 200 500 1000 2M 5M 10M 20M 50M
s . . i
and others.? Amplification con UG ([ GO

trol is available by applying a
variable amount of inverse feed-
back from the output back to
the input and is accomplished with the variable re-
sistor R,;. This procedure yields good stability with
respect to changes in supply voltages and frequency, as

N
3

AAN

Qs M.

8- B+ao0 v.

Fig. 3—Circuit for producing negative resistance.

well asa low eflective internal impedancein the output
stage of the amplifier. A substantial amount of inverse
feedback is employed so that low amplification and
high stability result.

The amplification as a function of frequency for
various values of R,,is shown in Fig. 4. These measure-

Fig. 4—Frequency response of amplifier for six different
amplification settings, Load impedance is 2500 ohms,

ments were made with a load impedance of 2500 ohms
on the amplifier. In Fig. 5 is shown how the amplifi-
cation may be controlled by varying R,,. For an

12 !
EEEEEEEN
o1 i
ol I — | |
] 1 |

9 |——t | T 1 4 1’
[
8 4 4 Il 14 4 ! <| 4 1
X ! 1' 4 ,
57 . 4 f 4 4 J, 4‘ -’ *
= [ | | |
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& 1 u
ds + 1 1 4 1 | | -
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| | ‘ [
3 1 1 4 1 ‘ ‘ 1 l 1
| }
2 4 4 J‘
. I
0 i 1 1 ] I l ' .1 l ‘
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INVERSE FEEDBACK RESISTANCE, Rpf,IN OHMS

Fig. 5—Variation of ampliﬁcation with
inverse-feedback resistance Ru.
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amplification approaching a value of 10, the actual am-
plification variation is less than 2} per cent from 200 to
30,000 cycles per second. Below a value of 8 the varia-
tion is less than 24 per cent from 100 to 50,000 cycles.

MEASUREMENT OF NEGATIVE RESISTANCE

A simple circuit for obtaining the magnitude of
negative resistance is to connect it in parallel with a

Fig. 6—~Modified Maxwell bridge used for exact
determination of Z,. R,=R,=3500 ohms.

known positive resistance R, and to measure the equiv-
alent resistance of the combination on a \Wheatstone
bridge. From this R, may easily be computed. R, is the
actual input resistance of the amplifier, and will have
a negative sign. In this method, it is necessary that R,
be less in absolute value than R, for otherwise natural
oscillations will take place unless arrangements are
made to keep the impedance of the external measuring
circuit (which is in parallel with the combination) low.
This method of measurement does not take into ac-
count the phase shift resulting from the presence of the
blocking condenser Cy,. Although usually made as large
as possible, C,, will still possess some reactance at low
frequencies. A better circuit for precise determination
of the complex impedance, and the one employed in
these measurements, is the modified Maxwell bridge
shown in Fig. 6. The negative impedance to be meas-
ured is connected to the left of terminals /—m and is
represented by R, and C, in series. If Z,=R,+jwL,
is the equivalent series impedance of the parallel com-
bination of R., C., and R,, then, for balance, we have
R.=RiR;/R; and L.=RiR,C;. Using these quantities
one may then compute the resistive and reactive
components of the negative impedance Z, from the
equation
LRy
P A )
Z:— R,
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If Z,, is a pure resistance of magnitude R,,, and for
zero phase shift in the amplifier, Z, will be a pure nega-
tive resistance whose magnitude depends on both R,
and the negative-feedback resistance R,;. This de-
pendence is shown in Fig. 7 where the negative im-
pedance is plotted against R,, for four values of R,,.
These curves show the wide range of negative imped-
ance that may be obtained by this method simply by
varying R,,. The curvature at the lower portion of the
curves is the result of the reactance of the blocking
condenser and the variation of the amplification for
low values of R,,.

1,000,000 , - r——

100,000

10,000

IMPEDANCE IN OHMS

1000

100

MEASURED NEGATIVE

) - s Ll

[ 0 100 1000 10,000
FEEDBACK RESISTANCE, Rp#

100,000

Fig. 7—Negative impedance as a function of
positive-feedback resistance R, at 1000 cycles.

The ordinates of Fig. 7 represent the absolute
magnitude of the negative impedance given by (2)
which in general differs very little from the projection
of the impedance on the negative real axis. The block-
ing condenser C,,, as already noted, introduces some
phase shift. However, with the exception of the points
marked with a cross in Fig. 7, the capacitive reactance
is negligible and the negative impedance and its nega-
tive-resistance component are for all practical purposes
equal. For these points the impedance, measured at
1000 cycles, was accompanied by a phase shift of at
most 5 to 15 degrees from a pure negative resistance.
This phase shift may be reduced further if desired by
increasing the size of the blocking condenser C,,.

Some phase shift is also introduced in the amplifier
at high frequencies by the shunting tube capacitance,
and at the lower frequencies by the interstage coupling
condenser.

The variation of negative resistance with frequency
from 100 to 5000 cycles is shown in Fig. 8. Here also
the absolute magnitude of the negative impedance is
plotted for convenience. In the three upper curves for
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which R, equals 1000, 10,000, and 100,000 ohms, re-
spectively, the phase angle is less than 1 degrec. For
the curve for which R,; equals 500 ohms the largest
phase angle is four degrees at 100 cycles, while for the
lower curve taken with R, equal to 50 ohms a maxi-
mum phase angle of 25 degrees occurs at 100 cycles.
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FREQUENCY IN C.P.S

Fig. 8—Variation of negative impedance with frequency,
for five representative cases.

The dependence of the negative resistance upon
supply voltages is shown in Fig. 9. Here per cent
changes are plotted rather than the actual value of
negative resistance in order to emphasize the variations
with supply voltages. These measurements were made
at 1000 cycles. As is apparent, the large valucs of
negative resistance are in general the most stable both
in respect to variations in frequency as well as supply
voltages.

DiscussiON

Low values of necgative resistance may be obtained
either by using low values of resistance R,y in the posi-
tive-feedback circuit or by employing high amplifica-
tion. Of these methods both result in unwanted phase
changes produced by the blocking condenser Cy,. Rais-
ing the amplification is more desirable from the stand-
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point of keeping the phase angle of Z, low as a higher
value of R,; may then be used to obtain a specified
R,. In this manner, the phase angle, being approxi-
mately proportional to the ratio of reactance in the
positive-feedback circuit to the resistance in the same
circuit, will be reduced. At low frequencies the reac-
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o { ﬁ“n‘-‘Q0.000 i g‘_‘ '
[ T T
0 — —
0 R n=-58,100 | Wr
|
£l e L
W [ T 1t 1 T
h, L I L]
g, 0 —T— . ] -T_ﬁ,_r_
z o R4=-906 | ]
|
g : B !ﬁ. j | _} J.__
S
Z 10— — : S
e o ——i— T‘ ‘ n..:-oz.aT ;\ L |
W =— T ——
LLr
30 ..W-_ — m -
20— — ]V r‘ |
o b= ‘ ' a.f-zf.z = ol
___L.J-J-L .
o] 5 10 15 20 25

PER CENT DROP IN SUPPLY VOLTAGE
Fig. 9—Effect of supply-voltage variation on negative resistance,

tance of C, may become appreciable. However, for
most practical purposes where R, is greater than ten
ohms, the phase angle is negligible, even at a frequency
of 100 cycles.

A limitation in obtaining very low values of R, is the
effective internal impedance of the amplifier at its out-
put terminals. This impedance (usually a resistance)
must be included in Z,;, as shown in Fig. 10. The use of
sufficient inverse feedback will reduce Zin, but the
amplification is then also reduced. This makes it neces-
sary to decrease R, to obtain the desired value of nega-
tive resistance. Zi,, may vary from 5 to 20 ohmsin the
circuit of Fig. 3.

It should be kept in mind that R, effectively




constitutes the load on the amplifier. If a low value of
R, is obtained by using a low R,, the amplification will
be somewhat less stable since less voltage is available
at the output terminals for feedback, hence stabiliza-
tion is not as good. Distortion, also, is greater.

Zof
AAAY

Zimt

AE;

Fig. 10—Equivalent circuit including internal
impedance of amplifier.

If a direct-current potential across the negative re-
sistance is not objectionable, it is possible to modify
the circuit so as to eliminate the phase angle introduced
by C,, as shown in Fig. 11. In this circuit the blocking
condenser is placed in series with the high impedance
of the grid circuit where it can do little harm.

As with all electrical elements, there is an upper
limit to the alternating voltage which may be applied
to the negative resistance when uscd as a circuit

component. Because of the presence of the inverse
feedback in the amplificr, alternating voltages of the
order of 3 to 30 volts root-mean-square, depending
upon the amplification used, may be applied to the

Rpr
Cyf
NEG. RES, ro o-p—
1 & AMPLIFIER
3
o = —ifth ll———-

Fig. 11—Circuit to reduce effect of blocking-condenser
reactance in series with R,,.

device without introducing an appreciable amount of
harmonic content in the output.

Summarizing, it can be stated that with this ap-
paratus it is possible to obtain values of negative
resistance from 1 ohm up to an unlimited value. The
circuit, unlike the dynatron, is not dependent upon
secondary emission for its operation. Stability with
respect to frequency and supply voltages is good.

Thermal-Frcquency—Drift Compénsation*
T. R. W. BUSHBY+, ASSOCIATE, IR.E.

Summary —The conditions necessary Jor minimizing frequency
drift with variation of ambient temperature are examined for various
types of circuits. In fixed-tuned circuits the drift can be eliminated
by a comparatively simple adjustment of the temperature coefficient of
capacitance. In variable-tuned circuits, expressions for coefficient ad-
Justment resulting tn minimum integrated drift are given, together
with simpler expressions resulting in an approximate minimum. [t is
shown to be practicable in some instances to design circuils in which
the drift is better than ten parts per million per degree centigrade,
over normally used frequency ranges, by complementary adjustment
of the temperature coefficients of inductance and capacitance. Fre.
quency drift in superheterodyne receiver circuits is discussed, and it is
found that the local-oscillator circuit is peculiarly adaptable to drift
correction by reason of the complex nature of its capacitance network.
Such padded circuits can be very effectively corrected by sim ple adjust-
ment of Lhe various capacitive coefficients, the drift factor being tracked
in a manner analogous lo the frequency tracking. The padding of
variable-ca pacitance-tuned circuils for the express purpose of drift cor-
rection presents the simplest means of minimizing thermal drift in
such circuits. The necessary expressions are given, together with the
results of some experimental work.

I. INTRODUCTION

N THE parallel resonant circuit of Fig. 1, the fre-
1_[ quency stability is dependent, among other things,
on the temperature of the various circuit com-
ponents.
For instance, when such a circuit is used to control
* Decimal classification: R381X536. Original manuscript re-
ceived by the Institute, April 7, 1942.

t Amalgamated Wireless, Australasia, Ltd., Ashfield, N. S.\V_,
Australia.
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the frequency of a valve generator, during the first
few minutes after switching on the valve, there is a
frequency change caused mainly by capacitance in-
crease, which is due to the expansion of the valve elec-
trodes.

Y
1
]
i
]
a3
c:o 1 cx CG
|
I
b

Fig. 1-=Variahle-capacitance-tuned circuit having
thermal-drift-coinpensating condenser C,.

Methods for reducing such drift have already been
discussed'? and it is not the purpose of this paper to
deal further with it.

After a sufficient lapse of time at a constant ambient
temperature, the frequency becomes stable, provided
that other factors introduce no drift. Subsequently,
changes in ambient temperature will cause changes in

! M. L. Levy, Electronics, vol. 12, p. 15,1939,

? Gramophone Company, Electronics and Television and Short-
Wave World, vol. 13, p. 407; 1940,
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circuit inductance and capacitance, resulting in further
frequency drift.

It is usual to cxpress the temperature coefficients of
capacitance and inductance as a number of parts per
million per degree centigrade, referred to a tempera-
ture of 20 degrees centigrade, so that a coil having a
temperature coefficient of 4100 increases its induct-
ance by 100 parts in a million, when raised in tempera-
ture from 20 to 21 degrees centigrade.

Ordinarily, the reference point may be arbitrarily
selected with negligible error, but for extremes of
temperature and/or large coefficients, the reference
temperature of 20 degrees centigrade should be ad-
hered to.

In Fig. 1, let a=(dC/dT)(10°/C) be the numeri-
cal value of the temperature coefficient of the
total capacitance C (where C=Co+C,+C,), and
B=(dL/dT)(105/L), the corresponding cocfficient for
the inductance.

The resonant frequency at the reference temperature
is f=1/2r+/LC, from which it may be shown that the
frequency drift.duc to changing temperature is given
by

§= — 0.5(a + B) (1)

where 6= (df/dT)(10%/f), the temperature coefficient
of frequency, in parts per million per degree centi-
grade.

II. FiXeEp-TuNED CIRCUITS

In a fixed-tuned circuit § =0 when a+48=0, and the
resonant frequency will then be independent of tem-
perature.

Inductances have, in general, a positive coefficient,
so that the total capacitance must usually have a
negative coefficient of the same numerical value, in
order that there may be no frequency drift with tem-
perature.

The availability of ccramic materials having dielec-
tric constants which vary inversely with temperature,
has made possible the manufacture of condensers hav-
ing negative temperature coefficients. The capacitance
of such condensers decreases with increasing tempera-
ture, and in this respect they differ from almost all
other circuit components.

As it is unlikely that a condenser having the exact
numerical value of coefficient will be available, it will
be necessary to use a parallel combination of two con-
densers, one of positive cocfficient, and onc of negative
coefficient, to obtain the required result. Therefore,
let C=Ci+Cs- -+ +Cn and let a1, a2 - -+, an be the
respective temperature coefficients. Then a., the tem-
perature cocfficient of C, is given by

a-Cy + a2 Cy - -
C

° + an'('n

ac =

(2)

To take a fairly general practical case, let
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Co=self-capacitance of the inductance
C,=drift-compensating condenser
C, = portion of C; having a positive
C.=portion of C; having & negative
C.=capacitance of the trimmer condenser
C,=stray capacitance

ay, a, etc. =respective temperature coefficients
B =temperature coefficient of inductance
= temperature coefficient of frequency

All temperature coefficients are in parts per million
per degree centigrade, and all capacitances arein micro-
microfarads.

As the self-capacitance is inseparable from the in-
ductance, it is not possible to measure either 8 or ao
separately. The observed value 3’ for the temperature
coefficient of inductance is

Olo'Co

o

B'=8+ (3)
where C is the total capacitance of the test circuit.

Since B varies with frequency, it must be measured
at the frequency at which the inductance is to be used;
therefore the test circuit will necessarily have the same
total capacitance as the circuit undergoing analysis.
Then 8 will be zero when

ap'(‘p+an'cn+at'Ct+aa'(/‘a
- ] e

G

which is equivalent to saying that a, automatically
becomes part of 8/, and can be disregarded, provided
that C, is not omitted from the total circuit capaci-
tance C.

The apparatus used for the measurement of indi-
vidual component coefficients is substantially that dc-
scribed by Leonard.? The component under test is
placed in a small temperature chamber and connected
to a two-terminal oscillator of good short-period stabil-
ity.

This oscillator is initially set to beat with a sub-
standard crystal-controlled oscillator, and the beatnote
observed with changing temperature of the component.
An ordinary recciver, cathode-ray oscilloscope, and
beat-frequency oscillator is used to measure the beat

frequency.
Then, for an inductance, 8= —26, and for a capaci-
tance, a = —2C8/C., where C. is the capacitance of the

condenser under test, and C is the total circuit capaci-
tance of the test oscillator.

Complete assemblies are checked for thermal drift
by being placed in a larger temperature chamber, and
looscly coupled to the receiver. With the latter at
some feet distant, deliberate coupling is usually un-
necessary.

As will be seen throughout this paper, a knowledge of
individual cocfficients is not, in general, necessary for

3S. C, Leonard, Electronics, vol. 11, p. 18; 1938,
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drift compensation, but it is useful for checking pur-
poses and for ab initio design.

All components except C, can be dissociated from
the circuit for individual measurement, but the value
of a, can only be determined indirectly. The method
used is to place in the circuit temporarily a condenser
C. of known temperature coefficient . and check the
thermal drift for the complete circuit. a, is then deter-
mined from (5).

C:20+B,)+a:‘cz+al‘cl _
a = — [_ - — |. (3
C.
Then for6=0
Ee (E‘ff_?L "CC i ""C‘) (6)

where a, is the value of a, for #=0. Combining (5)
and (6) to eliminate «, gives

2C-6

C‘ +a: 5 (7)

[ &%

and from (7) and (2)

2C0 C:" -
_ -0+ Cila ‘ 8)

g — n

. p

Only two heat runs are necessary, one for the complete
circuit and one for C..

Therefore, in fixed-tuned circuits, thermal frequency
drift may be eliminated by a simple adjustment of the
temperature coefficient of a portion of the capacitance,
subject to a realizable value for a,.. \When the figure
found for a,: is not realizable, some circuit change must
be made, cither in electrical values or in temperature
coefhicients.

I1. VARIABLE-CAPACITANCE-TUNED CIRCUITS

When the circuit has to be designed to cover a range
of frequencies, exact compensation at all points within
the range is not possible, since the temperature coeffi-
cient of a variable condenser varies with setting, while
the temperature coefficient of inductance alters with
frequency.

The following notation applies to the circuit of
Fig. 1.

fi=lowest resonant frequency
fu =highest resonant frequency
6 = temperature coefficient of frequency

0.=0 at f. in a test heat run of the complete
circuit

0. =0 at f, after circuit correction

0y =0 at fy in a test heat run of the complete
circuit

Ou- =0 at fy after circuit correction

C. =total circuit capacitance at f,

Cu = total circuit capacitance at fy

December
C.=capacitance of the drift-compensating con-
denser
a, =temperature coefficient of C, in the test heat
runs
a. =temperature coefficient of C. after circuit
correction

Cmax = capacitance of C, at f,
am.x =temperature coefficient of Cpax
Cmin = capacitance of C, at fy
Qmin = temperature coefficient of Cuin
81 =temperature coefficient of inductance at f,
Br = temperature coefficient of inductance at fy
k=C./Cnx

All temperature coefficients are in parts per million
per degree centigrade, and all capacitances are in
micromicrofarads.

If we make the simplifying assumption that 8 varies
linearly with frequency, it can be shown that it will
have its minimum value, integrated throughout the
range, when 6,246y is a minimum, and that . and
0x- will then have opposite signs. That is, the drift will
be in opposite directions at the frequency extremes,
and will therefore be zero at some frequency within
the range. The assumption of linearity has been found
to be sufficiently true for all practical purposes, except
when the integrated drift is very low.

From (1) and (2),

X g x"C: + max Cmnx ?
0. + Oy.? <31.+ SR )

C.
g’ C‘ + QAmin Cmin 2
+ (ﬁu + - ) (9
Cu
which has its minimum value when
ZCL"O,'"*'kvoH) .
ay = + a: ‘xlo)

C:(k* + 1)

which reduces to (7) for the fixed-tuned circuit. \When
a.- has its optimum value, then

k-0, — k-0y
6. — (10a)
R+ 1
and
O0u — k-8
0” =S pry— ‘ (IOb)
k41

0n- will usually have a small positive value and 0.
a larger negative one, which is a desirable condition.
Therefore, a close approximation to optimum drift is

had by putting 6,. =0 either experimentally, or by
(10c), where

C. (10¢)

which is the same expression as (7). When a,. has this
value, then
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! 0[,' = 0[, — OH/k.

It will be noted that the terms of the expressions are
such that the correction possibilities can be fully ex-
plored after the initial experimental work is done. The
latter consists only of three heat runs to determine
8., 0y, and a., and three capacitance measurements
for CL, Cn, and C,.

The drift at other frequencies within the range will
usually be less than at the extremes, depending upon
the linearity of the curve. The deviation may amount
to about ten parts per million, so that when the cor-
rected drift is of this order, the assumption of linearity
is no longer justified, and the final correction is best
made experimentally. This necessitates taking some
heat runs at intermediate frequencies, unless the indi-
vidual coefficients are known for such frequencies.

In the latter case, the drift throughout the range
can be determined graphically, by plotting the effect
of each circuit component individually and summing
them as shown in Fig. 2, which represents a practical
example where the approximate values are as in

Table I. .

TABLE 1
CL, =360unf Cnaz =310uuf 81 =420
CH =0uuf amex = +130 By =+35
C, =50uuf Crin =40upf 6L, =-10
az=+40 amin = +250 Oy = —85

a;' is found to be —300, when 81’ becomes —45 and 6y’ +10.

In the figure, curve A shows the effect on the fre-
quency drift of the sum of the coefficients of the various,
capacitances, plotted against resonant frequency. The
individual curves are omitted in the interests of clar-
ity. Curve B is a similar plot for the capacitance, after
the inclusion of the required negative-coefhcient con-

+40

—

\

\ o
-40
—
—
\ N
80
e T FREQ MC & [ ©

Fig. 2—TIllustrating a practical example of optimum drift correction
in a circuit using stock broadcast receiver parts.

denser for C;, and curve C is the final curve, including
the coil cocfficient, being the algebraic sum of —0.5«
and —0.58.

From the final curve it is seen that 6., is —45 and
04 is 410, as already found, and in addition, the drift
at intermediate frequencies is readily observed. The
circuit used for Fig. 2 is fairly typical of those encount-
ered when using average grade components designed
for commercial receiver use.
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Thus a considerable reduction in drift, at all fre-
quencies, is possible by a comparatively simple adjust-
ment of the temperature coefficient of a portion of the
fixed capacitance. No further improvement can be had
unless some change is made in the temperature coefh-
cient of inductance.

I1V. Low-DRIFT VARIABLE-TUNED CIRCUITS

Referring again to Fig. 2, in which curve B repre-
sents the drift due to the capacitance coefficient, it is
seen that a coil having a coefficient such that —0.53
is represented by curve D, will result in zero drift at all
frequencies.

Zero drift in variable-tuned circuits therefore de-
pends entirely on the practical possibilities of so ar-
ranging the individual coefficients, that the algebraic
sum is zero for all required frequencies. A coil is re-
quired having coefficients at the frequency extremes
which are related by

Cll'ﬂli - (amnx'cmax -

amin'cmin)
= ——

which is derived from (9) when 8, =60x.=0.

In some cases, the design of inductances which will
meet the requirements to a sufficient degree of accu-
racy, is not unduly difficult, since it is fortunate that, in
general, B increases with increasing frequency, while
a can be made to decrease with increasing frequency,
by adjustment of the temperature coefficient of a por-
tion of the capacitance.

A practical example (Figs. 1 and 3) will illustrate

this. The circuit constants were approximately as in
Table II.

TABLE 11
CL =192up, a; =0 Cenin =36unf
Cu -48uu/ Cunax = 180uuf amin = +165
Cy=12uuf Gpax ™

Fig. 3 is constructed in the same manner as Fig. 2.
A is the drift attributable to the total capacitance be-

*20

o ) [
5 :\\\ /_;t
[ o//f : o
-20

O e
a0 —
it 800 1000 FRALQ KC 1200 1450

Fig. 3—Illustrating a practical example of drift correction by
complementary adjustment of the temperature coefficients of
inductance and fixed capacitance.

fore correction, and B the drift due to capacitance after
correction. In this case, the correction is arbitrary, as
the coil design is not considered until the capacitance
drift has been plotted. A number of B curves can
be laid out, according to the available choice of
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temperature coefficients for C.. Only the one finally
chosen is shown. It corresponds to a.. = — 600.

The mirror images of the B curves about the zero
6 axis will then provide design data for a number of
possible coils, any one of which can be used, with its
appropriate value for ./, to provide a variable-fre-
quency zero-drift circuit. Curve D gives the charac-
teristic of the chosen coil, and E shows the drift for
the whole circuit throughout the range.

The latter curve is plotted from the known coeffi-
cients of the various components. Experimental checks
showed the drift throughout the range to be very small.

The inductance in this instance consisted of four
litz pies on a bakelized-paper former, and it had zero
temperature coefficient at about 950 kilocycles. The
negative coefficient at the lower frequencies is ascribed
mainly to the axial expansion of the former, whereby
the pies are moved further apart with increasing tem-
perature.* Other components of the coefficient become
increasingly significant at higher frequencies, and the
effect of the expansion of the former is more than offset
by them.s '

For the example given, it is obvious that the drift
throughout the tuning range will be due entirely to
practical considerations of coefficient tolerances in the
various components.

The necessity for adjusting the temperature coeffi-
cient of inductance may be avoided by padding the
circuit, as is done in the case of the superheterodvne
local-oscillator. These possibilities are explored in Sec-
tion VII, which deals with the latter circuits.

V. VARIABLE-INDUCTANCE-TUNED Circuits

Although (10) is arrived at on the basis of a variable-
capacitance circuit, it is seen to be general and applies
equally well to the case of the variable-inductance-
tuned circuit.

Where the method of varying the inductance does
not alter the self-capacitance of the inductance, or the
stray capacitance, (10) reduces to

(] ]
% 6. + u)+m (12)
C.
whence
0[,' = - 05(0" — 01,) (]28.)
and
0”' = 05(0" — 01,) (]Zb)

Usually C, (and also possibly C,) does vary with
inductance variation, but if the change is small in rela-
tion to the total capacitance, the error involved in
using (12) instead of (10) will also be small.

The correction procedure of Section 1V cannot be
applied to the variable-inductance-tuned circuit, since
a is constant throughout the range; therefore, for

*W. H. F. Grifiths, Wirecless Eng. and Exp. Wireless,

vol. 11, p. 305; 1934.
*Tj. Douma, Philips Transmiiting News, vol. 5, p. 20; 1938,
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6=0 at all frequencies, 8 must also be constant with
varying frequency, which is not possible. The best cor-
rection for such circuits is obtained when (10) or (12)
is applied, after the variation of 8 is reduced to a minj-
mum. This is seen from (11), which becomes BL=8u.

A method exists for rendering such circuits effec-
tively driftfrec, by a combination of capacitances of
different coefficients, connected to different points on
the inductance.®

Variable-inductance tuning has a very useful appli-
cation to circuits which are required to have a mini-
mum of drift with “warm-up” period. The total capaci-
tance in the circuit can be fixed at a sufficiently high
value to reduce the short-period drift to negligible
proportions, avoiding the necessity for special measures
to overcome such drift.?

VI. THE SUPERHETERODYNE RECEIVER

A superheterodyne receiver is correctly aligned when
the frequency of the local oscillator is equal to the sum
of the intermediate and signal frequencies, provided
that the usual practice of having the oscillator fre-
quency higher than the signal frequency is employed.

Changes in one or more of the involved frequencies
will result in attenuation or loss of the signal. As-
suming that the signal frequency remains constant
and disregarding the possibilities of automatic fre-
quency control of the local oscillator, circuit drift of
the various receiver channels will be separately con-
sidered.

Drift in the intermediate-frequency channel results
in reduction of the signal amplitude subsequent to
conversion, the attenuation being dependent on the
amount of drift, and the selectivity of the channel.
Being fixed-tuned circuits, they are readily corrected
by the method given in Section II.

Designing the intermediate-frequency channel so as
to pass a band of frequencies without attenuation,
permits some drift in either the signal or oscillator fre-
quencies, or both, without effect on the signal strength,
and is a useful means of allowing for the residual drift,
after other means of circuit correction have been ex-
hausted.

Drift in the signal-frequency circuits attenuates the
incoming signal prior to conversion. As in the case of
the intermediate-frequency circuits, the degree of at-
tenuation is dependent on the amount of drift, and the
circuit selectivity. Though often neglected in practice,
the effect can be quite serious with highly selective
preconverter circuits. Methods for reducing this drift
have also been discussed.

VII. PADDED CIRCUITS

The local-oscillator circuit deserves special attention,
sinice the capacitance network is complicated by the

* Australian Patent Application No. 3070/41.
" P. Ware, Electronics, vol. 10, 12, p. 22; 1937.
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necessity for frequency tracking with the signal-fre-
quency circuits, the circuit being usually as shown in
Fig. 4, to which circuit the following notation applies:

—ik
I
L =‘l.= =E =E ';L‘.
coi' c, c,|c,
|
—

Fig. 4—Padded circuit as used in the superheterodyne local oscil-
lator. Cy and C; or Cy and C, may be temperature compen-
sated to give the circuit a very low drift factor over a range of
frequencies.

f.=lowest resonant frequency
fu =highest resonant frequency
6 = temperature coefficient of frequency
0,=0 at f. in a test heat run of the complete
circuit
6, =0, after circuit correction
8, =0 at fi in a test heat run of the complete
circuit
6y =0y after circuit correction
B = temperature coefficient of inductance
C, =self-capacitance of the inductance L
Cg = Cw+ C:
Comax = capacitance of C, at fi
Cuin = capacitance of C; at fu

Com Cot Cot 225
Cv+Cmnx
Cuy= C0+Cz+—C‘L£'Lh"
Cv+Cmin

s, ay, etc. =respective temperature coefficients dur-
ing test heat runs

a, ay, etc. =respective temperature cocfficients after
circuit correction

CmuZ b Cmin‘:
a= = R
(Cv + C‘max)2 ((v + Cmin)2
k= C./Cu= (fulf)? p=a/b
Ct G/t

- e ” —_
(Cv + C‘mnx)2 (('y + C‘min)2
All temperature coefficients are in parts per million
per degree centigrade, and all capacitances are in
micromicrofarads.

The coefficient ac of a series combination of two
condensers, C, having coefficient a,, and C, having
coefficient a, can be shown to be

a, Cy + a4-Cy
ac: _—— .

G+ G

(13)

Therefore, 8 for this circuit is given by

Bushby: Thermal-Frequency-Drift Compensation

551

0 ‘[ﬂ+ G
= — 035 -
c

_Caz'cv'av 't_Cva(a.W'C_w + a-'C:t)-l (14)
C(C, + C)? i)

The determination of 8 is possible when all of the
individual coefficients are known, but as in the pre-
vious case, the coefficient of the stray capacitance can-
not be measured directly, therefore experimental heat
runs of the complete circuit are essential.

This circuit opens up some very interesting possibili-
ties for temperature compensation. In Fig. 1, there
are only three possible variables, the temperature
coefficients of inductance and.of variable and fixed
capacitance. The adjustment of the coefficients of the
inductance or the variable capacitance is a compara-
tively difficult matter, and if these are eliminated from
consideration, only C; remains, so that (10a) and (10b)
give the optimum correction figures.

But in Fig. 4, different effects are had according to
which particular coefficient is adjusted. The possible
variables are now five in number, and they can be op-
erated on either singly, or in any convenient combina-
tion. ‘

Eliminating the coefficients of the inductance and
variable capacitance, as in the previous instance, still
leaves the three condensers C;, Cy, and C, available for
correction purposes. Considering first the use of these
condensers individually, the necessary information for
C. alone is given by (10). Expressions (15) and (16),
respectively, have been developed using Cy and C,
alone.

Equation (15) is obtained by setting up expressions
for 8., and Oy from (14), summing their squares, and
finding a value for - which makes the sum a mini-
mum. This gives

20«6+ k-b-0n)

ay = ————————— + . (15)
’ Cyla? + (kb)?] ’
When ay- has its optimum value, then
k2.0, — k-p-0
s P (152)
P2 + k2
and
2.0y — b-p-0
0 = (2l ey (15b)
P2 + k2

The effect of the padder on the temperature coefh-
cient is usually such that 6.- has a small positive value
and 0y a larger negative value, so that it is not as
suitable as C, or C, for compensation purposes by
itself. A close approximation to minimum integrated
drift results when 8- is made zero, either experimen-
tally or by means of (15¢) where

2CL 0L

15¢
o C, (15¢)

+ay

ay =




552

then
01 = 8y — kel,/p (15(1)
Equation (16) is obtained similarly to (15) and gives

2CL(M'0L + k-n-0”)

Oy = ™= ) a (16)
C.[m* + (kn)?]

when

e (kn)fﬁ,,_ e k-m-n-0y (16a)
m? 4+ (k,)?
and
m2-0y —k-m-n-0

O = —— = (16b)

m? + (k_n) 2

As in the case of the adjustment of .-, a close ap-
proximation to minimum integrated drift results from
putting 8. =0, when

2Cu-0
a, =——ILf”+a (16¢)
n-C, !
and
O =0, — m-8y/k-n. (16d)

VIII. TEMPERATURE-COEFFICIENT TRACKING

Either C,, C,, or C, can be used to obtain some meas-
ure of drift reduction, but a combination of C.and C,
(expression (17)), or C, and C, (expression (18)) can
be so adjusted as to give a very low coefficient through-
out a range of frequencies. Some work of this nature
has already been carried out in a specific instance.?

Equations (17) and (17a) are obtained by equating
the expressions for 8, and 84 to zero, when

B 2Cu(k-6L — 6g)

ay ay

Cla — 0) o)

and
- 2C”(p'0” —_ kel,)
CAp — 1)

Subject to realizable values for o, and a.., the drift
can be zero at hoth extremes of the range, and will
depart from zero only in so far as the assumption of
linearity of 6 versus frequency is unjustified. In prac-
tice, deviations of about ten parts per million may be
expected. If the departure is too great, putting =0
at two suitable frequencies within the range, instead
of at the extremes, results in further improvement.

In normal circuits, if realizable values for a, and
a, are not obtained, it will be found that some of the
individual coefficients are unnecessarily high. Best
results usually accrue when the “uncorrected” drift
has been reduced to a minimum by careful selection
and design, so that individual components have low

e

(17a)

® A. G. Manke, RMA Eng., vol. 2, p. 18; 1938.
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coefficients, although there are often limits to such a
procedure.

For instance, in the adjustment of the temperature
coefficient of an inductance, zero or a very low value is
obtained only by cancellation of certain components
of the coefficient against others,® and this practice may
be no better, and is often worse than correcting for the
original inductance coefficient by adjustment of the
capacitance coefficient. A cyclic and reproducible co-
efficient is to be preferred to one which, though lower,
is erratic.

Equation (18) is obtained in similar fashion to (17)
is and gives

2C Caax2"8 k-Cnint-0
P < "o L) Fa (18)
C.(Crmax?—Cuind) n m
and
2Cy-C, k-9, 0,,)
= = - - — ]+ q. 18a
o Cmux/ - CminQ( m n o ( )

Practical examples of the use of these expressions
are shown in Fig. 5, the lower curves giving the drift
prior to correction, and the upper ones the most prob-
able value of the corrected drift. The lower curves
have been assumed linear, as observations were made
only at the frequency extremes.

+20!
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Fig. 5—Illustrating practical examples of drift correction by use of
the padded circuit with coefficient tracking,

The upper curve for (17) gives a very good experi-
mental check, since the exact values of coefficients
required by the expressions were not readily obtain-
able. Values somewhat lower were used, and it was
expected that the drift would be a few parts per mil-
lion negative throughout the range. The inability to
obtain the exact values for the coefficients, as deter-
mined by the expressions, will sometimes be the limit-
ing factor in design.

The circuit used for (18) covers a frequency range
of 2.9 to 1. In this case § was made zero at two fre-
quencies within the range, so as to reduce the drift
at 800 kilocycles.

The examples are representative of what may be
done with the use of stock broadcast receiver parts,
having existing tolerances on the various electrical
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values and coefficients. It should be possible to have the
average value of the corrected drift not more than ten
parts per million per degree centigrade throughout a
range of nearly 3 to 1.

Further improvement results from the restriction of
the frequency coverage, and/or the use of components
in which thermal drift has been a specific factor in
design.

The adjustment of C;and C, was tried in a few cases,
and it was found that the correction of such circuits
called for coefficient values in excess of those possible.
In any case, such expressions would have only limited
application, since usually only one or the other is
present in a circuit.

IX. Tureg-PoINT TRACKING

The possibilities of three-point tracking have been
briefly examined. It is evident that by operating on all
three cocfficients (a., ay, and a;), a third expression
for 6 at some other frequency could be set up and
equated to zero. This would give a third tracking point
at any suitable frequency within the range.

Such a third tracking point would be useful if there
is considerable curvature in the two-point characteris-
tic, as, e.g., in the examples of Fig. 5. Three-point
tracking also gave unattainable values for a;- and a,-,
and it is not, in general, practically possible to have
9=0 at more than two frequencies in the range, so
that (17) or (18) gives the best possible compensation
for any circuit.

The alteration of the third coefficient will have some
effect on the shape of the curve, and may therefore
give a smaller departure from zero at mid-frequencies.

\ IX. CONCLUSIONS

In circuits intended for operation at one frequency,
thermal drift can be eliminated by adjustment of the
temperature coefficient of a portion of the capacitance,
as determined by (7).

In variable-capacitance-tuned circuits, the inte-
grated drift is a minimum when 0.2+0p2 is 2 mini-
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mum, the design information being given by (10). A
close approximation to optimum conditions obtains
when 0y is made zero, either by the use of (10c) or
experimentally.

Circuits having 0 less than ten parts per million per
degree centigrade over normally used frequency ranges,
arc sometimes possible by the complementary adjust-
ment of the coefficients of inductance and capacitance,
as given in (11) and in the graphical construction of
Fig. 3.

Variable-inductance-tuned circuits are a special case
of the general formulas obtained for the variable-
capacitance-tuned circuits. Minimum integrated drift
occurs when 0.-+0y-=0. These circuits have the ad-
vantage of being very suitable for “warm-up” drift
reduction.

The padded circuit of the superheterodyne local
oscillator is peculiarly adapted to thermal-drift correc-
tion by reason of its complex capacitance network.
Suitable adjustment of two of the condenser coefh-
cients, giving two-point coefhicient tracking, results in
a very small drift throughout the range, when the
conditions of (17) or (18) are met.

Experimental work has confirmed the correctness
of the expressions in so far as the experimental errors
permit. It appears that the average value of the drift
factor in the padded circuits is readily reduced to ten
parts per million per degree centigrade for frequency
ranges of up to 3 to 1.

Three-point tracking of the temperature coefficient

- of frequency, by the adjustment of three condenser

coefficients, has been found to be impractical, due to
the large values of coefficient called for in normal cir-
cuits.
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Attenuation ofElectromagnetic Fields in Pipes

Smaller Than the Critical Size
E. G. LINDERT, ASSOCIATE, I.R.E.

Summary—A theorctical and experimental discussion is given
of electromagnetic fields in pipes smaller than the critical size, espe-
cially with regard to attenuation, and based upon wave-guide theory.
It is shown that the rate of altenuation, as the wavelength increases
and passes through the critical value, approaches a high asymptotic
value. Confirmalory experimental data are given. Simple Sformulas
for atltenuation are included.

ECENTLY several papers'* have appeared in
which the propagation of electromagnetic waves
in pipes has been discussed. These have indi-

cated that for a given frequency there is a critical pipe
size below which wave propagation is not possible, or
in other words, for a pipe of a given size there is a cut-
off frequency f, below which wave propagation does
not occur. Aside from this, so far as the writer is aware,
no discussion has previously been made of phenomena
below cutoff or very near to it. In fact most of the
present published theory is not valid for frequencies
very near to fo. It is the purpose of the present paper
to discuss this case somewhat more completely.

The general expressions for the fields in cylindrical
tubes may be written in the form?!?

E = E\(r,0) exp (juwt + vz))
IT = II(r, 6) exp (Jwt + vz) A

(1)

whence it is seen that the field along the axis of the
tube is controlled by the factor exp (Gwt +vz), where
7, the propagation constant, may be written y =a-jB.
The real part of v is the attenuation constant and the
imaginary part is the phase constant.

The forms of propagation constant discussed in the
above references'~? are not valid for f<f,, except in
Barrow’s paper. He gives a form of ¥ which is valid
for the E-type wave, over the whole frequency range,
but does not discuss it, putting it immediately into a
simpler form which does not hold over the whole
range. Barrow's general expression is limited only by
the assumption that the conductivity of the tube is
very large but finite. After making several changes of
notation it may be written

2r ’[1 <Ao>2 )\ozw:| + 3 /\ogw. /2
L >\o’ A 47? J 4z f

where Aq is the free-space wavelength corresponding

’ (2)

* Decimal classification: R110. Original manuscript received by
the Institute, April 6, 1942.

t RCA Laboratorics, Princeton, New Jersey.

!W. L. Barrow, “I'ransmission of electromagnetic waves
in hollow tubes of metal,” Proc. I.R.E., vol. 24, pp. 1298-1329;
October, 1936.

?J. R. Carson, S. P. Mcad, and S. A. Schelkunoff, “Hyper-
frequency wave guides,” Bell Sys. Tech. Jour., vol. 15, pp. 310
333; April, 1936.

3 G. C. Southworth, “Hyper-frequency wave guides,” Bell
Sys. Tech. Jour., vol. 15, pp. 284-309; April, 1936.
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to fo, i.e., the cutoff wavelength, and

2 we; ‘wus
w 4 { =, ©))

a g9

where
er=dielectric constant of the medium (101/36x
farad per centimeter for air)
uz=permeability of the tube (henries per centi-
meter)
oz =conductivity of the tube (mhos per centimeter)
a =radius of the tube.

For copper pipes of practical sizes, the w term is
negligibly small except very near cutoff.

The real part of (2) determines the attenuation. It is
of interest to consider its variation as \ varies from
below to above A,. This has been plotted in Fig. 1,
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Fig. 1—Attenuation for the case of an E; i type of ficld in a cop-

per pipe of 1.58 centimeters radius, showirg the variation
through the cutoff point.

for the case of Eo, type of field in a copper tube of
radius a=1.58 centimeters. For A<Xo the curve is
identical with those published previously' 3, except as
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A—)\, the attenuation does not become infinite as pre-
viously indicated, but rises very steeply to a compara-
tively high value, and for A>Xe it approaches an
asymptotic value of 13.2 decibels per centimeter.

The imaginary part of v determines the form of the
field along the z axis. For A<X,, it is seen from (2),
the imaginary part is very large compared to the real
part; i.e., B>>a. Hence we see from (1),

E = E\(r, 6)exp(— az) exp(—7B2),

that the field is simple harmonic with small attenua-
tion. However, for A>\,, we have f<a. The factor
exp(—jpBz2) is very near unity. The harmonic variation
disappears and the field decreasesat a high exponential
rate as determined by exp(—az.)

At the cutoff point A=X, and ¥=vw(—14j)
=+/w(cos 67.50+j sin 67.50). Thus & and B are of
similar magnitude.

It is evident that there is a continuous transition
through the cutoff point, from a slightly attenuated
simple harmonic wave to a highly attenuated expo-
nential field.

It is possible to derive very simple expressions for
the attenuation which are accurate except close to Xo.
To do this write % in the form

v? = pe’?,
whence
=pe,
= 1/p cos &, )
and
B = +/psin ¢,

where, from (2)

47? / (1 Ao? )\02w)2+ ()\02{0)2
p= vy — = s
No? /‘ A\? 42 472
Except very near to Ao the w term is negligibly small
and this is closcly approximated by

47!'2 Xo2
p= ( — 1), for N < A,

N2\ A2
and
47!'2 Xn2
p = a2 1— )\2), for N> Ao

Consider the two cases:

1. A<,

Here 42 has a large negative real part, and a small
positive imaginary part, hence 2¢ is almost 180 degrecs
and ¢ is almost 90 degrees. Hence we may write
cos ¢ =w/2p, and sin p=1,

Therefore,
a=+/pcos¢ = M/ 4 )

V5
—1
x?
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or, multiplying numerator and denominator by A/\o,

Aw/dn
Q= — = >,i;\? (4)
/‘/1 -
Ao
and
8 27 ! A? )
Y No?

These are identical with the expressions derived by
Barrow ;! and Carson, Mead, and Schelkunoff?, for this
case.

2. A>Ne.

Here 72 has a large positive teal part, and a small
positive imaginary part. Hence, 2¢ is nearly zero,
cos ¢ =1, and sin ¢ =w/2p. Therefore,

27 No?
ax = — [l ==—=p (())
o A2
and
Xo'tU/41r
B = - (7

Vi-s
| = —
x?

It is of interest that the attenuation in this case de-
pends only on X and Xp and is independent of the tube
material, except for the assumption that it is of high
conductitivy.

The above discussion applies only to E waves, since
the basic expression (2) was derived for that case only.
The case of II waves for A <\o has been discussed in
detail by Barrow; Carson, Mead, and Schelkunoff, etc.
The case N>\, may be handled by noting that the
propagation constant for /7 waves may be written!

2w /‘/1. Y
YT N X
except for N very near to X, For >N this is rcal and
thus represents the attenuation, which is seen to be
identical with (6). The assumptions are the same in
both cases. Hence (6) is valid for both E waves and
II waves.

Equations (4) and (5) have been discussed in pre-
vious publications,! % and will not be dealt with further
here. Equations (6) and (7) however appear not to
have been mentioned previously.! Equation (6) has
been checked over the wavelength range from 7 to
10 centimeters for a tube of 1.58 centimeters radius,
and for a ficld configuration of the Ifix type. Thesc
data, which were obtained by G. Fernsler, are plotted

4J. A. Stratton, “Electroma netic Theory,” McGraw-Hill
Book Company, New York, N. {., 1941, p. 539.

+ R. A. Braden of this laboratory first noticed that our experi-
mental measurements of attenuation rate followed an empirical
Jaw similar to equation (6). The similarity of this to expressions

occurring in wave-guide theory led to the present investigation.
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in Fig. 2. There is agreement within the accuracy of the
measurements.

The extension or fringing of fields into tubes has
been discussed in a number of instances®:? for static or
low-frequency fields. These represent limiting cases
given by A—«, and for which, from (6),

X = 27r/>\o. (8)

Harnett and Case’ have described three examples, to
which this result is applicable, in which tubes are used

2

8 — 1 :
a /
db/em

2 (ems) ’

]

] 7 . ] 10 1

Fig. 2—Attenuation for the case of an I, , type of field ina pipe
of 1.58 centimeters radius. The circles are experimental
points. The line is computed from equation (6).

as attenuators for signal generators, and in which
three different field configurations are employed. The
first type has an input electrode consisting of a small
circular disk centrally located in the tube. This pro-
duces a radial electric field similar to that of the E,,
wave. Hence from wave-guide theory, \o=2.62a.
Therefore, from (8),

2T

a = napiers per centimeter
2.62a

209
= decibles per centimeter
a

= 20.9 decibles per radius,

which is in agreement with previous results.$’7 The
second type has an input electrode consisting of a coil
whose axis is normal to the axis of the tube. This pro-

¢ L. Langmuir and K. T. Compton, “Electrical discharges in
gases, Part I1,” Rev. Mod. Phys., vol. 3, pp. 212-213: April, 1931,
7 D. E. Harnett and N. P. Case, “The design and testing of
multirange receivers,” Proc. I.R.E., vol. 23, pp. 578-594; June,
1935. The attenuation formulas given in this paper were derived
by H. A. Wheeler, but his derivations have not been published.
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duces a field configuration similar to that of the 77, ,
wave. The limiting value of a is found to be 16.0
decibels per radius. The third type consists of an input
clectrode in the formm of a coil whose axis coincides
with that of the tube. The field is analogous to that of
the 71,,, wave, and the limiting attenuation is found
to be 33.3 decibels per radius. These three cases are
in agreement with the limiting values found by H. A.
Wheeler, and given in the Harnett and Case paper.

The formulas for A >\, for these three cases may be
written as follows:

7 )\ 2

2().91/ 1 — ; dlecibels per radius, (9)

1l

Eq,1 type, a

Ao?

I, type, a = 16.01/ 1— )\'2 decibels per radius, (10)

/ 2
I,y type, a = 33.3 v/ 1 — );\02 decibels per radius. (11)

Formulas for other types of waves may be derived
by inserting the proper value of X, in (6).

The accuracy of (6) and (7), and also the derived
formulas (9), (10), and (11) may be estimated as fol-
lows: From the accurate expression (2) we see that the
terms involving w (which were neglected in obtaining
(6) and (7)) affect the order of magnitude of the result
only when

)\02 )\0270

1 — =

A2 472

= 10~

for copper pipes. This may be written

A= Ao? = 10792,

or
(N = X)) (X + No) = 10-422,
or
10~4\2
N—=x) =A== —,
2X
or
AN = 1074),.

Thus, X must be within 0.01 per cent of Ay before the
w term is equal in magnitude to the sum of the other
terms.
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WINTER CONFERENCES —1943

The Board of Directors of the Institute, co-operat-
ing in the program of reducing long-haul railroad pas-
senger traffic, has acted to eliminate the usual three-
day convention and exhibition of component radio
parts in New York this forthcoming January. To re-
place it, the Board has named Thursday, January 28,
1943, as a nationwide Winter Conference Day, on
which as many Sections of the Institute as can possibly
do so will hold simultaneous technical meetings. In
this ambitious plan to “‘bring the mountain to Maho-
met,” the Directors believe that the Institute will
achieve many of the more important objectives of a
national convention, and, if Section officers enter into
the spirit of the idea, will arouse local interest to an
extent not possible through gathering at one point.

In New York City, the Board has accepted the kind
invitation of the American Institute of Electrical En-
gineers, which during the week of January 25-29 is
holding its National Technical Meeting there, to join
with that society on January 28. Morning and after-
noon sessions of the I.R.E. will be open to its own
members and also to registrants at the A.I.E.E. tech-
nical meeting. The A.I.LE.E. has courteously invited
I.R.E. members to its communication and industrial
electronics sessions, particulars of which will appear in
the January PROCEEDINGs. The day’s activities will
culminate in the joint A.ILE.E.-I.R.E. evening mcet-

ing, with an address on the subject of Ultra-High
Frequencies by Dr. George C. Southworth of Bell
Telephone Laboratories.

Technical Papers

It is expected that technical papers and material
used at the New York Conference will be made avail-
able, upon request, for simultaneous presentation at
other I.R.E. Sections on the date named. Steps are
being taken to make possible the exchange of papers
among Sections so that each may contribute and all
may benefit. If desired by the authors, papers so con-
tributed will be considered by the Papers Committee
and Board of Editors as to subsequent publication in
the PROCEEDINGs. Papers for presentation at the con-
ference must be submitted to the Institute office, 330
West 42nd Street, New York, N. Y., not later than
January 1, 1943.

Other Features

Other features on the New York Conference pro-
gram are: The Annual Meeting of the Institute; induc-
tion of officers for the year 1943; presentation of the
Medal of Honor; award of Fellowships and other spe-
cial awards. There will be no social activities at the
New York Conference and no ladies’ program. There
will be no meeting of the Sections Committee.

Board of Directors

The Board of Directors met on October
7, 1942, Those present were A. F. Van
Dyck, president; C. C. Chambers, 1. S.
Coggeshall, W. L. Everitt, Alfred N.
Goldsmith, editor; L. C. F. Horle, C. M,
Jansky, Jr., F. B. Lewellyn, Haraden
Pratt, treasurer; F. E. Terman, B. ].
Thompson, H. M. Turner, H. A. Wheeler,
L. P. Wheeler, and H. P. Westman, secre-
tary.

Institute representatives at 76 colleges
and universities were appointed to serve
until June 30, 1943.

A new Bylaw to follow present Bylaw
Section 45 was adopted and reads as fol-
lows:

“The Board shall make appointments to

the following Committees: Annual Re-

view, Electroacoustics, Electronics, Fac-
simile, Frequency Modulation, Radio

Receivers, Radio Wave Propagation,

Standards, Symbols, Television, and

Transmitters and Antennas, each year

between January 1 and May 1 and the

terms of appointments shall be from

May 1 of the year when the appoint-

ments are made until April 30 of the
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following year. Additional appointments
may be made to fill vacancies or to care
for special cases as the need arises, with
the term of the appointment expiring
April 30.”

The report of a special committee ap-
pointed to present to the Board a report
on the advisability of, and on ways and
means of, changing the membership-
grade structure to permit the Institute to
serve better a larger and more diversified
membership was considered. The Con-
stitution and Laws Committee was di-
rected to prepare the necessary changes in
the Constitution and Bylaws to put the
proposals of the Committee into effect.

The Executive Committee was directed
to appoint a Conference Committee to
arrange for a technical conference in New
York City during the latter part of Janu-
ary, 1943. This conference, which will be of
one day’s duration, will replace the normal
Winter Convention which was canceled
some months ago.

The regular November meeting of the
Board of Directors was held on the fourth
of the month and was attended by A. F.
Van Dyck, president; Austin Bailey, C. C.
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Chambers, I. S. Coggeshall, W. L. Everitt,
Alfred N. Goldsmith, editor; C. M. Jan-
sky, Jr., F. B. Llewellyn, Haraden Pratt,
treasurer; F. E. Terman, B. J. Thompson,
H. M. Turner, L. P. Wheeler, and H. P.
Westman, secretary.

The report of the Tellers Committee was
received and the following new officers
were declared elected: ’

President, 1943
L. P. Wheeler
Vice President, 1943
F. S. Barton
Directors, 1943-1945
W. L. Barrow
F. B. Llewellyn
H. A. Wheeler

On recommendation of the Awards
Committee the following members will be
advanced to Fellow at the time of the
Annual Meeting which will be held in
New York City in January: Andrew Al-
ford, 1. S. Coggeshall, J. B. Dow, L. E.
DuBridge, P. C. Goldmark, D. E. Har-
nett, D. D. Isracl, A. G. Jensen, G. F.
Metcalf, and Irving Wolff.

The membership of the Appointments
Committee was decided on and it will be
comprised of L. P. Wheeler, chairman;
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W. L. Everitt, F. B. Llewellyn, B. ].
Thompson, and H. A. Wheeler.

A new Bylaw was adopted to follow the
present Bylaw Section 44 and reads as
follows:

“The Board of Directors is authorized
to waive, in whole or in part, the applica-
tion in any particular case of the contents
of Bylaw Section 44 during the period end-
ing December 31, 1943.”

Section 44 of the Institute Bylaws pre-
scribed the minimum requirements for the
operation of sections. This Bylaw was
adopted in anticipation that some sections
may have difficulty in maintaining these
minimum requirements basically as a
result of general conditions and not
through lack of interest or initiative on
the part of the management groups.

A New York Section having been estab-
lished, no further need exists for the New
York Program Committee which formerly
prepared the programs for New York meet-
ings. Accordingly, Section 45 of the Insti-
tute Bylaws was amended to delete from
the list of standing committees the name
of the New York Program Committee.

Alired N. Goldsmith was named to
serve as a representative of the Institute
on the Standards Council of the American
Standards Association for the period 1943-
1943, the Secretary being designated to
serve as alternate for the same period.

Professor Everitt announced that
there were no plans being made for a
Broadcast Engineering Conference at
Ohio State University during 1943.

The report of the Constitution and Laws
Committee on proposed revisions of the
Constitution and Bylaws submitted in
accordance with the instructions issued at
the previous meeting of the Board 6f Di-
rectors, was considered. A number of
modifications were made in the proposals
and the report returned to the Committee
for further consideration by it.

Executive Committee

A meeting of the Executive Committee
was held on September 18 and was at-
tended by A. F. Van Dyck, chairman;
Alfred N. Goldsmith, editor; Haraden
Pratt, treasurer; B. J. Thompson, and
H. P. Westman, secretary.

A memorandum on broadening the
scope of the Institute was prepared for
submission to the Board of Directors.

W. B. Cowilich was employed to serve
as Assistant Secretary.

On October 2, A. F. Van Dyck, chair-
man; I. S. Coggeshall, Alfred N. Gold-
smith, editor; R. A. Heising (guest); F.
B. Llewellyn, Haraden Pratt, treasurer:
B. J. Thompson, and H. P. Westman,
secretary, attended a meeting of the
Exccutive Committee,

It was agreed that the memorandum
on “Broadening the Scope of the Insti-
tute” which was prepared at the previous
meeting of the Executive Committee be
forwarded to the Constitution and Laws
Committee together with certain other
information and views for its information
and guidance in preparing proposed modi-
fications of the Constitution and Bylaws.
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The proposed changes were requested in
time for consideration by the Board of
Directors at its November meeting.

Approval was granted of 88 applica-
tions for Associate, 41 for Student, and
4 for Junior membership.

A cordial invitation from the Institu-
tion of Electrical Iingineers of London for
Institute members visiting England to
make use of its library facilities and to
attend its meetings was accepted with
thanks. A reciprocal privilege is afforded
to members of the I.LE.E. on visit to this
country to make use of such facilities of
our Institute as may be useful to them.

On October 30, a meeting of the Execu-
tive Committee was held and was at-
tended by A. F. Van Dyck, chairman;
I. S. Coggeshall, Alfred N. Goldsmith,
editor; R. A. Heising (guest); F. B. Lle-
wellyn, Haraden Pratt, treasurer; B. ].
Thompson, and H. P. Westman, secretary.

J. B. Atwood, Stewart Becker, J. F.
Johnson, H. 1. Maser, M. D. McFarlane,
E. R. Piore, and C. H. Wesser were trans-
ferred to Member grade. F. B. Bramhall
D. D. Carpenter, A. V. Dubinin, D. H.
Marathe, E.'D. McArthur, M. S. Neiman
C. T. Scully, A. H. Simons, G. F. Van
Dissel, C. M. Wallis, and Michael Wysot-
zky were admitted to Member.

Approval was granted of 112 applica-
tions for Associate, 99 for Student, and 3
for Junior grade.

The petition for the establishment of
a New York Section which was received
on October 7 and signed by § Fellows, 13
Members, and 64 Associates in good stand-
ing was approved.

A report of the Constitution and Laws
Committee on proposals to modify the
Constitution and Bylaws of the Institute
was reviewed,

Books

A-C Calculation Charts, by
R. Lorenzen

Published by John F. Rider Publisher,
Inc., 404 Fourth Avenue, New York, N. Y.
160 pages. 144 charts. 9X12 inches. Price
§7.50.

After a brief historical and explanatory
introduction, this large volume comprises
144 full-page reactance charts like those
commonly used by communication en
gineers. Each chart is one cycle square,
printed in two colors. All charts are alike
except for the numbering of the scales.
They cover the range of 10 cycles to 1000
megacycles, 0.01 ohm to 10 megohms, 0.1
niicromho to 100 mhos,

Each of the 144 charts is accompanied
by two conversion scales as an aid in im-
pedance computations. One is a reciprocal
conversion between ohms and mhos. The
other is a square or square-root conversion
for solving right triangles. There are two
additional charts, one giving the relation
Q=X/R or B/G and the other giving
Q=tan 6.

This reference book is recommended
for libraries and laboratories where many
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reactance computations in various fre-

quency ranges have to be made with ac-

curacy ncarly as great as that of a ten-
inch slide rule,

H. A. WHEELER

Hazeltine Service Corporation

Little Neck, L. 1., N. Y.

Handbook of Technical In-
struction for Wireless Tele-
graphists, by H. M. Dowsett
and L. E. Q. Walker

Published by Iliffe and Sons, Ltd.,
Dorset House, Stamford Street, London,
S.E. 1, England, Seventh Edition, 1942.
664 pages. 618 figures. 5 X8 inches. Price,
25 shillings.

This Iandbook aims chiefly to provide
instruction and reference material for
seagoing operators and others, relative to
the general practice of marine wireless
communication, illustrated by apparatus
developed by British wireless companies.

About one fourth of the Handbook is
devoted to the basic theoretical considera-
tions which are applicable in all fields of
radio communications, This material is
clearly presented and numerous mathe-
matical formulas most likely to be useful
to the operator in the field are included.

Circuit diagrams are presented for a
great number of different types of British
shipboard apparatus, including transmit-
ters, receivers, direction finders, auto
alarms, emergency sets, and lifeboat sets,
making the Handbook a convenient ref-
erence source for anyone working in this
field.

H. O. PETERSON
R.C.A. Communications, Inc
Riverhead, L. I., N. Y.

The Radio Amateur’s ‘Hand-
book (Nineteenth Edition),
1942

Published by the American Radio Re-
lay League, Hartford, Conn. 446 pages
+8-page index+96-page catalog section.
680 figures. 64 X9} inches. Price $1.00.

This is the nineteenth edition of the
Radio Amateur's Handbook. Its arrange-
ment and selection of material reflects the
experience gained in the production of
cighteen preceding editions.

About one third of the Handbook is
devoted to the presentation of the basic
theory of the components used in radio
communication. This section includes a
good chapter on practical antenna design.

There is also a section relative to the
practices of station operation and traffic
handling.

About one third of the Handbook per-
tains to construction plans and data for
transmitters, receivers, transceivers, mod-
ulation equipment and other items of
general use in the amateur’s station. A
comprehensive selection of tube character-
istics and miscellaneous data are also in-
cluded.

The catalog section is of interest and
value in that many of the component parts
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illustrated may be applicable to the radio
problems incidental to the war effort.

H. O. PETERSON

R.C.A. Communications, Inc.

Riverhead, L. 1., N. Y.

Acoustic Design Charts, by
Frank Massa

Published by the Blakiston Company,
Philadelphia, Pa. 219 pages+xiv pages+
8-page index. 64 X9} inches. Price $4.00,

Those engaged in the design of electro-
acoustical apparatus will welcome the
publication of this volume. It comprises
a collection of charts, mostly in the form
of straight line graphs on log-log co-or-
dinates, of quantitative data pertaining
principally to acoustics and to mechanical
vibrating systems. In many cases families
of curves are given, which permit the effect
of varying the parameters of a system to
be evaluated without computation. Even
a mere inspection of the charts is instruc-
tive, in that the ranges of values to be en-
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countered in practical problems are indi-
cated. A convenient feature is the useof
both English and metric units in appro-
priate cases; for example, the length of a
tube as a function of its resonance fre-
quency is given in feet, in inches, and in
centimeters. In most cases the scales
chosen permit a constant percentage ac-
curacy of reading over the large range of
values covered. While the charts are not
large in size, the precision is sufficient for
most preliminary design calculations.

A wide range of material is covered,
most of which is particularly applicable to
the design of loudspeakers and micro-
phones. The charts are arranged in ten
sections covering fundamental relations
in plane and spherical sound waves; at-
tenuation of sound and vibrations; acous-
tical elements; mechanical and acoustical
vibrating systems, including clamped,
stretched, and piston diaphragms; design
factors involved in direct radiator and
horn-type loudspeakers; sound reproduc-
tion in rooms and in free space; design of

CLEDO BRUNETTI

Cledo Brunetti (A'37) was born on April
1, 1910, at Virginia, Minnesota. He re-
ceived the B.E.E. degree from the Univer-
sity of Minnesota in 1932 and the Ph.D.
degree in 1937, From 1932 to 1936 he was
a Teaching Fellow in the department of
electrical engineering at the University of
Minnesota and from 1936 to 1937, an in-
structor. From 1937 to 1939 Dr, Brunetti
was an instructor in electrical engineering
at Lehigh University and from 1939 to
1941, assistant professor of electrical engi
neering. During the summers of 1939 and
of 1940 he was a research associate at the
radio laboratory, National Bureau of
Standards, Washington, D. C. Since May,
1941, he has been a radio physicist at the
National Bureau of Standards, Washing-
ton, D. C., working on problems in connec-
tion with the war cffort. He is a member
of Tau Beta Pi, Eta Kappa Nu, and
Sigma Xi.
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electromagnetic systems; and, miscellane-
ous other data of use to acoustical engin-
eers. There is a complete index with ade-
quate cross references.

In few branches of engineering other
than acoustics is a knowledge of funda-
mental principles more essential to the
safe application of data such as are pre-
sented here. It is, therefore, unfortunate
that neither the equations of the graphs
nor references locating them in the litera-
ture can be found anywhere in the book.
This is an omission which it is hoped will
be rectified in future editions of this very
useful volume,

Academicians imay argue that graphic
aids such as these are crutches for mental
cripples. To this reviewer, however, the
Massa charts seem more like a comfortable
wheel chair irt which one may, with little
effort, glide smoothly along paths formerly
negotiated only with painful effort.
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7HE Tc values of AlSiMag ceramic compositions are among
the many physical characteristics given in Property Chart
No. 416.

Frequently it is very difficult for the designing engineer to
get information as to detailed characteristics of an insulat-
ing material which he wishes to employ in his design. There-
fore, American Lava Corporation took great pains in an
effort to furnish such information in Property Chart No. 416.

A Copy of this chart will be sent free on your request. It
is conveniently arranged for filing, hanging on thé wall or
placing under desk glass. It takes only a moment to request
AlSiMag Property Chart No. 416. It might save you many
hours or days of laboratory experiment.

A!SiMag Property Chart No. 416 1
Gives Complete Physical Characteristics
of the Most Frequently Used AlSiMag

Compositions. Free on Request.

AnS oM AMERICAN LAVA CORPORATION

YRADE MaARK AEGtsYemED V. FPAYENY OFPPFICSH CHATTANOOGA’ TENNESSEE
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More bombs for Berlin . . . more terror for Tokio

N TOTAL WARFARE, every pound of

metal we can save means just so much
added destruction we can hurl at the
enemy.

7000 tons of steel saved means approx-
imately 70,000 more heavy bombs to
drop on Berlin and Tokio.

2500 tons of copper saved means nearly
1,000,000 additional 3in. A. A. cartridge
cases for blasting Zeros and Messer-
schmitts out of the sky.

Westinghouse will save these huge
amounts of steel and copper during 1942
in its Transformer Plant alone . . . be-
cause of radical improvements in trans-
former materials and design that have
come out of the Westinghouse Research
Laboratories and Westinghouse engi-
neering:

An entirely new kind of transformer
steel wherein the crystals line up like
tenpins in a row, instead of in helter-
skelter fashion as in ordinary silicon
steel. This new grain-oriented steel . . .

Westinghouse

called Hipersil . . . is.the result of nine
years of intensive study and experiment
by Westinghouse Research Engineers.

Hipersil has one third more flux-car-
ryving capacity than the best grade of
ordinary silicon steel. Because of its
higher permeability, less Hipersil core
material is needed. Transformer weight
may be reduced 25 to 30 per cent. Hipersil,
alone, will save thousands of tons of
critical steel and copper in the vast num-
ber of transforiners Westinghouse will
make during 1942.

Forced oil -cooled transformers in
which the cooling medium is rapidly cir-
culated inside the transformer shell.
This means quicker heat removal. Small-
er cores and coils can do a bigger job.
Strategic steel and copper are saved to
help win the war.

Copper temperature control. Here a
liquid-cooled transformer carries a load
up to the point where the copper reaches
a critical temperature, beyond which the
insulation may be damaged. By the use

of this thermal control, higher safe loads
can be carried. A transformer of a given
size, therefore, does more work . . . an-
other way of saving steel and copper for
more shells and tanks and ships to hurl
at the Axis.

Better transformers go hand in hand
with these major achievements of West-
inghouse “know how” in saving strate-
gic materials for our all-out drive to
victory.

Westinghouse Electric & Manufactur-
ing Company, Pittshurgh, Pennsylvania.
Plants in 25 cities. Offices every® here.

You are cordially invited

to visit the Westinghouse Electrical
Exhibit at the Annual Convention of
the American Association for the Ad-
vancement of Science . . . December
28-31st ... at the Commodore Hotel,
New York.

. « « making Electricity work for Victory
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This new antenna by G. E., with circular bays, elim-
inates the usual complex, costly structure, yet
radiates energy uniformly. It is an example of Gen.
erol Electric engineering leadership in FM equipment.

Anonc owners of frequency-modulation re-
ceivers, a large majority like the quality of FM
reception. For example, 85 per cent say it is

better than regular broadcast reception, and 91

G- E. WENT To THEM AND FUUND UUT! per cent would recommend it to their friends!
These are facts and figures taken directly from

a survey made for General Electric in 14 cities
by an independent research organization. Among

owners of General Electric FM receivers, the
approval registered was even greater.

FM Receivers

NO OTHER
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The research organization went directly to
private homes for its findings. It sought and
obtained answers from both FM and non-FM
owners of high, medium, and low cost sets. The
answers took on a pattern of telling significance.

Seventy-eight per cent of the non-FM owners
rated virtual freedom from static and better
tone quality as the outstanding FM advantages.
Eighty per cent of FM owners emphasized these
same advantages also.

Today G. E. is building FM transmitting and
receiving equipment for war purposes only, with
the same precision and skill that characterize
all of its electronic devices. When peace comes,
General Electric FM equipment will be more
than ever the best that money can huy! ... For
detailed information on the FM survey, write
for booklet, entitled “What the Consumer Thinks
of FM,” to Radio, Television, and Electronics
Department, General Electric, Schenectady, N. Y.

FM Broadcast Apparatus * FM Broadcasting ° FM Police Radio * FM Military Radio
MANUFACTURER OFFERS SO MUCH FM EXPERIENCE

GENERAL @) ELECTRIC

Proceedings of the 1.R.E. December, 1942

160-A2-6910




ton Bl amits

USE TUBES WITH
GENERAL CERAMICS

STEATITE INSULATORS

Two major advantages over ordinary commercial
steatites are:

1. Low surface conductivity and contamination.

2. Good insulating quality at high operating
temperatures.

As vacuum tubes increase in power, more and better
insulation becomes necessary. Glass insulation is unsat-.
istactory at high temperatures and high frequencies.
Natural lava from Sicily has the essential insulating
qualities but is unobtainable.

General Ceramics has succeeded in producing a
steatite that, as an insulator, is equal to natural lava,
but requires no expensive Carboloy tools for machin-
ing. In addition, these insulators are made of domestic
materials and therefore are available in quantities.

Ourtstanding electronic tube manufacturers have
tested General Ceramic’s Steatite Insulators and are
using them with marked success. These insulators can
be supplied in pressed or extruded shapes for every
type of vacuum tube requirement.

GENERAL CERAMICS AND
STEATITE CORPORATION

KEASBEY

T e, NEW JERSEY

@ 314 i
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Good tires are able to carry the terrific strain of oper-
ating at 100 miles per hour—but they last much longer
when they’re operated at 40.

RCA Transmitting Tubes have frequently been
cited for outstanding performance under severe over-
load conditions—but that isn’t what counts now.
Service—as many hours of it as you can possibly get—
is the all-important thing.

Actually, almost all of the important rules for tire
conservation find a close parallel in the job of making
Transmitting Tubes last longer.

Just as tires should be rotated from wheel to wheel,
from spare to active, so should tubes be interchanged.
Tube spares should be used from time to time in order
to guard against deterioration.

Just as proper, specified air pressure will add much
to tire life, so does operating tubes in strict accordance
with specified conditions and conservative ratings pro-
vide the best assurance against premature failure.

Just as slower driving and careful handling
are important tire conservation measures, so

is it important to avoid unnecessary strains on tubes.
As pointed out previously, as little as 5% reduction in
filament voltage of pure-tungsten-filament types in-
creases life 100%!

Another way of making an easier schedule for your
tubes is to keep them cooler—by reducing plate voltage
and dissipation, and by additional air cooling even
beyond what may be specified. Still another way is by
reducing filament voltage to 80%, whenever feasible,
during standby periods.

Just as wheel alignment has an important bearing on
tire life, so does the performance of related parts have
much to do with tube life. For instance, properly de-
signed smoothing filters are essential to obtaining
optimum life from mercury-vapor rectifier tubes.

In short, these are the days when tube handling and
operation are dictated by the necessity of obtaining
every possible hour of tube life—just as is true of tires.
Care in this direction—far above what you might con-
sider giving in ordinary times—will pay
worthwhile dividends.

TRANSMITTING TUBES

RCA Manufacturing Company, Inc., Camden, N. J,

Proceedings of the I.R.E. December, 1942
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Cen now Serves [iselfand the

tralab
lndustrgwith § T EATTTE

/

ENTRALAB has added a new plant of large capacity for
the production of glazed and unglazed STEATITE.

This highly critical, strategic material is an important factor in
the operation of ultra high frequency equipment.

Centralab’s STEATITE plant is in a position to furnish coil forms
up to 5 inches diameter and pressed pieces to approximately
6 inches square. The same high standards of excellence will
be maintained in this department that have characterized every
other Centralab product during the past decades. The Centralab
Ceramic department that has been in existence since 1930 has
built up an extensive engineering, production and laboratory
background to ensure a product of the highest quality that fully
meets military specifications.

STEATITE is an extremely dense non-porous ceramic of high
mechanical strength with low loss factor and low dielectric
constant. It can be fabricated in various cylindrical and flat
shapes by extrusion or pressing. Centralab is also equipped
to engineer and manufacture other grades of ceramics.

CENTRALAB = Division of Globe-Union Inc., Milwaukee, Wis.

1930 Centralab pioneered a

fixed resistor of ""hard-as- o

stone' ceramic material.

1936 Centralab added a temper-

ature compensating fixed con-

denser of ceramic material.

1940 Centrolab added a trimmer
{% condenser with temperature

O
v compensating characteristics -

viii
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U. S. Marine Corps Photo

Our steel-nerved fighting men are making valuable contributions to world freedom
in the strengthened battle lines of the United Nations.

With equal ruggedness, DAVEN attenuators, in actual combat zone equipment or in
war production operation, are meeting the most critical standards for accurate and consist-
ent performance.

A DAVEN catalog should be in your reference files. We list the most complete line of precision attenuators in

" the world; "Ladder,” “T” type, “Balanced H” and potentiometer networks—both variable and fixed. Also, more

than 80 models of Laboratory Test Equipment as well as Super DAVOHM precision type wire-wound resistors, with
accuracies from +19, to +0.1%. A request will bring this catalog to you.

THE DAVEN COMPANY

158 SUMMIT STREET NEWARK, NEW JERSEY
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“Taking it”. . . together

Communications...are key factors
in every movement and action
of the tank in combat. Orders
must be received and sent
right through a tortuous mix-
ture of mechanical noise and
artillery thunder . . . and these
orders must get through! Time,
at such moments is precious as
life and RAULAND short-
wave equipment is Electroneered
to mect Uncle Sam’s demand
that communications for tanks
be as “tough and dependable as
the tank itself.” They must have

“the stuff” to stand up under
all the shocks and hard treat-
ment sustained in battie action.

To make RAULAND com-
munication transmitters

even more dependable, only
RAULAND Electroneered tun-

ing condensers are used. They
are designed and built to mi-
nutely controlled variations and
a fine degree of tuning . ..and
this is maintained through the
roughest periods of tank ma-
ncuvers and battle operations.

o Electroneering is our business ®

RADIO_nwv__SOUND_nan_ COMMUNICATIONS

The Rauland Corporation

. . Chicago, lllinois

Buy War Bonds and Stamps!...Rauland employees are all doing their part as members of the 10% savings club.

Proceedings of the I.R.E. December, 1942
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WAR

this Christmas

War can’t wait—not even for Christmas.

So please don’t make Long Distance




THE INSTITUTE serves those interested in radio and allied electrical communication

fields through the presentation and publication of technical material.

THE PROCEEDINGS has been published without interruption since 1913 when the first
issue appeared. The contents of each paper published in the PROCEEDINGS are the responsi-

bility of the author and are not binding on the Institute or its members. Material appearing

in it may be reprinted or abstracted in other publications on the express condition that specific

reference shall be made to its original appearance in the PROCEEDINGS. Illustrations of any

variety, however, may not be reproduced without specific permission from the Institute.

STANDARDS reports are pub-
lished from time to time and are
sent to each member without
charge. The four current reports
are on Electroacoustics, Elec-
tronics Radio Receivers, and Ra-
dio Transmitters and were pub-
lished in 1938.

MEMBERSHIP has grown from
a few dozen in 1912 to about
seven thousand. Practically every
country in the world in which radio
engineers may be found is repre-
sented in our roster. Dues for the
five grades of membership range
from $3.00 to $10.00 per year. The
PROCEEDINGS is sent to each mem-
ber without further payment.

SECTIONS in twenty-seven cities
in the United States, Canada, and
Argentina hold regular meetings.
The chairmen and secretaries of
these sections are listed on the
page opposite the first article in
this issue.

SUBSCRIPTIONS are accepted
for the PrRoCEEDINGS at $10.00 per
year in the United States of
America, its possessions, and
Canada; when college and public
libraries order direct from the In-
stitute, the subscription price is
$5.00. For other countries there is
an additional charge of $1.0%

The Institute of Radio Engineers, Inc.

Harold P. Westman, Secretary
330 West 42nd Street
New York, N.Y,

The Institute of Radio Engineers

Incorporated
330 West 42nd Street, New York, N.Y.
To the Board of Directors

Gentlemen:

1 hereby make application for ASSOCIATE membership in the Institute
of Radio Engineers on the basis of my training and professional experience
given herewith, and refer to the sponsors named below who are personally
familiar with my work.

I certify that the statements made in the record of m training and pro-
fessional experience are correct, and agree if elected, that { shall be %f_)vcmed
by the Constitution of the Institute as long as I continue a member. Further-
more I agree to promote the objects of the Institute so far as shall be in my

power.
R T A T LRI
................. ('Ahh}'e;;°f'6r"|£;i'l')"°"m"""'"
.................. (°éi'c'y"a}fé°é§£(e')""'”"”'"""
R St S LI L
SPONSORS
(Signatures not required here)
MoE, it iteneeeeeoueeuaoroocsoceasoosaossscasanssossaasssoososesssonsasssne
AdAress ..ovvveinrinineiaeereraeeoreeasscssossssonsosassssssssrscsnsans
City and State . ...o.vvuenenerinecaearuieearsoroasosestiosessssaconaosons
Mr....... R S S A e 5000a
AQAreSS . .oitieenrnnreesssoseseacsasasssseassassassssssssssossssccsaes
City and State ....ivnieneeieeiii et it aeetsens
Mr,...... olsiea a0 s alalais aals s ololelsials s as aslslalelsesisielelalssaseeieeloessnsioaanssesos
AQAreSS oot eeenrereeennarronessasaaesaseanstoanaasssosssssssssonae e
City and StAte ... o.euerruneieniorinnieraonsonrttiiotsonesceroriecssenns
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REMITTANCE SCHEDULE
Monta Durineg

AP}’Y.:‘(:‘AC:ON AMOUNT or ReEmiTTANCE (=ENTRANCE FEE-}-DUZS)
Reacues LR.E. WHICHE SHOULD ACCOMPANY APPLICATION
Heapguarteas

Grang —> ASSOCIATE P!I;(';;D’ %’Avf:i':”“
Jan., Feb. ||$7.50 (=$34-34.50°) Apr.-D)etc. (9 mo. of current
ear,
Mar.,, Apr.,, May 6.00 (= 3+ 3.00%) Ju{y-Dﬁ. (6 mo. of current
year
June, July, Aug. || 4.50 (= 34 1.50%) Oct.-D;c. (3 mo. of current
year ]
Sept., Oct., Nov. 9.00 (= 3+ 6.00°) Jan.-D;c. (entire next
year
Dec. 7.50 (= 34 4.50°) Apr.-Dec. (9 mo. of next
year)t

t You can obtain the ProCEEDINGs for the entire year by including with
your application a request to that effect and a remittance of $9.00.

< Associate dues include the price of the PrRocEEDINGS, as follows: 1 year,
5.00; 9 months, $3.75; 6 months, $2.50; 3 months, $1.25. This may not
e deducted from the dues payment.

EXPERIENCE

(Typewriting preferred in filling in this form) No. ..........

RECORD OF TRAINING AND PROFESSIONAL

Business Address ...............coooiiit i

Home Address ..............cooioiemiininnaiiin i,

Placeof Birth ................... ... Date of Birth .........

TO APPLY FOR ASSOCIATE MEMBERSHIP

To Qualify for Associate membership, an applicant must be
at least 21 years of age, of good character, and be interested
in or connected with the study or application of radio science
or the radio arts.

An Application should be filed, preferably on blanks obtain-
able on request from I.R.E. Headquarters or from the secre-
tary of your local Section. If more convenient, however, the
accompanying abbreviated form may be submitted. Additional
information will be requested later on.

Sponsors who are familiar with the work of the applicant must
be named. There must be three, preferably Associates, Mem-
bers, or Fellows of the Institute. Where the applicant is so
located as not to be known to the required number of member
sponsors, the names of responsible nonmembers may be given.

Entrance Fee and Dues: The Associate entrance fee is $3.00.

Annual dues are $6.00 per year, which include the price of the

PrOCEEDINGS as explained in the accompanying remittance
schedule,

= o Remittance: Even though the ILRE.
Constitution does not require it, you
will benefit by enclosing a remittance with
your application. We can then avoid de-
laying the start of your PROCEEDINGS.

Your ProceepINgs will start with the
next issue after your election, if you en-
close your entrance fee and dues as shown
by the totals in the accompanying remit-
tance schedule. Any extra copies sent in
advance of the period for which you pay
dues (see last column) are covered by
your entrance fee.

_ Should you fail to be elected, your en-
tire remittance will be returned.

OTHER GRADES are available to
qualified applicants. Those who are be-
tween the ages of eighteen and twenty-
one may apply for Junior grade. Stu-
dent membership is for full-time stu-

Education

Degree ..

(College) (Date received)

dents in engineering or science courses
in colleges granting degrees as a result
of a four-year course. A special appli-
cation blank is provided and requires

the signature of a faculty member as
the sole sponsor. Member grade is open
to older engineers with several years
of experience. Fellow grade is by in-
vitation only. Information and appli-
cation blanks for these grades may be
obtained from the Institute.

TRAINING AND PROFESSIONAL EXPERIENCE

(Give dates and type of work, including details of present activities)

SUPPLIES

BACK COPIES of the ProceepIngs
may be purchased at $1.00 per copy 1
w!\ere available. Members of the In-
stitute in good standing are entitled to
a twenty-five per cent discount. {

VOLUMES, bound in blue buckram,
may be purchased for $14.25; $11.25 to
members.

i ——

N ) - BINDERS are $1.50 each. The volume |
number or the member’s name will be
s‘tam;;ed in gold for fifty cents addi-
tional,

INSTITUTE EMBLEMS of fourteen-
carat gold with gold lettering on an
enameled background are available.
T!le lapel button is $2.75; the lapel pin
with safety catch is $3.00; and the

Record may be continued on other sheets this size if space is insufficient.

Receipt Acknowledged ........... Elected: ..o unn s Notified ........... watch charm is $5.00. All of these are !
an mailed postpaid.
o Proceedings of the I.R.E. December, 1942
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Honest!i/ superior condensers

tell

CONDENSERS—KOOLOHM RESISTORS

Quality Components ® Expertly Engineered ® Competently Produced

IALTIES
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¢y INITED" electronic power tubes cannot be spun out on

swift, automatic assembly lines. The painstaking manu-
fucturing of these sensitive devices requires the skill of
human hands.

Here at the “United’” Plant, incredibly accurate hands 8

perform under a system of personal supervision by electronic
engineers. Oue by one, the steps of forming and fitting the
stems, leads, plates, grids, wires and rods combine to produce
transmitting tubes of such flawless precision that they con-
sistently win top rating for performance. Never before were
the hands of craftsmen and the brains of scientists so superbly
“United” in advancing the scope and purpose of electronics.
Consistent technical advances in tubes, now required for
war, some day will be more readily available to you for
radio communication, physiotherapy and industrial elec-
tronics. Remember to look for “United” on the tubes.

UNITED ELECTRONICS COMPANY

NEWARK, NEW JERSEY
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e Global war means airplanes in the Arctic. It means tanks in the
tropics. For fighting machines of all kinds, combat conditions call
for freezing or frying — and sometimes both!

Solar is building capacitors which meet these extreme conditions.
If “freezing or frying” is part of your capacitor problems — call on
temperature-engineering” services,

FRE

‘ Solar’s

Foctsond morefacts. Complete capacitor
data describing and illustrating the
entire Solar line is now available to
design engineers on request.

BAYONNE, N. J.

—AFCAPACITORS 1

MAKERS OF CAPACITORS: ELECTROLYTIC « MICA < PAPER - TRIMMER « TRANSMITTING



-ﬁnnoanciny & Communication Zgal)ament

T WAs during the Coral Sea Battle . . . the ship’s

loudspeakers were tuned to the airplane circuits
and the conversation and commands of the pilots
could be heard. Suddenly came a strong call from
Lieutenant-Commander Bob Dixon, flying a scout
bomber: “Scratch one flat top!” Through the loud-
speakers Dixon's message re-echoed over the entire
ship and cheers rang out from stem to stern. Report
from Chicago Tribune. * * * Remler Company,
Lid., one of the firms entrusted with important
work for the United States Navy, helps to make
the sound systems which enable our fi ghting forces
to codrdinate their operations through the main-

tenance of communications.

REMLER COMPANY, LTD. + 2101 Bryant St. « San Francisco, Calif.

*

REMLER

ELECTRICAL PLUGS AND CONNECTORS

xviil
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Membership

The following indicated admissions and
transfers of memberships were approved
on October 30, 1942,

Transfer to Member

Atwood, J. B., R.C.A. Communications,
Riverhead, L. 1., N. Y.
Becker, S., 6118S. Gilpin St., Denver, Colo.

| Johnson, J. F., 4316 Whitman Ave,

Seattle, Wash,

Maser, H. T., General Electric Co.,
Schenectady, N. Y.

McFarlane, M. D., Massachusetts Insti-
tute of Technology, Cambridge,

Mass.

Piore, E. R., 325 Central Park West, New
York, N Y.

Wesser, C. H., 3441—21 St., Wyandotte,
Mich.

' Admission to Member

|

Brambhall, F. B., Western Union Telegraph
Co., 60 Hudson St., New York,
N.Y.

Carpenter, D. D., 269 Somerset West,
Ottawa, Ont., Canada

Dubinin, A. V., 1026—17 St., N.W., Wash-
ington, D. C.

Marathe, D. H., Radio Electric Ltd.,
Lamington Chambers, Bombay,
No. 4, India

McArthur, E. D., Electronics Lab., Gen-
eral Electric Co., Schenectady,
N.Y.

Neiman, M. S, 1026—17 St, N.W,,
Washington, D. C.

Scully, C. T., 59 Sevenoako Way, St. Pauls
Cray, Kent, England

Simons, A. H., 54 Western Elms Ave.,
Reading, Berks, England

Van Dissel, G. F., 30 Fifth Ave., New
York, N. Y.

Wallis, C. M., University of Missouri,
Columbxa Mo.

Wysotzky, M. Z., 3355—16 St, N.W,,
\Vashmgton D.C.

Admission to Associate

Altomare, R. E., Capitol Radio Engineer-
ing Institute, 3224—16 St., N.W.,
Washington, D. C.

Amsler, E. F., 861 University Ave., Palo
Alto, Calif.

Arnold, H. H., Keota, Iowa

Betterton, A. R., 2021 Longwood St.,
Baltimore, Md.

Bleichner, C. \W., 1320 Regent St.,
Schenectady, Ns Y

Bodle, D. W., 463 West St., New York,
N. Y

Brandt, R. H., Newman Springs Rd., Red
Bank, N. J.

Breetz, L. D., Naval Research Labora-
tories, Anacostia Station, D. C.

Brodsky, S., 507 Crawford St., Toronto,
Ont Canada

Broughton, G. E., Sixth Signal Service
Co., Fort Custer Mich.

Cameron, E. G 336—-23 A\e San Mateo,
Calif.

Cantelon, E. A., 14833 Cloverdale Ave.,
Detroxt Mich.

Carroll, R. L., West Virginia University,
Morgantown, W. Va,

(Continued on page xr)
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Glass tubing becomes finished filament stem with leads
sealed in position on this special upright lathe.

“Trifles make perfection and perfection
is no trifie”*. .. The tiniest part of every Eimac tube is a
“tremendous trifle,” handled with the utmost care . .. the
greatest skill. In an Eimac 304T tube there are more than
fifty separate parts which pass through many fabricating
operations before they are ready to be assembled into the
tube. Through all these steps great care is taken to hold
the dimensions of each part to a very close tolerance...t0
make every welded joint perfectly solid. Such painstaking
care in the fabricating of each part, plus the achievement
of extremely high vacuum ... helps provide the outstand-
ing performance capabilities which have made Eimac
tubes famous. In the toughest jobs you'll find Eimac tubes
in the key sockets most every time. They are first choice
among the leading engineers throughout the world.

Follow the leaders to
¢ o

TuBE®

Manufactured by
EITEL-McCULLOUGH, INC.

SAN BRUNO, CALIFORNIA, U.S. A.

®Micholangalo (C. C. Colton)

i L '5‘; n; .

Glass bulbs are annealed after tube is fully assembled. This oper-
ation relieves stress and strain in the glass itself which may have
been induced during manufacture.
- .1'/' VP,
. . ‘ i
b

.

-

= 8
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y
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Deft fingers work steadily with tiny parts which are faultlessly
produced. Here plate sections are being welded together in routine
production.




INDUSTRIAL CONDENSER CORP.
through a new distribution plan enables you to secure small
lots of condensers locally. Contact the Industrial Condenser
district office nearest you:

ADDRESS TELEPHONE NO.
Box 1052

Dallas, Texas Logan 6-1685
17 Water St.

oston, Mass. Hancock 0200

1406 5. Grand Ave.
Los Angeles, Calif.

Richmond 6161
Box 1202
Asheville, N.C. 7149.)
27 Park Place
New York, N.Y.,  Barclay 7-4977
Rm. 220—Medical
Arts Bldg.

34th & Broadway
Kansas City, Mo. Westport 5323
1456 Waterbury Road
Lakewood (Cleveland),

Ohio Academy 4932
2434 W, 22nd St.
Minneapolis, Minn.

Kenwood 2833

1135 Lincoln Tower
Ft. Wayne, Ind. Anthony 5278

2016 Third Ave.

Seattle, Wash. Seneca 1088
Lutz (Tampa), Fla. 99-144
6432 Cass Ave.

Detroit, Mich. Madison 6300

401 N. Broad St.
Philadelphia, Pa. Walnut 4163
235 9th St.
San Francisco Calif
Market 4166

Engineers Attention! Condensers immediately available
from distributors stocks meet Army omd Novy requirements
+ « . Industrial Condensers are specified where precision is
vital . . . Capacitors to 150,000 volts—WRITE FOR COMPLETE

NEW CATALOG.

INDUSTRIAL CONDENSER CORP.

1725 W. NORTH AVE.

CHICAGO, U.S.A.

AL

Manufacturers of Quality Oil, Wax and
Electrolytic Capacitors

Xx

Membership

(Continued from page xviis)
Coburn, A. E., 1842 S. 15 Ave., Maywood,
Il

Connell, L. H., 3051 Idaho Ave., N.W.,
Washington, D. C.

Cooley, R. D., 2569 Fourth Ave., W.,
Seattle, Wash.

Corvi, J. A., Texas Agricultural and
Mechanical, College Station, Tex.

Crotty, F. W, 300 Hayward Ave., Mt.
Vernon, N. Y.

Cybick, J. J., 33 Madison Ave., New York,
N.Y

Dallavalle, F. J., 24 S. Ninth St., Newark,
N.]J.

Day, J. L., 905 W. Lee St., Wilson, N. C.

Delson, M. D., 410 Central Park West,
New York, N. Y.

Denby, H. H., 18 Signal Service Co.,
Camp Campbell, Ky.

Derby, J. R., 1031 Harrison St., Denver,

Colo.

Desnoyers, H. B., 18 Grant St., Bing-
hamton, N. Y.

Dice, W. H., 3209 Shadyway Dr., Brent-
wood, Pa.

Donahue, W. J., Box 545, Dixon, Calif.

Dos Santos, P. A., 58 Cameford Ct., New
Park Rd., London, S.W. 2, Eng-
land

Engman, G. E., Naval Training School,
Fisher's Island, N. Y.

Evans, C. P, 134 Dracena Ave., Pied-
mont, Calif.

Franklin, E. F., S Heathfield Rd., Cross
Road, P.0O., Jamaica, B.W.I.

Geiger, L. H., 127—35 St., S.E., Wash-
ington, D. C.

Glinski, G., Northern Electric Co., 1261
Shearer St., Montreal, Que,,
Canada

Goddess, E. D., Westmoreland Gardens
Little Neck, L. I, N. Y.

Haeseler, I.. W., 6543 Maple Ave., Mer-
chantville, N. J. i

Hanson, V. F., River Road, Youngstown,
N. Y.

Hasek, G., 339 S. Wisconsin Ave., Villa
Park, I11.

Hawley, P. F., 7339 S. Coles Ave., Chicago,
11

Heinz, A., 29 Rich St., Irvington, N. J.

Hildenbrand, K., 3534 Lawn Ave., St.
Louis, Mo.

Holmes, M. C., Box 410, Morgantown,
W. Va.

| Holmes, T. B., 8128 Wade Park Ave.,

Cleveland, Ohio

Hooper, J. F., Dominion Skyways Ltd.,
Malton Airport, Malton, Ont.,
Canada

Ivester, H. E., 8213 Dundalk Ave., Dun-
dalk, Md.

Jackman, M. D., 1860 Broadway, c/o
N. Y. School of Aircraft Instruc-
tion, New York, N. Y.

Jeffery, C. N., 12 Church St., Ashfield,

N.S. W,

Jenkins, J. M., 4206 Berkeley Ave.,
Chicago, I11.

Kantenberger, W. J., 740 S, Hampton Rd.,
Dallas, Tex.

Kercher, T. C., Atlantic Fleet Schools—
Radio—Naval Operating Base,
Norfolk, Va.

Knoop, \’;\'T. A., Jr., 2 Main Ave., Passaic,

(Continued on page xxii)
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Pressed—for time
AND TIME SAVED BY PRESSING

customer needed a large quantity of these
7'4-inch coil forms — in a hurry. The normal
processing called for extruding, cutting-off,

“ threading, drilling and other machining that

would have made “on time’’ delivery impos-
sible as all equipment necessary for these pro-
cesses was tied up for months ahead.

We could have thrown up our hands and said “Sorry”
We could have found plenty of alibis. But that is not
our way.

Our Engineering Department went to work. "What
about pressing?” asked someone. Pressing? A piece 712
inches long with 52 holes and eight flutes and 52 threads
on each flute? A stiff problem. It had not, to our knowl-
edge, been done before.

"All right, let’s try ic!”
The die was probably the most complicated one that
ever came out of our tool shop.

Proceedings of the 1.R.E. December, 1942

To make a long story short — we did it, and, pardon us
for saying so, we are rather proud of this achievement.

It you have any special steatite problems, we would like
to have a shot at them.




INSTRUMENTS are as revolutionary
as the one dial radio. They are
designed to operate with the mini-
mum of adjustments. Thus greater
speed without sacrifice of accuracy is obtained.

SIMPLICITY 1S THE KEYNOTE

Variable frequency, audio frequency oscillators
require no zero setting. Vacuum tube voltmeter
as simple to operate as 2 multi-range d-c in-
strument. Many types of instruments available
separately or combinations in a single unit to
fit your requirements such as the Model 205
AG which combines a resistance tuned audio
oscillator, input meter, attenuator and impe-
dence matching system. Illustrated are four
-hp - instruments.

GET COMPLETE INFORMATION NOW!

Write today for technical data sheets. Give details
of your problem so that our engineers can be of help.
There is no cost or obligation.

HEWLETT-PACKARD COMPANY

Box 135N Statlon A Palo Alto, California

xxii

Model 205 AG

Audio Signal Generator
atide &

o

Model 200B
Resistance Tuned Audio Oscillator

. Model 325 B
Noise and Distortion Analyzer

Model 400 A
Vacuum Tube Voltmeter

Membership

(Continued from page xx)
Langfelder, H., 3738 W St.,, N.W., Wash-

ington, D. C.

Lepley, R. C., 235 E. Fifth St., Emporium,
Pa.

Levy, R. H. 2757 N. Pinegrove St
Chicago, 11

Lindahl, H. C., Box 91, Toccoa Falls, Ga.
Ludgate, W. F., 145 S. Barat, Ferguson,

Mo.

Luther, G. M., 2234 Laketon Rd., Wilkins-
burg, Pa.

Masque, N., 390 Dearborn St., Buffalo,
N.Y.

May, M. O, 535 S. Eighth, W., Salt Lake
City, Utah

Mazur, D. G,, 331 S. Smedley St., Phila-
delphia, Pa.

Mazzanti, R., Gral Urquiza 1350, V.
Lopez, Argentina

McCulley, M., C-Div., USS. Indian-
apolis, c/o Postmaster, San Fran-

cisco, Calif.

McGuigan, J. H,, 180 Varick St., New
York, N. Y.

McNalis, J. P, 4213 Jackson Blvd,,
Chicago, Ill.

McNulty, T. J., 7024 S. Wolcott St.,
Chicago, Il

Meigs, J. R., 2276 W. 23 St., Los Angeles,
Calif.

Merry, J. M. P., 5025 Tholozan Ave.,
St. Louis, Mo.

Ming, M. M., Route 3, Mesquite, Tex.

Muirhead, L. R.,, Mt. Royal and North
Ave., Bendix Radio, Baltimore,
Md.

Nickles, R. W., 705 Brownell Ave., Glen-
dale, Mo.

Olson, F. A,, 105 Hickory St., Bridgeport,
Conn.

Parisier, M., O'Higgins 2244, Buenos
Aires, Argentina

Philippart, H. A. S., British Broadcasting
Corp., England

Piety, H. O., 115 Broadway, Peoria, Ill.

Pilon, V. G., 274 St. Louis Square, Mon-
treal, Que., Canada

Pincus, J. I, 681 N. 15 St., Salem, Ore.

Pomeroy, A. F., 82 Mine Mount Rd.,
Bernardsville, N. J.

Premack, J., 1210 Upton Ave., N., Minne-
apolis, Minn.

Pyle, H., 414 N, Webster St., Kokomo,
Ind.

Quance, F, R., 2066 Claremont, West-
mount, Que., Canada

Rea, W. T., 180 Varick St., New York,
N.Y.

Reiche, H., 508 Laurier Ave., W., Ottawa,
Ont., Canada

Richardson, G. A., University of Kansas,
Lawrence, Kans.

Roberts, W. W., 101 Clark St., Brooklyn
Heights, N. Y.

Rose, S. P., *Corton,” Chignal Road,
Chelmsford, Essex, England

Rosenberg, J. D., Capitol Radio Engineer-
ing Institute, 3224—16 St., N.W.,
Washington, D, C.

Rudner, M. A, 6236 S. Harper Ave.,
Chicago, Ill.

Sakoski, g., 395 Reynolds St., Kingston,
a.

Sanderson, J. K., Dodge Radio Institute,
Valparaiso, Ind.

(Continued on page xxiv)
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o Simply a plug-in capacitor. True. The fact

that Aerovox spent months perfecting the
corrosion-proof base is beside the point here.
Likewise that such capacitors—in the electro-
lytic, wax-filled and oil-filled types—are stand-
ard in essential wartime equipment.

The vital point is that this capacitor symbolizes
“The shape of things to come.” The plug-in
feature denotes ready checkup and replacement.
That in turn signifies continuous, gruelling, ac-
celerated-wear service that wears out the best
capacitors in months instead of in years under
usual operating conditions. Just as the demount-
able-rim wheel marked the transition of the auto-

NEW BE‘I‘)FO

Sales (.)ﬂ”l.ces i.n Al
principal Cities

December, 1942

mobile from Sunday pleasure rides to everyday
essential transportation, so this plug-in capacitor
spells an infinitely expanded usage of radio tech-
nique, radio components, radio manpower.

Our first job is to win the war. Aerovox is now
concentrated on just that. And while tens of
thousands of radio men are engaged in waging
this war, gaining invaluable training and experi-
ence and, indeed, compressing decades of nor-
mal progress into as many years, so we at Aero-
vox are laying the foundation for greatly ex-
panded radio and electronic opportunities in the
coming days of peace. Thus “The shape of
things to come.”

in Canada
AEROVOX CAN

Cable ‘AR

ADA LTD.

Hamilton, ?“g{ Ll
. varic 2y B
EXPORT: 100 Varick 2
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® Aviation Radio Range Filters
e Transformers

"l
® Transmitters ® Relay Coils
® Electronic Equipments and Test Uniss

OXFORD-TARTAK RADIO CORP.

3911 S. Michigan Ave., Chicago, IIl.

Membership

(Continued from page xxit)

Sayles, P. W., General
Schenectady, N. Y.

Scigliano, J. R. F., 1211 Woodland Ave.,
N.S., Pittsburgh, Pa.

Shewchik, S., 720 S. Arlington St., Akron,
Ohio

Sigman, H. M., 6376 Sutherland, St.
Louis, Mo.

Skorupski, L. J., 58-09 Van Horn St.,
Elmhurst, L. I.,, N. Y.

Smart, M. E,, 228 Hawthorne Ave., North
Sacramento, Calif.

Snoddy, R. E., Box 336, Raytown, Mo.

Sorensen, E. M., 6 Deer La., Stamford,
Conn.

Spence, R. C., 440 Spruce St., Morgan-
town, W. Va.

Stangel, W., 1309 Third St., West Depere,
Wis.

Straube, H. M., 180 Varick St., New York,
N.Y.

Thielen, H. H., 7060 Clayton Ave., St.
Louis, Mo.

Thorp, W. E,, 1728 N. Mariposa Ave.,
Los Angeles, Calif.

Tobin, L. W,, Jr., 8 Plympton St., Cam-
bridge, Mass.

Trainor, H. M., c/o Divisional Engineer,
G.P.O., Capetown, South Africa

Valinet, S., 1828 Central Ave., Indian-
apolis, Ind.

Wagner, F. W,, 1161 Cumberland Rd,,
Jacksonville, Fla.

Wakefield, E. H., 142 Main St., Vermilion
Ohio

White, A., Box 71, West Lynn, Mass.

Wiggins, A. M., Pens Neck Cir., R. F. D.
1, Princeton, N. J.

Wintermute, C. H., 1451 Compton Ter.,
Hillside, N. J.

Witschen, R. B., 824 Sixth Ave., N., St
Cloud, Minn.

Work, W. R., Carnegie Institute of Tech-
nology, Pittsburgh, Pa.

Zobel, E. R.,, Y.M.C.A,, Grand Forks,
N.D.

Electric Co.,

Incorrect Addresses

Listed below are the names and last-
known addresses of the members of the
Institute whose correct addresses are un-
known. It will be appreciated if anyone
having information concerning the present
addresses of the persons listed will com-
municate with the Secretary of the Insti-
tute.

Alg(;rn, E. B., 7807 Walinca Ter., Clayton,

o.

Armstrong, H. W., Hazeltine Service
Corp., 58-25 Little Neck Pkwy., Little
Neck, L. I., N. Y.

Ayer, W. E., Box 1006, Stanford Univer-
sity, California

Aysresbw. R., 2014 S. Duluth, Sioux Falls,

Bailey, W. B., Norfolk Navy Yard, Ports-
mouth, Va.

Baird, G. N., Airway Communication Sta-
tion, Box 349, Rt. 1, Galveston, Tex.
Baird, H., 58 Montclair Ave., North

Quincy, Mass.

(Continued on page xxui)
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B:ercr COMMUNICA TI&v.s\ make possible perfect coordi-’ Z%
nation ... in today’s mechanized warfare commumcatlon/s /

N/ are the vxtally important link that coordinates the mOVe /

Ly ments of planes, ships, tanks, and troops. The supenor

"‘performance qualities of THORDARSON transformers

:_‘ aid the constant maintenance of good commumcahons

- THORDARSON

ELECTRIC MFG.
500 WE‘ST H\{RON STREET, CHICAGO. ILLINOIS

E.:, ,_ 7ransformen Speccelests Seiece /5G5

Incorrect Addresses
(Continued from page rxiv)

Baker, A. L., 560 Tech. School Squadron,
Scott Field, I11.

Barkley, 1. F., 21 Royall, Medford, Mass.

Barstow, A., 700 Park La., Topeka, Kan.

Baxter, C., 298 Banbury Rd., Oxford,
England

Benson, A. E., 1532 Austin Blvd., Oak
Park, 11l

Bernier, V. A., 5211 E. 10, Indianapolis,
Ind.

Bissmire, E. M., Ngaio Road, Takapuna
Auckland, New Zealand

Blum, P. F., 2634 Quincy, Kansas City,
Mo.

Bradford, R. C., 5517 Glenwood Ave
Chicago, 11l

Brady, C. L., WJIM, Lansing, Mich.

Brinson, R. S., 710—21 St., Columbus, Ga.

Brown, C. R., Phi Kappa Sigma House,
Orono, Me.

Brown, H. W, 726 Dudley St., Dorchester,
Mass.

Burley, R. M., 1368 Academy La., Tea-
neck, N. J.

Buchter, T. W., Fort Monmouth, N. J.

Caird, K., 2431 N. Tripp Ave., Chicago,
.

Camras, M., 1418 S. Karlov Ave., Chicago,
I

Carpenter, R. E. I1., 35 Croham \alley
Rd., Croydon, Surrey, England

Carr, L. H.,, WBBM Transmitter, Glen-
view, Il

Carter, R. ., 924 Broad St., Mount
Vernon, Wash.

Chapman, A. B., 5927 Lewis, Dallas
Tex.

Chauvin, D. M., Box 6845, University
Station, Baton Rouge, La.

Chelgren, A., 2455 N. Eighth St.,, Mil-
waukee, Wis.

Chisholm, E. E., Calle 25, No. 339.
Vedado, I1abana, Cuba

Chow, W. T., M. I. T. Graduate House,
Cambridge, Mass.

Clement, P. F., Box 627, Fresno, Calif.

Coleman, L.. E_, 115 Alder St., Bluefield,
W. Va.

Cook, D. C., 546 N. 79 St., Seattle, Wash.

Cotsworth, A., 111, 422 N. Scoville Ave.,
Oak Park, 11I.

Cramer, K. H., 239 Alameda St., Klamath
Falls, Ore.

Cullum, A. Earl, Jr., Highland Park Vil-
lage, Dallas, Tex.

Cummings, H., 505 E. Washington St.,
lowa City, lowa

Currie, W. O, Box 332, Fort Worth, Tex.

Dayot, V. D., 107 Cayuga Park Cir.,
Ithaca, N. Y.

Dawe, F. W,, 31, Arundel Gardens, West-
cliff-on-Sea, England

Debs, R. J., 113 Biddle St., Wilkinsburg,
Pa.

Deisinger, D. A., 26 Wallace St., Red
Bank, N. J.

(Continued on page xxuviit)
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PlONEERSm war and peace

_—

\

GAMMATRON WAS FIRST
TO BUILD A TANTALUM TUBE

Just as the modern catapult is basically the same as its
historic predecessor, the Gammatron tubes of today
continue to give the electronic industry the fundamental
benefits of tantalum grids and plates.

Tantalum has the lowest gas content of any metallic
element. Moreover, once tantalum is de-gassed, it
actually absorbs any gas iater released, thus eliminat-
ing the usual getter. This enables Gammatrons to with-

HK-257 BEAM PENTODE

OPERATING DATA

RF Power Amplifier,
Class “C” Unmodulated

Maximum Typical

Rating Operation
stand severe overloads without going soft. Power Output . . . . —— 235Wahs
Driving Power . . . . — O Watts
The skill and ingenuity of Heintz and Kaufman engineers, DC Plate Volts . . . . 4000 3000 Volts
DC Plat t ... 150 100M.A.

plus tantalum construction, means that Gammatrons con- G e Sorm 8
DC Suppressor Voltage —_— 60 Volts
tinvally provide more efficient tubes at lower cost. DC Suppressor Current . — IMA.
DC Screen Voltage . . 750 750 Volts
When peace comes, Gammatron research engineers DC Scr ot Clomenihir g8 BM.A.
will announce many new and distinguished electronic DC Control Grid Voltage —-500 =200 Volts
DC Control Grid Current 25 OM.A.
tubes which are now being developed in silence. Bouk RE dontrol Vollaga, | — . s1Z0NAM
Plote Dissipation . . . 75 65 Watts

Write for full data
HEINTZ = KAUFMAN

TOuUT™ 3am 1ANCKO \ ATD. [ CAinobA Y38

GAMMATRONS...oF course!

Proceedings of the I.R.E. December, 1942
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ake a note of these
WILEY BOOKS

—outstanding in the
Electronics Field!

FUNDAMENTALS OF ELECTRIC WAVES

By HUGH HILDRETH SKILLING, Professor of Electrical Engineering, Stanford University.
186 pages, 6 x 9, 67 illustrations, $2.73
Professor Skilling's book discusses the principles of wave action, with particular emphasis on
the basic ideas of Maxwell's equations and repeated use in simple examples. Stress is placed
on physical concepts, with full attention to mathematical rigor, and with concrete application
to engincering practice.

COMMUNICATION CIRCUITS

By LAWRENCE A. WARE, Associate Professor of Elecsrical Engineering, and HENRY
R. REED, Professor of Electrical Engineering; both at the State University oflowa (In press)

The theory of communication circuits is presented in this thoroughly comprehensive volume.
The basic principles of commuaication transmission lines and their associated networks are
resented, covering the frequency range from voice frequencies through the ultra-high
requencics.

HIGH-FREQUENCY ALTERNATING CURRENTS

Ey KNOX MCILWAIN, Associate Professor, and J. G. BRAINERD, Ausistant Professor;
oth of the Moore School of Electrical Engineering, University of Pennsylvania,

Second Edition, 530 pages, 226 illustrations, 6 x 9, $6.00
Prausposing 8 knowledge of calculus and differential equations, this book gives a thorough
and detailed mathematical analysis of the fundamental principles of electric communication,
underlying telephony, sound reproduction, radio, facsimile, and television.

PRINCIPLES OF RADIO

By KEITH HENNEY, Bditor, ''Electronics’’

Pourth Bdition, 549 pages, 316 illustrations, 6 x 9, $3.50
An clementary book which combines both the theory and practice of radio. Treats technical
matters so simply and is so complete that it contains all the information which the technician,
experimenter, or operator needs. The recommended textbook of the pre-service radio tech.
nician course sponsored by the U, S, Signal Corps.

RADIO-FREQUENCY MEASUREMENTS BY
BRIDGE AND RESONANCE METHODS

By L. HARTSHORN
265 pages, 99 illustrations, 6 x 9, $4.50

The subject is treated from the most elementary aspects up to the more complex. This is the
first systematic treatment of radio-frequency bridge methods and stationary wave methods.

ELECTRICAL ENGINEERS’ HANDBOOK-
COMMUNICATION AND ELECTRONICS

By HAROLD PENDER, Editor-in-Chie|
and KNOX MCILWAIN, Associate Editor-in-Chief, and 47 comtributors.
Third Edition, 1022 pages, 981 illustrations, 3% x 8%, $5.00

This volume covers the whole field of communication as a unit: it includes telegraphy
telephony, radio broadcasting, point-to-point radio telephony, facsimile transmission snd
reception, public address systems, sound motion pictures, aviation radio, and television. Every
phase of electric communication and electronics receives extensive handbook trestment by a
staff of specialists.

ELECTRICAL COMMUNICATION
By ARTHUR A. ALBERT, Professor of Communication Engineering,
Second Edition, 334 pages, 398 illustrations, 6 x 9, $5.00

A well-prepared and exceptionally informative book on communication and general electrical
subjects which involve electron tubes, circuit theory, and transmission theory. Containy
excellent bibliographies as well as suggested problems.

Oregon State College

MATHEMATICS OF MODERN ENGINEERING

Volume 1-—-By ROBERT E. DOHERTY, President, Carnegie Institute of Tech
ERNEST G. KELLER, Consaliing Engincer. Lockheed Aserals Comporpinec2 701087 and
314 pages, 82 illustrations, 6 x 9, $3.50

Volume 11—By ERNEST G. KELLER.

309 pages, illusirated, 6 x 9, $4.00

In these two volumes and a third, now in preparation, those aspects of mathematics are
presented which have been found to be most valuable to engineers. Numerous problems of
vuy_ing.dexlnc:l of difficulty are given, with these can be tested a knowledge of the mathe.
matics involved.

Obtainable on usual approval terms

JOHN WILEY & SONS, INC.
440 Fourth Ave., New York
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Incorrect Addresses

(Continued from page rxui)

Devaney, R. G., 216 N. Second St.,
Camden, N. J.

Dixon, F. C., Communications, c/o Pan
American Airways, La Guardia Airport,
New York, N. Y.

Doll, E. B., 2415 Good Hope Road, S. E.,
Washington, D. C.

Doll, H.-G., 2720 Leeland Ave., Houston,
Tex.

Dorsa, S. C., 536 John Jay Hall, Columbia
University, New York, N. Y.

Dryden, E. R., Jr.,, Y.M.C.A.,, Omaha,
Neb.
Eames, A.
Maine.
Easton, Allan, 45-40—43 St., Long Island

City, L.I, N. Y.

Ehrlich, C. N., 304 W. 92 St., New York
N. Y.

Estep, C. R., 5503 Harcourt Ave., Los
Angeles, Calif.

Estes, R. A., Consolidated Aircraft Corp.,
San Diego, Calif.

Fariss, G. W., WGPC, Albany, Ga.

Fathauer, G. H., 106 E. Daniel, Cham-
paign, Il

Fausett, F., 441 Hopkins St. S.W., At-
lanta, Ga.

Fischer, C. F., California Institute of
Technology, Pasadena ,Calif.

Fish, W. Y., 270 Cochrane Rd., Lexington,
Ky.

Fisher, Lt. B. A., 2049 Broadway, New
Orleans, La.

Fisher, G., 1961 University Ave., Palo
Alto, Calif.

Franck, J. V., College of Notre Dame,
Notre Dame, Ind.

Fritzinger, L. E., 1402 W. 81 St., Los
Angeles, Calif. %

Gaflrey, J. A., 519 University Ave., Grand
Forks, N. D.

Gamara, N. ], 8612 Halls Ferry Rd., St.
Louis, Mo.

Garrett, E. T., 808 Union Ave., Belleville,
1.

Gerlach, A. A., 496 Frebis Ave., Columbus,
Ohio

Goodstine, H., 148 Bissell St., Manchester,
Conn.

Gould, R. V., 27 Ross Rd., Scarsdale, N. Y.

Granros, G. J., Box 176, Pioneer Hall,
Minneapolis, Minn.

Grimditch, W. H., Philco Radio and Tele-
vision Corp., Philadelphia, Pa.

Gross, H., 7 Wendell St., Cambridge,
Mass.

Guest, J. W., 1336 Glenwood Rd., Glen-
dale, Calif.

Gunning, B., 1399 Kellon Ave., Los An-
geles, Calif.

Halsall, M., 2343 Morris Ave., Bronx,
N. Y.

Hamilton, Lt. O. W., Box 84, Chilmark,
Mass.

Hanchett, G. D., 149 Park Dr., Boston,
Mass.

(Continued on page sxsx)
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MODILL 437UP
\ “aDE U 3 A /

MODEL 437-JP

Maximum Service in Minimum Space

TRIPLETT Jide/i# INSTRUMENTS

Precision performance by new thin instrument with
standard Triplett movement housed in either metal

RIPLETT
Wﬁw INSTRUMENTS

THESE PHOTOGRAPHIC REPRODUCTIONS ARE THREE-QUARTER SIZE

FREQUENCY

v CYCLES PER 32COND

O
e 100 YO 1350 vOLTS

INSTALLATION
DIAGRAMS

Model 437-J P

Model 372 /'
V%

The Triplett Combat Line

New Answers to specialized needs of War: Produc-
tion Speed-up and Standardization; Performance
under the Stress and Vibrations of Combat Service.
Model 437 J P— A rectangular line of meters to meet
diménsions shown (see diagram). Wide-open scale for
maximum readability Complete coverage AC-DC
Voltmeters, Ammeters and Wattmeters. Magnetic or
static shielding provided on order. Molded Plastic
Case for maximum protection in high voltage circuits.
Pivots, Jewels and other component parts designed to
meet severe vibration requirements.

Model 372— Frequency Meter—"‘All-American make"’
Vibrating Reed Frequency Meter. Maximum readabil-
ity by grouping of Reeds. Range-Frequency-Voltage
to meet specific requirements. Protected against ex-
cessive panel vibration. In standard 3 inch mounting
or on special order in any cataloged Triplett Case.

or molded case. No projecting base; wider shroud
to strengthen face; simplified zero adjustment;
balanced bridge support; metal bridges at both
ends; doubly supported core. For ‘“Precision in
limited space’’ write for Triplett Thin Line Bulletin.

Proceedings of the I.R.B. December, 1942

A WORD ABOUT DELIVERIES

Naturally deliveries arc subject to necessary priority
regulations. We urge prompt filing of orders for deliv
ery as may be consistent with America’s War effort

e

xxix ,

TRIPLETT ELECTRICAL INSTRUMENT CO
BLUFFTON, OHIO




SHALLCROSS
INSTRUMENTS

are tools of War-Time Production covering o
wide range of activity. Shallecross Engineers
have much experience in the design and con-
struction of spetialized equipment. Submit your

problem to Shallcross . . . and if your project is
! a part of the War Effort we will find time to
| determine the correct answer. Dept. D. 23.

HALLCROSS MFG. CO.

COLLINGDALE, PENNA.

|
}

Incorrect Addresses
(Continued from page xxviit)

Harris, F. M., Wellwood Manor, Mer-
chantvitle, N. J.

Hartwick, F. C.,"'15404 Wyandotte, Van
Nuys, Calif.

Hauser, P. D., 315 Parrot St., Dayton,
Ohio

Heer, Lt. C. V., Bldg. 2003, Rm. 21, Fort
Monmouth, Red Bank, N. J.

Hieronymus, J., 1st Signal Co., Marine
Barracks, Quantico, Va.

Holtzman, M., 1431 S. W. Park Ave.
Portland, Ore.

Honeycutt, V. C., 826 G St., Galveston,
Tex.

Hopkins, A. R., 726 Erie St., Oak Park,
.

Hornung, J. L., 28 S. Devoe Ave., Yonk-
ers, N. Y.

Houser, J. A., 206 Park St., West Spring-
field, Mass.

Inns, S. H., 210 N. Placer St., Idaho Falls
Idaho

Instrall, R. C., Signal Training Centre,
Catterick Camp, Yorkshire, England

Janes, C. W., 188 Action St., Watertown,
Mass.

Johnson, I1. R., 353 E. Maxwell St., Lex-
ington, Ky.

Johnston, J. T., 233 Seward Pl., Schenec-
tady, N. Y.

Kahnke, J., 610 Brooklawn Ave., Bridge-
port, Conn.

Kaye, P., 1025 Linwood Ave., Apt. A,
St. Paul, Minn.

Kal\zlan. B., 131 Hudson Ave., Red Bank,

1 /S

Kidd, T. L., Box 2, Hawthorne, Calif.

Klein, M. M., 210 N. Bellefield Ave.,
Pittsburgh, Pa. _

Konigsberg, S. S., 1083 Mission St., San
Francisco, Calif.

Kruming, A. O., 456 Pine Ave., Apt. 20,
Montreal, Que., Canada

Kugler, J. C., 11917 Hillside Ave., Rich-
mond Hill, L. ., N. Y.

Lafferty, R. E., N.Y.S. Signal Corps
School, Paul Smiths, N. Y.

Lane, C. V., 33 Delahays Rd., Hale,
Cheshire, England

La Violette, R. F., 927 S. Beacon Ave.,
Los Angeles, Calif.

Leonard, C., 154 Observation Squadron,
Eglin Field, Valparaiso, Fla.

Lincoln, R. B., 477 Mt. Prospect Ave.,
Newark, N. J.

Lynch, H. G., 272 South Broadway,
Yonkers, N. Y.

Lyons, Capt. L. E., Jr., Office of the Chief
Signal Off., Washington, D. C.

M:imgus, P. R., Box 2, Rt. 2, South Bend,
nd.

' Marsh, C. O, Jr.,, 1324 Harvard St.,

N.W., Washington, D. C.

Marshall, J. R., 22 Franklin Place, Morris
Plains, N. J.

McCallum, R., ¢/o F.M.O., Halifax, N. S.,
Canada

(Continued on page xxxii)
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From Guadalcanal
to Murmansk . . .

Shure “Fighting Microphones” Get The
Message Through in the hot, humid jungles

of the Tropics . . .on the icy tundras

of the Arctic. Microphones must function
under extreme conditions. Neither heat

nor cold, neither moisture, impact or blast
can imperil vital information! Shure Micro- /
phones—on every crucial battle front in
the world—are made to meet every fest of /
widely varying conditions. From Guadal-

canal to Murmansk . . . from Libya to the

Caucasus, they will Get The Message Through!

Fighting Microphones by /

Proceedinge of the I.R.E. December, 1942
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@ AK a compact, high voltage, high speed. anti-vibration
type keying relay for break-in operation in aircraft radio
equipment. A push-pull magnetic arrangement which pro-
vides magnetic holding pressure on both tramsmit and
receive contacts. One pole is equipped with two windings,
one of which is a holding winding connected. directly

“across the battery supply. The other winding is connected
in series with the single winding on the other pole and

polarized so that when the circuit is completed through *
the key, the flux is neutralized on the holding or receive

- position pole and the armature pulls up to the transmit posi-
- tion. Opening the key cuts off the bucking flux end
: _l;plgmg Mflux pulls armature back to receive position.

N LLE
T HONTROL*

227 FULTON ST., NEW YORK

Factories
NEW YORK CITY « LONG ISLAND CITY
CHICAGO » PLANTSVILLE, CONN,

\

" 7|” ] Company, INC.
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Incorrect Addresses

(Continued from page xxx)
McCloud, W. W., 3327 Brothers PI., S. E.,
Washington, D. C.
McGreer, W. L., 1728 Massachusetts Ave.,
N. W., Washington, D. C.
McKinney, A., 34th School Squadron
Scott Field, Ill.
McShan, C. H., Wichita 1903, Austin, Tex
Mead, R. F., 27 W. Clinton St., Valhalla,
N.Y.
Meisenheimer, R. L., 253 Merion Ave.
Haddonfield, N. J.
Mesch, F. A, 913} S. Jenkins, Norman,
Okla.
Milinowski, A. S., Jr., 4429 Clifton Rd.,
Baltimore, Md.
Miller, G. R., 542 Merritt Ave., Oakland
Calif
Miller, H. C.
Calif.
Mirkin, M., 121 Sig. Radio Intelligence
Co., Fort George G. Meade, Md.
Monroe, C. J., 428 South Ave., Wilkins-
burg, Pa.
Montgomery, G. F., Cary Hall Northwest
West Lafayette, Ind.
Moody, W. R., 2305 Park Rd., Washing-
ton, D. C.
Mower, N. L., 948 Williams Mill Rd
N. E., Atlanta, Ga.
Murphree, F. J., Jr., 808 Graymont Ave.
West, Apt. 4, Birmingham, Ala.
Myers, W. D., 65 Park Ct., Santa Clara
Calif.
Naughton, G. J., 1116 Lisbon St., Water-
town, Wis,
Nelms, R., 1114 W. Springfield, Urbana, Ill.
Nelson, A. L., 4929 Holly St., Kansas City,
Mo.
Newberry, D. A, A.B.F. Flag Radio,
Pearl Harbor, T. H.
Novick, M., 211 Seventh Ave., Belmar,
N.]
Owen, W, E., 2530 Madison Ave., Baton
Rouge, La.
Ozeroff, W. J., Graduate House, Mass.
Inst. of Tech., Cambridge, Mass.
Peake, H. J., 715 S. Washington St., Apt.
B. 18, Alexandria, Va.
Perper, L., 416 Kenwood Ave., Dayton,
Ohio
Perry, C. S., Jr., 40 Jefferson Ave., Had-
donfield, N. J.
l’e{sgns, C. B., 4-B Hayes Court, Superior,
is.
Peterson, G., 207 Second Ave., Asbury
Park, N. J.
Preece, R., Jr., Federal Communications
Commission, Kingsville, Tex.
Ral\clen, F., 7149 Pershing, University City,
o.
Radcliffe, J. C., Eagle River, Wis.
Renhard, J. A., 25 Lafayette Ave., Had-
donfield, N. J.
Renner, W. D., 3029 E. Washington St.,
Indianapolis, Ind.
Respondek, A. M., The Colony House
Hotel, Great Neck, L. I., N. Y.
Rettenmeyer, R. D., 380 E. 154 St., New
York, N. Y.
Ro}glkwell, P., 2214 N.E. 25 St., Miami
a.
Rogers, W. S, 125 Newbury St., Boston,
Mass.
(Continued on page xli)
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ering as we are today on new de-

velopments . . . especially on the design of
special Electronic tubes, our engineers are
experiencing a wealth of knowledge for
future use in industrial applications.

§

=\

Fer military rea-
sons, the tube illus-
trated is not a neu

Qur engineers and scientists are con-
development.

stantly keeping ahead of today’s fast mov-
ing pace in the field of electronics. ..
when we again return to a peacetime basis
this knowledge gained will be an all impor-
tant factor in the production of the latest
developments in equipment and tubes.

- 4 Raytheon Manufacturing
E Company
WALTHAM AND NEWTON, MASSACHUSETTS L 2
ES

D TO RESEARCH AND THE MANUFACTURE os’_r_u_s
U\ FOR THE NEW ERA OF ELECTRONICS €
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Lafayette is your COMPLETE source of supply, espe-
cially on those hard to find Electronic, Radio and Sound
Equipment parts . . . no order too small or too large for
our prompt attention. LAFAYETTE GIVES YOU IM-
MEDIATE ACTION on deliveries! Lafayette personnel is
trained to work with your expediters.

If quick delivery of engineering samples, or production
quantities is your problem, write, wire or phone Lafayette.

FREE Buyers Guide!—130 pages indexed for
quick reference . . . Get your copy now! Ad-
dress Dept. 12H2. 901 W. Jackson Boulevard,
Chicago, Ill.

Uniform
20-2,000,000 cycle

Response!

% Out of the flaming crucible of
war which tries equipment as well
as men'’s souls, comes this new Du-
Mont Type 224 Oscillograph. And
this is what it means to you:

Camera Fans —Photographic equipment at
lowest prices! Write for complete catalog.

LAFAYETTE RADIO CORP.

901 W. JACKSON BLVD., CHICAGO, ILL. ® 265 PEACHTREE ST., ATLANTA, GA.

N N S N N N N N’ e e’

First and foremost, its wide band Y-
axis amplifier permits study of sig-
nals of frequencies far beyond the
range of standard oscillographs. It
has a faithful sinusoidal wave re-
sponse—20 to 2,000,000 cycles, and
comparable square wave response to
100,000 cycles.

Second, it is a more versatile oscillo-
graph, providing extreme variety in
the application of signal to the cath-
ode-ray tube. Handy connections on
front panel. Also a test probe with

THAN A SLIDE RULE

A-C CALCULATION
CHART S shielded cable, reducing input capaci-
tance and eliminating usual stray

by R. LORENZEN pickup.

This new Rider Book greatly reduces the time required for alter- Third' it is housed for severe serv-

nating current engineering calculations—speeds up the design of
apparatus and the progress of engineering students. Two to five
times as fast as using a slide rule!

A-C CALCULATION CHARTS are designed for use by civilian en-
gineers and engineers of the armed forces who operate in the
electrical—communication—power—radio—vacuum tube—telephone
—and, in general, the electronic field. Invaluable for instructors
as well as students, and also administrative officers who check

ice out in the field as well as in plant
or laboratory. Protective removable
cover safeguards panel and controls
when not in use, especially in transit.

Other interesting innovations and ad-
vantages. Measures 14}4” h, 8% w,
1518" d. Weighs 49 lbs.

engineering calculations.

RANGE OF THE 146 2.COLOR CHARTS

‘7.50 | Frequency lome?:!lye: esto 1000 Iteactance 0.01l ohm to 10 meg-
ohms
160 Pages Inductance 10 micromicrohenrys Susceptance 0.1 micromho to 100
9y x 12 to 100,000 henrys mhos
inches Capacitance 0.0001 micromicro- Impedance 0,01 ohm to 10 meg-
farad to 1 farad

% Write for Literature...

siMIn B

h,
]UST OUT_ Reslistance 0.0l ohm to 10 meg- Admittance 0.1? rrr?lsuomho to 100

mhos
to 1000

ohms
Conductance 0.1 micromho to 100 Q™ 0.1
mhos Phase Angle 6° to 89.94°

ORDER TODAY!

JOHN F. RIDER PUBLISHER, Inc.

404 FOURTH AVENUE, NEW YORK CITY
Export Division: Rocke-International Elec. Corp., 100 Varick St., N. Y. C. Cable: ARLAB

ALLEN B. DU MONT LABORATORIES, INC.

Passaic, New Jersey

Cable Address: & Waespexlin, New York
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PECIAL ceramic parts like these can now be

delivered by Isolantite Inc. with unusual prompt-
ness for these unusual times. Production of many
shapes—formetly requiring special machining oper-
ations or partial molding on hydraulic equipment
—has been greatly speeded by automatic molding.
Isolantite Inc. now has additional capacity available
for the production of very small automatic pressed
parts. Delivery cycle has also been materially re-
duced on the larger automatic pressed parts where
tools are available.

The more efficient service that installation of
automatic presses makes possible is but one of many
advantages offered users of Isolantite® insulation.
Isolantite’s manufacturing processes, for example,
permit extremely close dimensional tolerances com-
pared with general ceramic requirements. This facil-
itates equipment assembly, since critical dimensions
can be held within close limits.

Contributing to dependable equipment perform-
ance is a unique combination of advantages which
~ Isolantite incorporates in a single ceramic body—
uniformity of product, high mechanical strength,
electrical efficiency and non-absorption of moisture
—each an outstanding feature in itself.

Isolantite Inc. invites inquiries from manufac-
turers concerning production of small pressed parts
for war applications.

Proceedings of the I.R.E. December, 1942

CERAMIC INSULATORS

ISOLANTITE INC., BELLEVILLE, NEW JERSEY

#Registered trade-name for the products of Isolantite Inc.




METAL SHIELDED

%&% ®

TODAY no engineer can atford to overlook the
tremendous possibilities which Metal Shielded
Wire offer. Electronic Engineers especially should
investigate AT ONCE the remarkable features of

this NEW material.

Made to Strict Government Specifications. Fool-
proof—moisture proof—plus a host of other un-

usual advantages.

Write or wire immediately for Complete Informa-
tion and Catalog. DATA AVAILABLE on Metal
Shielded Wire, Capacity and Power Factor—in

Aluminum and Copper at 60 and 1000 C.P.S.

§

=
‘REEALEISYG lIN ASCCIURUAYEIFV D;:WN TUBING AN? U B E C 0 ;

Factory: 3824-26-28 TERRACE STREET . PHILADELPHIA, PA.
BRANCHES IN ALL PRINCIPAL CITIES SALES OEPT. 2957 214' ST, BAYSIOL, L1, M. ¥

=

XXXV

M

BOTHare radio jobs!

FASY 70 GET - ABILITY NEEDED-
FOR DURATION ONLY — PERMANENT JOB
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CRE! Technical Training Prepares
for GOOD RADIO JOBS That
Pay Good Money for Ability!

Radio jobs are easy to get—the demand runs

from technicians to engineers in every branch of
the industry. But these jobs which come so casy
today, won't be so easy to hold tomorrow .
when more qualified men are ready to take over

. and when the war is ended and the radio
industry returns to civilian production,

The ambitious radioman who is sincere and am-
bitious in his desire to enjoy a secure future in
radio, will be the first to recognize that today's
better-paying jobs and tomorrow's careers will go
to those men who have modern technical training
in practical radio engineering.

The opportunity for advancement was never as
great as it is right this minute, There are good-
paying, responsible positions awaiting trained men
in broadcasting, manufacturing, government, avia-
tion . . . jobs that can be had AND HELD by
combining your own radio experience with the CREI|

planned program of advanced technical training.

We will be glad to send our free booklet
and complete details to you, or to any
man whom you think would be inter-

ested.

CREI Students and Graduates—
ATTENTION!

The OREI Placement Bureaw is flooded
with requests for CREI trained radio
men, Employers in all branches of radio
want trained men. Your government wants
every man to perform his job, or be placed
in a job, that will allow him to work at
maximum {rroducll‘mly. If you are or will
be in need of re-employment write your
OREI Placement Bureaw at once.

CAPITOL RADIO

{NGINEERING INSTITUTE
E. H. RIETZKE, President
llome Study Courses in Practical Radio Engincer.
ing for Professional Self-Improvement
Dept. PR-12, 3224—161h Street, N.W.
WASHINGTON, D.C.

Contractors to the U. 8. Signal Corps -U. 8. Coast Guard

Producers of Well-trained Technlcal Radlomen
for Industry

Proceedings of the 1.R.E. December, 1942
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STANCOR

Professional Serces
Plate Transformers

—

\\’

““Made-to-Order”’
OR STOCK TYPES
FOR ESSENTIAL
REQUIREMENTS

ATRULY fine Plate Transformer that meets
stringent wartime requirements. . . . Appli-
cable to a broad field including governmental
agencies, broadcast engineers and many other
electronic equipment designers and users.

These rugged Plate Transformers represent
long months of skillful planning in which the
exacting needs of potential users were carefully
considered and analyzed. It was STANCOR'S
desire to make these transformers the finest ob-
tainable. . . . This was achieved!

Many are now serving our country in locations

1 1 1 Here is a typical application of Stancor's Plate
where fallure_ mlght prove disastrous. . . . They and other Professional Series Transformers. Note
are proved units. the exceilent barmony achieved between these

transformers and allied components.

Thenew Stancar Professional Series
NOTE TH ESE FEATU RES: Tronsformer Cototog No. 240—
just out—lists not only the new
® New style end bells ® Dual wound primaries Plote Tronsformers but includes
Tiny-Trons, High Fidelity Units ond
® New extro heovy ® Bolonced coil o complete line of Professionol
H H Series Tronsformers. It olso gives
L

insulotors consirdciion valuable chorts to identify the cor-
® New lominotion sizes ® Potted for long life rect unit to be used in various op-
plicotions.Write for your capy-freel

® Rugged mounting feet ® Wide ronge of sizes L

STANDARD TRANSFORMER

cCORPORATION® y
1500 NORTH HALSTED STREET * -+ CHICAGO -4

Proceedings of the I.R.E. December, 1942




—On Sea!
—On Land!
—In the Air!

At the Service of the
Allied Nations

Tusutar Merar
ANTENNAS

Maintaining communications
calls for dependable, properly
designed vertical antennas, light

in weight . . . easy to erect.

Premax is meeting this need
with standard and special de-

signs for every use.

Send for catalog or submit
your antenna problem to Pre-
max.

remax ochchs

DIVISION OF

CHISHOLM-RYDER CO. INC.

4301 Highland Ave., Niagara Falls, N.Y.

xxxviit

OME FRONT, Tog,
N HE Z’I gTS ARE VITAL 7
- P?R-ME,TAL
' CABINETS
* CHASSIS
~ PANELS
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RACKS
for

ELECTRONIC
APPARATUS

<

Send specificotions;
s Of write for our

V.S, ARMY Cotalog No. 41

BRANCHES

l [EANNNNY

PAR-METAL oiocecs:

32.62—49th STREET . . . LONG ISLAND CITY, N. Y.
Export Dept. 100 Varick S¢., N. Y. C.

BRANCHES

The will to produce the rotary electrical units our fight-
ing forces need is a vital factor in the rapid growth of
Eicor. It has led to many important dcvelopments by Eicor Engineers.

Today—this will to produce is given new impectus by a further ex-
pansion of the means of production. Our larger plant and incrcased
facilities for precision manufacture provide the opportunity to pro-
duce more. . . faster—more Dynamotors, D. C. Motors, Converters,
Power Plants and other units for plancs, tanks, ships, and field

equipment. It will also cnable us to provide better units for your
peacetime nceds after the batde is won.

ErcorIne. 1501 W. Congress St., Chicago, U.S. A.

DYNAMOTORS - D. C. MOTORS * POWER PLANTS *“CONVERTERS
Export: Ad Auriema, 89 Broad St., New York, U. S. A. Cable: Auriema, New York

Proceedings of the I.R.E.
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POSITIONS OPEN

The following positions of interest to LR.E.
members have been reported as open. Ap-
ply in writing, addressing reply to com-
pany mentioned or to Box No. .......... ’

PROCEEDINGS of the LR.E. '
330 West 42nd Street, New York, N.Y. |

RADAR LABORATORY |
The Signal Corps Radar Laboratory has | D " . \
urgent need for Physicists and Engineers | < e o -
with Mechanical, Electrical, and Radio i .
training. Inexperienced engineering gradu. ’ i
ates can also qualify, ) Sl the Sk ud At st
Salaries range from $2000 to $3200 and e allicrafters g

nal Corps commun-
up.

ications equipment.
Draftsmen, Engineering Aides, Elec ‘Kr d b t—
tricians, and Radio Mechanics also are as goo LR u

wanted.
_Apply in writing stating full qualifica- ' housands of Hallicrafters Sky Buddies gave faithful service . . . years of
tions to: Civil Service Representative, Sig- excellent performance! Sky Buddy owners will be amazed at how far-reaching

nal Corps Radar Laboratory, Camp Evans, ' the progress of research and new electronic development has been, even in the
Belmar, New Jersey. past year

COMMUNICATIONS ENGINEERS

Transcontinental & Western Air, Inc.
has openings for three Radio Engineers
in the Communications Department. Ap-
plicants should have completed an elec-

trical or radio engineering course, or | l. l l = r'.
should have had one to two years practical the = | icra 'S co.

experience. These openings are permanent. CHICAGO. U. S. A.
For additional details and application T

forms, write to Personnel Department, keep communications open!
Transcontinental & Western Air, Inc.,

Kansas City, Missouri.

INSTRUCTORS IN RADIO AND
ELECTRICITY

50 civilian instructors needed immedi.
ately for Army Air Forces Radio Instrue-
tor School. Subjects of instruction: Direct
current and alternating current electricity,
vacuum tubes, standard radio receivers and
transmitters; international Morse code,
telegraph and radiotelephone procedure.
Salaries follow Civil Service starting from
$2,000 per year. State experience, educa-
tion, code speed, personal data. Positions
open immediately. Saint Louis University,
Army Air Forces Radio Instructor School,
221 N. Grand Boulevard, Saint Louis,
Mo. A. H. Weber, Technical Director.

RADIO EDITOR

Radio engineering editor for radio-elec-
tronic journal reaching manufacturing and
operating fields. Older man acceptable if
thoroughly up-to-date on radio and elec-
tronic principles. Interesting, pleasant
work, with headquarters at New York.
Write fully, outlining experience, salary
expected, etc., to Box 278,

RADIO ENGINEER OR TECHNICIAN

Hlustration  (top)
partial  view _of

When Hallicrafters are again permitted to sell communications receivers for
civilian use your new Sky Buddy will have so many improvements, comparison
with the old models will be a difficult accomplishment.

Knowledge of circuits for supervisory - : . .. Accuracy and
position in transmitting tube circuit labora- Y
tory. Circuit knowledge and executive dependability are
ability more important than college de. built into every
gree, Married man with children preferred. . .
Salary open, Minimum $250. Box 279. | 3 Bliley Crys'al Unit.

Specify BLILEY for

assured performance.

Attention Employers . . .

Announcements for “Positions Open'’ are
accepted without charge from employers
offering salaried employment of cngineer-
ing grade to I.R.E. members. Please supply
complete information and indicate which
detalls should be treated as confidential.
Address: “POSITIONS OPEN,"” Institute
of Radio Engineers, 330 West 42nd Street,
New York, N.Y.

The Institute reserves the right to refuse any

ceubBA. wivh giies 5 TR fo BLILEY ELECTRIC COMPANY

the refusal,
UNION STATION BUILDING ERIE, PA.

Proceedings of the I.R.E. December, 1942 ki
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Evcry few minutes, 24 hours a

day, another DeJur Meter, an
- ot{et DeJur Potentiometer, an-
other DeJur Rheostat is on its
way to join up with America’s
ﬁzzti.nz forces on land and sea

and in the air.

Here is as thrilling a story as any that American
industry has recorded so far. A dramatic merger
of men, mind and materials . . . an overnight
swing from peacetime pursuits to wartime
speed-up, and not a single minute lost . . . a
transition from normal working habits in’a
small Connecticut town to never-ending pro-
duction which is reflected wherever the flag flies.
Out of all this—with your help and ours—will
come final victory. Equally important, will come
new developments, new discoveries that will far

@ Are transformers a part of your manu-
facturing problem? Then get in touch with
Acme Elcchic and free your mind and
your plant of transformer production wor-
ries. e're transformer specialists, Thou-
sands of special designs have been pro-
duced in Acme's three plants for hundreds
of transformer users. We offer War Products
Manufacturers all facilities and a complete
organitation to produce quickly to high
quality standards. Your special transform-
ers can probably be produced in jig-quick
time by adapting and utilizing tools and

transcend anything in the past.

DeJur Potentiometer

Type 270 Model 310

Waite. wire or phowc fon Hew Catalog 1-61. Dept G

DeJur Milliammeter

Shelron. e
Man
e ufoduren of Mete
eny, olers ong O:’ k”'m"""

1) o
EI"""‘O/ Illtfrllm:;'h"l"on
s

BUY wap Bowps g STAMPS) .

L MATHEMATcs
"OF MODERY
ENGINEERING

/ LY
Py
{ PCUt idmtg g

[ OY NEST o ey

Designed for the engineer
who aims for greater production . . .

T MATHEMATICS

OF MODERN

By ERNEST G. KELLER
Published This Year!

~— ENGINEERING —

VOLUME Il MATHEMATICAL ENGINEERING

Those aspects of mathematics which pertain to engineering are presented
in this top-notch volume, jam-packed with information which bridges
the gap between physics and mathematics by the scientific method. Like
the already famous Volume I, this new volume is a practical, usable book
which will prove invaluable to student, engineer, architect, or anyone
else concerned with structural problems.
The material is the product of the theoretical engineering work of the
General Electric Company, and includes many references and numerous
problems of varying degrees of difhculty.

THE CONTENTS:

Engineering Dynamics and Mechanical Vibrations

Introduction to Tensor Analysis of Stationary Networks
and Rotating Electrical Machinery

Non-linearity in Engineering

309 Pages

Hlustrated 6x9

Volume III Now in Preparation

Let Us Send You Your Copy on Approval

JOHN WILEY & SONS, INC.

$4.00

| special characteristics

New Yor

440 Fourth Avenue

k, N.Y.

x]

dies from the hundreds in stock ready to
work for you.

Audio transformers, Dtiver transformers, In-
terstage transformers, Reactors, Input trans-
formers, Power transformers, Plate Supply
transformers, Filament and Rectifier trans-
formers produced by Acme for prime con-
tractors.

Here’s a design

Here's an Acme air-
cooled design that
can be adapted to a
wide range of appli-
cations. Maybe the

of the transformers
you need can utilize
the tools that build
this design.

THIS might be what you need

This compound-

filled, high voltage second-
ary transtormer is only one of a series of
designs originally bui(t for Luminous Tube
sign and Cold Cathode lighting applica-
tions. Does your need compare with the
serviceability of such applications? Write
Acme today,

THE ACME ELECTRIC & MFG. CO.

44 Water Streot Cuba, New York

Acme<(ixf lec;t

T AR ANGSFODR M

I~LC
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ncorrect Addresses |

(Continued from page xxxii)

owe, H. C., Jr., Rowe Radio Research
Lab. Co., 4201 Irving Park Bivd,,
Chicago, Il

ussell, J. D., 1680 Spring Dr., Louisville,
Ky.

anders, R. C., Jr., 427 Haddon Ave,,
Haddonfield, N. J.

hackell, S. M., 7 Lougheed Ave., Cald-
well, N. J.

helton, A. C., 303-28th Ave., N., Nash-
ville, Tenn.

schwerin, P., 47 W. Pierrepont Ave.,
Rutherford, N. J.

Shevick, P., 3210 W. Arthington Ave.,
Chicago, Il

Siegmund, E. L., 37-41—79 St., Jackson
Heights, L. I., N. Y.

Smith, H. E., International Telephone &
Telegraph Corp., 67 Broad St.,, New
York, N. Y.

Smith, J. W., 4473 Q St., N. W., Washing-
ton, D. C.

Starbuck, H. A., 646 Springdale Ave.,
East Orange, N. J.

Stearns, H. M., 17 Haig St., Baldwin, L. I,
N. Y.

Stephenson, H. R., 320 W, 43 St., In-
dianapolis, Ind.

Sterling, G. E., 811 Kingston Rd., Stone-
leigh, Govans P. O., Baltimore, Md.
Sukup, J. P., 1844 N, 28 St., Milwaukee,

Wis,

Taglor, 0. P., 1409 Monroe St., Corvallis,

re.

Th;ler. S., 4933 Pulaski St., Philadelphia,

a.

Thomas, M. E., 2840 S. 24 St., Lincoln,
Neb.

Turner, J. S., 3021 Honeysuckle Ct.,
House A, Fort Worth, Tex.

Van Wambeck, S. H., ¢/o Washington
University, St. Louis, Mo.

Weed, A. C,, Jr., 5458 S. Harper Ave,,
Chicago, IlI.

Wells, W. B., University Club, 1135—16
St., N. W.,, Washington, D. C.

Willls:n, J. E., 24 N. Ewing, Indianapolis,

nd.

Wolfe, C. M., 2346—29 Ave., S., Seattle,
Wash.

Wood, W. L., 67th C. A. “AA,” Fort
Bragg, N. C.

Yanagisawa, S. T., 1621 Carleton St.,
Berkeley, Calif.

Young, D. A., 914 Ellsworth Ave., Co-
lumbus, Ohio

Booklet

The following commercial litera-
ture has been received by the
Institute,

NEW  MATHEMATICAL TYPE-
WRITER TYPE~* * *Ralph C. Coxhead
Corporation, 333 6th Avenue, New York,
‘N. Y. Description given in the house organ
“Vari-Typer Between Us” of a new type
face available on vari-type typewriters
which permit the use of 90 characters and
symbols necessary in the practical appli-
cation of mathematics to industry. This
type face was planned for the use of Signal
Corp engineers and their defense manufac-
turing corporations.

Preceedings of the I.R.E. December, 1942
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Continuously working at capacity, we are truly "draw-
ing with all our might!” We are proud that Wilbur B.
Driver Co. special alloys have so many vital war appli-
cations and of the part they are playing toward the
final complete strangling of the *‘Unholy Three"'.
Perhaps we can help you make your product do its
part more effectively or get on the job more quickly.

Consult us for your requirements.
: WILBUR B.DRIVER CO. 5
|

NEWARK, NEW JERSEY

 lasure Smooth,

: 2
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® IN Obmite
Rheostats have been operated over a
million times without servicing of
any kind. It’s the design, the con-
struction, that makes them give such
smooth, close control and long life in
communications and electronic de-
vices. You find them on duty every-
where—in planes, tanks and ships—

|
: actual
i

|

|

|

|

! ;

| in laboratory, production and test
|

I

|

|

|

|

|

|

performance,

equipment. Ten sizes from 25 to 1000
watts. Approved Army and Navy
types.

\Q? :
O
) 7

CALTTET

o~

OHMITE MANUFACTURING CO.

4862 Flournoy Street % Chicago, U.S.A.

GHT
kQ\ w//
® *
Write on company
letterhead - for 96-
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SEALED VARIABLE RESISTORS

TO MEET HIGHLY HUMID OR DUSTY CONDITIONS

Stackpole engineering scores again!

Two new Stackpole closed-cover, sealed variable resistors for volume or
sensitivity use, meet today’s demand for units which will perform faithfully

AOLbES RARE anywhere from the world’s wettest, most humid places to its dustiest, sandiest

METAL CONTACTS spots—and in either standard radio or high frequency equipment.
...0lso carbon, graphite The Type MG Variable Resistor is designed for extremely humid or salt
ENd. SHpEtTion “iypes spray conditions and for use in equipment where internal and external leakage

CRNEON PRODSGHS must be held to a minimum. Actually, its leakage resistance is on the order of
Brushes {for all rotating machines)

—Anodes — Electrodes — Brax- 300 meg. after 48 hours iﬂ 95% humidity at 400 C.
ing Blocks—Beorings—Welding

Red Bigigdun afd Sinae The famous Stackpole Type LP Variable Resistor is now furnished with a
- Po 3 oan “ 3 5 .

Seal Rings — Rheesto! Plafes dust-proof cover and effectively sealed with a special compound to the point
iyt by s it L where resistivity from current carrying parts after 48 hours of 95% relative

S50 fo menifacinrors humidity at 40° C. is five times that of the previous open construction resistors.

only—Catalog and

R8s o Tedwtelt STACKPOLE CARBON COMPANY, ST. MARYS, PENNA.

8 VV ;”:;ﬂ :

4

SWITCHES Slide operated (cither in- RESISTORS (fixed or variable) Carbon IRON CORES Molded from powders
dexed or momentary contact type) —Ro- composition resistors, fixed types up to in a variety of grades and sizes and for
tary Index and Toggle types. 4 watts. Variables in 4 different types. use at frequencies to 150-175 meg.
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Every few minutes, 24 hours s
day, another DeJur Meter, an-
od{ct DeJur Potentiometer, an-
other DeJur Rheostat is on its
way to join up with America’s
ﬁglting forces on land and sea
and in the air.
Here is as thrilling a story as any that American
industry has recorded so far. A dramatic merger
of men, mind and materials . . . an overnight
swing from peacetime pursuits to wartime
speed-up, and not a single minute lost . . . a
transition from normal working habits infa
small Connecticut town to never-ending pro-
duction which is reflected wherever the flag flies.
Out of all this—with your help and ours—will
come final victory. Equally important, will come
new developments, new discoveries that will far
transcend anything in the past.

Winite. wine on phosc for Hew (atalog .61, Dept. G

Type 270 Model 310

Delur Po!em.iomem Delur Milliommeter B”y WAR BUNDS & SMMPSI

Designed for the engineer
who aims for greater production . . .

f‘\ MATHEMATICS

MATHEMAYIcs |
| 0r monry OF MODERN
— " — ENGINEERING ——
| | wmuil.. | VOLUME Il MATHEMATICAL ENGINEERING
[ ! By ERNEST G. KELLER
[ T o o Published This Year!

Those aspects of mathematics which pertain to engineering are presented
in this top-notch volume, jam-packed with information which bridges
the gap between physics and mathematics by the scientific method. Like
the already famous Volume I, this new volume is a practical, usable book
which will prove invaluable to student, engineer, architect, or anyone
else concerned with structural problems.

The material is the product of the theoretical engineering work of the
General Electric Company, and includes many references and numerous
problems of varying degrees of difficulty.
THE CONTENTS:
Engineering Dynamics and Mechanical Vibrations
Introduction to Tensor Analysis of Stationary Networks
and Rotating Electrical Machinery

Non-linearity in Engineering

309 Pages Hlustrated 6x9 $4.00
Volume IIT Now in Preparation

Let Us Send You Your Copy on Approval

JOHN WILEY & SONS, INC. “tosonsse

5 ———— |

| @ Are transformers s part of your manu-

lacturing problem? Then get in touch with
Acme Electric and free your mind and
your plant of transformer production wor-
ries, e're transformer specialists. Thou-
sands of special designs have been pro-
duced in Acme's three plants for hundreds
of transformer users. We offer War Products
Manufacturers all facilities and a complete
organization to produce quickly to high
quality standards. Your special transform-
ers can probably be produced in jig-quick
time by adapting and utilizing tools and
dies from the hundreds in stock ready to
work for you.

Audio transformers, Driver transformers, In-
terstage transformers, Reactors, Input trans-
formers, Power transformers, Plate Supply
transformers, Filament and Rectifier trans-
formers produced by Acme for prime con-
tractors.

Here’s a design

Here's an Acme air-
cooled design that
can be adsapted to o
wide range of appli-
cations. Maybe the
special characteristics
of the transformers
you need can utilize
the tools that build
this design.

THIS might be what you need

This compound-

filled, high voltage second-
ary transtormer is onlr one of a series of
d;ugm originally built for Luminous Tube
sign and Cold Cathode lighting applica-
tions. Does your need compare with the
serviceability of such applications? Write

Acme today,
THE ACME ELECTRIC & MFG. CoO.
44 Water Streot Cuba, New York

Acme <> loctrie

TRANSFDRMERS
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Incorrect Addresses

(Continued from page xxxii)

Rowe, H. C., Jr., Rowe Radio Research
Lab. Co., 4201 Irving Park Blvd,
Chicago, 1ll.

Russell, J. D., 1680 Spring Dr., Louisville,
Ky.

Sangers, R. C., Jr., 427 Haddon Ave.,
Haddonfield, N. J.

Shackell, S. M., 7 Lougheed Ave., Cald-
well, N. J.

Shelton, A. C., 303-28th Ave., N., Nash-
ville, Tenn.

Schwerin, P., 47 W. Pierrepont Ave.
Rutherford, N. J.

Shevick, P., 3210 W. Arthington Ave.,
Chicago, Ill.

Siegmund, E. L., 37-41—79 St., Jackson
Heights, L. I, N. Y.

Smith, H. E., International Telephone &
Telegraph Corp., 67 Broad St., New
York, N. Y.

Smith, J. W., 4473 Q St.,, N. W, Washing-
ton, D. C.

Starbuck, H. A., 646 Springdale Ave.,
East Orange, N. J.

Stearns, H. M., 17 Haig St., Baldwin, L. I,
N. Y.

Stephenson, H. R.,-320 W. 43 St., In-
dianapolis, Ind.

Sterling, G. E., 811 Kingston Rd., Stone-
leigh, Govans P. O., Baltimore, Md.
Su\kn}x_p, J. P., 1844 N. 28 St., Milwaukee,

is.

Taylor, O. P., 1409 Monroe St., Corvallis,
Ore.

Th;ler, S., 4933 Pulaski St., Philadelphia,

a.

Thomas, M. E., 2840 S. 24 St., Lincoln,
Neb.

Turner, J. S., 3021 Honeysuckle Ct.,
House A, Fort Worth, Tex.

Van Wambeck, S. H., c/o Washington
University, St. Louis, Mo.

Weed, A. C,, Jr.,, 5458 S. Harper Ave.,
Chicago, 111

Wells, W, B., University Club, 1135—16
St., N. W., Washington, D. C.

Willls(;)n, J. E., 24 N. Ewing, Indianapolis,
nd.

Wolfe, C. M., 2346—29 Ave., S., Seattle,
Wash.

Wood, W. L., 67th C. A. “AA,” Fort
Bragg, N. C.

Yanagisawa, S. T., 1621 Carleton St.,
Berkeley, Calif.

Young, D. A., 914 Ellsworth Ave., Co-
lumbus, Ohio

Booklet

The following commercial litera-
ture has been received by the
Institute.

NEW MATHEMATICAL TYPE-
WRITER TYPE~* * cRalph C. Coxhead
Corporation, 333 6th Avenue, New York,
N. Y. Description given in the house organ
“Vari-Typer Between Us” of a new type
face available on vari-type typewriters
which permit the use of 90 characters and
symbols necessary in the practical appli-
cation of mathematics to industry. This
type face was planned for the use of Signal
Corp engineers and their defense manufac-
turing corporations.
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Continuously working at capacity, we are truly “‘draw-
ing with all our might!’" We are proud that Wilbur B.
Driver Co. special alloys have so many vital war appli-
cations and of the part they are playing toward the
final complete strangling of the **Unholy Three™".

Perhaps we can help you make your product do its
part more effectively or get on the job more quickly.
Consult us for your requirements.

. WILBUR B.DRIVER CO.

NEWARK, NEW JERSEY

® IN actual performance, Ohmite
Rheostats have been operated over a
million times without servicing of
any kind. It’s the design, the con-
struction, that makes them give such
smooth, close control and long life in
communications and electronic de-
vices. You find them on duty every-
where—in planes, tanks and ships—
in laboratory, production and test
equipment. Ted sizes from 25 to 1000
watts. Approved Army and Navy
types.

OHMITE MANUFACTURING CO.

4862 Flournoy Street % Chicago, U.S.A.
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SEALED VARIABLE RESISTORS

TO MEET HIGHLY HUMID OR DUSTY CONDITIONS

Stackpole engineering scores again!

Two new Stackpole closed-cover, sealed variable resistors for volume or
sensitivity use, meet today’s demand for units which will perform faithfully

; humi e vl .
MOLDES RALE anywhere from the world’s wettest, most humid places to its dustiest, sandiest

METAL CONTACTS spots—and in either standard radio or high frequency equipment.
+.-also carbon, graphite The Type MG Variable Resistor is designed for extremely humid or salt
BRC, cempatifian T spray conditions and for use in equipment where internal and external leakage

CARBON PRODUCTS must be held to a minimum. Actually, its leakage resistance is on the order of
Brushes (for oll rotating machines)

— Anades — Electrodes — Brox- 300 meg. after 48 hours in 95% humidity at 40° C.
ing Blocks—Beorings—Welding

Rods, Eloctrodes ond Ploter— The famous Stackpole Type LP Variable Resistor is now furnished with a
- Po , Piston an " . o 4

Seal Rings — Rheastal Plates dust-proof cover and effectively sealed with a special compound to the point
ond Discs—Broke Lining, oc. g here resistivity from current carrying parts after 48 hours of 95% relative

Sold to manufacturers

,f;’,f{;:,f:’;;’,,’”f,;,’f,, STACKPOLE CARBON COMPANY, ST. MARYS, PENNA.

humidity at 40° C. is five times that of the previous open construction resistors.

4

SWITCHES Slide operated (either in- RESISTORS (fixed or variable) Carbon IRON CORES Molded from powders
dexed or momentary contact type) —Ro- composition resistors, fixed types up to in a variety of grades and sizes and for
tary Index and Toggle types. 4 wartts. Variables in 4 different types. use at frequencies to 150-175 meg.

4
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A NEW ELECTRONIC SUN!

The famous RCA Electron Microscope has a new
attachment—a diffraction camera, so that man’s
eye can see the enormously magnified structure of
an infinitesimal object and actually determine its
atomic design.

The atoms are not seen but the new adapter
finds out where they are. The revealing picture
looks like the midnight sun. But in reality this is
not a picture of anything. It is the spirit of the
crystal structure—an assembly of complex clues
from which the mathematical detective can deter-
mine how the atoms take their orderly arrange-
ments in various substances.

Scientists call the picture a diffraction pat-
tern—a pattern from electrons, which found

their way through the crystal lattice —that invis-
ible, exquisite arrangement of atoms which nature
fashions from humble table salt to the lordly
diamond. It is a set of concentric circles, some
diffuse, others sharp. From the dimensions of the
circles and the intensities, the arrangement of the
atoms in the material is determined, so that the
crystal structure can be identified and analyzed.

Thus, RCA Laboratories open new and
unseen worlds for exploration as the Electron
Microscope coupled with the new diffraction
camera sees deeply into electronic and submicro-
scopic realms.

BUY U. 5. WAR BONDS EVERY PAYDAYI

RCA LABORATORIES

PIONEER IN RADIO, ELECTRONICS, TELEVISION
A Service of the Radio Corporation of America « RCA Building, New York, N. Y.

Other Services of RCA: RCA Manufacturing Company, Inc. ¢ National Broadcasting Company, Inc.
R. C. A. Communications, Inc. ¢ Blue Network Company, Inc. ¢ Radiomarine Corporation of America ® RCA Institutes, Inc.
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NO TIME FOR REPLACEMENTS WHEN YOU'RE MILES AWAY FROM “THE SUPPLY BASE”
. . . give your product maximum relz'abilz'ty by usz'ng C-D Capacz'tors

When you're miles from headquarters you can't call
for replacements. Utmost reliability tn communica-
tions equipment is essential. You can give your prod-
uct that degree of reliability by using C-D capacitors.
The most important raw material used in C-Ds is C-D DYKANOL BY-PASS CAPACITORS
the accumulated “"know how” of 32 years devoted to 23;/“’ DY

the making of finer capacitors exclusively. When 2 These capacitors are designed to fill the need for dependable
design calls for capacitors, C-Ds are the first choice capacitors of fractional capacities that will operate efficiently
of the industry because C-D built-in “capacitor de- in r.f. and af. bypass, audio frequency coupling and a.c.

R o . circuits under all humidity conditions and at temperatures
pendability” is a familiar story to engineers who do up to approximately 80°C. Features of these capacitors are:
their own checking.

eImpregnated and filled with non-inflammable, non-explosive
Dykanol assuring long life, small size, lower power-factor.
eSupplied with special pressure-sealed terminals and hermet.

=== —————————so—ssmss oo 1 ically sealed 1n non-corrosive non-ferrous containers.
C b
| As the materials used in capacitors are under control, we are per- I ® gnsewau‘:ly {ated' these units will safely operate at 10%
| mitted to produce only against those orders carrying the necessary | above rated voltage.
| Preference Rating Extensions. Should you be unable now to enjoy the |
| c?:,:,,peh';‘:T:e':f" o‘,’,' C.0s we took farward fo serving you when : For further details write for Catalogue No. 160T
w o X 5
| Y 1 Cornell-Dubilier Electric Corporation
b e e ————————— 4 South Plainfield, New Jersey. ... Factories in five cities.
[ @ -
i
O77€. noweer
v -
.i l/
cdp”cz 0 s MICA o DYKANOL « PAPER ¢ WEV & DRY ELECTROLYTICS
M O R E I N U s E

T O D A Y T H AN A N Y O T H E R M A K E



GENERAL RADIO COMPAN__Y

,—_—FOUNDED 1915 —

= — D, A > - 2 =
7llalul/atlurc/‘sAQ rRADIO AND LLECTR!CAL LABORATORY APPARATUS

caon € ADDALSS GENRADCO, BOSTOM THIRTY STATE STREET
BENTLEYS CODE
CAMBR!DGE. MASSACHUSETTS

TELEPHONE JROWBRIOGE a4

TO USERS OF
GENERAL RADIO INSTRUMENTS

Gentlemen:

When instruments, 3 3 3 4 service, are

varound

d into & few
months 3 y is essentisal. There
must be no &v 3 3 production.

ce department b

h edjustmen
d us of the jmportance
is doubly necessary. A
complete c& ] ] is kept on gvery major
instrument. Reconditioned jpstruments are guaranteed for
one year 10 the sam® specifications as when new.

You cen help to speed necessary repairs by doing all

:ple repair work in your own plent with the aid of

our SERVICE AND MAINTEN ANCE NOTES. They nave elready
helped hundreds of General Redio customers to cut down
returns for repalirs; to save valuable production time, &nd
to get petter gervice from their equipment.

When requesting your set of SERVICE AND MAINTENANCE NOTES,
lease 1ist your Generel Radio instruments by type
number and gerisl numbere

gincerely

1Y Lo

Service Manager




