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AMERICAN INSTITUTE OF ELECTRICAI, ENGINEERS
—Some Actibities and Services Open to Members—

Attendance at Conventions.—Taking part in the Institute conventions is one of the
most useful and helpful activities which membership in the Institute affords. The advantages offered
lie in two distinct channels, technical information and personal contacts. The papers presented are
largely upon current problems and new developments, and the educational advantages of hearing and
taking part in the discussion of these subjects in an open forum cannot but broaden the vision and aug-
ment the general knowledge of those who participate. Equally advantageous is the opportunity which
conventions afford to extend professional acquaintances and to gain the inspiration which grows out of
intimate contact with the leaders in electrical engineering. These conventions draw an attendance of
1000 to 2000 people and constitute milestones in the development of the electrical art.

Presentation of Papers. An important activity of the Institute is the preparation and
presentation of papers before meetings of the Institute. Opportunity is offered for any member to
present a paper of general interest to engineers at an Institute meeting, or of having shorter contribu-
tions published in the JournaL without verbal presentation. In preparing a paper for presentation
at a meeting, the first step should be to notify the Meetings and Papers Committee about it so that
it may be tentatively scheduled. Programs for the meetings are formulated several months in advance,
and unless it is known well in advance that a paper is forthcoming, it may be subject to many months
delay before it can be assigned to a definite meeting program. Immediately upon notification, the
author will receive a pamphlet entitled ““Suggestions to Authors” which gives in brief form instructions
in regard to Institute requirements in the preparation of manuscripts and illustrations. This pamphlet
contains many helpful suggestions and its use may avoid much loss of time in making changes to meet
Institute requirements.

Manuscripts should be in triplicate and should be sent to Institute headquarters at least
three months in advance of the date of the meeting for which they are intended. They are then
submitted first to the members of the technical committee covering the subject of the paper, and if
approved will next go to the Meetings and Papers Committee for final disposal. After final acceptance,
the paper goes to the Editorial department for printing which requires usually from two to three
weeks. Advance copies are desired about ten days prior to the meeting in order to distribute the paper
to members desiring to discuss it. Considering the routine through which all papers must pass,
the advantage of prompt notification and early submission of manuscripts will be apparent.

Publications of the A. I. E. E.—The chief publications of the Institute are the JOURNAL
QUARTERLY TRANSACTIONS, A.I.E. E. STANDARDS, and the YEAR-BOOK.

The JOURNAL, a monthly publication which every member receives, contains two s¢ ctions, one
devoted to technical papers, and the other to current activities of the Institute and other related sub-
jects of engineering interest. The technical section consists largely of rather complete abridgments of
the papers presented at conventions and meetings of the Institute. These are brief enough to enable
the reader to keep posted in the various fields of engineering which the papers cover; and complete
copies of any paper are sent gratis to the reader who wishes to specialize on any subject. The second
section of the JOURNAL is designed to keep members acquainted with the activities of the Instituteand
with the news of the engineering world in general.

The QUARTERLY TRANSACTIONS contain the papers and discussions at Institute meetings and are
the only publications in which they are printed in full. These volumes are designed principally for
reference books, and are furnished to members at a very nominal cost. These volumes practically
constitute the history of the art of electrical engineering, as they contain papers covering every major
electrical development.

The A. I. E. E. STANDARDS which were formerly published in a single book have so increased in
volume that they arenow divided intomore than thirty individual sections and the number is constantly
growing. This arrangement gives greater latitude in publishing revisions of any sections promptly,
and convenient binders are furnished for filing all the individual sections under one cover. An index
for the complete set is also available. The standards are supplied to members at a very small cost.

The YEAR-BOOK is published annually and contains an alphabetical and a geographical list of
members corrected to January first each year. It also includes a section giving general information
about the Institute, the Constitution, By-laws, Code of Principles of Professional Conduct and the
Annual Report of the Board of Directors. The Year-Book is sent free to members on request.

[ .
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The Centralizing and Coordinating Agencies
in the Interrelationships of the Institute

l EVERAL of the more important interrelationships pertaining particularly to the 5
functioning of various internal activities of the Institute have been outlined briefly on Z
? these pages in the last three issues of the Journal. With increased growth and scope of the ?
[nstitute, new external connections requiring coordination likewise have arisen. Therefore,
with extension of these contacts two natural and important influences have been at work.
One, due to internal relations, is both centralizing and decentralizing. The other, due to
external association, is necessarily centralizing. {
With the broader geographical distribution of its membership, a decentralizing influence
within the Institute has been recognized, and met, by the establishment of the ten district
organizations, each provided with its own executives and committees. Each of these ten
district units, and possibly others yet to be established, are charged with the responsibility
of furthering the best interests of its particular district through District meetings, prizes,
Section and Branch activities, etc. Each one has also the important duty of coordinating
its own effort and activity with the centralizing, controlling and coordinating efforts of the (
Institute’s Board of Directors and Headquarters. This obligation whereby each part be i
cognizant of the whole and the whole cognizant of all its parts has become a most important Z
task. This condition is full of opportunity for both service and experience in the interests
of both. Upon mutual effort and ability to meet these problems depends much of the success
Z of both the District and the Institute as a whole.
Upon the Board of Directors, through the executive work of Institute Headquarters,
devolves the duty not only of cooperating with and assisting the District organizations but 2
also of centralizing and coordinating the latter’s effort to give to the Institute the most
efficient organization possible.
Acting for the Board of Directors, the Institute Headquarters, therefore, becomes not
only the centralizing, coordinating agent of internal relationships, but also the coordinating
unit of the Institute’s external activities. As such, it reaches, here and there, for all that is
best for the advancement of the theory and application of electrical engineering; the pro-
fession of electrical engineering itself, in this and other countries. Thus only can the Institute
achieve its purpose. The Board of Directors and National Headquarters with the many
ramifications of their work constitute more than the centralizing, coordinating agency of
the Institute. As representing the membership of the Institute, they becothe the centralizing
body, in this country, of the entire profession. This position has been won for the Institute
through years of earnest devotion to the development of all that pertains to that profession.
§ The recognition of this position carries the added responsibility of cooperation with “‘the
allied arts and sciences’" here and abroad. g

)\Mk . Sathe

President
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Some Leaders

of the A. 1. E. E.

P. Junkersfeld, Vice-President of the Stone and
Webster Corporation, Associate Member of the Insti-
tute 1901, Fellow 1912, and Vice-President 1916-18,
was born near Sadorous, Illinois, October 17, 1869.
In 1895 he obtained a B.S. degree at University of
Illinois, and in 1907, E. E. He has engaged in engi-
neering and construction ever since 1895.

Soon after graduation in 1895, Mr. Junkersfeld
entered the employ of the Chicago Edison Company and
its successor, with which interests he remained for nearly
24 years. Beginning with two years in power plant
operation, he rose in the organization until, in 1899, he
became head of the Engineering Department, and in
1909, Assistant Vice-President, supervising the con-
tracting, operating, construction, and electrical de-
partments. He was intimately identified with the
Fisk, Quarry, Northwest, and other steam power
plants (aggregating over 600,000 kv-a. when he resigned
in 1919), and corresponding transmission lines, sub-
stations, distributing system and other physical proper-
ties; he has also engaged in commercial activities,
particularly electric service and power rating and negoti-
ations resulting in supplying power required by all
elevated and surface electric railways of Chicago.
He served also in the capacity of consultant, and for
five years was chairman of a monthly. engineering,
constructing, and operating conference of various Insull
public utilities in several states. In 1916 he became
President of the Association of Edison Illuminating
Companies. By Josephus Daniels, Secretary of the
Navy, he was appointed to the Board of Directors for
Industrial Preparedness in Illinois, and was made an
Associate Member of the Naval Consulting Board.

He became a member of the Officers’ Reserve Corps
in February 1917, and on June 7, 1917 began active
service in the World War, continuing until March 4,
1919 in the successive ranks of Major, Lieutenant-
Colonel and Colonel, engaged in the construction of
cantonments, camps, hospitals, port terminals, ware-
houses, munition plants and other war construction.
OnJuly 15th, 1919 Newton D. Baker, Secretary of War,
presented him with the Distinguished Service Medal.

In April 1919 he resigned from the Commonwealth
Edison Company to become associated with Stone &
Webster, Inc., of Boston, as Engineering Manager and
executive of the Construction and Engineering Division.
During the following three years, this Division con-
structed about 300,000 kv-a. in 14 steam and four
hydroelectric plants and extensions, and about 20,000
boiler horsepower in six industrial and steam heating
boiler plants; he also engaged in industrial work in-
cluding a complete sugar refinery, five rubber works,
fabric and hosing works, and other industrial and
general construction developments.

In February 1922, he resigned from Stone & Webster,
Inc., to become a partner in the firm McClellan &
Junkersfeld, Inc., Engineers and Constructors, whose

NOTES AND COMMENTS

Journal A. 1. . B,

first important work was the design and construction of
the Cahokia power plant for the Union Electric Light &
Power Co. of lllinois, near Iast St. Louis, Ill. With
extensions and commitments authorized, thisplant hasa
capacity of about 340,000 kw., and a probable ultimate
capacity of 450,000 kw. It was the second large public
utility electric plant designed to burn exclusively
pulverized coal. Engineering service was rendered also
for the Cleveland Electric Illuminating Company on its
Avon and East 70th Street plants, and engineering and
construction service for the new San Francisco steam
plant of the Great Western Power Co. in California.
In six years, beginning 1922, his firm did engineering,
construction, and report work in a total of 21 States and
three Provinces of Canada, including about 1,200,000
kv-a. in steam-electric plants, and pulverized coal
installations totaling over 110,000 boiler horsepower,
exclusive of various industrial installations.

On July 19, 1928 the firm of McClellan & Junkersfeld,
Inc., was merged with the Division of Construction and
Engineering of Stone & Webster, Inc., to form the
Stone & Webster Engineering Corporation, with Mr.
Junkersfeld Vice-President.

He has written many technical papers, among them
““Multiple ¢s. Independent Operation of Power Plants”
(1901); “Periodic Inspection of Steam Turbines” (1907);
“Effect of Load Factor on Steam Station Costs’ ( 1921);
“Obsolescence as a Factor in Design of Steam Gener-
ating Stations” (1923); ‘“General Review of Current
Practise in Steam Power Stations” (1924); (The last
presented before the First World Power Conference in
London jointly by Mr. Junkersfeld and Mr. G. A.
Orrok), as well as other articles and discussions before
engineering and technical associations and printed in
various publications.

He was first President of the Construction Division
Association;is a Past-President of Association of Edison
Illuminating Companies, and Past Vice-President of
Western Society of Engineers. He is also a member of
The American Society of Mechanical Engineers;
American Society of Civil Engineers; National
Electric Light Association; Edison Pioneers; Engineers’
Clubs of Chicago and New York; Western Universities
Club of New York; the Lawyers’ Club; and the Scars-
dale Golf Club.

The Year Book of the Czechoslovak Electric Associa-
tion shows that of a total of 457 electric power stations
in that country 311 are owned by power companies
and 146 by manufacturers. The power companies gen-
erated 719,000,000 kw.-hr. in 1927 with an installed
capacity of 396,700 kw. The total energy generated
in Czechoslovakia in 1927 amounted to 1,700,000,000
kw.-hr., which gives an average of 125 kw.-hr. annually
per capita. This is an increase by 12.5 per cent com-
pared with 1926.

There are 13,000 miles of high-tension transmission
lines in Czechoslovakia and the mileage is Increasing at
the rate of 17.5 per cent a year.



The Theory of Electrical Gonductivity

Recent Developments
BY WILLIAM V. HOUSTON*

Non-member

Synopsis.—This paper explains the electrical conductivity of
metals in light of recent discoveries regarding the behavior of
electrons. It is claimed that these discoveries have made possible
a satisfactory theory of conduction. The more tmportant
discovery is that of the wave nature of the electrons. The other
new discovery 18 known as Pauli’s ‘“‘exclusion principle’ which
states that no lwo electrons in a wire can have exactly the same
velocity and direction of motion. In working out the theory, the

statistical method of the Fermi distribution funclion is employed.

The paper shows thal the theory satisfactorily explains how there
may be emissions of electrons from a hot wire in spite of the fact that
very little energy is put inlo the electrons by raising the temperature,
it explains relalive resistances of metals and their alloys, the contact
potential between metals, the thermoelectric effect, the Peltier effect

and the change in resistance due lo a magnetic field.
* * * * *

OR the past 30 or 40 years the attempt has been
made in the study of physics to explain all of
the properties of matter on the basis of ultimate

electrical particles. It has been assumed that a piece
of material is made up of a very large number of posi-
tively charged particles called protons, and of negatively
charged particles called electrons. This assumption
is based on the experimental fact that it is possible to
separate positive and negative particles from all kinds
of matter. The numerical value of the charge on one
particle is found to be the same as that on the other.
Furthermore, the total numbers of protons and elec-
trons are the same, so that there is no electrical charge
on the body; but the mass of a proton is some 1840
times as large as that of an electron, so that the weight
of a body is essentially that of the protons. It is found
that all of the protons and about half of the electrons
are gathered together into small clusters which are
the atomic nuclei. These nuclei then have a resultant
positive charge, and are surrounded by enough negative
electrons to make a neutral atom. The number of
positive charges on the nucleus, which is the same as
the number of electrons around the nucleus, is equal
to the atomic number of the element and determines
its position in the periodic system of the elements.
This method of interpreting experimental facts has
had such tremendous success in so many fields that it
seems almost certain that, in its broad outline, it repre-
sents correctly the constitution of matter.

With this picture, it is relatively easy to account
qualitatively for the electrical conductivity of metals.
When the atoms are packed as closely together as they
are in a metal, the outer and more loosely attached
electrons come under the influence of more than one
atom and become free. In other words, they cannot
be identified as belonging to one atom or another,
and they move about hetween the atoms with very
little restraint. Under these conditions, the application

*Assistant Professor of Physies, California Institute of Tech-
nology, Pasadens, California.

1. For references seo Bibliography.

Presented at the Pacific Coast Convention of the A. I. E. E.,

Sunla Monica, Culif., Sept. 3-8, 1929, Printed complele herein.

of e.m.f. causes these electrons to filter between the
fixed atoms, and so, to constitute a current. On the
other hand, an insulator is a substance in which all of
the electrons are tightly bound to individual atoms.

This idea was given a quantitative treatment by
Drude,! Lorentz,2 and others. They started out by
treating the free electrons as though they were alone
in the metal and behaved exactly as gas molecules,
moving about with energy due to temperature. Thus
we come to speak of the group of free electrons as an
electron gas. If an e. m. {. is applied to such an elec-
tron gas, it starts of course an average motion of all
the electrons in one direction. If there were nothing to
interfere with the motion, the electrons would move
faster and faster, and the current would continue to
increase without limit. The limit is set, however, by
the presence of the atoms themselves, or more strictly
speaking, of the positive ions, which form the crystal
lattice. When an electron collides with an ion which
is more or less tightly bound to its position in the
crystal, the electron loses the extra energy which it
has acquired from the field. On this account, its
velocity cannot increase indefinitely. Thus the
collisions of the electrons with the fixed ions are ob-
served as a resistance, and the resistance is proportional
to the number of collisions per second.

It is perhaps desirable to look at the relative magni-
tudes of some of the quantities involved in this picture.
If we make the very reasonable assumption that there
is one free electron for every atom, there will be about
6 X 10% free electrons per cu. cm. When there is no
e. m. f. applied, these electrons will be moving with
fairly high speeds in all directions, but the average
velocity will be zero, so that the electron gas as a whole
will not move. This distinction between the velocity
of a single electron, and the average velocity of all
electrons, which latter is the current, is the same as the
distinction between the velocity of the molecules of air
and the velocity of the air as a whole. The velocity
of the molecules we recognize as heat, while the velocity
of the whole we call wind. Now the velocity of a single
electron will be of the order of 10* em. per sec., while if
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the average velocity of the whole is as great as only one
¢m. per sec. there will be the tremendous current of
about 8000 amperes per sq. em. or about 50,000 amperes
per sq. in. This shows that the applied e. m. f. pro-
duces only a very minute change in the velocities of the
electrons.

All this, of course, has nothing to do with the propaga-
tion of the e. m. f. along the wire. That is governed
by Maxwell’s equations and can be explained as a result
of the mutual repulsions of the electrons. This mutual
repulsion can be neglected except, perhaps, in the finer
details of the theory of conductivity.

Qualitatively, this picture is very satisfactory; but
there are very serious difficulties with the quantitative
treatment. In the first place, if there is at least one
free electron for each atom In the metal, the electron
gas should have a specific heat about half as large as
that due to the vibration of the ions which make up
the crystal. But the observed specific heat is merely
that of the ions themselves. This constitutes a very
serious objection to the classical theory, since it in-
dicates that not enough energy is put into the metal
when the temperature is raised to account for the as-
sumed increased energy of the electrons. 1In the second
place, the number of free electrons which must be as-
sumed to explain the different electrical properties of a
metal varies between such wide limits that the theory,
is evidently inconsistent. Another difficulty is that
when the resistance is calculated by means of this theory
it is found to be proportional to the square root of the
temperature, which is not at all in accord with the
observed facts.

On account of these difficulties, many attempts have
been made to give other pictures of the behavior of the
electrons in a metal. Some of these have been based
on the idea that the electrons do not become free from
the atoms, but remain attached and under the influence
of an applied e. m. {. occasionally pass from one atom
to the next. In this case, of course, the electrons
need have no specific heat, since they do not move
independently of the atom. But it is just this lack of an
independent motion which makes it difficult to explain
the emission of electrons from hot wires which we use
in thermionic vacuum tubes. Itis usually thought that
this is due to the fact that certain electrons acquire a
very high velocity and so are able to pass through the
retaining wall of potential which bounds the metal.
If there is no motion due to temperature energy, this
could not be the case.

Thus, until recently, the theory of the electrical
properties of metals contained a number of conflicting
hypotheses, and it seemed impossible to form a con-
sistent theory with a few simple assumptions. Within
the last few years, two important discoveries have
changed the whole aspect of the situation. Perhaps the
more important of these discoveries has been the
discovery of the wave nature of the electrons.
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For several centuries there have been two rival ex-
planations of the phenomena of light, — the wave theory
and the corpuseular theory. [During the nineteenth
century, the weight of evidence became almost over
whelmingly in favor of the wave theory, but with the
discovery of the photoelectric effect in 1888, it became
necessary to use the corpusculartheory, (which has been
called the quantum theory), to explain the phenomena
of the interaction of light with matter. RBut although
there have heen two theories of light, there has been
only one theory of the nature of electrons. Since the
very early experiments on cathode rays, there has heen
practically no doubt as to the natureof electrons. They
seemed in every way to satisfy the requirements of
corpuscles of electricity. No one ever thought of
investigating the wave properties of electrons until it
was accidently discovered in 1927 that a stream of
electrons produces a diffraction pattern in the same way
as a beam of X-rays.® Many theoretical considerations
had been pointing toward the necessity of treating
electrons as waves under some circumstances. Through
this experimental confirmation of the theory, we have
now just as good evidence for saying that a stream of
electrons is o train of waves as we haye for saying the
same thing about a beam of light. The quantum theory,
which was so called because it seemed to require that
light should be propagated in corpuscles or quanta,
has now come to include the requirement that electrons
should have the properties of waves. This duality
of nature, of both light and electrons, is now a firmly
fixed experimental fact. It is one of the discoveries
which has made possible a satisfactory theory of
electrical conduction.

The other essentially new feature in the present
theory is known as Pauli’s exclusion principle. Ap-
plied to the problem in hand, this states that no two
electrons in a wire can be in the same quantum state,
i. e., they cannot have exactly the same velocity and
direction of motion. At first this seems an outrageous
restriction, and yet there is a great deal of experimental
evidence in favor of it. It is the basis of the theory
of the periodic system of the chemical elements, as
well as the very extensive and satisfactory theory of
spectra. This principle, combined with the fact of
the wave nature of the electrons, makes it necessary
to revise the statistics with which we treat the electron
gasina metal.

On account of the large number of electrons with
which we have to deal, it is necessary to use the methods
of statistical mechanics. There are several different
varieties of statistics, each one adapted to dealing with
a certain kind of object. Itis perhaps easiest to charac-
terize the different types of statistics by giving their
distribution functions. These functions give the num-
ber of electrons which may be expected to have veloci-
ties in a given range.

The classical statistics were developed largely by
Maxwell and Boltzmann, and are adapted to the treat-
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ment of material particles. The distribution function

for these is
dn = Ae " dedndy 1)

This means that dn is the number of electrons, on the
average, whose velocity components in the z, y, and 2z
directions lie between tand ¢ + d & nand n + d »,
tand ¢ + d ¢ v is the total velocity, k is the
molecular gas constant, m the mass of the electron,
and T is the absolute temperature. The curve of this
function for two different temperatures is shown in
Fig. 1. Itis evident from Equation (1), as wellasfrom

e
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Fig. 1 that as the temperature increases, the curve
becomes more and more spread out, so that more elec-
trons are found with high velocities.

The theory of quantum statistics with which we are
concerned was developed by the Italian Fermi,* and
independently by the Englishman Dirac. It is based
on assumptions which make it applicable to wave
motions when the Pauli exclusion principle applies.
Thus, according to our latest knowledge concerning
the nature of electrons, it should apply to electrons.
The distribution function in this case is

in 2m? 1:
h3 1 my2/2kT
" e +1

didqdy (2)

where the letters have the same significance as in Equa-
tion (1); & is known as Planck’s constant of action
and characterizes all equations in the quantum theory.
The constant A in both functions is determined so that
the integral of dn over all possible values of » gives the
total number of electrons present. In the Maxwell
distribution function in Equation (1), A is merely a
constant by which the exponential function is multi-
plied, but in the Fermi distribution, the size of A
determines the nature of the function. If A is very
much smaller than 1, the first term in the denominator
is so large that the other may be neglected. The func-
tion then becomes the same as the Maxwell function.
But in the opposite case, the functions are entirely
different. The value of A, when A is large, can be
determined from the equation

logA = (B2/2m Kk T) (3 n/8 7)23 (3)
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where 7 is the number of electrons per cu. cm. Be-
cause of the very large number of free electrons when
it is assumed that there is one per atom, A for ordinary
metals is about 10®. Thus, only the case where A is
very large need be considered. Fig. 2 shows the curve
of the Fermi distribution function for two different
temperatures when A is given this value. A gas for
which the constant A is greater than unity is called
degenerate, and the size of A is a measure of the
degeneracy.

It is evident from the curve and from Equation (2)
that in the case of the highly degenerate electron gas,
the temperature has only a very slight effect on the
velocities of most of the electrons. Only the relatively
few which have the higher velocities are affected at all.
Since the temperature has very little effect upon the
motion of the electrons, it follows that the specific
heat of the electron gas is very small; in fact it is
given by '

C, = (mtmk/h?) 8w/3n)*RT 4)
where R is the gas constant for one gram molecular
weight. For room temperature, C, is less than 1 per
cent of the value to be expected with the Maxwell
distribution. This is one of the important successes
of the present electron theory of metals and was pointed
out by Sommerfeld® who developed the statistical
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Fuxcrion or VELOCITY

The scale of this figure is not at all comparable with that of Fig. 1.

phase of the theory. Now it can be understood why the
electron gas makes practically no contribution to the
specific heat of the metal.

But although the free electrons have a very low
specific heat, they do not have a low energy of agita-
tion. It is merely that this energy is not given up
when the metal is cooled, but is retained and exists
at the absolute zero of temperature. The average
velocity of a free electron in a metal is of the order of 108
cm. per sec. This high velocity and the accompanying
energy produces a pressure on the surface of the metal
which amounts to something like 2 X 10° atmospheres.
Even with this pressure, however, the majority of the
electrons are unable to escape from the metal because
of the strong electric field which exists at the surface.
But there will always be a few with extra large velocities,
which can penetrate this surface layer and escape
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from the metal, and the number of these increases with
the temperature.

[n Fig. 3, the Fermi distribution function for the
degenerate electron gas is plotted with the energy in-
stead of the velocity, for the horizontal axis. W, repre-
sents the energy at which the function has dropped to
15,while W ,represents the energy which anelectron must
have to escape from the metal. The electrons which
escape are those represented by the part of the curve
to the right of W.. By calculating the number of elec-
trons represented by this part of the curve, and taking
account of the various directions in which they are
traveling, Sommerfeld has shown that the current per
$q. cm. coming from a hot wire is given by

I = (4dmem/h3) k2 T2 e~ Wa=-Wa/kT 5)
The equation derived by Dushman and others is:
I = BTz T )

In Equation (5) (W.— W,)/k takes the place of b in
Equation (6). This shows that the b which is usually
measured and called the work function, is not really the
energy necessary for an electron to have in order to
escape from the metal, but is the difference between

l

W, ' Wa

Fig. 3—TuE Fermi DistriBuTion Funcrion PLOTTED AS A
Funcrion oF EnNErcYy

this energy and an energy which represents the pressure
of the electrons inside the metal. In this way, the
theory explains completely why we can get emission of
electrons from hot wires in spite of the fact that very
little energy is put into the electrons by raising the
temperature.

The outstanding electrical property of a metal is that
of conductivity. It was mentioned above that a current
is a relatively slow drift of all the electrons under the
influence of an applied e. m. f. This drift would become
faster and faster if it were not for the fact that the
electrons collide with the metal atoms and so lose the
acceleration they have gained from the field. Thus,
the average gain in speed and the current is propor-
tional to the time for which an electron can travel
without a collision. The average distance which the
electron can travel without making a collision is called
the mean free path, and this quantity is generally used
for calculation instead of the mean time between col-
lisions. Sommerfeld has shown that when the Fermi
statistics is used to describe the velocity distribution
of the electrons, the specific conductivity in electrostatic

units is given by
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v = (8Bmwer/3h) (Bn/8m) (7

In this equation e is the charge on one electron, h is
Planck’s eonstant of action, » i8 the number of free
electrons per cu. em., and [ is the mean free path
for those electrons whose energy is equal to the W,
of Equation (6); [isof theorderof 5 X 10 *em. The
mean free path is, of course, a function of the velocity,
but only the length of the mean free path at this par-
ticular veloeity is essential in the conductivity.

In Equation (7) all of the quantities except [ are in-
dependent of the temperature, and so we must explain
the fact that resistance increases with temperature by
the faet that [ decreases with temperature. It is here
that the wave nature of the electron hecomes directly

apparent. The wavelength of an electron wave is
determined by the velocity of the electron through the
relation

AN="Hh/mv (8)

This shows that the faster electrons have the shorter
waves. From the Fermi statisties, it can be shown that
the free electrons in a metal have such velocities that
practically all of the wavelengths are greater than
about 5 A or5 X 10 ® em. They are longer than most
X-rays. This fact is of importance when we study the
effect of a crystal upon these waves.® The behavior
of an electron in a crystal can be considered from two
points of view which correspond to the two natures of
the electron. From the corpuscular point of view, the
electron makes collisions with the atoms in the crystal
and so is deflected from its path. From the wave point
of view, the electron wave is diffracted by the crystal
in the same way that a light wave is diffracted from an
optical grating. In the case of electrons in a metal,
the wave point of view is the correct one to use. Hence,
the problem of determining the resistance of a metal
is the same as the problem of determining the scattering
of the electron waves by the atoms which form the
lattice of the metallic crystal.

It 1s possible to calculate this scattering effect by the
methods used for calculating the diffraction of X-rays
by a crystal, when proper allowance is made for the
difference in wavelength. The electron waves are
longer than the distances between the atoms of most
crystals, so that if the atoms were really stationary and
regularly arranged, there would be no scattering at all,
and hence, no resistance whatever. This is not the ex-
planation, however, of the phenomenon of super-
conductivity, nor of the fact that the resistance becomes
zero when the absolute temperature becomes zero, for
there is very good evidence that the atoms In a crystal
are not stationary, even at the absolute zero of tempera-
ture. There are still other ways in which the resistance
may become zero, although if there were no motion of
the atoms in the lattice, it would certainly he zero.

The thing that produces the diffraction of the electron

waves and consequently the resistance Is an irregularity
in the arrangement of the metallic atoms. This ir-
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regularity may come about either through the presence
of impurities which distort thearrangement of the atoms,
or through the motion due to the temperature energy.
This latter effect produces the resistance in pure metals,
while the first effect explains why the resistance of an
alloy is always greater than the resistance of at least one
of its constituents. It is easy to understand from this
the reason for Matthiessen’s rule which states that a
small amount of impurity causes a small added resis-
tance which is independent of temperature. This 1s
explained by the fact that the irregularity in the crys-
tal due to the impurity is essentially independent of
temperature.

It is possible to calculate the resistance due to the
heat motion of the metal atoms. This kind of calcu-
lation shows that the resistance, in its dependence on
temperature, may be closely approximated by

-z dx
—1) (x> +a x26)?

. . ,

R is proportional to 1, xobf @ 9)
x, = 0/T, where 6 is a function of the elastic constants
of the metal and 7 is the absolute temperature; aisa
measure of the scattering power of a single atom and so
is characteristic of themetal. Equation (9) shows that
for ordinary temperatures, the resistance is proportional
to the absolute temperature, while for lower tempera-
tures, it falls off more rapidly than would be indicated
by the simple proportionality with temperature.

The agreement of Equation (9) with the observations
shows that the knowledge of the wave nature of the
electron has made it possible for the first time to give a
satisfactory explanation of the way in which the resistance
depends on the temperature.

in addition to the phenomena already mentioned,
there are several others which are explained in a satis-
factory manner by the present theory. The sudden
increase of resistance, which always appears when a
pure metal is melted, is due to the destruction of the
regularity of the crystal by the metal. The atoms in
the solid have a regular arrangement, to a certain extent,
while the atoms in the liquid are moving about at
random. This loss of regularity causes a large increase
in the scattering of the electron waves and acorrespond-
ingly large increase of resistance.

The fact that the resistance of a non-cubical metallic
crystal is different in different directions can be attrib-
uted to the fact that the atoms in the non-cubical
crystals can vibrate more easily in one direction than
in the others. This causes the diffraction of the
electron waves to vary with the direction. The cor-
responding difference in resistance, calculated on this
hasis, agrees very well with the observed differences.

A number of other effects, such as the contact po-
tential between different metals, the thermoelectric
effect, the Peltier effect, and the change in resistance
due to a magnetic field, receive a consistent and satis-
factory explanation on the basis of the Fermi statistics
and the wave nature of the electron.

The study of atomic structure, which has engaged the
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attention of physicists for the past 3) years, has now
come to the stage where it is possible to treat not only
single atoms, but molecules and those very large
molecules which we know as solid bodies.

The first extensive application to solids has been the
electron theory of metal which has been developed by
Sommerfeld, Houston, Frenkel, Nordheim and Bloch.?
This brief outline has sought to indicate the degree of
success with which the modern theory of the electron
has provided a unified treatment of this baffling physical

problem.
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MOTION PICTURE CAMERA IN
ELECTRICAL TESTING

The following brief résumé of an article describing
the use of a motion picture camera in making certain
electrical tests is given through the courtesy of Mr.
Frank E. Fisher, of Chicago.

There appears in the February, 1929 issue of The
Transactions of the South African Institute of Electrical
Engineers an interesting article describing the use of a
moving picture camera in connection with certain tests
where meters of the oscillograph or recording variety
are not applicable.

The general method is to mount the meters, which
vary with the type of test to be run, on a panel and then
take moving pictures of the instruments. Thus, the
data taken by an ampere-hour meter, voltmeter, watt-
meter, frequency-meter, speed indicator, etc., are
accurately recorded on the film and can be studied at
leisure. This method obviates the use of a man to read
each instrument, thus avoiding the inaccuracy of the
human element.

The readings may be taken on 16 mm. or 35 mm.
standard film and many of the cameras on the market
which have a fairly wide range, can be used. A spring-
operated camera has been tried with good results.

The author of the article, who is also the originator
of the method of test, suggests various uses for the
scheme and illustrates the set-up which was used in
studying the operation of the skip in a metal mine.
In this case eleven instruments were mounted. The
scheme was originated by Mr. L. B. Woodworth of the
Central Mining and Investment Corporation of South
Africa, and the experiments were conducted at the No.
14 Shaft of Crown Mine, and were eminently successful.
The method is also being experimented with by the
Victoria Falls Power Company.
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Dial Telephone System
Serving Small Communities of Southern California
BY I. 0. WHEELOCK:

Member, A 1, K. [,

Synopsis.—This paper briefly reviews the history of the step-
by-step dial telephone system in small communilies of nelropolilan
areas, and noles some of the reasons for ils recent, rapidly growing
use in small towns and communities a part from melropolitan areas.
The wider appreciation of improved service by the public in the last

INTRODUCTION

N rendering telephone service, two systems are in
general use; the manual system and the dial system.
As the names imply, the fundamental difference
between these two systems is that in the manual
system, the principal central office operations for com-
pleting telephone calls are made by hand, and in the
dial system they aremade by machine. Today, dial tele-
phone systems are in useinagreat many places, chiefly
in exchanges of considerable size with equipment ar-
ranged as a single unit having a capacity of ten thou-
sand terminals or multiples thereof. The idea of
providing telephone service for the smaller community
by means of dial system equipment housed in small
buildings and normally unattended is by no means new
but its use in this manner has been limited for reasons
explained later on.

It is the purpose of this paper to describe the small
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step-by-step dial telephone system. First, a brief
history of its development is given, followed by a dis-
cussion of some of the considerations which led to its
rather wide use in Southern California. Then a des-
cription is given of the equipment employed and its

1. Southern California Telephone Co., Los Angeles, Calif.
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three years 1s noled, and requircments of lhe service now being
rendered are discussed. T'he equipment s descrihed, and the
methods of operation and muintenance are given. The affect on
oulside plant, building design, and other incidentals is discussed,
as are also the resulls oblained vn the use of this telephone system.

operation and maintenance. ‘T'he exchanges specifi-
cally referred to are located in the area shown in Fig. 1.
REASONS FOR ADOPTING PRESENT SYSTEM

More than 15 years ago, there were several small dial
offices of the step-by-step type serving portions of the
Los Angeles and San Diego exchanges. Then these
were known as “branch offices” and “automatic sub-
offices.””  Each was in fact a part or an extension of the
large dial office to which it was directly connected. Iig.2
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shows the location of these offices in the Los Angeles
exchange at that time. The branch office was fully
attended, and while the sub-office was smaller and more
of a complete unit in itself, it also required rather
constant attendance.

The recent growing demand for full 24-hour service
In progressive communities, and an effort to secure
greater economy and efliciency in giving better service,
were probably the motivating forces exerted in pro-
moting in 1926 the idea of using dial equipment for
serving the small community with equipment operating
independent of the larger or nearby exchange except
for trunking and for trouble alarm signals.

A study was made in the latter part of 1926, and plans
were formulated for installing a modern small dial tele-
phone system in the rapidly growing new town of San
Clemente, California. Other installations have since
been completed so that at the close of 1929, fourteen
towns are similarly equipped. These are shown in
Fig. 3 and include the following exchanges:
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Arcadia, Buena Park, Dana Point, Fontana, Imperial,
La Mesa, Ojai, Pacific Beach, Piru, Rancho Santa Fe,
Reseda, San Clemente, San Ysidro, Vista.

In addition, the following other small communities
in the same area are now served by step-by-step dial
telephone systems, each including some of the features
described herein:

Artesia, Barstow, Beaumont, Bellflower, Downey,
Hynes, Indio, La Habra, Lynwood, Mar Vista,
Norwalk, Palm Springs, Rivera, Victorville.

SERVICE REQUIREMENTS

A fundamental requirement in rendering universal
telephone service is to have an operator readily avail-
able to the user in case assistance is necessary in com-
pleting a connection. This precludes the use of a tele-
phone system that is mechanically operated in its
entirety. In the small dial telephone system, this
feature is taken care of by operators located at a center
serving usually more than one exchange.

To insure satisfactory operation when called upon
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by the subscriber while dialing a number, the equipment
requires routine supervision of its operation at various
periods. It also requires attention to predetermine
defects, potential and actual, that may cause trouble.
Therefore, from the standpoint of maintenance, also,
it is not entirely unattended.

In addition, successful operation of a dial telephone
systenm depends upon a third human factor,—the
subscriber. The equipment may be designed, installed,
and maintained properly with an operator readily
available, but its operation will not be a success unless
the subscriber uses his telephone properly.

DESCRIPTION OF THE EQUIPMENT

The outstanding items of improved central office
equipment used are line finders rather than line
switches; self-protecting apparatus which permits of
omitting heat coils in the battery supply leads; revert-
ing call selectors; 10-party code ringing connectors;
choice ol postpayment dial or postpayment manual
coin hox equipment; trouble alarm signals extending to
the center from which the dial office is supervised;
power plants with start and stop of charging current
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automatically controlled; and ringing machines auto-
matically controlled by selectors for the smaller ex-
exchange and continuously running for the larger
exchange.

The regular subscribers’ line equipment consists prin-
cipally of line and cut-off relays. Dial coin box sub-
seribers’ line equipment consists of similar relays and
associated equipment to furnish the necessary tone to
indicate to the subscriber when to deposit a coin.
Manual coin box subscribers’ line equipment consists
of a concentrating switch of the rotary type to connect
the line to a trunk leading directly to the manually-
operated center, and relays similar to those in the
regular subscribers line.

In appearance, the line finder is similar to an ordinary
selector, but in addition, it has a commutator and
associated wiper for level hunting; it is a part of the
call originating equipment and is used to connect the
line of a calling subscriber to a first selector.

Local selectors are of the usual two-wire type uni-
versally used for local or incoming service. Toll
selectors also are of the type used in the larger dial
office. They are equipped with contacts that close
with the vertical operation of the switch to operate a
relay for controlling the start of the ringing machine in
the offices where continuously run ringing machines are
not employed.

Connectors are of the type used for the various classes
of service, including one-bell, two-bell, rotary hunting,
10-party code ringing and toll.

Where transmission is satisfactory over the local
train, toll selectors and toll connectors are not provided.

Repeaters are of the usual type.

Long line equipment consists of the usual relay,
resistance, repeating coil, and condenser equipment to
increase the normal impulsing and signaling range of the
subsecribers line.

The arrangement of the trouble alarm equipment
includes visual and audible alarms which are extended
to the adjacent manual operating center.

Ample testing equipment, for all central office equip-
ment and for subscribers’ line and station equipment, is
furnished.

Distributing frames are of the floor or wall type, the
protector usually terminating the outside cable.

The relay rack is of the usual channel iron type, and
on it are mounted the long line, alarm, and other mis-
cellaneous relay equipment.

The power plant includes storage batteries of either
the portable or stationary type, and arrangements for
facilitating maintenance, such as automatic voltage
regulators, T'ungar rectifiers, ampere-hour meters for
the automatic starting and stopping of the charging
current, and ringing machines, either continuously
running or those controlled by selectors.

When the present movement toward the wider use of
dial equipment for the small community was started,
it was with a thought that by omitting operators rest
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rooms, facilities for preparing lunches, etc., the central
office quarters could be provided at much less expense
than for manual equipment.

So far, use has been made of the standard 11-ft.
6-in. frames and racks, as in the large dial exchanges.
Frames of heights 9 ft. 113 in. and 8 ft. 53 in. also
have been used in some offices. These have required
rooms with a fairly good ceiling height. As previously
mentioned, however, it is expected that within a
short time there will be available an equipment using
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frames and racks limited to 7 ft., together with self-
contained units for the mounting of line finders, selectors,
and connectors which will permit of installing equip-
ment in rooms 9 ft. in height.

The arrangement and floor space occupied by the
equipment for one of the exchanges is shown in Fig. 6.

Some of the earlier offices were not provided with
heating apparatus. It has been found necessary, how-

CALLING LINE FIRST SECOND
SUBSCRIBER FINDER SELECTOR SELECTOR CONNECTOR

$daag,
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Fiec. 7—ParH oF LocaL CaLL—SmaLr Diar OFFICE

ever, to place either gas or electric heaters in the
majority of the small dial offices. When in use, these
are regulated by thermostatic control and during cold
or damp weather are operated continuously.

METHOD OF OPERATION

On an ordinary call, when a dial system subscriber
removes his receiver, the line finder automatically
connects the line to an idle first selector. The sub-
scriber hears the dial tone, which indicates that he is
connected to a first selector and that he may dial the
number. The first digit of the desired number is
dialed. The selector responding to the dial impulse
is raised to the desired level, and, finding an idle trunk,

cuts the line through to the conneector. In olfices where
the total terminals exceed 1000, a second selector is
inserted in the circuit between the first selector and the
connector. With the dialing of the last two digits, the
connector steps up vertically and around horizontally
until the dialed number is reached, at which time, if the
Iine is not busy, the ringing starts. T'he ringing tone is
heard by the calling party until the called party answers.
If the line called tests busy, a busy signal is heard by
the calling party. Iig. 7 shows the path of the call for
a completed connection. If the called number is on a
10-party line, an additional digit is assigned. When
this final digit is dialed, a minor switch, which is part
of the connector, operates in a rotating motion and upon
completion of the dialing, completes a circuit to relay
equipment which sends out the required number of
rings on the tip or ring side of the called line. The
above method of operation is nearly identical with the
method of operation in use in large exchanges where the
line finder step-by-step type of equipment is employed.

CALLING LINE FIRST
SELECTOR

ANSWERING
SUBSCRIBER "INDER JACH

OIAL SYSTEM
SWITCHBOARD

MANUAL OPERATING CENTER

F16. 8—PatH oF CALL FROM SMALL Diar OFrice 10 MaNUaL
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Numbering plans consisting of three and four digits
are used in smaller exchanges, and those of four and five
digits are used in the larger exchanges. As previously
stated, where code ringing is used, the last digit indi-
cates the codering.

On out of town calls and assistance calls the sub-
scriber dials “0” to connect with the operator at the
manual center, as shown in Fig. 8, and the operator com-
pletes the call to the distant toll point. In handling
assistance calls from the small dia] exchange, the
operator may dial the desired number over the regular
paths to test for “busy”’ or “don’t answer”’. Fig.9shows
the path of an incoming call through the manually
operated center to a dial system subscriber.

Where rotary hunting connectors are not provided,
private branch exchange service is given by listing all
the trunk numbers in the directory. In most small dial
exchanges, no intercepting service is given for changed
numbers, disconnected numbers, and vacant terminals ;
failure to hear the audible ringing signal is an indication
to the subscriber that he has selected a vacant level or
terminal.

Revgrting calls,—i. e., calls to other stations on the
same line,~—are obtained by callingathree—digit number,
first dialing nine, then the last digit of the calling sub-
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seriber’s number, followed by the last digit of the called
subscriber’s number.

No special provision is made for absorbing false pre-
liminary impulses other than that level No. 1 of first
selectors is not ordinarily assigned, but is used initially

as a vacant level.

Coin box stations are of the multi-slot postpayment

type. Local numbers are dialed from dial coin box
stations in the same manner as from any other dial
station. When the called party removes his receiver
from the hook, a distinctive tone is heard by both par-
ties, which is an indication to the calling party to de-
posit a coin. When the coin 1s deposited, the tone is
removed, clearing the circuit and connecting it through
for the conversation.
MAINTENANCE

In the operation of any telephone plant, some mainte-
nance effort is necessary to keep the equipment in good
workable condition. The proper amount to give a good
balance between maintenance effort and the quality of
service rendered is desirable. In the larger central
offices this is accomplished through systematic methods
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whereby the equipment is made to function on test on a
somewhat more stringent margin than would normally
be met with under the worst operating condition.
Tests are made through the medium of test circuits
designed to simulate the various conditions under which
the apparatus is designed to function.

While the equipment specified for small dial offices
is practically the same as that used in large dial offices
and requires the same treatment, the amount of main-
tenance effort necessary to keep the apparatus func-
tioning, due principally to the low calling rate, is
considerably less than that required for the large office.
The routine methods employed in a great many in-
stances are identical, but include some special tests for
apparatus peculiar to this type of equipment.

These routine tests are made at intervals in propor-
tion to the importance of the apparatus.

In addition to routine testing, the trouble signals and
alarms facilitate maintenance of the equipment.
The alarm signals are made common and are routed
over trunks or individual circuits to the operating
center to inform the operator of trouble during periods
when no one is present at the dial office.

For the purpose of making routine operation and
obgervation of the equipment, visits to the small dial
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office by the maintenance men were first scheduled
weekly. Later it was found possible to extend the
frequency without causing service reaction, so that the
minimum period between visits is two weeks. For the
Reseda Exchange, the equipment routines require the
attention of a central office repairman for about five
hours every two weeks. Considering the amount of
equipment involved, the number of cases of trouble re-
corded as a result of routine tests has been negligible.

Outstanding in conditions noted is the adaptability of
the central office and outside repairmen, who have been
trained and have had their experience principally in
the manual system, to handle quickly the equipment of
the step-by-step dial system.

RESULTS OBTAINED

Some of the results obtained that have caused addi-
tional study and action, as well as those that are favor-
able, are recorded in the following matter.

Outside Plant. Some trouble has been experienced
from low insulation on open-wire trunk circuits which
are in operation between San Clemente and San Juan
Capistrano, a distance of approximately 714 mi. This
trouble occurs only in dry climates where there is
considerable dust accumulation and where rains are not
sufficiently frequent to keep the insulators washed
clean. Salt spray on the insulators from the ocean
which is nearby also aggravates the situation. This
condition has been under careful observation and has
been cared for tentatively by scrubbing the insulators
with brushes and water at intervals. While final
conclusions have not yet been reached as to the most
practical way to permanently care for this condition,
it is thought that the installation of cable for a portion
or the entire distance may be warranted.

At Fontana, one of the small communities first pro-
vided with dial equipment, rather serious service condi-
tions existed during the first few months of operation
due to various outside plant conditions. Winds of
great velocity areé frequent and several of the open-wire
leads pass through trees. These lines, swinging to-
gether, operated line finders nearly continuously,
causing unnecessary wear and at times tying up the
available paths for traffic in the office to an unsatis-
factory degree. This condition was met by rather
extensive rebuilding of outside plant and the service
has been improved to a grade comparable to that of
large dial offices. In general the small dial system does
not require any better grade of outside plant than the
manual system.

Buildings. The introduction of the small dial office
has involved the construction of many new buildings for
the small exchange, thus offering an opportunity to
improve their appearance. Considerable thought has
been given to beautifying the outside as well as the
inside of the structure. These small dial exchange
buildings are scattered over a wide area and all condi-
tions of topography and climate are met.
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.Simplicil,y of Equipment. The avoidance of a multi-
phcation of refinements in service and in ways of per-
forming one and the same service are essentials to bhe
kept in mind and closely controlled in the continued
success of the small dial system. An open-minded
public and company, both ready to waive the nonessen-
tials for the essentials, have made it possible to omit,
In most cases, features such as intercepting service on
unconnected terminals, to permit of simplification of the
plant.

The small dial system must give satisfactory service

at low cost and a careful course must be pursued to-

keep down the investment to permit of operating
economically.

Psychological Aspect. Visitors to these small offices,
who know of the quality of the service in these ex-
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changes, have been impressed with the fact that not-
withstanding the doors being locked; yet as they enter,
they view in fitling surroundings a clean nearly perfect
machine which is functioning continuously with very
little human aid to give this service.

Today, the maintenance man is sure in his own mind
of what the equipment does and will do in the future;
he therefore goes about his work expecting the proper
performance of the system and it functions accordingly.
Before experience was gained by actual use, it was the
natural thing for all to be looking for causes that would
prevent proper operation. Now, however, skepticism is
a thing of the past, the system has proved satisfactory
and its permanent use is assured. Pessimism has
changed to constructive suggestion which can only
result in improvement.

Abridgment of

Transmission and Distribution

ANNUAL REPORT OF COMMITTEE ON TRANSMISSION AND
DISTRIBUTION*

To the Board of Directors:

The work of the Committee on Power Transmission
and Distribution covers a wide field and may logically
be divided into the following classifications:

Lightning and surge problems on overhead lines

Insulator design for overhead lines

Design of towers and poles for overhead systems

Cable development for underground systems

System connections and stability factors

Standardization activity

Research activity.

The work carried on this year has been confined to
the lightning and insulator problems handled by a
subcommittee under the leadership of Mr. Sporn, cable
development handled by a subcommittee under the
direction of Mr. Peterson, and system connections and
stability factors handled by a subcommittee under the
direction of Mr. Evans, with Mr. Farmer coordinating
the standardization activities and the research work
carried on under the direction of a joint research com-
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mittee working under the auspices of the N. E. L. A,
Underground Systems Committee, Association of
Edison Illuminating Companies’ Committee on High
Tension Cable, and the Power Transmission and Distri-
bution Committee of the A. I. E. E.

The problems arising under the above activities are
so closely related with similar problems handled by
other committees of the Institute and other organiza-
tions that considerable attention has been given to
coordinating this work so as to eliminate unnecessary
duplication and at the same time insure the proper
handling of all subjects. In light of this condition,
your committee has not initiated any work on inductive
coordination and any consideration of the interference
aspect of such subjects is being tied in with the work of
the Joint General Committee and the activity of the
work on stability factors and interconnection has been
referred to the Committee on Coordination of Institute
Activities for assistance in subdividing this work be-
tween the various committees.

A summary of the developments and problems arising
during the year is covered in the following reports
from the subcommittees:

SUBCOMMITTEE ON LIGHTNING AND
INSULATORS
PHILIP SPORN, CHAIRMAN
GENERAL ASPECTS OF THE LIGHTNING PROBLEM
Lightning disturbances on electric circuits have
always been a problem: the importance of these dis-
turbances becomes greater with the increase of inter-

connecting h@gh-voltage lines transmitting large blocks
of power, which now form the backbone of interconnec-
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tion and in many cases, the basis of economic genera-
tion. The transmission line therefore becomes a vital
link in the electric circuit, and lightning, by its adverse
effect on its operation, its worst enemy. The demand
for more reliable line operation, from a lightning stand-
point, has started investigation and research, begin-
ning with isolated field investigations with crude and
limited instrunments, next laboratory research with the
lightning generator, and then to field investigation with
the klvdonograph and surge recorder; and finally, to
the cathode ray oscillograph in both the laboratory and
field.

Both the laboratory and field have contributed to the
solution of the lightning problem. The laboratory by
offering complete and easy control of the lightning wave
has, of course, rendered investigations far more simple
than field research.

Theory, too, has contributed its part in studying the
mechanism of cloud formation and lightning discharges,
the breakdown of the discharge path, the influence of
ground wires, the characteristics of the electrostatic
field, the effect of traveling waves on electric circuits,
and the shape and eflect of different shapes of traveling
waves on the insulation strength of the line and the
connected apparatus. A noteworthy contribution to
the study by the field is the record of lightning dis-
turbances and trouble on lines as encountered in actual
service, together with complete storm data where
available.

Finally, an extension of the development has been
made in combining the laboratory and field in the form
of artificially created lightning imposed on actual trans-
mission lines. Certain problems that prove difficult
of solution, such as wave propagation, can best be
handled that way.

With thisbackground, it is clear that the solution of the
lightning problem has received progression accelera-
tion the past few years, and a large amount of lightning
data has been secured and many of the results pub-
lished in the technical press. Even with considerable
theoretical analysis and the laboratory and field data
available, the lightning problem is not solved. Some
phases of lightnirng are only partly known, others are in
dispute, and some are definitely not known.

COMMITTEE PROGRAM PLANNED

An attempt will be made to coordinate a program of
determining more definitely what is known about light-
ning as affecting electric circuits. A careful correlation
of lightning data and theories which may appear to be
conflicting should bring forth information that is needed
n the solution of many of our problems.

The lightning problem of electric circuits is primarily
an insulating problem and consequently requires not
only a study of voltage stresses but the installation
characteristics necessary to withstand these stresses or
at least localize the trouble to the least damaging point.
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LIGHTNING PROGRESS DURING 1928

A large amount of data has been provided to indicate
the magnitude of lightning voltages and attenuation
of this voltage and characteristics of traveling waves as
result of the three cathode ray oscillographs and the
numerous klydonographs and surge recorders which
have been connected to the systems during the past
year. Artificial lightning surges have been placed on
transmission lines, making it possible to observe with a
cathode ray oscillograph the behavior of the lines under
various conditions which have considerably accelerated
the establishment of data of this character.

Extension in the use of ground wires and the use of
grading shields on insulator strings has been made dur-
ing the past year, and the practise of reducing the line
insulation for a mile or so out from the substation to
protect station equipment has been extended.

RESEARCH WORK IN PROGRESS

Surge investigation installations are in progress on
transmission lines of a number of operating companies.
Some ten or twelve cathode ray oscillographs are
planned to be in operation on actual lines during the
coming summer. Two or more additional installations
to record the performance of artificial lightning are also
planned for this summer. It is expected that this
extensive program will be very effective in obtaining
greater amount of information on lightning and surge
characteristics.

SUBCOMMITTEE ON CABLE DEVELOPMENT
T. F. PETERSON, CHAIRMAN
GENERAL STATEMENT

The portion of last year’s Power Transmission and
Distribution Committee Report dealing with cable
developments included descriptions of what might be
considered remarkable advances and great strides in
the transmission art. Of these, the design, installation,
and operation of 132-kv. oil-filled cable were most
notable. This year, nothing so sensational is to be
noted. Practically all development and improvement
seem to have been characterized by a tendency toward
review and analysis of existing practises, stabilization,
and reduction of known methods and principles to
economic and practical feasibility. These have ap-
parently constituted the bases for such crucial investi-
gations of paper insulated cable of the so-called solid
type, sheath corrosion, sheath current mitigation,
temperatures of conduits, etc., as have been reported
in the technical press throughout the year. The
fine cooperation and coordination of results evidenced
by various organizations, utilities, and manufacturers
engaged in the improvement of cable bids fair toward
hastening the day of our profound understanding of
cable and its operation.

RESEARCH

The annual report of the Impregnated Paper Insu-
lated Cable Research Subcommittee gives a compre-
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hensive picture of the extent of the research activi-
ties which have been greatly expanded during the last
few years and indicates the spirit of cooperation which is
now displayed in the industry.

At Massachusetts Institute of Technology, an exten-
sive investigation of the rate of deterioration of wood-
pulp paper for cable insulation when subjective to heat
alone has been concluded. It appears from this inves-
tigation that impregnated wood pulp paper will with-
stand temperatures at least as high as manila paper and
that the permissible operating temperatures of high-
tension cable could be considerably increased above the
present prescribed values.

At Johns Hopkins University the investigation of the
effects of residual air and moisture in the insulation
indicates that the difficulties with commercial cables
are due largely to extended areas of entrapped air and
gases resulting from imperfect impregnation, distortion
in handling, or expansion of the lead sheath rather than
the lack of extremely low pressure of impregnation.

The study of the laws governing ionization charac-
teristics of cable insulation has progressed at Harvard
University to the point where simple empirical equa-
tions have been established for the experimental curves.

The accelerated life tests on cable carried on by the
Brooklyn Edison Company and the test of insulation
of the solid type carried on by the Detroit Edison Com-
pany are adding valuable data to this problem. The
Commonwealth Edison Company is conducting an
elaborate theoretical study of the fundamental nature
of insulation under the auspices of Utilities Research
Commission.

DEVELOPMENTS IN PRACTISE

The 132-kv. lines installed last year in Chicago and
New York have continued to operate without electrical
failures, and an additional circuit is being installed this
vear in New York. This year’s development shows
important advancement in the method of installation
in that it is possible to install the cable filled with oil,
thereby eliminating the field impregnation required on
the first development.

The several installations of 45-kv. and 66-kv. single-
conductor cable of the solid insulation type have con-
tinued to give satisfactory service, and during the past
year, a pioneer installation of three-conductor oil-filled
cable for 33-kv. operation has been made in Chicago.
The satisfactory operation of the oil-filled cable indi-
cates that similar construction can be used for higher
voltages up to at least 66-kv. The improved regulation
of the three-conductor cables and the elimination of
sheath losses, together with the other features of superi-
ority, make this type of construction appear attractive
as compared with three single-conductor cables.

The shielded or Hochstadter type of construction
continues to find favor for three-conductor cables in the
22- to 33-kv. class. The use of oil reservoirs on the
joints has proved very beneficial and thus far the pos-
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sible trouble which some engineers feared from the
expansion of cable sheath has not been manifested.
For the lower voltages of 11-kv. to 15-kv., three-con-
ductor cables and single-conductor cables installed
three per duct have been used more or less indiserimi-
nately with advantages being claimed for both.

It has long been felt that our present method of
rating cables, based on temperature liniit of insulation,
was, to say the least, unsound. The lack of a suitable
alternative has accounted for the retention of the
present method, but with the coordinated investigations
now in hand, it may be expected that data will be
available before long to set up a rational method of
rating cables.

During the past year, considerable interest has been
exhibited in sheath corrosion, and several companies
have observed the formation on lead sheath of various
red, orange, and white compounds. Inasmuch as these,
especially the red lead oxide, made their appearance on
cable installed in monolithic concrete duct, which is
coming into very general use, they gave rise to consider-
able alarm among those operating and extending such
systems. Almost coincidentally, there was reported
considerable corrosion of lead sheath in creosoted wood
ducts.

Through the concerted investigation of the Utility
companies and the Portland Cement Association it was
found that the presence of calcium hydroxide from the
concrete, water and a-c. electrolysis conspired to pro-
duce the oxide. The elimination of the water or elec-
trolysis will prevent the formation, or if the concrete
1s allowed to stand for approximately twenty-eight
days, thereby allowing the calcium hydroxide to change
to calcium carbonate, the cables should be relatively
free from corrosion of this type.

The corrosion in wood ducts was found to be due to
acetic acid evolved from the Douglas fir used for the
conduit and the remedial measure applied in this case
was the introduction of ammonia gas into the duct,
thus neutralizing the acid.

SPECIFICATIONS, TESTING, AND OPERATION OF CABLE

There has been no important change in cable inspec-
tion and testing practise during the year. Specifica-
tions remain practically unchanged except for an in-
crease in test voltages for single-conductor and shielded
type multiple conductor cables, as well as a decrease in
the allowable ionization factor in high-voltage cables.
As in previous years, a survey of the test results ob-
tained shows a general trend in the direction of Improve-
ment. This is indicated by the percentage of deficien-
cies and the uniformity of insulation resistance, power
factor, and ionization factor. This consistent trend
toward improvement is now being reflected in decidedly
better operation of cable as revealed in annual reports
of operation which have been compiled. Analytical
studies of the mass of data that is collected annually
in connection with acceptance inspection and testing
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of cable and of failures of cable which occur in service,
have been carried on for several years. The value of
these studies as an aid in improving cable having been
demonstrated, more effective means of carrying them
on has been developed under the cooperative auspices
of the National Electric Light Association and the
Association of Edison Illuminating Companies. This
development is another indication of the cooperation
which exists in the industry and which cannot help
but be a great aid to progress.

STANDARDIZATION ACTIVITY
F. M. FARMER, CHAIRMAN

The following is a brief summary of standardization
activities which have been consummated during the
year.

1. Section No. 30 of the Standards of the A. I. E. E.
dealing with wires and cables has been submitted to the
American Standards Association for ratification as an
American Standard (minus certain items which are
now under discussion).

2. Specifications for annealed copper wire, both bare
and tinned, were approved as American Standard by
the American Standards Association June 12, 1928.

3. Specifications for 30 per cent rubber insulation for
wire and cable for general purposes were approved by
the American Standards Association as tentative
American Standard April 2, 1928.

4. Specifications for magnet wire were approved
by the American Standards Association as tentative
American Standard April 2, 192%.

A number of matters dealing with wires and cables
is in the course of development to the standardization
stage. Specifications for impregnated paper insula-
tion, specifications for varnished cloth insulation, and
specifications for weatherproof heat resisting and other
coverings are being developed by the Sectional Com-
nittee on Wires and Cables of the American Standards
Association. Similarly, progress is being made with
the development of a standard stranding table for
stranded conductors by the same committee.

Informal arrangements have been made between the
appropriate committees of the National Electric Light
Association and the Association of Edison Illuminating
Companies for the coordinated collection and study of
cable failures on a standardized hasis.

SUBCOMMITTEE ON INTERCONNECTION
AND STABILITY FACTORS
R. D. EVANS, CHAIRMAN

Interconnection of power systems has been brought
about as a natural result of consolidation under a com-
mon management or as a measure to reduce investment
or operating expense of systems under separate manage-
ments. The general advantages, such as those arising
from load diversity, generating reserve, and utilization
qf stream flow plants, have been recognized for some
time. The problems at hand have to do with the
determination of the economy of a particular under-
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taking and the selection of the best method of carrying
out the interconnection.

One of the most important aspects is the reliability
of the power supply obtained from the interconnection.
Reliability depends to a large extent on the vulnerability
and stability of the system, 7. e., its capacity to
maintain the machines in synchronism at times of
system disturbances. These problems are very prom-
inent in the field of power transmission, as the means of
interconnection consist of transmission lines or ties with
the associated transformers and switching equipment,
and as the location, number, and character of these ties
largely determine the serviceability of the inter-
connection.

The study of system connections is a development
whose importance has recently become generally recog-
nized. While it is true that different power system
connections have developed in different parts of the
country, these differences could largely be explained
because of the difference in the local situation as to the
transmission distance, the density, and the distribution
of the load. Increase in the extent of systems and of
interconnection has made it necessary to give considera-
tion to what are commonly called “system problems,”
of which stability may be cited as an example. Sta-
bility was first carefully analyzed in connection with
long-distance power transmission. More recently, these
principles are being applied in the study of the closely-
connected systems.

The plan of operation of interconnected systems may
be premised on either the maintenance of synchronism
at times of system disturbances or upon the separation
of the systems. In the latter case, the system may be
split at fixed points or at variable points to coordinate
connected load and generating capacity. At the present
time it is not possible to draw any general conclusions
as to the proper field of application of these different
methods of operation.

In the design of systems to maintain stability, several
distinct methods are recognizable. Synchronism may
be maintained (1) by measures which increase the
synchronizing power which may be transferred between
the machines, as by the yse of low reactance tie lines
or the application of quick response excitation; (2) by
measures which limit the severity of the shocks to the
system occasioned by faults, as may be affected by the
use of individual lines of high reactance or by quicker
fault isolation; or (3) by a system layout which causes
the shock to be distributed to the various machines in
such a way as to accelerate or decelerate them as a unit.

In order to improve stability, special attention is
heing given to the characteristics of apparatus to be
used on extensive systems and interconnections. [From
the standpoint ol stability, governors should operate
quickly and should possess anti-hunting features tend-
ing to reduce oscillations after distnrbances. Governor
operation in direct response to [ault indications may
prove advantageous. Field test to indicate perform-
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ance of governors under transient conditions would
be very desirable.

In generators, high short-circuit ratio and low tran-
sient reactance are of benefit in improving the power
limits. The use of the proper kind of excitation system
extends the power limit under both steady state and
transient conditions and may largely overcome the
disadvantages of low short-circuit ratio. Low transient
reactance will improve the stability conditions at times
of system fault. In general, a study should be made to
determine in each case the proper value of machine
transient reactance which depends upon line and trans-
former as well as generator costs.

Consideration is being given to the use of damper
windings in waterwheel generators. Damper windings
tend to improve stability by virtue of their damping
action and to decrease stability because of the increase
in fault current due to the reduction in negative phase
sequence reactance of the generator. Investigations
have indicated that in certain cases, damper windings
may be advantageous provided they are of the proper
characteristics.

Excitation systems capable of quick response are
effective in improving stability under steady state and
particularly under transient conditions. In special
cases the use of synchronous condensers, wholly or
principally as an aid to stability, will be found desirable.
The stabilizing effect of such condensers will be in-
creased by the application of suitable quick response
excitation systems.

During the past year, active field tests and investiga-
tions have been made regarding quick response excita-
tion systems, increased insulation of lines, the speedy
disconnection of a defective circuit from the system and
the introduction of ground resistor or reactance (Peter-
son coil).

The extension of systems and interconnections have
introduced operating problems Important from the
standpoint of stability. The greater complication of
systems has temporarily required the human element to
a greater extent which is being offset by the further
development of automatic features such as control of
frequency, voltage, and switching.

The theoretical investigation of stability has pro-
ceeded to a point where fundamental operating data
are urgently needed. Information as to the operation
of systems has been obtained in the past principally
from indicating and graphic instruments which have
been provided for the convenience of the operators.
During the past few years a number of instruments
with speed-up devices has been used, but the general
results have not been entirely satisfactory because of
the delay in starting the device and the inaccuracies in
the measuring elements. Recently these objections
have been reduced by the use of an oscillographic type
of instrument, and the tendency is to use such devices
where transient records of disturbances are desired.
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The importance of records of this nature is becoming
more apparent in reconstructing the nature anq extent
of system disturbances, particularly where cons1derable
power is being transmitted over some distance. With
such data available, it will be possible to place the design
requirements upon a sounder basis; for example, it
should be possible to determine whether the basis for
maintaining stability should be predicted upon a single
fault to ground as is commonly done at present, or
upon the less frequent double fault to ground. Such
data will also make it possible in many cases to estimate
from oscillation with existing loads, the probable
system disturbance with future loads.

GENERAL CONCLUSION

The expansion of the interconnection of systems has
brought numerous problems to the engineer for solution
and it is to be noted in the foregoing subcommittee
reports and the several papers presented before the
Institute that fundamentally different ideas of system
developments have been brought out to meet the ever
increasing demand for higher continuity of service and
greater flexibility of supplying relatively large blocks
of load from a network system. Your committee
expects rapid strides to be made within the next few
years in handling distribution problems and predicts
radical departures from old methods and practises.

CHAIN DRIVES FOR FACTORIES

Chain drives have been developed during the present
generation into a practicable means for transmitting
power in industry. They have established themselves
as a most satisfactory and trouble-free way of trans-
mitting power from an electric motor to a line shaft or
directly to a machine tool. The positive nature of the
drive prevents loss from belt slippage, and such loss is
loss of production, not merely loss of power, writes
A. C. Woodbury, in the October issue of the S. A. E.
Journal, an official publication of the Society of Auto-
motive Engineers.

A silent chain drive that is intelligently selected for
the job and installed in good alignment will operate for
years with no attention other than lubrieation, periodic
Inspection and possibly two or three adjustments of
center distance.

The silent chain drive has been found to fill a great
need in power transmission, because it furnishes a
positive drive that is much more compact than a belt
drive and much more flexible than a gear drive, accord-
ing to the author. The compactness makes it available
in individual drives from motors to machine tools with
little or no additional floor Space required for the
motor. Motors can often be mounted directly on the
tool, to make a self-contained unit that can be moved
about and placed as required for convenience in manu-
facturing, without reference to anything like a line
shaft.
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Parallel Operation of Transformers

Whose Ratios of Transformation are Unequal
BY MABEL MACFERRAN*

Associate, A. I. E, E.

Synopsis.—An equation ts developed for use in meeling emer-
gency conditions which necessitale the paralleling of transformer
banks whose impedances expressed in percenlage are not equal.
This equation makes it possible to calculate what change should be
made in the ratio of transformation of the bank with the lower
percentage impedance in order to prevenl ils being overloaded when
the total load approaches the combined capacity of the two banks.

INTRODUCTION

MERGENCIES sometimes arise in which it be-
E comes desirable to operate in parallel transformer

banks whose characteristics are not ideally suited
to such a procedure. It'is well known that unless the
impedances of the two banks, expressed in percentage
form, are approximately equal, one bank will assume
too much load in proportion to its rating; the other too
little. The question then arises whether it is possible
so to change the ratio of transformation of one bank
that under the most severe load conditions which are
to be imposed on the combination, neither bank will
be overloaded.

The purpose of the present paper is to derive an equa-
tion whereby the change in ratio necessary to accom-
plish the desired result may be calculated. Such an
equation is very much needed, as the only method
which, to the writer’s knowledge, is now extant for
attacking the problem is based on the regulation curves
of the two banks and involved errors which make it,
in many cases, somewhat inaccurate.

It should be clearly understood that the expedient
of changing the ratio of transformation of one bank
relative to that of the other is not being advocated as a
permanent measure, as it results in marked inefticiency
of operation. It is justifiable only as a temporary
step to be adopted under emergency conditions which
require a certain peak load to be carried, no matter
what the cost in efficiency at lighter loads.

FUNDAMENTAL EQUATIONS FOR PARALLEL OPERATION

Since the principles governing the parallel operation
of two three-phase banks are exactly the same as those
governing the parallel operation of two transformers in
a single-phase circuit, the discussion will be based on the
simple case of two single-phase transformers in parallel.

It will be assumed throughout the discussion that
the load is connected to the low-tension side of the
paralleled transformers.

*Operating Department, Southern California Edison Company.

Presented at the Pacific Coast Convention of the A. I. E. E.,
Santa Monica, Calif., Sept. 3-6, 1929. Complete copies upon
request.

I} is pointed out that such an expedient is a makeshift justifiable
only when maintenance of service is the paramount consideration
and efficiency is for the time being of secondary importance. When
conditions arise which do justify such a temporary arrangement,
the method developed in the present paper affords a stmple yel

accurale means of solving the problem.
* * * * *

The fundamental considerations which control the
behavior of two transformers operating in parallel are
very simple. They are:

1. The voltage impressed on the high-tension wind-
ing of one transformer is equal to, and in phase with,
that impressed on the high-tension winding of the other
transformer.

2. The voltage appearing at the low-tension termi-
nals of one transformer is equal to, and in phase with,
that appearing at the low-tension terminals of the
other transformer.

From the first consideration it follows that the low-
tension open-circuit voltages of the two transformers
are in phase with each other.* The reason is that
neglecting the very small phase displacement caused
by the exciting current, the low-tension open-circuit

Vo/ta_ge
-— P, e Imp};e_;_sed
on i
E E
Fig. 1—TraNsFORMERS OF UNLIKE RaTio 1IN PARALLEL

Oren-CircuiT CoNDITION

voltage of each transformer is in phase with the voltage
impressed on its high-tension winding. The two low-
tension open-circuit voltages are not equal in magni-
tude, however, unless the ratios of transformation are
equal in the two transformers. The vector diagram
for open-circuit conditions is shown in Fig. 1. In this
diagram, E, represents the low-tension open-circuit
voltage of Transformer 1, and E., that of Transformer 2.

When a load is applied to the low-tension side of the
paralleled transformers, the impedance drop in each
transformer must be of such magnitude and direction
that the second consideration is satisfied, as shown in
Fig. 2.

In expressing these relations mathematically, the
following symbols will be used:

E, = low-tension open-circuit voltage of Transformer 1
E., = low-tension open-circuit voltage of Transformer 2

*“Parallel Operation of Transformers,” Waldo V. Lyon, Elec.
World, Vol. 63, No. 6, February 7, 1914, p. 315 ff.
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V. = low-tension terminal voltage of Transformer 1

V', = low-tension terminal voltage of Transformer 2

I, = current in low-tension winding of Transformer 1

I, = current in low-tension winding of Transformer 2

I, = current flowing to the load

0. = angle between load current and voltage impressed
on the load

¢ = angle between voltage impressed on high-tension
side of the transformers and voltage appearing
at low-tension terminals

D = arithmetical difference between E,and £,

Z, = equivalent ohmic impedance of transformer 1,
referred to low-tension side

Z; = equivalent ohmic impedance of transformer 2
referred to low-tension side.

From Fig. 2, the following equations may bewritten :

<
I

V1=El—j1Z1 (1)

Vo=E,~ 1,2, (2)

Vl = Vz (3)

The simultaneous solution of these equations gives:
E.-E,=-1,Z,—- 1,2, (4)

Since E) and E, are in phase with each other, if

1

2 32 Ez E,
e,
3
V=V,

Fic. 2—TRANSFORMERS OF UNLIKE RATI0 IN PsRALLEL Loasp
ConbpiTiON

Vi =1V, be selected as the reference axis, we may

write:

E.—E,=D/¢ (5)
Equation (4) may then be written as follows:
L.Z,~1,Z, = D/¢
It is also necessarily true that:
L+L =1 (6)
Equations (4a) and (6), if solved simultaneously,
give the following result:

(4a)

_ I.Z,+ D

Ilz - 2 /i - (7)
Zl +Z2

L=I-1 (8)

It should be noted that the use of the specific vector
D/¢ in place of the general vector expression (E; — £,)
ties Equations (7) and (8) definitely to V, = V.as a
reference axis.

Equations (7) and (8) make it possible, given the
difference existing between the ratios of transformation
of the two transformers, to calculate the division of
current for any specified total load. It must be borne
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in mind that the solution will be correct for only the one
load, and that the currents will shift in relative magni-
tude and in relative phase position as the magnitude
and power factor of the load are changed.

It will be seen at once that there is one difficulty in
the way of obtaining a direct solution for Equation (7).
This difliculty is that since the phase position of
V, = V.dependsupon themagnitude and phase positio_n
of I, and 1., the value of ¢ is not known until I, and I,
are known. Fortunately, this difficulty is of little
practical importance, since the angle ¢ 1is usually so
small that it may be set equal to zero with only a slight
resulting error in the solution. If it is desired to carry
the calculation to greater accuracy, the method of syc-
cessive approximations may readily be applied; that is,
¢ may first be set equal to zero, the solution made, and
the position of V, = V, calculated. Then, with the
value of ¢ obtained from this caleulation, a new soly-
tion of Equation (7) may be made.

The impedances substituted in Equations (7) and
(8) should be in the form of complex quantities, having
both resistance and reactance components. The values
used should be those applying to the taps on which the
transformers are operating. This requirement will be
found to offer something of a stumbling-block in prac-
tise, as the data ordinarily available give information
only on the full-winding impedance valyes. It is
beyond the scope of the present paper to discuss ways
of estimating the tap values of impedance other than
to point out that as the transformer is placed on lower
and lower taps, the impedance values referred to the
winding on which the taps are situated generally de-
crease quite slowly, whereas the impedance values re-
ferred to the other winding ¢ncrease rather rapidly.
The exact mode of variation depends on the type of
core, type of winding, and location of the taps. There
is urgent need of published data on this subject. Such
data being at present lacking, the engineer confronted
with a problem in parallel operation must either rely
upon estimates based on his own experimental tests,
or neglect the variation of impedance with taps
altogether. If only an approximate solution is required,
the latter course may be adopted.

If the problem at hand involves three-phase trans-
former banks, the application of Equations (7) and (8)
1s permissible, providing the ordinary rules for working
with one phase of a three-phase circuyit are followed.
In Appendix A will be found a more detailed discussion
of this subject, with especial reference to the case in
which one bank is delta-Y and the other, Y-delta,

RATIO CHANGE TO GIVE A DESIRED CURRENT Division

.It i§ now.easily possible to derive an equation which
will give D in terms of the anticipated load current and
the desired division of current between the trans-
formers. It is only necessary to specify that

I, =A], (9)

In this relation, 4 is a vector quantity. Its magni-
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tude will ordinarily be taken such as to make the ratio
of the currents the same as the ratio of the transformer
ratings. Preferably its angle would be zero, placing
I, and I, in phase with each other; but it will be shown
that it is not possible to specify both the magnitudes and
the angle of A.

By substituting condition (9) in Equation (8), there
is obtained the relation

— IL

A+1

Substituting this in turn in Equation (7), there
results:

I-1=

I, (Z.— B &)
A+1

D/¢ = (10)

Since D is by definition a pure arithmetical quantity,
it is necessary that the expression on the right of Equa-
tion (10) come out as some quantity at anangle¢. In
general, for a specified magnitude of A, there is only one
angle of A that will result in a vectorially correct solu-
tion to Equation (10). This means that it is possible
to dictate the proportion between the currents I, and
I,, but it is not possible simultaneously to dictate the
angle that shall exist between them.

The correct angle for the vector A must be found by
trial and error. It is usually sufficiently accurate to
assume ¢ approximately equal to zero. Then, having
selected the desired magnitude for A, it is necessary to
try different angles for A until one is found which makes
the right-hand side of Equation (10) come out to some
quantity at an angle within two or three degrees of
zero. D is then equal to this quantity. If greater
accuracy is desired, the method of successive approxi-
mations may be applied to fix the value of ¢ more
closely. However, in practical work, it isnot necessary
to make an extremely accurate solution for D, because
the anticipated load conditions are usually somewhat
vague; and furthermore, there is seldom a tap available
to conform exactly to the calculated value of D.

If D comes out positive, the open-circuit voltage of
the transformer which was assigned, the designation “2”
is the one to be lowered, since Equation (7) from
which Equation (10) is derived is based on the assump-
tion that E| is greater than E,. If D comes out nega-
tive, then the open-circuit voltage of Transformer 2
is to be raised above that of Transformer 1. In start-
Ing a solution, it is a good plan to assign the designa-
tion “2” to the transformer with the lower percentage
impedance, because this will be the one whose open-cir-
guit voltage will have to be lowered in order to prevent.
its taking too much load. Thus the inconvenience
of working with a negative D will be avoided.

If the angle which it is necessary to assign to 4 in
order to obtain a solution for D is of the order of 90
deg. or more, it is probable that the solutiom will
be of little practical value, since even though the cur-
rents divide in proportion to the ratings, each will
have to be so large (in order that their vector sum
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may equal I, despite the large-angle between them) that
the transformers will in all likelthood be overloaded.

If it seems impossible to find an angle for A that
works out satisfactorily, some other magnitudes-for A
will have to be tried. Of course there is no use trying
magnitudes which differ markedly from the ratio of the
ratings unless there is a very wide leeway between: the
load to be carried and the sum of the ratings of the
transformers.

A minor difficulty presents itself in assigning the
correct_values to Z, and Z;. Their values will depend
on what taps are employed on the transformers, and
these in turn will depend om the value of D. Here, if
desired, the method of successive approximations may
be applied. First solve for D, using-the full-winding
values of Z, and Z.. Then, if to obtain the required D
it is necessary to place one or both transformers on taps,
estimate the values of Z, and Z. on these taps and solve
again for D. Repeat if necessary until little change
occurs in D on the successive solutions. For practical
work it is probable that the first value of D will be quite
accurate enough, especially since the actual taps avail-
able may be such as to make it impossible to use the
exact value of D obtained from the solution.

The reasonable procedure in attacking a practical
problem is to make a solution for D, using the full-
winding impedance values and assuming ¢ = 0.
Ascertain what taps come nearest togiving the required
difference in ratio. Then assume- the transformers
placed on these taps and check the current division by
Equations (7) and (8), using the values of Z, and Z,
appropriate to the taps employed, and still assuming
¢ = 0. Finally, when I, and I. have been found, check
the value of ¢ by graphic construction or calculation,
and if it differs from zero by more than two or three
degrees, make a new solution based on this corrected
value of ¢.

In most practical cases, the magnitude and power
factor of the load are a little hard to predict. The best
procedure is to select a value of D to fit the most severe
load conditions which are anticipated. Then in order
to be sure that there is no possibility of overload occur-
ring on one of the transformers, check the currentdivi-
sion not only for this but for several other possible
values of load and power factor.

If D is selected to give the best possible current divi-
sion conditions when the total load is of a magnitude
approaching the combined capacities of the trans-
fornrers, it will be found that as the load decreases the
current vectors tend to swing further and further apart,
until at no-load they are 180 deg. apart and constitute
a pure circulating current. On account of this increas-
ing- predominance of the circulating component at
light loads, it is usually advisable to take the smaller
transformer out of service when the total load drops
to a value within the capacity rating of the larger
transformer.

CONCLUSIONS
Equations have been derived which, for a specified
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total load at a specified power factor, determine the
division of current between transformer banks which
differ not only in impedance but also in ratio of
transformation.

A formula has been developed for use in meeting
emergency conditions which necessitate the paralleling
of transformer banks whose impedances expressed in
percentage form are not equal. This formula makes
it possible to calculate what change, if any, can be
made in the ratio of transformation of the bank with
the lower percentage impedance in order to prevent
its being overloaded when the total load approaches
the combined capacity of the two banks.

It has been shown that when the ratio of transforma-
tion of one bank is changed in order to produce approxi-
mately correct load division under peak conditions,
very inefficient operation results when the load drops
below the peak value. Therefore, the expedient of
ratio change is justifiable only when maintenance of
service is the paramount consideration and efficiency
1s, for the time being, of secondary importance.

When emergency conditions arise which do justify
a change of ratio, the method developed in the present
paper affords a simple and yet accurate means of solv-
ing the problem.

Appendix A

APPLICATION OF EQUATIONS TO THREE-PHASE
TRANSFORMER BANKS

If the banks which are to be operated in parallel are
both Y-connected on the low-tension side, Equations
(7), (8) and (10) may be applied by using the low-
tension line-to-neutral voltage and the impedance of
one transformer in each bank. The currents to be
used are the line currents flowing in the, low-tension
.side of each bank and in the load.

If the banks are both delta-connected on the low-ten-
sion side, the equations may be applied by using the
low-tension line-to-line voltage and the impedance of
one transformer in each bank, In this case, the cur-
rents to be used are the low-tension line currents divided
by the square root of three.

If one bank is Y-connected on the low-tension side
and the other delta, the simplest procedure is to con-
vert the delta connection into a fictitious Y connection
which will have the same percentage impedance as the
actual delta-connected bank. In order to derive an
expression for the ohmic impedance of each transformer
in the fictitious bank, it will be convenient to adopt the
following symbols.

V. = Rated voltage across low-tension side of each
transformer in actual bank

V; = Rated voltage across low-tension side of each
transformer in fictitious bank

I, = Rated current in low-tension winding of each
transformer in actual bank

I, = Rated current in low-tension winding of each
transformer in fictitious bank
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Z. = Iquivalent ohmic impedance of each transformer
in actual bank (referred to low-tension side)
Z; = Equivalent ohmic impedance of each transformer
in fictitious bank (referred to low-tension side)
Since the actual bank is delta on the low-tension
side, while the fictitious bank is Y, it follows that:

= _V_“.
V/ \/g
I-/ —3 \/§ X I-a

Rated _vol_tggg X per Ent_inipeﬁnge_
Za = Rated current x 100

Va Per cent impedance

A 100

vV, ~ Per cent impedance

Zr = I, 100
V. - Per cent impedance Z,

T V3X VxS 100 =73

That is, if the equivalent ohmic impedance (referred
to the low-tension side) of each transformer in the
fictitious bank is taken equal to one-third that of each
transformer in the actual bank for which it substi-
tuted, the per cent impedance of the fictitious bank
will be the same as that of the actual bank. The same
reasoning applies of course to the resistance and
reactance components of the impedance.

When the calculation of equivalent ohmic impedance
referred to the low-tension side is based directly upon
data giving the per cent impedance of the transformer,
the ratio of transformation does not enter the problem,
and so it makes no difference whether the high-tension
winding of the fictitious bank 1s Y or delta. However,
the ratio of transformation does enter the calculation
when it is desired to ascertajn the taps to give a speci-
fied value of D. Here it is necessary to remember the
rules as to what types of three-phase connection can
and cannot be paralleled, in fixing the ratio of trans-
formation of the fictitious bank. For example, if one
bank is Y-Y and the other delta-delta, the fictitious bank
which replaces the delta-delta bank must be Y-Y,
not delta-Y. Or, if one bank 1s delta-Y and the other
Y-delta, the fictitious bank which replaces the Y-delta
bank must be delta-Y, not Y-Y. The ratio of trans-
formation of the fictitious bank should be fixed
accordingly.

In Appendix B of the complete paper an example is
worked out which lustrates the method of forming a

fictitious delta-Y bank to replace an actual Y-delta
bank.
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Impulse Insulation Characteristics of Wood-

Pole Lines
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Synopsis.— This paper gives the results of arather comprehensive
series of tests on the tmpulse insulation characteristics of wood,
combinations of insulators and wood as used in wood-pole irans-

mission line construction and methods of protecting wood from

damage; also a brief discussion on applications of the data.
* * * * *

I. INTRODUCTION

HE tests, results of which are covered by this
T paper, were made for the purpose of obtaining
some fundamental data on the impulse insulation
characteristics of wood as used in the construction of
transmission lines. Quantitative values were desired,
even though they might be only relative, on theinsulation

strength of poles, crossarms, combinations of insulators

and wood, variations between different species of wood,
influence of moisture and contamination,and methods of
protecting wood from damage due to lightning flash-
over. These data should make it possible to use wood
in a more intelligent manner in design and also supple-
ment the lightning research investigations.

I11. TEST IMPULSE WAVE

Impulse voltages ranging from 400 kv. to 3000 kv.
were employed. The voltage wave used for all tests
can be described as ,one reaching its crest in approxi-
mately one-fourth of a microsecond and then decreasing
to one-half of its maximum value in approximately 20
microseconds.

While the sparkover voltage values would vary with
the type of impulse wave used, and this wave may not
necessarily be representative of actual lightning, the
results obtained should becomparative, and indicative
of performance under lightning conditions.

The test points were, of course, rather erratic but
sufficiently consistent to plot the average curves shown
by the figures. The dashed portions are interpolations
and extensions.

11I. IMPULSE SPARKOVER VOLTAGES

General. Sparkover voltage tests were made on
cedar, chestnut, and treated pine poles;fir and treated
pine crossarms; treated hardwood and pine sticks;
combinations of insulators and crossarms; insulators
and poles; insulators, crossarms and poles; air-gaps;
and insulators alone. The combinations corresponded

to those which might be used for 66-kv. to 132-kv.
construction.

*Engineering Department Electric Bond and Share Company,
New York, N.Y.
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Samples of each of the varieties of poles, crossarms,
and sticks were tested dry, surface wet, tap water
soaked for about two weeks and salt water sodked
(about one-fourth as salty as sea water) for two weeks.
Wet cement was also applied to samples to simulate
contamination.

Poles, Crossarms, and Sticks. In testing the poles,
crossarm, sand sticks it was learned that the variety of
wood, treatment, moisture content, contamination or
salt water soaking had little influence on the sparkover
voltage values. The results are shown by Figs. 3 and 4.
The poles and crossarms were taken from service or
stock and the sticks were five to ten square inches in
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cross-section, of selected quality, considered suitable
for use as long wood guy insulators.

Air-Gaps. Sparkover voltage measurements were
made for air-gaps such as obtain between conductors
and guys or grounded parts of structures and across
horn-gaps, the results being given by the curve in Fig. 5.

Insulators. Fig. 6 gives the sparkover voltages for
10-in. diameter 534-in. spaced suspension units of the
ordinary design for the 20-microsecond wave, as taken
from the recent paper Lightning by F. W. Peek, Jr.*
All tests were made with this type of unit with the
exception of those using a 70-kv. pin type insulator of

usual design.

*See Bibliography for references.
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Combinations of I nsulators, Crossgrms, and Poles.
Figs. 7, 8 and 9 give the average sparkover voltages for
combinations of jnsulators with varying length of cross-
arm, insulators with varying length of pole, and insula-
tors with sections of erossarm with varying length of
pole respectively. The sparkover voltage values of the
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component parts cannot be added directly, (as will be
noted) on account of the differences in the characteris-
tics of porcelain and wood insulation and their physical
relations.

If sparkover values are desired for combinations dif-
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ferent than those shown or with suspension Insulators
with spacings other than 534-in., values can be inter-
polated by shifting the starting point of the curves or
estimating from the combinations covered.

Partial Sparkover of Combinations of I nsulators,
Crossarms, and Poles. Sparkover of the insulators only
may occur with impulse voltages applied to combina-
tions of insulators, crossarms, and poles, at lower values
than arerequired to completely spark over the combina-
tions. The voltages at which these partial sparkovers
occurred seemed to be primarily a function of the
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moisture content or conductivity of the pole or cross-
arm. 'The intensity of the partial spurkover arc was
very much lower than that for normal discharge of the
lightning generator.
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The results of these tests are not included in curve
form_ as.they were very erratie, also direct practical
application could not be made of the data. They did,
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however, indicate possible limitations in the effective
. use of poles to increase the insulation of all three power
. conductors from ground on account of the possibility
| of phase to phase flashovers.

IV. PROTECTION OF W0OD FROM DAMAGE

A by-pass air-gap having a lower sparkover value
than the section of wood being protected would seem
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to be an effective method of protecting wood from
damage due to lightning flashover. The controlling
dimensions for designing protecting horn-gaps for poles
and sticks are given by Figs. 10 and 11 respectively.
The “safe” air-gap dimensions are such that their
sparkover values are equivalent to that of poles or
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sticks having insulation strengths equivalent to the
minimum samples tested so the factors of safety ob-
tained are dependent upon the characteristics of the
particular specimens of wood. Not only must the air-
gap be of proper relative length, but the clearances from
all points of the horns to the wood must be such that
arcs will not occur from the horns to the wood and then
along its surface.

Instead of gpplying horns directly to guy insulators,
the tests indicated that protection could be obtained
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by providing the by-pass gap on the pole as illustrated
by Fig. 12. If damage to the pole from lightning
flashover can be accepted, the “safe” curve should be
used and if horn-gaps are to be applied the “critical”
curve.

Protecting gaps for crossarms must be designed for
each combination of insulators and crossarm length as
the voltage appearing on the crossarm is dependent
upon the relations in the particular combination and the
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protecting air-gap must be so proportioned that it will
have a sparkover value lower than the voltage appearing
on the crossarm. Actual tests were not made to deter-
mine controlling dimensions; however, a suggested
procedure is as follows: From Fig. 7 obtain the spark-
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over voltage of the particular insulator and crossarm
combination,—interpolating, if necessary; then deter-
mine the increase in sparkover voltage effected by the
crossarm by subtracting the sparkover voltage of the
insulators alone; take 80 per cent of the resulting value
to allow for variations in crossarms, determine the air-
gap length from Fig. 5, and then obtain the clearance
between the horn tip and crossarm directly from Fig. 11,
using the clear length of crossarm to be protected as the
abscissa.

Whether protecting horns for poles, wood-guy insu-
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lators, and crossarms designed with these dimensions,
will be effective for actual lightning must be demon-
strated by field application, or, when more is learned
about lightning, including direct strokes, it may be
possible to simulate more nearly the conditions in the
laboratory and devise improved methods for protecting
wood or modify the dimensions given by the curves.

V. APPLICATION OF DATA

General. This investigation should not be inter-
preted as a general recommendation that wood be used
to increase the impulse insulation strength of lines, as
it is not practicable to use wood in all localities on
account of the possibility of crossarm and pole fires;
it may not be desirable or effective to increase the
strength of the lines materially above that of terminal
equipment in all cases; the value of Increased insulation
as reflected in line performance has not been deter-
mined, and the use of these data must be regarded as
experimental.

Several lines are now in operation,in localities where
lightning is regarded as severe, on which the results of
these tests have been applied. Their performance is
being observed very closely and they are already yielding
some interesting information. It must be remembered,
however, that considerable time may be required to
obtain conclusive confirming results from operating
experience.

Present Conventional Designs. The data can be used
for the purposes of comparing and checking the impulse
insulation strengths of designs utilizing wood, correcting
inconsistencies such as inadequate clearances to guys
and insufficient insulation at structures where the hard-
ware 1s grounded; also schemes for protecting wood
may be devised for structures particularly subject to
damage.

Modified Designs. Where it is practicable to have
wood in the insulating circuit,and desirable to increase
the impulse insulation strength of lines, the crossarms
and poles may be employed to advantage in varying
degrees in combination with the insulators. The cross-
arms can be used in designs where conventional over-
head ground wires or pole grounding wires are installed.
Protection from damage may be provided if there is a
probability of crossarm splitting with the particular
combination of insulators and crossarm. It is neces-
sary to give particular attention to guy clearances and
the insulation at special structures in order that the
desired minimum insulation strength be maintained
throughout the line.

The insulation strength of lines without overhead
groundi wires may be increased materially by the use of
long wood guy insulators for increasing the insulation
strengths of the guyed structures. An experimental
design which has been used for 66-kv. to 132-kv. H-
frame lines employs wood guy insulators about 20-ft.
long. Protection for the guy insulators is provided by
a-hornsgap on the pole; the crossarm ds protected by
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horn-gaps or a honding wire is installed along the end
sections of the arm to prevent splitting. It is desirable
to utilize the crossarm, or at least a part of it, in order
to increase the insulation between phases. All bonding
and grounding may be omitted from the unguyed
structures, or pole gaps with or without horn-gap pro-
tection may be installed similar to those on the guyed
structures. Such designs will have impulse insulation
strengths of from 2500 kv.to 3000 kv., though there is
no reason why the insulation strength to ground cannot
be increased considerably above these values. Ten-
foot wood guy insulators have been used on several
66-kv. single-pole lines.

Insulation strengths of this order are, of course, not
Immune to lightning flashover nor is it possible to state
the degree of improvement in service which may be
realized. Surge-voltage records which have been ob-
tained on one of the 66-kv. lines have indicated several
lightning voltages in the order of the values obtained in
the tests; also the schemes for protecting guy insulators
have been quite successful. When more operating ex-
perience has been obtained on the experimental lines, it
may be possible to make more definite statements re-
garding the value of wood and its protection when used
as insulation for lightning voltages. Lo

Substation  Protection. Substation and apparatus
impulse insulation strengths will usually be lower than
that of connecting wood-pole transmission lines which
have been designed to utilize the wood and therefore
should be protected from surges originating on the lines.
Reduced insulation, adjacent to the substations, spill-
way, or protective gaps, lightning arresters or combina-

tions of these, if properly coordinated should provide
the desired protection.

CONCLUSIONS

Wood has quite definite and reasonably uniform
impulse insulation strength which is not materially
affected by usual amounts of moisture or contamination.

It should be practicable to utilize wood to increase
the impulse insulation strength of lines in many situa-
tions where there is little danger of crossarm or pole
fires from leakage currents. Wood should not be used,
however, as a means of reducing the amounts of porce-
lain insulation required to successfully insulate the nor-
mal line voltage.

. Wood can evidently be protected from damage due to
lightning discharges by providing a parallel air-gap of
lower sparkover voltage value than the section of wood
being protected.

The impulse sparkover voltages of combinations of
insulators and wood are not equal to the sum of the
sparkover values of the component parts.

Partial sparkover of the insulators only may occur at
lower lightning voltages than are required for complete
sparkover to ground, particularly when the wood is wet.

Application of these data must be regarded as experi-
mental; also the voltage valyes given are for the particu-
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lar test-voltage wave. Further tests would be very
desirable, particularly when more has been learned
about the characteristics of actual lightning and addi-
tional operating experience has been obtained from the
application of the results of these tests.
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Abridgment of

Rehabilitation of Steam Power Plants

BY C. F. HIRSHFELD:!

Associate, A. I. E. E,

Synopsis.—Certain pertinent history of recent development
in the field of power generation is given in graphic form. The
problem of rehabilitation of steam power plants is shown to arise
from the great rapidity of this development. While no simple rule
can be given to indicate when, if at all, rehabilitation is justifiable,
certain guiding criterta which may serve as aids in analysis are

stated. These are followed by brief accounts of the various methods
available for rehabilitating plants to different extents.

Finally, it is suggested that the possibility of later rehabilitation
be taken into account when designing plants for systems in which

history or argument indicate that such action 1s to be expected.
* * * * *

HE exceedingly rapid evolution of the art of gen-
erating electric power is known in a general way
to all who have more than a casual contact with it.

However, even those whose daily business consists of
power generation frequently fail to appreciate the speed
with which we have advanced, or the significance
thereof. Among the items important in picturing the
development over the past quarter century are: (1)
Increase in steam pressures; (2) increase in total
steam temperatures; (8) increase in physical size of
boiler units; (4) increase in steaming capacity of
boiler units; (5) increase in main unit turbine
Sizes; (6) increase in thermal economy of plants, and
(7) increase in kilowatt-hours per man hour.

The decrease in the average number of heat units
utilized in the generation of a kilowatt-hour represents
a remarkable procession in the direction of lower
thermal costs, but we appear to be approaching the
place where further improvement will be much less
rapid.

Of course the decreased thermal consumption is
not self-justifying, as it may have been obtained with
more than a compensating increase of fixed charges.

1. Chief of Research Department, The Detroit Edison Co.,
Detroit, Mich.

Presented at the Summer Convenltion of the A. I. E. E., Swamp-
scopt, Mass., June 2/-28, 1929. Complete copies upon request.
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Unfortunately, experience is not yet sufficiently exten-
sive to make possible a complete analysis. One can
reason only from the reports of the few who have
actually built and operated the thermally efficient
plants. On such a basis and under certain conditions,
they at least seem to be justified.

The kilowatt-hour generated per man hour is a sub-
ject to which little attention has been given in the
literature of this subject. The increasing output per
man hour is in line with the general movement through-
out the industrial world. In this case, it is brought
about largely through improved load factor, combined
with the use of boilers and turbines of ever increasing
capacity per unit. There has also been a conscious
effort to design stations in such a way as to facilitate
operation and maintenance and thus decrease the num-
ber of men required.

From the executive’s point of view the rapid advance !
indicated by a study of the items listed above has had
two opposing results. On one hand, the total cost of
producing power has been decreased; on the other:
hand, the rate of obsolescence has been high, and.
invested capital has therefore been impaired, The
net result of all the forces concerned has been a gradual
but éonsistent lowering of the selling price of power. "
But the decrease in this price has naturally not been so'}
great as it. would have been had it been possible in

d blyosa
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Some magicway to wipe-out of existence the older and
less efficient plants as more modern ones became
available.

The situation from one point of view is shown in
Fig. 8. The solid line represents the thermal per-
formance for a typical metropolitan system in which
the rate of growth has been rapid. In drawing the
line, certain liberties have been taken with facts, in that
the effects of variables other than those here under
consideration have been omitted. The dotted line
shows what the values ‘would have been if at the time

of each improvement, all earlier equipment could have -

been junked and the required capacity obtained with
equipment similar ‘to that just installed. One of the
problems of the executive of light and power companies
is to determine from time to time just how far he is
justified in moving values such as those shown by the
solid lines nearer to those shown by the dotted ones.
Putting it in another way, the problem is to determine
from time to time that balance between production and
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thermal economy which would be attained if the older parts of the system
were replaced by equipment on a par with the most modern section

capital charges which will represent the best compromise
for all concerned. It is out of this problem that we get
rehabilitation and reconstruction of power plants.

It is self-evident that no simple rule can be set as a
criterion of the advisability of such operations. There
are too many variables of divergent nature. It is of
course true that the old simple rule, to the effectthatin
the limit an improvement must at least so reduce
production costs as to balance resultant capital costs,
holds in a general'way. But it is equally true that the
i effect of improvement -upon both sets of costs is in
general so complicated that exact calculation is very
. difficult, if at all possible, in -any given case; and a
universally applicable formula is practically non-
existent. - Moreover, there are frequently many almost
immeasurable, although very tangible, factors that enter
the problem, so that judgment must to some extent take
the place of exact calculation.

There is one very interesting aspect of this problem
which should be mentioned at this point. It is the
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difference between conditions which arise in the case
of rapid and slow growth respectively. It happens
that most of the light and power companies of this
country have had a very rapid growth. This is a
situation very favorable to the maintenance of high
standards and low costs, whereas with a lesser rate of
growth, the problems involved are far more complicated.

Consideration may now be given to some of the things
which cause rehabilitation or even complete replace-
ment of power plants. The more important of these
are listed below:

1. The plant may be thermally inefficient in com-
parison with current standards of performance.

2. The plant may be inefficient in the use of man
power.

3. The plant may be inefficient in its use of ground
area.

4. The plant may be inefficient in its use of invested
capital; such as occupying a larger building than neces-
sary, operating boilers at low steaming rates, ete.

These simple statements should not be understood
to indicate that figuratively, one can stand off to one
side of the problem of rehabilitation and decide offthand
with regard to the significance of these controlling
factors in any given case. In each case, certain rather
rough calculations will usually indicate the relative
magnitudes of investments, water quantities, and areas
and volumes required to obtain certain approximately
determined capacities, investments, and thermal per-
formances. Such preliminary calculations will then
indicate the impracticability or even the absolute
impossibility of certain solutions, leaving a much
restricted field for more intense study.

It is practically impossible to set down definite rules
or even guides regarding the rehabilitation of steam
power plants. A few outstanding facts may, however,
be indicated.

In most cases, both improvement of thermal efficiency
and increased capacity will be possible, and it is neces-
sary at the start of the problem to consider which of
these possibilities, if either, is to be favored. In
general, increase of capacity beyond certain limits will
be attainable only by sacrificing certain thermal
possibilities and a clear picture of the relative impor-
tance of the two will assist greatly in steering a reason-
able course through the maze of things that might be
done. Usually, the possibility of increased capacity
should be given first consideration because certain
limits to such increase are so easily discovered.

Thus, it would naturally be foolish to consider
increase of capacity if the increased output could not
be transmitted or distributed from the site in question.
In many cases the available number of routes is limited
and these may be found to be used to the limits of their
respective capacities. Naturally this is logically the
first matter for study.

If the power could be. got.away if generated, the
next logical step is a study of those things which ‘may
limit ability to generate on that particular site, These
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would be primarily the quantity of water available for
condensing purposes and the possibility of delivering
the required amount of fuel. If all available water is
now being used, as determined either by the supply or
the size of canals that must be used, increased output
can be obtained only as the steam rate can be reduced,
or as the vacuum is permitted to become poorer and the
thermal efficiency proportionately sacrificed.

If the water and fuel supply appear adequate, the
area of the site and area and cubical content of buildings
come into consideration. Any of these may place
unfortunate limitations on increase of capacity, but
they are in general not so controlling as the other factors
just considered.

Finally, the adequacy of existing switching equip-
ment should be given attention. Any scheme which
will permit the use of existing equipment would natu-
rally stand a better chance of financial justification than
one which required complete rebuilding of the electrical
end of the plant.

With such possible limitations clearly evaluated, the
most important decision in the average case, and that on
which all else may be said to hang is whether the
boilers are to be retained or scrapped. If they are to be
retained, the operating steam pressure is limited to its
earlier value except in those cases where a high-pressure
unit is installed as an addition to existing equipment.
If the boilers are to be retained, there is definite re-
striction of choice as to what may be done; on the other
hand, there is the certainty of a smaller expenditure.

There has been much misunderstanding of the
significance of high steam pressure. It so happens that
a very rapid improvement in the thermal efficiency of
power plants has occurred during the same time that
we have been stepping up steam pressures. As aresult,
many who are not familiar with all the details have come
to assume that the first is entirely the result of the
second. This is really far from a complete statement of
the facts.

During the same interval, we have increased the
boiler room efficiency from values falling between 70 and
78 per cent up to values falling between 84 and 89. A
change from 78 to 88 represents a fuel saving of over
11 per cent.

We have also adopted the regenerative cycle of
operation, that is, heating of the feed-water in steps by
means of steam bled from the turbine. This represents
a saving varying from 5 per cent to 11 per cent when
referred to the coal pile.

It should also be noted that, in addition, we have
increased the total steam temperature. In a period
of about 15 years we have gone from a total tempera-
ture of about 600 deg. fahr. to a total temperature of
about 725 deg. fahr. This change of temperature is
equivalent to a thermal improvement of between 4 and
5 per cent for the plant asa whole. During all this time
the. design of ‘the steam turbine itself has been so im-
proved as to result in a material reduction in heat con-
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sumption at any given pressure, temperature, and
vacuum.

It is therefore apparent that it is not correct to
attribute all of the improvement in the thermal per-
formance of the past ten years or so to increasing steam
pressures since many other factors have contributed.
As a corollary, it follows that in the rehabilitation of a
station, it may be possible to do much that will result
in improvement of the thermal efficiency even though
the original steam pressure must be retained.

The decision with respect to the use of higher steam
pressure is not confined entirely to its effect upon the
thermal efficiency, because increased capacity can be
obtained in this way through the use of comparatively
small high-pressure turbines discharging into the old
turbines, utilizing the old condensers. Therefore,
while the boiler room investment would necessarily be
high, this may be balanced by a comparatively small
turbine room investment. Also, the use of the old
generators would make it possible in general, to use the
old switching equipment, although there would natu-
rally have to be additions to take care of the generators
of the new high-pressure turbines.

Thus far the majority of cases of rehabilitation have
fallen in the class in which the old boilers are retained,
thus accepting the limitations set by the original steam
pressure. At present, these are the more interesting
and probably the more important.

The following methods of attack are available in
such cases:

1. The boiler room efficiency may be greatly im-

proved without materially increasing the steam generat-

ing capacity. This can be done by the use of more
modern fuel burning equipment of one sort or another,
by the addition of economizers or preheaters, or both,
and occasionally, by improved baffling of the boilers.

2. The boiler room efficiency may be greatly im-
proved, and at the same time, the steam generating
capacity may be increased to a very great extent. It
is not at all impossible to double or more than double
the steam output of an old boiler room by using im-
proved combustion equipment of greater fuel burning
capacity, while at the same time bettering the boiler
room thermal efficiency through the use of economizers
or air preheaters, or both. It will be found generally
advisable to use a certain amount of furnace wall
cooling in such extreme cases so as to gain the increased
output most easily and hold in check the tendency
toward increased furnace maintenance. In this con-
nection it should be noted that frequently it is possible
to obtain greatly increased furnace volume by ignor-
ing existing floor levels and utilizing modern ash hand-
ling equipment which requires little height for its
installation.

3. The turbine room efficiency may be increased by
raising the steam temperature. This will naturally
involve more superheater surface, or at least differently
located surface. In most cases the use of some sort of
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radiant superheater in series with the older superheaters
will be found advantageous, but a careful study of
pressure drop through superheaters and connections
must always be made. This is of particular importance
when the steaming capacity of the boilers is also in-
creased. The adoption of higher superheat will usually
involve minor rebuilding of the high-pressure end of the
turbine, and in some cases, major rebuildingof that end.

4. The turbine room efliciency and capacity may be
increased by several different methods. The most
obvious but usually the most expensive is by the

installation of new, larger, and more efficient turbines

taking steam at higher temperature from a boiler room
of increased steaming capacity. When this method is
adopted, 1t becomes comparatively easy to introduce
regenerative feed heating, because the new turbine
casings will be supplied with bleeder outlets. There-
fore the improvement of thermal efficiency from regener-
ative heating can readily be obtained. Larger con-
densers or additions to existing condensers may have to
be provided. The old electrical switchgear can some-
times be used by adopting a double winding on the
generators so that the capacity per switch is held within
the old limitations.

A less obvious but very effective method of obtaining
increased capacity and efficiency is found in the com-
pounding of old turbines with new turbines. At first
glance this would appear tc be practically im-
possible without raising the steam pressure, but this is
not the case; two old turbines may be rebuilt to
receive steam at lower pressure and temperature than
they did before, and thus serve as low-pressure ele-
ments to a single new turbine taking steam at boiler
pressure. In such cases, the extent to which regener-
ative heating of feed is obtainable will depend upon
the design of the casings of the original turbines;
naturally the new turbine can be designed for bleeder
nozzles, and the exhaust connection between it and the
older units can be tapped for feed heating. This
general method can be made to yield an increased
generating capacity of at least 50 per cent and a marked
improvement of over-all efficiency as well.

Even when neither of the methods just considered is
available, it is still frequently possible to obtain in-
creased output by rebuilding the old turbines and
generators. No exact values can be given, but increases
of the order of 15 to 20 per cent, and occasionally even
more, can be obtained in this way, while at the same
time materially improving the over-all thermal per-
formance of the station.

5. Even though it may prove economically unde-
sirable to replace or to rebuild the old turbines, it is
still frequently possible to gain marked thermal im-
provement over that which is to be obtained in the
boiler room. This can be done through modifica-
tion of the auxiliary power supply and the heat balance
of the stafion. One is inclined to think of regenerative
feed heating as necessarily tied to the bleeding of each
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main unit. In fact, to a certain extent it is obtained
whenever that steam which is used for heating feed
water has done useful work before being used for this
purpose. IFrom the thermal standpoint, it is most
perfectly obtained when the steam has done the
greatest amount of work hefore being used for heating,
and when the heating is done in the greatest number of
temperature steps. Practically two, or at the most
three, steps will ordinarily prove economically the best
with moderate steam pressures, such as one would
expect in plants now being rehabilitated.

The fact that comparatively small turbo generators
can now be obtained with steam rates which compare
very favorably with those of their larger brothers opens
up possibilities of eflective regenerative feed heating,
even when the main units are not equipped with bleeder
nozzles. Thus, a new unit equipped for bleeding very
great quantities of steam may be used to supply auxil-
iary energy and such part of the station output asmay be
necassary to produce the required amount of steam.
The steam bled and exhausted from this unit may then
be used for regenerative heating of the condensate
from all main units. Thermally, the result would be
the same as that attainable through bleeding of the
main units if the steam rate of the small unit were the
same as that of the larger. Practically, the result
will generally not be quite so good because of the
higher steam rate of the small unit.

It is worthy of note that rehabilitation of the sort
which greatly increases station capacity will generally
result in a radical reduction of investment per unit of
capacity. It is not at all uncommon to obtain the
increment capacity at from four to six tenths of the
investment characteristic of the original station. On
the other hand, the rebuilt station is generally more
crowded than the original, and operating facility may
have been sacrificed to a certain extent in producing it.
The reduction of man hours per unit of station send-out
which should follow the increased capacity may there-
fore be partly counterbalanced through having to use
more men than would be used in a new station of similar
unit sizes. .

It is true that some executive engineers do not accept
rehabilitation as economically justifiable in their own
systems. Therefore, it is not legitimate in all cases to
predicate original station design on the assumption that
rehabilitation will be a necessary part of the history of
the plant. However, such rebuilding to a greater or
lesser extent appears to be becoming more general
than it once was and the history of any given system
with respect to such practises should be given serious
study when designing new plants for that particular
system. If it has been one in which rehabilitation has
been found economically desirable it is obviously the
part of wisdom to design rather generously with respect
to ground area, floor area, cubical contents, and clear-
ances, so that if and when rehabilitation becomes neces-
sary there may be the greatest degree of flexibility.
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Effect of Color of Tank on the Temperature

of Self-Cooled Transformers under Service Conditions

BY V. M. MONTSINGER*
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Synopsis.—The eflect of color on the temperature of oil-immersed
self-cooled transformers under service conditions has been a mooted
question for a great many years. Based upon the relative absorption
powers of the various colors often used in painting transformer tanks,
the lighter colors should give appreciably lower temperatures in hot
climale sections. The results of three series of field tests conducted on
actual transformers arc given in the paper. The resulls, however, do
not show the advantages for the light colors that would be expected,
based solely upon the absorption powers of the colors.

A method of calculation is used to check lhe test resulls. taking
into consideration the various factors which apply to a transformer
and do not apply to, say. a piece of metal painted and exrposed to the

L. WETHERILL*

Associate, A. I. E. E.

and

sun's rays; i. e. the ratio of the area of the surface exrposed lo the
sum to the total surface dissipating heat, the difference in thermal
capacities, and the condition where in one case the test piece is dis-
sipating heat as well as receiving heat from the sun, whereas in the
other case it only receives heat from the sun. It is shown thal when
all the factors are taken into consideralion, the calculated resulls
check the observations very closely. Finally, it is shown that the
selection of color for repainting transformer lanks exposed to the
sundhine should be based primarilly on durability and appearance
rather than upon color, since the difference in temperature resulting

from a tank pasnted black and aluminum, or even white, will seldom

erceed one or Lwo deg. cenl.

I. GENERAL

HE predetermination of the ultimate temperature
T rise of a transformer operating in the shade with

constant load and ambient conditions is a com-
paratively simple problem.

Also, the effect of color on the temperature rise under
these conditions can be calculated, knowing the emis-
sivity of the color and the percentage of losses dissi-
pated by radiation and convection for a given color.

In service, however, we have a more complicated
set of conditions to deal with, making it more difficult
to predict the effect of color on the temperature of
transformers. For example, only a part of the tank’s
surface is exposed to the sun's rays. The part exposed
1s absorbing heat while the part unexposed is not af-
fected by the sun’s rays. The tank is exposed only a
part of the time—during the day,—while at night condi-
tions may be altered; 7. e., some surfaces that are
advantageous in the sunshine are disadvantageous in
the shade. Also, the solar intensity varies during the
day, which complicates the problem still further.

The impression is prevalent that a transformer tank,
if painted with a light color, will operate at an appreci-
ably lower temperature in the sunshine than if painted
black. This impression is based upon either the rela-
tive absorption powers of the colors or tests made on
apparatus under conditions not applicable to trans-
former conditions.

All tests which have been made on transformers under
service conditions show, however, that the gain result-
ing from painting the case a light color is hardly worth
considering. '

The objects of this paper are, (1) to give the results of
the available field tests, and (2) to reconcile the results of

*Both of the General Electric Company, Pittsfield, Mass.
Presented at the Pacific Coast Convention of the 4. I. E. E.,
Santa Monica, Calif., Sept. 38-6, 1929.

Complete copies upon
request.

these tests with theoretical results; in other words, to
show by a method of caleulations that we should not
expect an appreciable gain from the light colors for
conditions under consideration.
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II. REsuLTS OF TESTS MADE UNDER SERVICE
CONDITIONS

Three series of tests made under service conditions
(at Pittsfield, Mass., Fresno, Caljf., and Dallas, Texas)
are given and analyzed:

Prttsfield Tests. In 1909 a series of tests was made
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at Pittsfield, Mass. Some 5- and 50-kv-a. lighting
transformers were tested in an exposed location. Tests
were made with tanks painted black, white, and

MONTSINGER AND WETHRKRILL

Journal A. I. E. 1.

and 11:30 a. m. The eflect of the color is not very
great, the maximum dilference occurring at 4 p. m,
showing only 3 deg. cent. in favor of white paint over

aluminum. The transformers were loaded by the black.
I'ig. 5 shows the result of a continuous full-load run.
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Normal excitation—six-hour full-load : . — 1
50-kv-a. transformers with cast iron corrugated tanks. Temperawure transfprmers, 113 the supshlne at Presno, Cahf‘) where
by thermometer in top oil. Tests made in Pittsfield the air reached a maximum temperature of 38.8 deg.
cent. (102 deg. fahr).
o Fig. 8 shows data for full-load runs. The following
] N average temperatures were observed during a 24-hr.
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in top oil. Tests made in Pittsfield y the full-load tests. The

“loading back” method, which insured equal loads on
all pairs.

Figs. 8 and 4 show the results of tests made with six-
hour full load following normal excitation at 5 p. m.

fact that a gray paint will not reduce the oil tempera-
ture more than 3 or 4 deg. fahr. or 1 or 2 deg. cent.
during the extremely hot weather encountered in the
Sgn Joa}quin Valley seems established. This was a
disappointment in view of the seemingly prevalent

1. See Bibliography for references.
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belief that a much larger reduction for gray paint would
be found.

“We have reached the conclusion, after a very care-
ful study of the results herein recorded, that any addi-
tional expenditure to procure a gray case instead of
black would not be justified. This is in view of the
fact that the differences in temperature under full
load conditions do not vary any more than the difference
obtained from various makes operating under identical
conditions. Assuming that gray or black tanks are
available at equal cost, and that experience shows that
gray paint stands up in service as satisfactorily as the
black, we should be inclined to favor the medium gray
tank. We feel very strongly however, that any ex-
penditure to repaint black cases now in service would
not in any way be justified.”

Dallas Tests. Through the courtesy of O. S. Hocka-
day of the Texas Power and Light Company, the
writers are enabled to give the results of a series of
tests conducted in 1924 on three 150-kv-a. trans-
formers with corrugated tanks painted different colors
and exposed to the sun’s rays. To calibrate the trans-
formers with reference to each other, temperature of
each transformer was recorded every day to 6:00 p. m.
for about a month with the standard paint (aluminum
with black top and bottom) on all three tanks. The
average reading for each transformer showed that
the northeast unit ran 1 deg. cent. cooler than the
middle one and the southwest unit ran 0.3 deg. cent.
cooler than the middle one.

The northeast unit was then painted all aluminum,
the middle unit all black, and the southwest unit left
with aluminum with black trimmings. The average
results of the readings taken from July 25 to September
17 are given below; as in the calibrating run, one
reading was taken at 6 p. m. each day; fair weather
occurred during 80 per cent of the test period.

From July 25 to September 17 inclusive the average
temperatures were:

| | | Southwest
Northeast allI Middle all | alum. black
| aluminum | black ) trim.
Observed temperature. . . ... .. 47.7 | 49.6 49.1
Correction from calibrating run 1.0 0 0.3
[—
Corrected temp. (deg. cent.). .| 48.7 49.6

Thus the all-aluminum runs 0.9 deg. cent. cooler than
the black.

That the 20 per cent of cloudy or rainy weather has
not had any great effect can be seen from the following
set of figures, based on seven consecutive days of fair
weather.

From August 6 to 12 inclusive the average tempera-
tures were:

EFFECT OF COLOR ON TEMPERATURE TRANSFORMERS
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Southwest
Northeast all| Middle all alum. black
aluminum black trim
Observed temperature........ 49.1 50.4 50.1
Average correction from cali-
brating run................ 1.0 0 0.3
Corrected relative temp.. . ... - 50.1 50.4 50.4

In this case, the all aluminum runs 0.3 deg. cent.
cooler than the black.

Table I gives the results of reading taken October 1
every half hour from 10 a. m. to 6 p. m. Based on the

'TABLE 1
TESTS MADE BY TEXAS POWER AND LIGHT COMPANY
Three Transformers-150 Kv-a.,Corrugated Tanks, Bank Capacity 450 Kv-a.

Transformer temperature
Ambient —
tempera- Alum.
Time Kv-a. ture l Aluminum Black black trim.
10:00 a. m. 394 23 31 33 32
10:30 394 23 31 34 33
11:00 396 23 | 32 34 33
11:30 425 24 33 35 34
12:00 m. 445 25 34 36 35
1:00 p. m. 360 27 36 37 37
1:30. 343 28 36 38 37
2:00 373 29 37 38 38
2:30 370 29 37 38 38
3:00 365 29 38 39 38
3:30_ 357 29 38 39 39
4:00 324 28 39 40 40
4:30 321 27 39 40 40
5:00 376 26 38 40 39
5:30 384 24 38 40 39
6:00: 374 22 37 39 39

Data furnished through the courtesy of O. 8. Hockaday of the Texas
Power and Light Company.

average readings corrected, the all aluminum tank

ran 0.7 deg. cent. cooler and the aluminum-black trim

ran 0.5 deg. cent. warmer than the all black tank.
This last set of readings is perhaps the most reliable
since it took account of the entire day and afternoon
when the aluminum color shows up to best advantage.

Pittsfield Tests on Aluminum Tanks. The preceding
tests showed a slight advantage for aluminum but they
were made under circumstances favorable to aluminum.
Tests made with the tanks shaded from the sun show
the disadvantages of aluminum.

Some tests were made in Pittsfield in 1925 to show the
effect of aluminum paint on operation in the shade
(indoors) on two standard 25-kv-a. transformers, having
plain cases.

Two units having the same losses were first tested
with their tanks painted black. The two tanks were
then painted aluminum and the test repeated with
results shown below.

i Max. -tunk_
Room Top oil riso deg. cont.| surf. rlse deg. cont.
T'ransf, temp. — 2
No. deg. cent. Black Alum. Black Alumn,
1 20 37.2 46.3 32.56 41.0
20 30.7 47.0 32.0 41.6
Averago 206 ~37. 47. 82.8 41.3
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The oil rise of the aluminurn tank was 126.5 per cent
of the black tank. The maximum tank surface rise of
the aluminum tank was 126 per cent of the black tank.
This checks very well the estimated percentage of
about 130 per cent, assuming a low temperature emis-
sivity of 0.55 for aluminum paint.

The effect of aluminum paint in increasing the tem-
perature indoors is lessened on radiator and tubular
tanks, but may still be appreciable. A tank with four
rows of tubes will run by calculation about 12 per cent
hotter with aluminum paint when operating in the
shade. Even on the largest tanks with radiators as
close to each other as possible, it is estimated that
aluminum paint will increase the temperature rise
about 7 per cent when operating in the shade.

I11. CALCULATION OF EFFECT OF COLOR

The thermal behavior of a transformer operating in
the sun under variable conditions can be calculated

*“TABLE II
LOW TEMPERATURE TOTAL EMISSIVITIES

Silver, highly polished. .................... ... ..... 02
Platinum “ A P s P om I b oMot har s ad ook 05
Zinc “ S AL PR YR T YT (T AL 05
Aluminum * Bty cwe pe v sahana - 08
tMonel metal,polished....................... ...... 09
Nickel ST - PN Y T P AT 12
Copper GGG e mt ey v S 15
Stellite S oh s 0 PPl £ B 0o d S 18
Cast iron O IR 93 os Soremdoah 40 b o 0 o e S x 25

Mone!l metal, oxidized........................
Aluminum paint....................... .
Brass, polisheds i vtz duiasssessstsns tiss d s afa s s
Oxidized copper.......... T E g
OXid}ze0 [StEO]gwnty e - & dC a- Vi s : L de St e D e s oWl oo g s
Bronzeppaint). .. u: weiib &« s ke i 4% b o (ded e o ofiessdd dns
Black gloss paint. . . ........... ... ... ... ... ...
White lacquer........... ... 0ttt
‘Whito vitreousenamel.............................
AShESLOS PAPOI . . . .o vttt e e
Green DA T P r e, n e o i R T o L PETTE € DD 08 &n ale
Tl ) S e PN | = T By 3
Lamp black. . ... i

.95
.95
.96

*These data are the result of investigations made by the Bureau of
Standards, the British National Physical Laboratory, General Electric
Rescarch Laboratories, and several eastern universities, and were collected
by W. J. King of the General Electric Co.

tQuestionable because of scant or inconsistent data.
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*TABLE III
COEFFICIENT OF ABSORPTION OF SOLAR RADIATION
Silver, highly polished............................. 0.07
Platinum *“ A 0.10
Nickel ¢ W i saned Pt et o0 h e s 0.15
tAluminum B A T A~ e T T e 0.15
Magnesium CATDONALO yppe vugs s ¢ paivmpmew paiomsews pa 0.15
Yine oXidOiu o s it sssinissondasabivasd baanenas bapy 0.15
7= ) R NS S P AR 1F = 5y ] T U 0.20
D D O e o T T 0.25
White lead PAlUliesesasnaronpbdi inbasbasssdnaponns 0.25
Zine oxide padnt. .. s agpspesss-sas-afilidasnnus ansasn 0.30
Stellite, polished. . .......... ... ..oiiiiionenn. 0.30
Light cream Paint s, sessonasdonbamne pidsedsoes 0.35
Monel metal, polished............. .. ... ... ... ... 0.40
Light yellow paint............ T R e 0.45
Light green paint. . i vessssssssssssnees  vnavenase 0.50
Aluminum paint. ..... o0t di i iii i e 0.55
Zine, polished metal............c.ooeivvii iy 0.55
Gray Paint. . ....ovvveivreenrocennesotoirenesenan 0.75
Black matte......oooeiercncionsionns ERRERREE s _0 97

*These data are the result of Investigations made by the Bureau of
Standards, the British National Physical Laboratory, General Electric
Research Laboratories, and several eastern universities, and were collected
by W. J. King of the General Electric Co.

+Questionable because of scant orinconsistent data.
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quite accurately using a point by point solution. Two
cases are worked out in the complete paper. The
results of the first ease are shown in Fig. 12, The

behavior of the black transformer was used as a base
to determine the effect of the sun, for use in calcu-
lating the behavior of the white transformer.

[V. CONCLUSIONS

A. In Shade. 1. The temperature rise of a trans-
former in a tank painted with a non-metallic paint is
practically independent of the color.

2. Metallic paints radiate less heat than non-metal-
lic paints and may cause a transformer to overheat.

3. A plain aluminum painted tank will run approxi-
mately 30 per cent higher temperature rise* than if
painted with a non-metallic paint.

4. Thirty per cent represents the maximum increase
of temperature rise caused by painting a tank with
aluminum instead of a non-metallic paint. If a plain
tank is finished with a surface having a lower emissivity
than aluminum the temperature increase naturally will
be more than 30 per cent, increasing to about 76 per

Top{Oil of Black Trans, Observed
Top 0il of White [Trans.. Observed
Top (01 of White [Trans , Calelated

P F3
p=J o
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Fig. 12—ComranrisoN oF Topr OiL TEMPERATURE OF 50-Kv-a.
"TRANSFORMERS OPERATING IN SUN

cent* where the emissivity is very low such as for
polished silver, nickel, etc.

5. As the surface of a tank becomes more and more
convoluted, (with tubes and externally connected
radiators) the effect of a metallic paint in increasing the
temperature rise becomes less and less, in extreme cases
getting as low as 7 per cent.*

B. In Sunshine. 1. The improvement resulting
from using special paint onself-cooled transformer tanks,
either plain or with convoluted surfaces, is in service
very small, hardly enough to be worth considering.
Even under the most favorable conditions (white lead
paint, smooth tank surface, and a hot, sunny day) the
gain is not more than 2 deg. cent. average during a 24-
hr. period and in some cases less than 2 deg. cent.

2. The repainting of transformer tanks in the field
for operating in the warmer sections of the country
should be based upon the consideration of durability
and appearance rather than upon color.
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Electrical Machinery

ANNUAL REPORT OF COMMITTEE ON ELECTRICAL MACHINERY*

To the Board of Directors:

The Committee on Electrical Machinery has func-
tioned under an organization similar to that of last
year; that is, with subcommittees commissioned to
handle all the matters of a particular type of equipment
that properly belong to this committee.

After reviewing the proposed standards of the
I. E. C. on “Rating of Electrical Machinery”, the com-
mittee recommended agreement with the International
Standards in a number of items, but recommended
against the adoption of higher temperature rise for
organic insulation,—particularly for transformers,—and
against a few other features in which European practises
differ radically from those in America.

In the new report for transformer standards there is
included an appendix designed to outline operation by
temperature rather than rating, which reduces hot-spot
temperature from 105 deg. to 95 deg. whenever the
ambient is 30 deg. cent. or less. Standards for con-
stant-current transformers have been completed and
presented for review.

There is evidence of a misunderstanding of “conven-
tional” efficiencies and losses that are neglected in slow-
speed engine-driven machines, on the part of engine
builders who sometimes charge against the generator
much larger losses than actually exist. Steps have been
initiated to clarify this situation and to modify the
standards to include these small losses.

Work has been started on the development of stand-
ards for a-c. commutator motors, and studies have
been undertaken to establish a reasonable allowance for
no-load losses when these are not determined by test.

Mercury are rectifiers have been actively studied and
records of their performance assembled. Ground work
for the preparation of standards for this equipment and

*COMMITTEE ON ELECTRICAL MACHINERY:
W. J. Fosler, Chairman,
E. B. Paxton, Secrotary,

P. L. Alger, BB. G, Jamieson, 0. K. Marti,
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the special transformer requirements has been well laid.

The committee has been commissioned with the
preparation of a test code for certain types of apparatus,
and it is expected that this will be the beginning of the
development of an extensive test code outlining gener-
ally accepted methods of test.

No radical departure in the size or design of apparatus
has been evident during the past year, but there has been
a gradual upward tendency in ratings and efficiencies.
In some lines, factory methods are rapidly being
changed by the substitution of structural and rolled
steel parts for castings and it is expected that these
changes will be reflected more obviously in designs as
advantageous modifications become evident. While
the maximum nominal operating voltage has not been
extended beyond 220 kv., the upward trend in voltage
has been evident in large equipment. More specifically,
some of the trends and typical examples of recent de-
velopments are outlined in the following paragraphs.

TRANSFORMERS

While apparently well stabilized in types of construc-
tion, transformers have increased in size, and their small
margin of losses has been further reduced. Efficiencies
have been obtained as high as 99.71 per cent in a 60-
cycle auto-transformer with 2—1 voltage ratio and
99.54 per cent in a 60-cycle two-winding transformer.
Manufacturer’s testing facilities have been increased
until the General Electric Company can secure
5,000,000 volts with its lightning generator at Pitts-
field, and the Westinghouse Company Laboratory is
capable of producing over 3,000,000 volts.

The General Electric Company has developed a new
type of transformer which has been called ‘“non-
resonating.” Published tests indicate that in the
“non-resonating” transformer the voltage distribution
is approximately uniform and the same for high-fre-
quency impulses as it is for operating frequencies.
These results are obtained by the use of special shields
connected to line terminals but external to the windings
so that the necessary charging current can be supplied
directly to the various coils rather than indirectly
through line end coils. The first of the “non-resonating”’
transformers has been in operation about two years.

The use of load-ratio control has materially increased




826

and the manufacturers have reduced dimensions so that
they may now be secured on the transformer tanks
extending but little beyond the radiators. The same
type of equipment in conjunction with regulating trans-
former windings may be used to obtain phase control.
Forced air ventilation supplementing self-cooling is
particularly effective in large self-cooled units in de-
creasing the radiator surface required for maximum
rating without requiring blower losses on moderate
ratings. Two types of equipment are furnished, one
of which consist of a single blower, piped to all radiators,

and the other, small individual blowers and housings '

with one attached to each radiator.

Three-winding transformers have continued in popu-
larity, and the Westinghouse Company reports that
nearly half the power transformers ordered of its com-
pany in 1928 were of this type.

Typical of the most notable installations of large
units may be mentioned the following:

An 83,333-kv-a. output, three-phase, 25-cycle water-
cooled auto-transformer was installed by the Buffalo
General Electric Company, (furnished by the General
Electric Company) and probably concentrates in one
unit the largest kv-a. output so far undertaken. The
high-voltage windings consist of two windings, each of
which is connected to a separate bus section and so
arranged that a short circuit on one winding tends to
raise the voltage of the other.

The largest self-cooled transformer reported consists
of 40,000-kv-a. three-phase 60-cycle transformers sup-
plied to the United Electric Light and Power Com-
pany of New York by the Westinghouse Company.

Six single-phase 15,000-kv-a. water-cooled 25-cycle
transformers, with a voltage ratio of 220/110/132
kv. with both low-voltage windings of full capacity,
were supplied to the Hydro Electric Power Com-
mission of Ontario by the Canadian Westinghouse
Company and are probably physically the largest 25-
cycle units yet supplied.

Single-phase self-cooled transformers, with ratings of
33,333 kv-a. per transformer, self-cooled and 43,333-
kv-a., with auxiliary air blast, have been installed at the
Plymouth Metering Substation of the Philadelphia
Electric Company and were supplied by the Westing-
house Company. They are three-winding transformers
with 220-kv. high voltage and are equipped with load
ratio control.

Low cost, small power supply from high-voltage lines,
has been made available by the standard “substation”
for use on 66,000-volt grounded neutral system with a
capacity of 15 to 50 kw.-single-phase. The unit con-
sists of an over-insulated single-bushing transformer
with cut-outs, metering equipment, etc.

SYNCHRONOUS MACHINES

The tendency toward larger machines has continued
in the field of waterwheel generators, but there has been

ELECTRICAL MACHINERY

Journal A, I. I§. K,

no increase in size of turbo generators beyond those
previously reported. The use of fabricated construc-
tion has been extended considerably, and the frames,
bearing brackets, and rotor spiders of practically all
machines are built up from steel plates and rolled
members.

The use of quick-response excitation has increased,
and the rates of changes of exciter voltage that are now
available are in excess of those required for most
operating conditions. More experience has been ob-
tained with hydrogen-cooled condensers, to which type
of machine this method of cooling is particularly appli-
cable. The designs of high-voltage machines has been
advanced, and several generators have been built by
the General Electric Company to operate at 22,000
volts; the Westinghouse Company also is now building a
75,000-kv-a. 28,000-volt generator. The scheme of
using two independent parallel windings has been sup-
plied by the General Electric Company in two large
alternators allowing each winding to be connected to
different bus sections so that the reactance between the
windings acts as a bus reactor between bus sections.

HyDRAULIC GENERATORS

Four waterwheel generators, larger than any yet
built, were ordered from the General Electric Com-
pany by the Dnieprostroy Hydro-Electric Develop-
ment of Russia. Fabricated construction will be used
in all prineciple parts of the units.

The following lists the more important machines
ordered or installed during the past year:

Manu-
Purchaser No. Kv-a. Speed facturer
Dnieprostroy Hydro-Elec-
tricDev.......... ... 4 77,500 88.2 G. E.
Lexington Power Co. .. .. 4 40,625 138 West,
Phila. Elect. Co.......... 4 40,000 81.8 . E.
3 40,000 81.8 West
New England Power Co. . .| 4 39,000 138 W
Brazilian Hydro-Electric. 1 33,000 125 G.E
Southern Calif. Edison. . . 1 35,000 375/450 G.E
Alabama Power Co.. . ... 2 29,000 100 West
Norwood Electric Co. .. . . 2 27,500 90 A.C
City of Los Angeles. . . . . 1 25,000 (Hor) | 143 A.C
Montana Power Co.. .. .. 2 25,000 81.8 West
Norwood Electric Co. . .. 1 22,500 71 A.

The vertical Westinghouse and Allis Chalmers units
are of the so called “umbrella” or “‘overhung type” with
the guide and thrust bearings located under the genera-
tor rotor. This scheme is especially suited to machines.
whose diameter is large compared to the height. The
Conowingo units have been installed since last Spring.
Tests on the General Electric Company units showed an
efficiency of 97.99 per cent.

Wes'.cinghouse has brought a new line of small genera-
tors with structural steel parts in ratings from 62.5

k\(-a. to 3000 kv-a. at speeds from 100 to 400 rev. per
mn
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STEAM TURBINE GENERATORS

There were no orders placed this year for any excep-
| tionally large units although a number of orders were

received for machines ranging from 60,000 to 75,000 kw.

The use of fabricated parts has been extended and
some units have been designed so that the change to
hydrogen cooling may be added at a later date. Some
of the units mentioned in last year’s report have been
installed and are in operation. Among more notable
installations are the following:

Manu-
Purchaser Kv-a. Speed | Voltage | Shaft |facturer
State Line Gen. Co.. . .... 235,000 1800 | 22,000 3 G.E.
United Elec.Lt. & Pr.Co..| 188,400 1800 | 13,000 2 Wesi
UnitedElec. L. &Pr.Co.. LP 1200
188,250 ' HP 1800 | 13,800 2 A.B.B.
Amer. Gas & Elec. Co....| 187,000 1800 | 11,000 3 G.E.
N.Y.EdisonCo........ 160,000 1500 | 11,400 1 G.E.
Brooklyn Edison Co.....| 137,500 1800 | 13,800 2 West
8o0. Calif. Edison Co. .. .. 100,000 1500 | 16,500 1 G. E.
Union Eleé. Lt. & Pr. Co.| 83,333 1800 | 13,800 1 G. E.

The Westinghouse Company has built a 12,500-kv-a.,
3600-rev. per min. generator with self-contained double-
entrance fans, which design is said to materially increase
its efficiency.

SYNCHRONOUS MOTORS

The design of synchronous motors has been advanced
in securing higher efficiency and better torque charac-
teristics and there has been an increase in the use of
these machines for industrial purposes.

The Westinghouse Company has built two 1000-hp.,
180-rev. per min. motors for cement mill drive, which,
while of the salient pole construction, have polyphase
damper windings connected through slip-rings to
external resistors for starting.

The first two-speed synchronous motors which have
previously been described by General Electric Company
have been put in service.

SHIP PROPULSION SYNCHRONOUS MOTORS

Two ships having a displacement of a little over
30,000 tons have been placed in service and are propelled
at a speed of 18 knots by two 8500-hp. synchronous
motors furnished by the General Electric Company.
Work has been started on electrical equipment for
other large vessels.

SYNCHRONOUS CONDENSERS

The Westinghouse Company has built two 30,000-
kv-a. condensers at 720 rev. per min. for the Philadel-
phia Electric Company, which are the largest units so
far constructed at that speed.

The first commercial application of hydrogen cooling
for electrical machines was'made on a General Electric
12,500-kv-a. outdoor synchronous condenser at the
Pawtucket Substation of the New England Power Com-
pany. A larger unit of similar design, rated 20,000
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kv-a., is in operation at the Turner Substation of the
Appalachian Electric Power Company. In addition to
reducing losses and increasing the rating, it is believed
that the hydrogen cooling increases the insulation life,
and decreases the windage noises and the fire risk.

D-c. MACHINES

The fabrication of parts without the use of castings
has been extended lately, particularly as to the rotating
parts. The development of the arc-welded fabricated
construction has given flexibility, and still permitted
the standard part principle which is adaptable to
machines of different designs and ratings.

Several installations have been made of a new scheme
of ventilation in which a special volute housing is
arranged to make use of the windage of the machine to
force heated air through ducts out of station.

MoOTOR-GENERATOR SETS

The Allis Chalmers has furnished a 7000-hp. double-
unit reversing mill motor to the Illinois Steel Company
and a 6000-kw. flywheel induction motor-generator set
for driving it. The General Electric Company has fur-
nished some 4000-kw., 5500-kw., and 6000-kw. motor-
generator sets for electrolytic work. These sets were
built with one motor and two generators. The Cleve-
land Terminal electrification has adopted 3000-volt,
3000-kw. motor-generator sets for power supply. The
General Electric sets consist of two 1500-volt generators
driven by one motor having an overload capacity of 50
per cent for two hours and 200 per cent for five minutes.

MOTORS

An interesting application consists of five motors
mounted on a common bedplate with a distance be-
tween centers of 7 ft. furnished by the Westinghouse
Company to the American Steel and Wire Company for
rolling mills. While this requires extreme accuracy in
the speed control it permits a better product.

Gearless traction elevator motors are gaining in use
for high-speed service and have been supplied as large
as 140-hp. at 85 rev. per min. by General Electric
Company.

The use of d-c. motors and generators for Diesel-
electric ship propulsion has increased. The largest is a
4000-hp. motor supplied by two 800-kw. Diesel-engine-
driven generators.

EXCITERS

Quick change of excitation has been applied in a
number of installations to increase system stability
during disturbances. Rates of voltage rise of 6400 volts
per sec. with a maximum of 950 volts for a 250-volt
exciter have been obtained.

INDUCTION MOTORS
During the past year the most interesting develop-
ments have been in the line of small motors. The
need for small single-phase motors of the highest quality
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for domestic service brought renewed activity to the
capacitor motor. Reliable low-cost capacitors have
become available through the progress of the radio art
and made capacitor motors economically feasible.
The Howell Electric Company has developed a line of
this type and the General Electric Company has put
several thousand on electric refrigerators. The use of
single-phase repulsion-start induction motors in sizes
up to 10-hp. has grown steadily and a general improve-
ment of characteristics has been obtained. The General
Electric Company has brought out a new motor of this
type, with square punchings and graded slots, to obtain
more efficient utilization of steel.

Practically all American motor manufacturers are
building an extensive line of motors designed for full-
voltage starting. The great majority of these are of
sizes between 714- and 30-hp.

The use of small induction frequency-changer sets to
supply moderately high-frequency power to drive high-
speed motors has grown steadily.

Two induction synchronous frequency-changer sets
built for the Niagara Lockport and Ontario Power
Company by Westinghouse were placed in operation in
1928. Each synchronous machine is rated 25,000 kv-a.,
and each induction motor, 28,000 hp., making these the
largest variable-ratio frequency changers in the world.

The General Electric Company is building a similar
25,000-kv-a., 27,500-hp. set for the Buffalo General
Electric Company.

Enclosed fan-cooled motors have grown remarkably
popular. The initial temperature rise of an open
motor is not greatly increased by these features, and the
aceumulation of dirt in serviceof an open motor, with the
consequent increase in temperaturerise, is eliminated.

The trend towards the development of large capacity
high-speed motors is indicated by some orders recently
placed with the Westinghouse Company for eight 1250-
hp., 3600-rev. per min. induction motors, to be used for
driving high-pressure boiler-feed pumps.

MERCURY ARC RECTIFIERS

Mercury arc rectifiers continue to hold the interest
in the d-c. railroad and street railway field. Since
January 1, 1928, a total of 28 sets have been installed
or placed on order in this country, having a total
kilowatt rating of 48,975. The majority of these sets
consist of single tanks. The same general trend appears
to be current in Europe as over 40 rectifiers with current
ratings of 4000 to 6000 amperes were installed or placed
on order.

The deleterious effects and frequency of arc-backs
have been materially decreased due to more ample
auxiliaries, the addition of arc suppressors and other
modifications.

Graphitic anodes have given good account of them-
selves during the past twelve months, and confidence in
metallic anodes is indicated by their continued use in
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the largest rectifiers now in service in this country.

The outstanding installations during the past year
were two 5000-ampere, 625-volt automatic railway
outfits installed on the Commonwealth [tdison Com-
pany’s system for railway service, having an overload
capacity of 7500-ampere for two hours and 10,000
amperes for one minute. The units are six-phase,
twelve-anode type with arc supressors supplied by the
Brown Boveri Company. This company has developed
a new type of rectifier for 3000 kw., which 1s about 30 per
cent smaller than the original units of this capacity.
Another type with normal rating as high as 16,000
amperes has been developed showing improved effi-
ciency and reduced weight.

MERCURY ARC RECTIFIERS IN RAILWAY INSTALLATIONS

INSTALLED OR ON ORDER SINCE 1927
. No. | Tanks| D-c. | Kw._ |
of per volt- | per | Total |
sets | set age set kw. | Control

Commonwealth Edison

Company, Chicago, |

Maypole 1 1 600 3000 | 3000 | Auto
Commeonwealth Edison| !

Company, Chicago, West |

Lawn . - 1 1 600 | 3000 | 3000 | Auto
Toronto Hydro Electric I

System, Toronto Cas- | |

ington E 1 1 600 1100 1100 | Auto
Southern Public Utilities| | |

Corp., Charlotte, N. C. |

Eliza. Ave x 1 1 600 750 750 | Manual
City of Calgary, Calgary,| ! | |

Portable A | 1 575 600 | 600 | Auto
Union Railway of New [ |

York City, New York |

St. Peters Ave . o1 1 625 1000 | 1000 | Auto
Toronto Hydro Electric| |

System. L o1 1 600 1100 | 1100 | Auto
American Gas & Electric| ‘ \

New York ... .. .. 2 | 1 | 600 1000 | 2000 | Auto
Cons. Mining & Smelting| ' '

Co. of Canada, Electro-| | i

litie. , 1. .. .. . 3 2 460/560, 5600 (16800 | Manual
City of Edmonton . 575 ‘ 1325 | Manual
City of Calgary . . .. 5 575 | | 1200 | Auto
City of Halifax .. 1 ] 600 1100 1100 | :
Chicago & Joliet ] 1 600 500 | 500 | Auto
Columbus Railway Power!

& LightCo......... ... | 1 2 600 500 1000 | Manual
Columbus Railway Power

& Light Co . 1 1 600 500 500 | Auto
Columbus Railway Power|

& LightCo. ... .. .. ... 1 1 600 500 500 | Auto
Eastern Mass. St. Ry. 1 2 600 1000 | 3000 | Manual
Chicago So. Shore & So.

Bend Ry RPN 2 1500 1500 | Auto
Chicago So. Share & So.

Bend Ry . i 2 1500 1500 | Auto
Chicago So. Shore & So

Bend Ry . .. . R 1 2 1500 1500 | Auto
Philadelphia Rapid Transit; 3 1 600 1000 | 3000 | Auto
Sacramento Northern Rail- |

way. . e 1 1 1500 300 500 | Auto
Piedmont & Northern e | -2 2 1500 750 ' 1500 | Auto
British Columbia Elec. Ry 1 1 600 1000 | 1000 | Manual

- B 18975
Bibliography

An extensivg bibliography of pertinent developments
has been compiled and was published with the complete
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Effect of Surges on Transformer Windings
BY J. K. HODNETTE!

Associate, A. I. E. E.

Synopsis.—A study has been made of the reaction of transformer
windings in grounded neutral systems when subjected to transient
voltage surges such as exist on normally insulated lines. Measure-
menis of the vollage distribution throughout the windings between
various elements and to ground were effected by means of a cold
calhode type cathode ray oscillograph and sphere-gaps.

An estimate of the stresses occurring in transformers due to the
voltages occurring on transmission systems s made, basing them on
the most recent data obtainable. The data indicate that the worst
stresses, both within the winding and to ground, are in the vicinity of
the line coil.

I. INTRODUCTION

‘x 7ITH the rapid growth of transmission systems
and their interconnection to larger systems, con-
tinuity of service is becoming increasingly more

important. This has prompted a great amount of

study on the subject of increased reliability of all
component parts of the system. Such studies have
been conducted on transmission lines and con-
nected apparatus. The power transformer constitutes

a vital link in such systems. Due undoubtedly to the

unceasing research and study conducted during their

rapid growth in size and voltage in the past few years,
these transformers have shown an excellent record.

Transient voltage surges have long been recognized
as one of the chief sources of trouble, and during the past
five years, the klydonograph has yielded much informa-
tion on the magnitude and frequency of occurrence of
these surges on transmission systems under service
conditions. More recently, the cathode ray oscillo-
graph has been perfected, making it possible to record
accurately voltage—time relationships occurring in a
small fraction of a second. By means of this instru-
ment it has been possible to obtain actual photographs
of surges.

The voltage surges occurring on transmission systems,
and, of necessity, those with which we are concerned as
affecting transformers, can be divided into three
general classes according to their origin; namely, arcing
grounds, switching surges, and electrostatic or light-
ning surges. It is the purpose of this paper to analyze
various types of these surges, and afford a common
basis of studying their effects, particularly on grounded
neutral systems.

Relative Importance of Arcing Grounds, Switching
Surges, and Lightning Surges. Arcing grounds are
discharges to ground, usually from one phase or line of a
transmission system. In case the neutral of the system
1s grounded, the maximum voltage developed would be
approximately two and one-half times the normal volt-

1. Engineer, Westinghouse Electric & Mfg. Co., Sharon, Pa.
2. For all references see Bibliography.
Presented at the Pacific Coast Convention of the A. I. E. E.,

Santa Monica, Calif., Sept. 3-6, 1929. Complele copies upon
request.

age to neutral.? For an isolated neutral system, the
maximum voltage may be as great as six times normal.

Reviewing literature® on the subject, we find the
data obtained on a number of systems covering the
whole operating range of transmission-line voltages
indicate that approximately 50 per cent of switching
operations cause no appreciable voltage surge. The
maximum voltage recorded on any system was six
times normal, and that was caused by deenergizing a
line.

As a rule, switching surges do not cause flashover of
the line insulation. They must of necessity be of short .
duration in order to obtain excessive values, and may
rise to a maximum in the order of a few microseconds.
On the other hand, lightning surges attain values of
many times normal line voltages. In many of the cases
recorded by the klydonograph, flashover of the line
insulation is known to have occurred. By virtue of
the fact that the line insulation was flashed over, the
magnitude of the voltage is much greater than for arcing
grounds or switching surges. In Fig. 1 is shown a
comparison of the voltages to be expected from the
several sources, together with the normal voltages of the
system, the transformer test voltages, and the 60-cycle
dry flashovers of normally insulated lines. From this
it may be seen that surges produced by lightning are of
most serious consequence, and for very short surges with
lower values for surges of longer duration may be as
great as 14 times normal.

Factors Limating Lightning Surge Voltages. The
principal factor limiting the voltage on a transmission
line is the spark over of the line insulation. The flash-
over of a string of insulators depends both upon the
magnitude and the shape of the impressed surge, and in
the case of lightning surges, is always greater than the
60-cycle flashover voltage. We may assume that failure
commences as the 60-cycle spark-over voltage is ap-
proached, and that spark-over is a function of time
and the voltage above this value. The tail of the surge,
as well as the front, affects spark-over, and the more
abrupt each ig, the higher the voltage necessary to pro-
duce arc-over.

From experimental data*® for the flashover of line
insulators, it s estimated that the maximum voltage
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which could exist on a line as a result of a direct stroke
would be in the neighborhood of 2.5 to 2.7 times the
60-cycle crest sparkover. The curve for the probable
maximum voltage, curve G, Fig. 1, is based on this
computation. Points of this curve agree approxi-
mately with the maximum voltages recorded by the
klydonograph.

In this connection, reduced line insulation, ground
wires, protective gaps, and lightning arresters should be
mentioned. Iach tends to limit the voltage on the
system, particularly lightning arresters.

The second factor limiting the potential surges on
apparatus is attenuation.’ Where the voltage of the
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surge is very high, the attenuation is very great. To
this property of traveling waves much protection to
connected apparatus is due.
II. GENERAL CONSIDERATIONS
(A section of the unabridged paper is devoted to this
matter)
III. EXPERIMENTAL RESULTS
The circuit used in conducting these tests is shown 1n
Fig. 5. The capacitance C was charged from an alter-
nating source by means of kenotron rectifiers and dis-
charged through an inductance L and resistance R.
The potential drop across the resistance was impressed
upon the transformer terminal. A lumped impedance
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235, 0% approximately'{’)()() ohms, was connected between
the transformer terminal and the source of voltage
supply. The terminals of the secondary winding were
connected to ground through similar impedances.
Waves rising to a maximum in less than a miero-
second and decaying o one-half value in 5 and 60
microseconds were considered representative of fairly
short and long lightning surges and these, together with
waves chopped while rising, were used principally in this
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Fig. 5—ScHEMATIC DiaGRAM OF TesrinGg CIRCUIT
investigation. Waves of approximately 5- and 30-
microsecond fronts were also used.

The effect of surges on the windings of the following
transformers was studied in the course of this inves-
tigation:

3000-kv-a., 140,000- to 5000-volt single-phase, shell
type transformer with the high-voltage winding divided
into three groups.

667-kv-a., 66,000- to 7200-volt core type transformer
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Fig. 7-——CoMPARISON OF VOLTAGE DISTRIBUTION IN LONG AND
SuoRrT Stacks oF CoiLs

A. Short stack of wide coils
B. Long stack of narrow coils

with cylindrical low-voltage coils and circular pancake
high-voltage coils. The winding was arranged on two
legs with a reentry in the middle of each leg.

The Effect of the Proportions of Winding on the
Distribution of Voltage. Fig. 7 illustrates the difference
in the voltage to ground in a short stack of wide coils
and a '10ng stack of narrow coils when subjected to a
five-microsecond surge. These values represent ap-
proximately the initial voltage distribution and are
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indicative of the worst stresses occurring in the stacks.
Curve A represents what occurs in the line group of a
well proportioned wide stack of coils and Curve B
represents what occurs in a narrow stack of coils when
short steep waves are impressed upon them.

When the windings are interleaved or broken up into
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1. Very long surge, 250 microseconds to half value
2. Longsurge, 60 microseconds to half value

3. Short surge, 5 microseconds to half value

4. Chopped surge

groups, the line group absorbs most of the surge voltage.
Data were taken on the 3000-kv-a. transformer first by
Impressing a surge across the total winding ; then across
two groups, and finally across a single group of the wind-
ing. A five-microsecond surge was used and measure-
ments of voltage were made to ground. Referring to
Fig. 8, the three curves were seen to be of similar shape,
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or the distribution of voltage in the line group is prac-
tically unchanged by varying the number of groups.
The discontinuous points in the curves indicate the
division of voltage across the group.

Internal Oscillations and Voltage to Ground. When a
steep-front surge strikes a transformer, oscillations are
set up in the winding. The values attained by these
oscillations depend largely upon the shape of the surge.
Referring to the oscillograms, Fig. 9, the oscillations are
seen to be higher for the longer tail waves. A point in
the winding 29.7 per cent above ground reaches a
maximum value of approximately 75 per cent of the
total applied voltage for the extremely long wave,
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approximately 47 per cent for the long or 60-micro-
second wave, 10 per cent for the short or five-micro-
second wave and 5 per cent for the chopped wave.

Thus it may be seen that if the surge is sufficiently
short, the voltage by oscillation does not rise above the
initial voltage acquired from the front of the wave.
On the other hand, a measurement of the voltage above
ground for longer waves would indicate the maximum
values reached by oscillation. This is confirmed by
the agreement between the curves (Fig. 11), and the
oscillograms.

The natural frequency of the shell type transformer
investigated was approximately 5000 cycles and that of
the core 6700 cycles. It is believed that the ofder of
these fundamental frequenc1es is representative -of
that of power transformers in general.

Referring again to Fig. 11, a very close agreement
between the voltage to ground for the five-microsecond
and chopped waves is observed. This follows the expla-
nation just given that the initial distribution and not
the oscillatory portion of the transient was the factor
determining the voltage to ground.
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The breaks or departures from continuous smooth
curves were caused by taps in the winding.

The voltage to ground for the 667-kv-a. transformer
subjected to a five-microsecond surge is also given. A
basis for comparing the two transformers is not simple.
However, the curves show for the same surges that 86
per cent of the voltage drop occurs across 15 per cent of
the winding of the 667-kv-a. transformer as against 57
per cent of the voltage for the same percentage of the
3000-kv-a. winding.

IV. MAGNITUDE OF STRESSES IN TRANSFORMERS
AS DETERMINED BY THE LINE (CONDITIONS

Stresses within the Windings. Referring to Fig. 11,
from which the stress along the length of the wind-
5 — R
1 T

14 N— 1

[ |

13

|

TIMES NORMAL VOLTAGE

0 !
100 80 60 40
PER CENT WINDING ABOVE GROUND

14—ProBaBLE MAGNITUDE OF INTERNAL VOLTAGES

ABovE GROUND

Chopped surge, 3000-kv-a. transformer
Five-microsecond surge, 3000-kv-a. transformer
60-microsecond surge, 3000-kv-a. transformer
Five-microsecond surge, 667-kv-a. transformer

vok>

ing can be estimated, and to the probable maximum
potentials on transmission line as given in Fig. 1, the
following may be deduced:

The highest stresses are evidently those caused by
surges with very steep fronts, as these give the worst
initial distribution of voltage and attain the highest
values which, in the case of surges limited by flashover
of the line insulation may be of the order of 14 to 15
times normal. Surges of this character cause no fun-
damental oscillations on transformers having periods of
the order of those investigated herein; therefore, the
initial distribution is the only factor necessary to con-
sider. This distribution 1s largely a function of the
physical properties of the winding. Byreference to the
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above curves it may he seen that the greatest
stresses occur near the line end, where the winding is
made of the simplest possible form of construction,
free from taps, which lends itzelf for providing adequute
ingulation.

Stresses (o Ground. The voltages to ground as
expressed in the curves of Iig. 11 have been multiplied
by the ratios of the probable maximum surge voltages
of Kig. 1 and are plotted with respect to their relative
values in Fig. 14. On this basis, the latter curves
represent the maximum voltage stresses to ground
obtained in the various parts of the transformer wind-
ing, either through internal oscillation or by the initial
electrostatic induction. In recording these values,
measurements by oscillograph and sphere-gap are in
agreement within experimental accuracy. Obviously
these stresses are placed upon the major insulation of
transformers, and for uninterrupte d service must be
withstood. Since in this case, as in the previous case,
the highest stresses are produced by the very short
surges, the transformer major insulation may be sub-
jected to 14 to 15 times normal voltage in the vicinity
of the line end. In the mid-section of the transformer,
the highest voltages are produced by the long surges
and are three to five times normal. "Their value is fixed
by the amplitude of oscillation. The amplitude of
oscillation is a function of the initial distribution which
in turn is a function of the physical proportions of the
winding. Transformers insulated sufliciently to with-
stand the maximum stresses at the line end should with-
out difficulty withstand the stresses imposed at any in-
ternal portion, even though the insulation there 1s
reduced.

The above conditions refer to the maximum surges
expected in service. Ior longer surges such as-rep-
resented by curves E and F, Fig. 1, or for surges re-
moved a considerable distance from the transformer,
the stresses would be diminished.
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Electrophysics

ANNUAL REPORT OF THE ELECTROPHYSICS COMMITTEE*

To the Board of Directors:

One of the Committee’s principal functions has been
to serve as a connecting organization between the
world of physics and the Institute. We have been
trying to serve this purpose by encouraging papers
which bring in new concepts, phenomena, and ter-
minology from working physicists, and discouraging
contributions which are results of ‘“inbreeding.”
Dielectric phenomena and dielectric theory are two
particularly live topics, and there is a constant danger
of unnecessarily burdening the Institute publications
with contributions which contain more undigested
data and unfounded speculations, and which do not
bring us any nearer to a rational understanding of the
underlying molecular phenomena.

DIELECTRICS

A large percentage of papers submitted to the Com-
mittee on Electrophysics has to do with dielectrics and
their behavior. One of the sessions at the Winter
Convention was devoted chieflv to this topie, and
papers were presented on anomalous conduction, di-
electric absorption, dielectric constant, power loss, and
corona. Several other papers have been since approved
for publication or for presentation at future meetings.

Much work on dielectries is being done under the
auspices of the Committee on Electrical Insulation
of the National Research Council and also by the
American Society for Testing Materials. Their reports
and publications should be consulted in addition to the
material found in the A. I. E. E. TRANSACTIONS.
There is also a Government Research Committee on
this subject in England. Many valuable articles on
dielectrics will be found in the Archev fiir Elektrotechnik,
and in some recent British and German books on dif-
ferent phases of dielectric behavior.

Under the auspices of the above mentioned Commit-
tee on Electrical Insulation, several subcommittees
were formed in 1928, among others a Subcommittee
on Physics, V. Karapetoff, Chairman, and a Subcom-
mittee on Chemistry, F. M. Clark, Chairman. Both
subcommittees are already functioning, and through
them many prominent physicists and chemists have

*COMMITTEE ON ELECTROPHYSICS:

V. Karapetoff, Chairman,
Carl Kinsley, Secretary,

O. E. Buckley, W. F. Davidson, R. A. Millikan,
V. Bush, Q. J. Ferguson, R. H. Parks,
John R. Carson, C. L. Fortescue, L. J. Peters,

F. M. Clark, A. Hund, J. Slepian,

W. D. Coolidge, W. B. Kouwenhoven, F. E. Terman.

K. B. McEachron,
Liaison Representalives of American Physical Sociely
Dr. W. F. G. Swann, Prof. A. P. Wills.
Presented at the Summer Convention of the A. I. E. E., Swamp-
scott, Mass., June 24-28, 1929. Complete copies upon request.

been drawn into the study of scientific aspects of
dielectrics.
HIGH-VOLTAGE RESEARCH

Using the principle of charging capacitors in parallel
and discharging them in series, very high impulse volt-
ages have been generated for test purposes. A voltage
of 5,000,000 has been produced in this way and even
higher voltages have been applied to transmission lines.
The phenomena of attenuation, reflection, etc., of
traveling waves have been studied by means of the
cathode ray oscillograph. This work is being continued
on a larger scale. The cathode ray oscillograph was
used also to record impulses on lines due to natural
lightning. Only two records were obtained in this first
attack on this problem, but a start has been made and
more extensive data should be collected this summer.
The cathode ray oscillograph was used for a laboratory
study of a number of interesting and important phenom-
ena, such as the impulse flashover of insulators and the
distribution of transient voltages in transformers.

The year’s work at the Ryan Laboratory, Stanford
University, California, resulted in three papers. One,
by Lissman! analyzes lightning phenomena in the light
of laboratory experience, and gives a detailed picture of
what actually goes on in a lightning stroke. The
second paper by Carroll and Cozzens? reports results on
sphere-gap sparkover voltages up toand overonemillion
to ground. It was found that the voltage per inch
required to break down gaps in excess of 9 ft. decreased
so rapidly with increased spacing that it established an
approximate economic limit of high voltage for power
transmission. The final paper, by Dr. J. T. Lusignan3
gives the probable history of an a-c. flashover, as ob-
tained from oscillographic and spectroscopic evidence.

DIELECTRIC CONSTANT, MOLECULAR STRUCTURE,
AND MOLECULAR MOMENT

During the past year, considerable research has been
carried out on the subject of molecular moment and its
relation to dielectric constant and molecular structure.
The work has centered chiefly around the Debye
theory. In general, this theory is becoming more and
more accepted, although a large number of the re-
searchers find that the theory does not fit in with ex-
perimental behavior in a great many instances.

In a study of the variation of the dielectric constant
of gases with temperature and pressure, Magdalene
Forro finds in the Zeitsch f. Phystk, 1928, 47, 430 that
the constants of the Debye equation, (e — 1)/(e + 2)

I. E. E. Trans., Vol. 48, Jan. 1929, p. 146.
E. E. Trans., Vol. 48, Jan. 1929, p. 1.

1. A.
2. A.
3. A.IL E. E. Trans., Vol. 48, Jan. 1929, p. 246.
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(T/d) = a T + b, change with temperature and pres-
sure. For hydrogen, nitrogen and air, « (which is the
optical contribution to the dielectric constant) is of
constant value, while b (which is the permanent dipole
contribution) is zero. For carbon monoxide the value
of b varies with pressure at constant temperature. The
temperature coeflicient of b for carbon monoxide in-
dicates a dipole moment of 0.108 X 10~'* at one atmos-
phere to 0.147 X 10" at six atmospheres of pressure.
The variation of the permanent dipole contribution to
the dielectric constant can be expressed as either a
linear or as a quadratic function. For carbon dioxide,
however, this permanent dipole effect varies with the
density as a quadratic function, the dipole moment
varying from 0.192 X 107 at one atmosphere to 0.217
% 10— at 6.53 atmospheres.

Study of the molecular moment and dielectric con-
stant in organic and inorganic solutions has been a
particularly favored field of investigation during 1923.
In general, the work has been in agreement with the
results obtained by G. Rock and 8. Klosky published
in the Journal of Physical Chemistry, 33, p- 143 (1929).
‘They found that the dielectric constant of solver sols
is essentially that of the dispersion medium.

FERROMAGNETISM

Heisenberg has been partially successful in explaining
the origin of ferromagnetism on the basis of the spin-
ning electron and the Fermi-Dirac statistical theory.
His theoretical deduction is that a material cannot
be ferromagnetic unless it is composed of atoms which
have three-quantum electrons and which are sym-
metrically surrounded by at least eight neighbors.

Honda suggests that the electrons in the nucleus
are responsible for the origin of ferromagnetism. His
picture avoids the difficulty of the Larmor precession
of extra-nuclear electron orbits.

Weiss and Forrer have redetermined the value of the
Weiss magneton in iron and nickel, and reviewed the
literature to show that the magneton is the unit in all
magnetic materials.

The increase in specific heat, due to loss of mag-
netism near the magnetic transformation temperature,
has been measured by Bates for manganese arsenide
and compared with the values calculated according to
Weiss from the magnetization—temperature curve, with
good agreement. '

Elmen has reported the remarkable magnetic prop-
erties which he has found in some alloys of iron, cobalt,
and nickel. These alloys, called “perminvars,” when
properly heat treated, have permeabilities which are
unusually constant up to fields of several gausses.
They have therefore very small hysteresis losses for
low flux densities.

EXPERIMENTAL INVESTIGATION OF THERMAL RELATIONS
oF ENERGY OF MAGNETIZATION

Walter B. Ellwood, graduate student at Columbia

University, working on hysteljesis in 1iron, has
succeeded in his attempt to a solution of an outstanding
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problem in magnetism which has hitherto defied attack.
The following note, which is a first report on this work’
was received from Professor A. P. Wills, under whose
direction the investigation was carried on.

Experiments were undertaken for the purpose of
determining the mechanism of the degradation of
energy which accompanies magnetization in ferro-
magnetic substances. The experimental method con-
sists in observing the change In temperature of a test
specimen produced by a change in the magnetizing
force at consecutive intervals in a single cycle of
magnetization.

PROPAGATION OF ELECTROMAGNETIC WAVES
IN SpacE

The subject of wave propagation has been studied
theoretically and experimentally and the existence of
the Kennelly-Heaviside layer can be regarded as a fact.
The resultant signal received at any point is the vector
sum of the ground wave and the indirect wave coming
down from the ionized layer. The waves radiated from
o normal aerial have their electric vectors vertical to the
surface of the ground, and almost so at the receiving
end. This means in the optical language that the
received ground wave 1s horizontally polarized. The
downcoming wave is generally elliptically polarized
and the resultant field of both waves is usually complex.
This gives rise to bearing errors in direction finding and
causes the well-known fading.

Hollingworth finds that downcoming waves which
are longer than 10,000 meters are usually plane polarized.
The direction of the plane is approximately constant
during the day but during the sunset and sunrise
periods it varies in a manner depending on the distance
between the sender and the receiver. At some dis-
tances the plane is turned clockwise and at other dis-
tances, counter-clockwise.

For waves of 400 meters at distances of 100 miles
the downcoming components are circularly polarized.
This means that both the electric and magnetic vectors
have constant amplitude but rotate synchronously,
the direction of rotation depending on the direction of
the earth’s magnetic field. This would mean a right
handed rotation in all parts of the Southern hemisphere.

For 15 and 50-meter waves, T. L. Eckersley finds the
downcoming waves almost plane polarized, the plane
rotating slowly with the period of 2 few seconds.
This should produce fading when a vertical or a hori-
zontal aerial is used for receiving. But fading seems
mostly due to a change in intensity of the downcoming
waves rather than to a change of phase with respect to
the ground wave.

PuYSICS OF RADIO COMMUNICATION

In Europe, much attention has been given to the
effect of trees, buildings, built up areas, etc., on the
attenuation of radio waves. Examples of such studies
are those of Barfield (Inst. of Elec. Eng. Jl., 1928 and
1929).

Among the important investigations of short-wave
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propagation are those of Heising (I. R. E. 17, 75, Jan,,
1928), Taylor and Young (I. R. E. 16, 562, May, 1928),
Mesny (L’Onde Elec. 7, 130, April, 1928) Meissner and
Rothe (I. R. E. 17, 35, Jan., 1929) and others.

Our present knowledge of static is summarized in a
paper by Watson Watt (E. W. and W. E. p. 619, Nov.,
1928). Carson has shown that it is impossible to
eliminate static disturbances in receivers by audio fre-
quency balancing schemes (I. K. E. 16, p. 966, 1928).

Advances have been made in the production of
oscillations having wavelengths of less than 1 meter.
Important publications on this subejct are by Yagi
(I. R. E. p. 715, June, 1928), Hollmann (I. E. E. p. 229,
Feb. 1929), and Okabe (Journ. Inst. of E. E. Japan,
March, 1928, p. 284).

An excellent summary of the status of direction
finding was recently published in the I. R. E.
Proceedings (March, 1929, p. 425) by Smith-Rose.

The Bureau of Standards has developed a successful
aircraft radio beacon (I. R. E. 16, p. 890, July, 1928).
An extensive bibliography on aircraft radio has been
published by Joliffe and Zandoninini (I. R. E. 16,
p- 985, July, 1928).

In the field of vacuum tubes, Hull* has developed a
high-voltage two-element gaseous rectifier, and a three-
element gas tube, both of remarkable characteristics.
Four-element double grid commercial tubes have been
developed, and five-element tubes are now in the ex-
perimental stage.

The most remarkable discovery that has been made
recently in short-wave propagation is the discovery by
Stormer and Hals of echo signals with time delays as
great as 15 seconds after reception of the original signals
(Nature, Vol. 122, Nov. 3, 1928, p. 681). Similar echoes
have also been observed by van der Pol (Nature, Vol.
122, Dec. 8, 1928, p. 878). These Stormer-Hals echoes
have aroused great interest, and several explanations
have been advanced concerning their origin.

SUBCOMMITTEE ON REACTIVE POWER

In October 1925 the A. 1. E. E. published an English
edition of the “Questionnaire on the Problem of Re-
active Power,” prepared by the National Roumanian
Institute for the Study of the Development and Utiliza-
tion of Sources of Energy, for the Advisory Committee
for the Improvement of Power Factor of the Interna-
tional Conference on Large High-Voltage Systems.

This is a 21-page 9 by 12-in. pamphlet with an intro-
duction by Doctor C. O. Mailloux. The questionnaire
treats in great detail of the theoretical and practical
aspects of the subject, with an extensive list of references
appended.

The questionnaire has been referred by the Standards
Committee of the Institute to the Committee on Electro-
physicsforanopinion. Sincemostof themembersof this
committeeare following entirely different lines of work, it
was deemed advisable to form a special subcommittee.
Dean O. J. Ferguson of the Universityof Nebraska kindly

4. A. I E. E. Quarterly Trans., Vol. 47, July 1928, p. 753.
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consented to serve as chairman of the subcommittee.
SoME ACTIVE ToPICS IN PHYSICS

One of the purposes of the committee being to act
as a connecting link between the Institute and the field
of pure physics, the following list of topics will be of
interest. It represents some of the subjects on which
physicists are working and on which papers are being
regularly presented and articles written by the leading
investigators. It will be noticed in particular that the
old division into mechanics, heat, light, electricity, and
sound, has been more or less obliterated, the electron
theory and the quantum mechanics being the dominant
foundation of most of the researches, except in acoustics.

Scattering of electrons by gases, liquids, and solids.

Diffraction of electrons by thin films and by crystals.

Absorption of electrons by vapors.

Effect of electrostatic and magnetic fields upon
electrons, ions, and neutral molecules.

Spectra of various substances under different con-
ditions, as bearing upon the nature of their atomic
and molecular structure.

Energy distribution, attenuation, and absorption of
radiation at different wavelengths.

Photoelectricity and photoelectric cells.

Effect of electric and magnetic fields upon spectra,
and correlation of these effects with the atomic and
molecular structure.

X-rays; their wavelength, electron levels, diffraction,
fine structure, polarization, ejection of photoelectrons.

Characteristics of sparks and other discharges, in-
cluding their spectra.

Thermionic emission and properties of triode valves.

Compton effect; Raman effect.

Behavior of electrons like waves and behavior of
light quanta like particles; bridging the gap between
matter, electricity,and energy.

Nature of light waves and of electrons.

Conduction in metals from the point of view of the
new quantum mechanics.

Nature of magnetism.

Magnetic properties of crystals.

Experimental and theoretical study of atmospheric
electricity and terrestrial magnetism, in terms of moving
ions and of radiations.

Structure of the universe in terms of astronomical
and spectroscopic evidence, assisted by Einstein’s
generalized theory of relativity.

New statistical mechanics, wave mechanics, quantum
relations, indetermination principle, etec.

Quantum mechanics of chemical reactions.

Atomic structure and chemical valency.

NoOTE. Attention is directed to Doctor M. 1.
Pupin’s Editorial on 1928 Progress in Physics.b

A GENERAL TREND IN PHYSICAL CONCEPTS

The present day period in physics may be said to have
begun with the discovery of the electron in the closing
years of the nineteenth century. This meant a new

6. A. L E. . JournaL, February 1929, Vol. 48, p. 92.
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atomic concept of electricity. The introduction of the
idea of quantum ol energy, as the smallest amount of
energy in a “‘chunk’ of radiation of a given {requency,
meant another new concept; namely, the atomicity
of energy, at least in one of its forms. Einstein's
relativity followed in 1905, and has brought in another
new idea; namely, that a physical “law’’ may bediflerent
depending upon the size of the continuum to which it
is applied and the magnitude of the velocities which
come into play. In the Bohr-Sommerfeld theory of
the atom (1913-1915), the three new concepts; namely
those of electron, quantum, and relativity, were
brought together in a masterly way to explain the
observed complex structure of various spectra. Later,
similar ideas were extended to molecular spectra and
to the theory of specific heats, as being due to different
forms of motion of the parts of a molecule relatively to
one another.

Thus, an area of “picture theories’’ of the atomic
structure was ushered in. Electrons were endowed
with various forms of motion about a central nucleus
to explain this or that phenomena; atoms were en-
dowed with suitable forms of motion within a molecule
to explain some other phenomena; and when a particular
feature of a spectrum could not be accounted for, new
motions were invented to explain it—for example, the
spinning electron. In other cases, the observed
spectra did not show all the lines predicted by the
theory,-and certain “principles” or “postulates”’ were
introduced to exclude such lines a priori as not being in
accord with one of these principles.

However, the picture-theory period was only short-
lived, partly because the pictures themselves became
unduly complex, especially for heavier atoms, partly
because the theory proved to be inadequate on some
essential points, and partly because in the very nature
of the phenomena statistical results were desired, rather
than an actual orbit of this or that electron in a partic-
ular atom. Buta statistical problem, where billions of
atoms are to be considered simultaneously, and where
only the probability of a certain event 1s sought, rather
than its certainty for a given atom, hardly lends itself
to a picture. Justasan extreme advocacy of graphical
methods on a branch of engineering usually leads to a
reaction in favor of an analytical method, so the picture-
theory period yielded its place almost overnight to a
"mathematical-function” period in the midst of which
we are now laboring.

Qeveral brilliant European mathematical physicists,
such as Heisenberg, Born, Jordan, Pauli, de Broglie,
Dirac, Fermi, and Schridinger, have developed various
aspects of this new point of view, and while it would be
entirely out of place to go into the details here, the
following few remarks may indicate the general trend.®

6. A symposium on Quantum Mechanies was held under‘the
joint auspices of the American Physical Society and American
Mathematical Society in New York City on December 31, 1928.
Most of the papers and discussions may be found in the April 1929
issue of the Franklin Institule Journal.
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ldeas are more general than objects or phenomena,
and we are apt to come nearer the true interpretation
of the universe by adhering as closely as possible to
general ideas rather than by evolving gpecific pietures,
especially if the latter have been borrowed from the big
world of every day experience and transferred without
change into the unknown intra-atomic world.  But
quantitative ideas are best expressed by mathematical
formulas and operations, and so the problem is reduced
to devising such formulas and operations and using them
to describe and to predict phenomena, even though we
may not be able to construet corresponding pictures
within the atom. There is no contradiction in this
because an individual atom is not yet susceptible
to direct ohservation. The prineipal point to achieve
is to make the mathematical theory agree with the
observed phenomena n the minutest amounts of
matter and energy with which an experimentalist
deals.

As Haas correctly points out,’ should the new point
of view persist for any length of time, it cannot fail to
affect our whole attitude towards physical laws and
interpretation of nature. According to it, matter and
radiant energy are both atomic, and do not differ radi-
cally from each other. Under certain circumstances,
electrons behave like waves and waves behave like
chunks of matter. Energy is converted into matter,
and vice versa, and this process is going on in the uni-
verse continually, creating new worlds and destroying
the old. A physical law does not dominate an event
but merely establishes probabilities for this or that
percentage, just asa statistical law does not affect births
or deaths in a species of living beings. In the big visual
world we may speak of an instantaneous position of a
material pointand at the same time of its instantaneous
velocity. In the sub-atomic world, according to
Heisenberg’s principle of indeterminateness, such a
statement would be absurd. 1If the coordinates of an
electron are given we can only ask about the probability
of a certain velocity, and vice versa. In the big world of
interstellarspaces, other laws reign supreme; Euclidean
geometry and ordinary mechanics hold no more, and
what we observe in our every day life (or even In our
best equipped laboratories) is but a very narrow aspect
of the real laws of nature. We do not see the bigger
relativity aspects of the fundamental laws of nature,
because our distances are too small and our velocities
too low. We do not see the fine-structure aspects of the
same laws because of the crudity of our apparatus which
permits our observing the microcosm only statistically.

The new attitude is one of humility, and if it is an
attempt to free the laws of nature from an anthro-
pocentric point of view, future generations will welcome
it as a step in the right direction.

7. Arthur Haas, “Materiewellen und Quanennmechanik,”
Akademische Verlags-gesellschajt, 1929, Chapter 19. See also
V. Karapetoff, “Picture Theories Inadequate,” an article to be
published in the Electrical World during 1929.



The Sixty-Cycle Flashover of Long Suspension

Insulator Strings
BY R. H. ANGUS*

Student Member, A. I. E. E.

Synopsis..—This is a study of the 60-cycle flashover of strings
up to vollages of 1100 kv., undertaken at the Ryan High-Voltage
Laboratory, Stanford Universily. Investigation was made of the
variations in flashover vo'tage for similar horizontal and vertical

strings, with and without shields and lower members. An attempt
has been made to correlate these flashover voltages with the poini-lo-
poinl and point-to-grounded-plane arc-over voltages established in
1928 at the Laboratory. '

INTRODUCTION

HE dry 60-cycle flashover voltage of long strings
T of cap-and-pin porcelain insulators, is of some
importance in the design and selection of the insu-
lation for any particular project. There are authori-
ties who advocate the adoption of a wet flashover as the
criterion;? but the difficulties which have been encoun-
tered in the standardization of a suitable ‘“rain” or
“mist” make it inadvisable to accept this as the only
test of insulator strings.* Further, if Dr. L. B. Loeb’s!
theory of breakdown is established, it may be that power
frequency arc-over voltages will be a measure of impulse
voltage flashover of insulator strings, provided arcing-
rings are designed and fitted to prevent cascading arcs.’
In all the publications dealing with the flashover of
insulator strings, which the writer has seen, no refer-
ence was found to tests on strings in a horizontal
position. Judging by the large numbers of strain
strings in any high-voltage line, this would appear to
be an important omission, which may be filled by the
tests on horizontal strings to be described in this paper.
Only one article mentioned flashovers of more than
750 kv.. Because deviations from a straight line
flashover-distance relation only begin to appear above
600 kv., the experimental work was continued up to
flashovers of 1100 kv., which is the maximum volt-
age to ground available at the Ryan High-Voltage
Laboratory.
Doubt has been expressed as to the necessity of
increasing the number of insulators in strain strings,
by one or two, over the number in a normal suspension
string. This seems to be standard practise to attempt
to overcome the deterioration of insulation due to the
accumulation of dirt and the heating effects of sunlight.
Jut the flashover of similar clean strings in the two
positions was not thought to be different,? although the
form of the electrostatic field about vertical and hori-
zontal strings cannot be the same.

THE NATURE OF FLASHOVER
The flashover of an insulator string is the breakdown

*Commonwealth Fund Fellow at Stanford Universily, Palo
Alto, Calif.

1. Tor refercnce see Bibliography.

Presented al the Pacific Const Convenlion of the A, 1. K. E.,
Sanla Maonica, Calef., Sept, 3-#, 1929.  Printed com plele herein.

of the surrounding air, and consequently follows the
laws of conduction of electricity through gases, which
have been formulated by Paschen, J. J. Thomson,
J. S. Townsend, L. B. Loeb, F. W. Peek, and others.
The process of breakdown is thought to consist of
ionization of the air and disturbance of the electronic
orbits, consequent on the applied voltage gradient, till
the air attains a conducting or chemically reactive
state. When this occurs a sharp spark takes place,
the spark having many of the characteristics of a con-
denser discharge. The power arc immediately follows.
In the preparation for breakdown, ionization is de-
pendent on voltage gradient and therefore on the form
of the electrostatic field. Previous to power-frequency
point-gap arc-overs of above 500 kv., long ‘“‘streamers”
sparks reach out from the electrodes. The air in the
paths of these sparks is conducting and their presence
must influence the distribution of the field. It is con-
ceivable that their influence is the main cause of the
widely varying arc-over values which are observed.”

The field about an insulator string is, as is well
known, by no means uniform. The equal capacities
of the units, as they are in series, give a higher stress at
the line end of the string than at any other place.
Equalizing shields do much to unify the distribution of
stress along a string, but they and grounded tower
structures complicate the form of the field, so that the
effect of their presence on the flashover of a string can
hardly be accurately anticipated for any particular
case. All that can be done is to discover the variations
in flashover values due to surrounding objects, for some
extreme cases.

THE TEST INSULATORS

Only two types of insulators were used in the tests.
Joth were standard ball-and-socket cap-and-pin
porcelain insulators, whose principal dimensions are;
insulator “A”’, diameter 10 in., pitch 5.75 in.; insulator
“B” diameter 10 in., pitch 5.0 in.

It is hoped that the selection of this. type of in-
sulator will in no way prejudice the possibilities of other
types, including that evolved by Dr. H. B. Smith.?
Only ring shields at the line end and arcing-rings at the
ground end of the strings were used, as arcing horns
appear unsatisfactory.® The shields were to attempt
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to equalize the electrostatic stress on individual units,
and the arcing rings were to insure that the are clears
the string at the ground end. 'The dimensions are
below.

Shields. Single String; a circular torus, internal
diameter 22 in. of 2.5-in. circular metal material,
mounted from the line clamp so that the central plane
of the torus was one inch below the top of the cap of the
line unit. The whole shield was in metallic contact
with the high-voltage line.

Double String; an oval ring, internal diameters 33
and 20 in., of oval material 1 in. by 0.5 in., mounted In a
similar way to the single string shield with the 33-in.
diameter in the plane containing the axes of the two
strings. The 1-in. diameter of the material was parallel
to the axes of the strings.

Arcing-rings. Single String; circular ring, internal
diameter 20 in. of 1-in. by 0.25-in. flat material,
mounted in metallic connection to ground, the 1-in.
dimension parallel to the axis of the string. The ring
was level with the porcelain of the ground unit.

Double String; similar in every way to the double
string shield.

Flashover voltages of vertical and horizontal strings
of both types of insulators, were measured for the
following cases:

1. Strings without shields or arcing-rings.

9. Strings fitted with shields and arcing-rings.

3. Strings fitted with shields and arcing-rings,
tower structures being present at the ground end of the
string.

In each case the nearest object, other than these men-
tioned above together, with the high-voltage and ground
cables was over 18 ft. from the string.

METHOD OF CONDUCTING TESTS

As the flashover of any gap is dependent on ioniza-
tion, the maximum voltage reached before spark-over
is the value that must be measured. With an alter-
nating voltage, the required value is that of the crest
immediately previous to spark-over. Thus, a satis-
factory method of measuring this value must be de-
vised; either the crest value or the wave form must be
known, and the use of an oscillograph 1s obviously
desirable. The technique of voltage measurement by
means of an oscillographic record of the current through
a water resistor, as developed in 1928 at the Ryan
High-Voltage Laboratory,! proved to be invaluable.
This method was used to calibrate the voltmeter coil
of the high-voltage transformers, for each type of set-up.
as differing capacities to ground and differing corona
loads affect the constancy of the voltmeter coil’s
transformation ratio.

Five separate oscillograph measurements were made
for each of a number of typical set-ups. The results so
obtained were compared with voltmeter coil readings
of other flashovers of the same strings. This led to a
calibration curve for each type of string, so that volt-
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meter coil readings could be used for similar strings of
different lengths.

Results were thus achieved more quickly than if an
oscillograph had been used for every measurement.

No temperature or pressure connections of flashover
voltages were made, as at no time during the tests were
the conditions sufliciently far from the standard of 760
mm. and 25 deg. cent. to warrant such connections.

(OMFARISON OF FLASHOVER VOLTAGES

There are certain principles which must be accepted
before flashover values of different strings may be com-
pared; these are:

1. Flashover values should be referred to the arc-
over distance and not to the number of units in the
string. The arc-over distance is the length of the
shortest path in air which arc can take from the line
to the ground end of the string.

2. Comparison of the flashovers of complete strings
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Fic. 1—FLASHOVER OF SUSPENSION INSULATORS, STRAIN

PosiTioN, UNSHIELDED

under working conditions should be made only with
each other, or some standard, and not with the flash-
over value of one unit of the string.’

3. The lowest observed flashover is the important
value. Proceeding on these lines, an attempt has been
made to relate the lowest flashovers of suspension and
strain strings with the standards of the point-to-point
and point-to-grounded-plane arc-overs.

DISCUSSION OF RESULTS

Astheflashoverof astringof insulators to a certain ex-
tent is dependent upon the initial state of ionization of
the surrounding air, a constant flashover voltage cannot
be expected, and the values may be represented rather
by an area than by a line curve. This is done in Fig. 1.
The areas denote the range within which the flashover
of a strain string may occur, for the two types of insu-
lators which were tested. A comparison is also made
between the values derived by the water resistor method
and the direct voltmeter readings. This shows the
necessity for calibration of any particular arrangement
of apparatus.
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With “B” insulators, the calibration ratio increases
steadily with the string length, which is a result of the
increasing corona load as the flashover voltages grow
larger. With “A” insulators a greater change in the
ratio sets in at 550 kv. This is due, first, to the in-
creasing corona, and second, to priming which occurs
with more than six of this type of unit. ‘‘Priming”
is a term applied to the short, snapping sparks over the

Fig. 2—Nox-CascapING FLAsHOVER OF VERTICAL STRING OF
10 ““A” IxsuLaTORS

line units, occurring before arc-over. It is the direct
translation of the French expression for this phenom-
enon,® and should, in the opinion of the writer, be
used in preference to “cascading,” which should de-
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scribe only the type of arc that clings close to the
porcelain in its passage from one cap to the next.

LOWEST OBSERVED VALUES

1. Strings in the Vertical Position.

(a). “A” and “B” insulators, unshielded.

In this position, the conductor has a very considerable
shielding effect on the string; so much so that no
priming took place, and only 108 in. could be arced over
with the 1100 kv. available. * There was some cascading
with “A” insulator strings of above ten units. Fig. 2
is a typical non-cascading arec-over.

(b). “A” and “B” insulators, with shields, arcing-
rings, and tower members.
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The lowest flashover voltages for the same arc-over
distances are very similar to those for unshielded strings;
the effect of the conductor is nearly as much as that of
the shields in equalizing the stresses on individual units
and preventing both priming and cascading. This 1s
specially noticeable with the smaller pitched “B”
insulators.

The values for shielded and unshielded strings are
so equal that one curve serves for both sets. (Fig. 3.)
The curve is approximately midway between the point-
to-point and point-to-plane curves; the deviation from
this position at above 750 kv. is due to the effect of the
capacity-to-ground on avertical gap, which causes about
20 per cent increase in the arc-over value of a 110-in.
point-gap when the lower point is moved from ground
level to 15 ft. above it.!

In order to discover any effect of the vertical part of

Fic. 4—FLasHOVER oF 20 *‘B’ INSULATORS, WITH SHIELDS AND
Tower MEeuBERs IN PosiTiox

towers on flashover values, a large wire screen was
erected 10 ft. 10 in. from the nearest point of the shield
of a string of 20 “B” insulators, and the screen was
connected to ground. (Fig. 4.) Voltmeter readings
of flashovers were taken with and without the screen
in place. The averages of the two sets of readings were
equal, showing that the voltmeter coil calibrations of
the two set-ups were the same. But the lowest ob-
served values were 900 kv. with the screen and 930 kv.
without. It is probably safe to infer that the exploring
streamer sparks were influenced by the presence of the
screen, resulting in a 3 per cent lower flagshover. This
1s barely greater than the limits of experimental error.
Consequently it may be said that the important part
of the tower, as regards flashovers, is the member at
the ground end of the insulators.

The flashover voltage of a double string when
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shielded, is sufliciently near to that of a similar single
string to assume that they are equal, provided they have
equal arc-over distances, (IMig. 3).

2. Strings in the Horizontal Position.

In the horizontal position the conductor provides no
shielding effect. In actual transmission lines, the
jumper at anchor towers would give some shielding;
but it was decided to use an extreme case, as might be
found at a terminal point, where the lead to the trans-
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formers or switchgear is in such a position as to shield
the insulators but little.

(a) “A” insulators, unshielded.

The lowest flashover voltages of unshielded strings of
“A” insulators are mid-way between the point-to-point
and point-to-plane values, up to about 750 kv. Above
this, both priming and cascading (Fig. 5) become very
marked, and the curve runs below those of the two
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standards. (Fig. 6.) It should be noted that 25 “A

units were arced over only because priming and cas-
cading occurred. The flashover of 25 of the closer
pitched “B” units was beyond limits of the high-voltage
transformers, for with them there was less priming and
cascading. (Fig.7.)

Fig. 8 1s interesting, as it visibly demonstrates the
need of shields and arcing-rings; corona from the high-
voltage lead has shielded the first nine units, but cas-
cading has occurred on the ground unit.

(b) “B” insulators, unshielded.
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The smaller amount of priming with “I” insulators
results in a higher flashover fora given arc-over distance
than with the “A’" insulators, although there is hardly
any diflerence between the flashovers of the two types
for strings of less than 15 units.

(¢) “A” and “B” insulators, with shields, arcing-
rings, and tower members.

Fig. 9 shows a typical arc-over. An arc to the tower
sometimes occurred, and the flashover was frequently
below the string but in every case the arc cleared the
units.

The flashover voltages were the lowest of all those

Tig. 7—TFrasnover oF 22 B’ INSULATORS, STraIN PosITION

Fic. 8—Frasgover or 10 ‘A’ INSULATORS, STrAIN POSITION

Fia.
AND ToweEnr MEMBERS 1N PosiTiON.
iNx FOREGROUND

9—¥rLasHOVER OF 20 ““A’" INSULATORS, WITH SHIELDS
WatERr CoLumn REsisTOR

measured. They agree very closely with the point-to-
grounded-plane values, as might have been anticipated
from the position of the high-voltage lead with respect
to the grounded tower.

CONCLUSIONS

1. Varwation in Pitch. With strings in any position
which are shielded (either by the conductor or by
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shields) a 15 per cent variation in pitch does not
affect the arc-over.

With strings which are not shielded cascading and
priming may result on an increase in pitch. This will
lower the flashover value.

The 5-in. pitch of the “B” insulators seems to be as
large as a 10-in. diameter unit will stand without cas-
cading. This is in close agreement with the results of
G. Viel® for cap-and-pin insulators 11.4 in. in diameter
and 5.9 in. pitch. In other words, for unshielded
strings the pitch should not be more than about half
the diameter of the unit.

2. Shielding. All strings (except perhaps those below
15 in. long) should be shielded. With vertical strings
the conductor may provide sufficient shielding if the
pitch and therefore the variation in stress on individual
units, is not too great; though to be certain that the
flashovers clear the string, arcing-rings should be used.*
In other positions the conductor may not provide
sufficient shielding, then ring shields must be fitted.

3. The Flashover Voltage-Distance Relation is not
straight line, but lies between the point-to-point and
point-to-ground-plane curves.

4. The Lowest Flashovers are obtained with strain
strings. But these values are not below the point-to-
grounded-plane are-overs for the same distances.

5. Length of Strain Strings. These need not be more
than five per cent longer than suspension stiings;
that is, one unit in twenty should be added to the normal
vertical string to guard against the capacity effect of
the strain towers. Additional units may also be neces-
sary to overcome special local atmospheric or dirt
conditions.

6. Double Strings have the same flashover as single
strings of the same length, if both are adequately
shielded.

7. Calibration of Voltmeter. Voltmeter-coil (or po-
tential-transformer) readings should be calibrated by
some suitable method for each particular type of set-up.

ACKNOWLEDGMENTS

The author is deeply indebted to Dr. H. J. Ryan for
his helpful eriticisms and to Professor J. S. Carroll and
the other members of the Laboratory staff whose experi-
ence and assistance, both mental and physical, were
invaluable.

Bibliography

1. J. S. Carroll and B. Cozzens, Sphere-Gap and Poini-Gap
Arc-Over Voltages, A. 1. E. E. Tra~s., Vol. 48, January 1929, p. 1.

2. T. B. Fleming, “The Application of High-Tension Insu-
lators,” Electric J1., Vol. 21, 1924, p. 217.

3. R. T. Fleming, “Testing of Insulators under Artificial
Rain.” Electric Rev. (Lond.), Vol. 98, 1926, pp. 612 and 651.

Note. Asreported on page 260 of Volume 48 of the A. I. E. E.
JoUr~aL for April 1929, it seems as though Viel advocates the
increased separation of both cap-and-pin and link type insulators.
Actually these remarks apply only to the link tvpe with which
he experimented; he says that his cap-and-pin tvpe should not
have a greater separation.

ANGUS: SIXTY-CYCLE FLASHOVER OF STRINGS 841

4. L. B. Loeb, “Theory of Electrical Breakdown of Gases at
Atmospheric Pressure,” Franklin Inst. Jl., Vol. 205, 1928, p.
305, and Science. Vol. 69, 1929, p. 509.

5. J.J. Torok and H. Ramberg, Ipulse Floshover of Insu-
lators, A. I. E. E. Trans., Vol. 48, January 1929, p. 239.

6. E. Marx, “Die Stromaufrahme von Hangisolatoren und
ihr Einflu B auf die Spannungsverteilung an Isolatorenketten,”
E. T.Z. Vol 46, 1925, p. 81.

7. 1. T. Lusignan, A Study of High-Vollage Flashovers,
A. L. E. E. Trans., Vol. 4%, January 1929, p. 246.

8. H. B. Smith, The Developmenl of a Suspension-Type
Insulaior, A. 1. E. K. Trans.. Vol. 43, 1924, p. 1263.

9. G. Viel, “Resultais deseais éfectues sur des isolateurs
suspendus: élude de l'influence de la longueur des attaches,”
Rec. Gén. Elec., Vol. 24, 1928, p. 915. Abstract in World Porwer,
Vol. 11. 1929 No. 63, and in A. 1. E. E. Ju., Vol. 48. 1929, p. 260.

A 1000-L.B. TELESCOPE DISK

The most serious difficulties met in producing large
pieces of glass include properly melting the amount of
glass required, transferring it to a mold to produce the
desired shape while maintaining the necessary qualty,
and finally, cooling it at such a rate that it does not
crack and is free from disturbing internal stresses.

Because of the lack of definite information on methods
of making satisfactory pieces of glass which could be
used for large telescope reflectors, the Bureau of
Standards undertook to produce a 70-in. disk.

It was first necessary to make pots sufficiently large
to hold the amount of glass required. The pots were
“cast” in a plaster of Paris mold by a method developed
at the Bureau. A hole was provided near the base of
the pot which could be plugged during the melting of
the glass and through which the glass could be tapped.

The combined mold and annealing furnace into which
the glass was tapped consisted of four essential parts:
the metal forms, the lining, the heating elements, and
the insulation.

The temperatures of the melting furnace and of the
annealing furnace were controlled electrically. The
pot was burned very slowly, 30 days being required to
reach a temperature of 1425 deg. cent., at which the
glass would be melted.

When all arrangements were completed for tapping
the pot. the water-cooled plug was removed and the
molten glass began to flow. When practically all the
glass was in the mold, the lid was put in place. The
glass was cooled to 600 deg. cent. as rapidly as the
furnace structure would permit. During the next two
months the heating current was gradually reduced
until the temperature for annealing was reached. The
glass was annealed for 41 days at 461 deg. cent.

Four and a half months after the cooling from anneal-
Ing temperature started, the furnace and its contents
were practically at room temperature. The glass was
found to be in satisfactory condition.

The disk was 69.75 in. in diameter, 11 in. thick,
and weighed approximately 4000 lb. The maximum
strain detected was well within the limit permissible
for optical instruments of the highest precision.
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ILLUMINATION ITEMS
Submitted by
The Committee on Production and Applieation of Light

TWENTY -AMPERE SERIES CIRCUITS FOR STREET
LIGHTING
C. J. STAHL!

Wherever lamps are to be installed on a fairly close
spacing, there is a growing tendency to use 20-ampere
straight series street lighting circuits in preference to
6.6-ampere circuits, which have been so generally used
in the past. Several 20-ampere systems have been in
use for more than a year, and reports'.of operation are
very favorable.

Those who advocate the use of 20-ampere circuits
maintain that the 6.6-ampere practise is a heritage of
the days when arc lamps were in general use for street
lighting service. Itis pointed out that on underground
circuits, either No. 6 or No. 8 copper conductors are
used, and that these have a current-cairying capacity
considerably in excess of 6.6 amperes. When this
current-carrying capacity 1s not properly utilized, a
share of the copper investment is going to waste.
Furthermore, insulation costs are unnecessarily 1n-
creased, since at the lower current rating for a given
load, the total circuit voltage is higher than for the
20-ampere circuit. On the 20-ampere straight series
circuits the use of individual auto-transformers or
series transformers at the lamps is unnecessary. This
somewhat improves the efficiency and power factor and
naturally the investment cost is less, due to the omis-
sion of these items.

There appears to be no element of the equipment,
installation or maintenance carrying a higher cost for
the 20-ampere circuit than for the 6.6-ampere circuits
but there are several items in which the cost is consider-
ably reduced.

For a given circuit load it is obvious that the total
circuit voltage is reduced approximately 66 per cent.
In this case the cost of underground cables is substan-
tially less. On the other hand, for a given cable
voltage rating, it is possible to supply approximately
three times as many units on a single circuit when
operated at 20 amperes.

The use of 20 amperes, however, does make neces-
sary the omission of steel tapes from underground
cables. During the past two or three years, this has
brought about the development of the so-called ‘‘non-
inductive” cables, in which the steel tapes have been
entirely omitted or replaced by non-magnetic fibrous
material. In duct systems, in which the ducts are of
non-magnetic material, naturally no difficulties are
experienced from the standpoint of excessive reactance
losses.

The advantages of the 20-ampere system seem to
apply either to ornamental or overhead types of street
lighting, providing that the spacing between the
units does not much exceed 150 ft. In the case of

1. Westinghouse Electric & Manufacturing Co., South
Bend, Ind.
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abnormally long spacings, the conductor losses reach
the point of balance as against the savings in other
factors.

CALORIMETER TES'T ON 08,750-KV-A.
TURBINE GENERATOR
J. M. CALVERT'
LTHOUGH a number of calorimeter tests have
A been made in this country and abroad to deter-
mine the loss in turbine generators when operat-
ing at the full-load full-voltage 0 per cent power over
exciter condition, very little if anything has been pub-
lished on tests at 80 per cent power factor, and the idea
has always lurked in the minds of engineers that pos-
sibly the load loss under these conditions might be of a
different magnitude.

Recently two duplicate 68,750-kv-a. turbine genera-
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Fig. 1

tors were coupled electrically and mechanically, and
the losses of the machine which was operating at 80 per
cent power factor as an over-excited generator were
measured by the calorimeter method; that is, the
kilowatts to the air stream, which comprised about 98
per cent of the total loss occurring within the frame,
were computed from measurements of the volume and
temperature rise of the air passing through the machine.
The remaining loss was estimated from temperature
measurements at various points on the frame and the
air velocities over the outside surface.

The data obtained showed that the full value of load
loss as measured on short circuit was practically equal
to the load loss at the full-load full-voltage 80 per cent
power-factor condition as determined by the calorim-
eter tests. This test furnishes a verification of the
present A. I. E. E. standard method of measuring stray-
load loss for commercial guarantees.

1. Waestinghouse E. & M. Co.
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INSTITUTE AND RELATED ACTIVITIES

The District Meeting in Ghicago

Some of the most vitalof recent developmentsin electrical engi-
neering will be discussed at the District Meeting of the Institute
which will be held December 2 to 4 at the Drake Hotel, Chieago,
11l.  Inspeetion trips of special interest have heen arranged and
a banquet and dance will be enjoyved.

Two Student Sessions form another important part of the
program. The schedule of all events isas follows:

Progras or Cuicaco MEETING
(Al sessions will be held in the Ballroom)

Moxpay, DECEMBER 2

9:00 a. m. Registration.
9:30 a. m. Session on Student Branch Activities.

J. 1. Kuhlmann. presiding.

A series of reports by Braneh chairmen will bhe
presented. A prize of $10.00 will be awarded
for the hest report.

2:00 p. m.  Formal Opening of Meeting by President H. B.
Smith.

Address of Welecome by Chieago Association of
Comierce.

Session on Communication.

W. 0. Kurtz, presiding.

Recent Developments in Telephone Toll Service, by
W. H. Harrison, American Telephone &
Telegraph Co.

The Chicago Long Distance Toll Board. by E. O,
Neubauer and G. A. Rutgers, lllinois Bell
Telephone Co.

Manufacture of Telephone Carrier and Repeater
A pparatus, by R. C. Glasier, Westeru Electric
Co.

Asr Transport Communication, by E. L. Jones and
F. M. Ryan, Bell Telephone Laboratories.

Tuespay, DECEMRER 3

9:30 a. m. Session on Power Plants.

F. H. Lane, presiding.

The Future of Higher Steam Pressures, by 1. E.
Moultrop. Edison Eleetrie 1luminating Com-
pany of Boston.

Use and Design of Faull Ground Bus. hy R. M.
Stanley and F. C. Hornibrook, Bylleshy Engg.
and Mgt. Corp.

Increased Voltages for Synchronous Machines, by
C. M. Laffoon, Westinghouse Elee. & Mfg. Co.

Double Windings for Turbine Alternators, by P. L.
Alger, E. H. Freiburghouse and D. D. Chase,
General Electric Co.

4 40,000-kw. Variable-Ratio Frequency Converter
Installation, by E. S. Bundy, Niagara Lock-
port and Ontario Power Co. and A. Van

! Niekirk and W. H. Rodgers. Westinghouse
Elec. & Mfg. Company.
2:00 p. m. Student Technical Session.

J. H. Kuhlmann, presiding.

Relation Between the Branches and the Institute; by
H. H. Henline, Assistant National Secretary,
A LE.E.

What I Expect to Find When I Get Into Industry, by
H. W. Hasse, Marquette University.

Personnel Selection in Public Utilities, by A. O.

! Alstadt, Marquette University.

Eleciric Power Transmission in lowa, by E. M.
Ellingson, The State University of lowa.
Ezxperiences with Single-Phase Condenser Molors,
by S. E. Burgduff, Marquette University.
Headlight Testing, by J. C. Newhouse, University of
Minnesota.
Testsng of Reduction Gear Unils. by G. P. Maurer,
Marquette University.
Determination of the Temperature of Underground
Power Cables from Load. by J. E. Dean,
Mighigan State College.
Cooperative Engincering, by R. J. Abele and F. J.
O’ Keefe, University of Detroit.
A Discussion of the Recent Public Utility Investsgation
al Washkington, by K. Q. Conroy, University of
Notre Dame.
3:30 p. m. Board of Directors’ Meeting (Room D).
6:45 p. m. Banquet and Dance (Ballroom .

WebpnEspay. DECEMBER 4
9:30 a. m. Sesston on Transmisston and Distribution.

H. W. Eales, presiding.

Theory of a New Valve Type Lightning Arreslter, by
J. Slepian, R. Tanberr and C. E. Krause,
Westinghouse Elec. and Mfg. Company.

Low-Vollage A-C. Networks, by R. M. Stanley and
C. T. Sinclair, Byllesshy Engg. and Mgt.
Corp.

in Eeonomic Study of an Electrical Distributing
Station, by W. G. Kelley. Commonwealth
Edison Co.

Ezxperience with Carrier-Current Communication on a
High-Tension Interconnected Transmission Sys-
temn., by Philip Sporn and R. H. Wolford, Ameri-
can Gas & Electrie Co.

Automatic Regulation for Synchronous Condensers
Equipped with Super-speed Excilation, by L.W,
Thonmpson and P. .J. Walton, General Electrie
Co.

2:00 p. m. Session on Research and Development.

A. H. Lovell, presiding.

Polyphase Induction Motors, W. J. Branson,
Robbins & Myers, Inc.

Recording Torque Indicator, by G. R. Anderson,
Fairbanks, Morse & Co.

Effect of Armature Resistance on Stability of Syn-
chronous Machines, by C. A. Nickle and C. A.
Pierce, General Electrie Co.

Ionization Currents and the Breakdown of Insulation,
by J.J. Torok and F. D. Fielder, Westinghouse
Elee. & Mfg. Co.

Heat Radiation in Inter-Reflection Cases, by A. D.
Moore, University of Michigan.

InspEcTION TRIPS

There will be quite a number of attractive inspection trips,
including those to the New State Line Generating Station,
Crawford Avenue Generating Station, a typical electrified steel
mill, a high-capacity transmission substation, the Western
Electric factory, an automatic telephone exchange, and several
others.

Members should register as soon as possible for trips they
wish to take. Complete information will be available at the
registration desk at the opening of the meeting.

343
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Lapies’ ENTERTAINMENT
The Ladies’ Entertainment Committee is planning a very
interesting program, inoluding trips to the Art Institute, the
Live Stock Show, and the Field Museum-—alsoa bridge party and
tea. A shopping serviee will also be available.

Repucenp RaiLroap RaTes

Railrond tickets from eertain territories to Chicago may be
purehased at reduced rates, available to anyone who visits
Chicago during the International Live Stoek Show, which will be
in progress at the time of the meeting. The round trip rate
will be one and one-hall times one way fare for those starting
east of Chieago. Tt will be one and one-third times one way
fare for those starting from west of Chicago. Local ticket agents
should be consulted regarding territories, restrictions in dates,
and other details.

HoTEL RESERVATIONS

Reservations for hotel rooms should be made by application
direct to the hiotel. Rates for the headquarters hotel, the Drake,
as well as for other Lotels are given in the following tabulation.
Reservations should be made early in view of the expected
large attendance at the Live Stock Show.

Room rates per day

|
i (minimun)
Hotel :\VimOllt bath{ With bath

Dralke. . ¥ | — 85.00

| 1.00*
Pearson. . . 3 M %3.50
MeCormick. ... .. 3.00
Knickerbocker. .. T 2.50
Maryland. . .........|  2.50
Allerton. ... ........... 2.50 3.00
Eastgate........co0.s 2.50
Alexandria..... .. 0 s mal 1.50 2.00
Ontario. .............. .1 1.50 ! 2.00

*Special rate for Students only.

COMMITTEES

The District Meeting Committee which is .arranging the
meeting is as follows: W. T. Ryan (Viee-President in Distriet No.
5) Chairman; T. G. LeClair, Vice-Chairman; A. G. Dewars,
Secretary; J. H. Kuhlmann, M. A. Faucett, Oscar Gaarden,
L. F. Hickernell, P. B. Juhnke and F. H. Lane. The chairmen
of the other committees are: Technical Program, F. H. Lane;
Hotel and Registration. J. E. Kearns; Finance, K. A. Auty;
Trips and Transportation. H. E. Wulfing; Publicity, I'. R. Innes;
Entertainment and Banquet, H. W. Kales; Ladies, Miss Helen
Norris; and Student Activities, J. H. Kuhlmann.

En Route to World Engineering Cdngress

On October second the principal group of American and
European engineers en route to Tokio to attend the World Engi-
neering Congress left New York on a special train via the Balti-
more and Ohio Railroad. ~ About 80 were aboard the train and
this number was considerably increased by accessions at various
places in the taking on of the foreign engineers who had arrived
in New York during August and Septe mber and who left earlier
for the purpose of visiting places of engineering interest on their
way to San Francisco.

When the train reached Washington, it was met by a well
organized local committee, and the entire party was taken to
the Mayflower Hotel, selected as headquarters.

Upon the evening of their arrival, His Excellency, Katsuji
Debuchi, Japanese Ambassador to the United States, entertained
more than 150 engineers in a most hospitable manner. Ambas-
sador Debuchi, in a short appropriate address following the
banquet, welcomed the delegates and their friends and wished
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them a happy journey. Llmer A Sporry, Chairman of the
Ameriean Delegation, responded to this nddress. The oconsion
was an excocdingly enjoyable ono and afforded a much ap-
prociated opportunity for Amoriean, Juropean, and Japanese
delegntes in attendanee to hecome hetter acquainted

Upon completion of the gightseeing trip ubout Washington,
(which ineluded Mr. Vernon, the home of the fiest ongineor
PProsidont ,—the Burcau of Printingand Engraving, the Pan Amori-
can Union, Museums, the Capitol, Library of Congress, Arlington
National Memorial, the embassies, legntions, and even the
zoological gardens), the delegntion called at the White Tlouse
and paid its respects to President Hoover who was one of Lhe
early sponsors of this movement for a World Engineering (on-
gress in Tokio. Ife shook hands warmly with each member
of the delegation, wished thema pleasant journey, and stood for
his photograph with the delegation.

The special train bearing the delegates away from Washington
Jeft at 3:55 p. nm., on the third, seheduled to stop at Chicago, Los
Angeles and San Franeisco, and in cach place the delegates were
met by the local enginecring societies; thence, on to Hawaii.

The train arrived in Chicago early October fourth and the
acting local committee ably conducted the visitors upon the
various excursions of interest; at noon the Western Society of
Engineers entertained the entire group at luncheon.

Leaving Chicago late on the alternoon of October fourth, the
special train stopped a whole day at the Grand Canyon, and
another day at Pasadena and Los Angeles. The local com-
mittee of engineers provided enjoyable events at Los Angeles
and San IFrancisco, the latter city being reached the morning
of October ninth.

About 300 engineers and members of their families sailed
October tenth from San Franeisco on the Korea Maru of
the Nippon Yusen Kaisha and the President Jackson of the
Dollar lLine. Some of those unable to obtain accommodations
on these two ships were obliged to embark on steamers from
Seattle and Vancouver.

After a stop of two days in Honolulu, the two steamers left,
scheduled to reach Yokohama Oectober 27th, the Congress to
open on the 28th and to terminate on November 10th. After
this, various excursions in Japan and elsewhere have been
scheduled by the Japanese committees in charge of the arrange-
ments for the C'ongress.

ar i

NATIONAL RESEARCH COUNCIL

wan

THREE-DAY INSULATION CONFERENCE AT M. I. T.

The Committiee on Llectrical Insulation, Division of Engi-
neering and Industrial Research, National Rescarch Council, of
which Doctor J. B. Whitehead is Chairman, will hold an Annual
Meeting and three-day Conference at the Massachusetts Insti-
tute of Techunology, November 14-16, inclusive. The first day
will be devoted to meetings of the subcommittees. On Friday,
November 15, the conference will be welecomed by Doctor
Stratton, President of the Massachusetts Institute of Technology,
and the conference will be opened by the address of Doctor J. B.
Whitehead. Teehnical sessions will follow and there will be
discussion of the research work now under way in the laboratories
of the M. 1. T. Saturday morning, the 16th, will be devoted to a
technical session at which will be presented progress reports of
research work in laboratories of the Universities of Illinois,
Harvard, Johns Hopkins, and Massachusetts Institute of
Technology. The conference will be the guests of M. 1. T. at
luncheon each day. Other social features are also being arranged.

Among those Lo present papers are Messrs. W. F. Davidson,
Brooklyn Edison Co., C. F. Hirshfeld, Detroit Edison Company,
D. W. Roper, Commonwealth Edison Co., R. W. Atkinson,
General Cable Corporation; Professors E. I3. Paine, University of
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Illinois, C. L. Dawes, Harvard University, J. B. Whitehead,
Johns Hopkins University, P. H. Moon, Massachusetts Institute
of Technology, and others.

Annual Meeting of the American
Mathematical Society

The American Mathematical Society, for its Annual Meeting
December 27-28, 1929, to be held at Lehigh University, Bethle-
hem, Pa., is arranging that Friday be given to the presentation
of the usual type of papers and that Saturday be devoted to a
symposium on the mathematies of engineering. The general
topic chosen for the Saturday sessions is Differential equations of
engineering, and it is proposed tentatively that, both morningand
afternoon, three half-hour papers be given by men eminent in
their fields. This part of the program is being arranged because
of a wish expressed by some members of each of the two groups—
mathematicians and research engineers—for closer cooperation.

All interested are cordially invited to attend. Headquarters
for the meeting will be at the Hotel Bethlehem, and further
details are being planned by the Committee on Arrangements,
Professor Tomlinson Fort of Lehigh University, Chairman.
Printed program will be sent upon request to the Secretary,
R. G. D. Richardson, 501 W. 116th Street, New York, (after
December 7), who will gladly furnish other desired information.

The sessions will be held in the new Packard Laboratory for
electrical and mechanical engineering.

Those participating in the program are H. W. Alarch,
Department of Mathematies, University of Wisconsin; Vannevar
Bush. Department of Electrical Engineering. Massachusetts
Institute of Technology; T. H. Gronwall, Department of Physiecs
Columbia University; A. Nadai, Research Laboratory, Westing-
house Electric and Manufacturing Company, (formerly of the
University of Gottingen); R. H. Park, Engineering Department,
General Electric Company: and S. Timoshenko, Department of
Mathematies, University of Michigan, (formerly with the
Westinghouse Electric and Manufaeturing Company).

Massachusetts Institute Hears Hydraulic
Engineer

Starting October 2, Doctor Dieter Thoma, Director of the
Hydraulic Institute of the Technieal University of Munich,
Germany. gave a series of lectures at Massachusetts Institute of
Technology, Cambridge, on the following subjects:

Development of the design of Kaplan Turbines and some
recent installations, inecluding Rybourg-Sehworstadt Plan;
cavitation in hydraulic turhines and pumps; methods of im-
proving the shape of blades of turbines and eentrifugal pumps;
the hydraulic storage of energy; dissipation of energy in fluids;
experimental determination of losses in pipe fittings and experi-
ments with various devices; the hydroelectric plants of the
Mittlere Isar A.G. and experimental researchesfor them;stability
problems involved in governing hvdraulic turbines; self-support-
ing pipes of large diameter with thin walls; effect of seale in
model tests and general remarks about hydraulic laboratories for
turbine research illustrated by moving and still pictures.

Doctor Thoma has consented to lecture before the Washington
Society of Engineers on November 6, at which time he will
deliver an illustrated lecture on the Kaplan turbine. By special
request, he will also treat, in a limited time, the subject of
cavitation.

The Washington Award

Members pf the Institute are reminded that through Secretary
F; L. Hutchmson, as representative, they may participate in the
Washington Award.

Thxs prize,—a bronze plaque,—is presented annually to an

ngineer for accomplishment which ““preeminently promotes the

happiness, comfort, and well-being of humanity.” Although the
prize is sponsored by the Western Society of Engineers, whick
holds a fund now amounting to $10,000 donated by its member
John W. Alvord, the award is made by a Commission representing
the American Society of Civil Engineers, the American Institute
of Mining and Metallurgical Engineers, the American Society
of Mechanical Engineers, the American Institute of Electrical
Engineers and the Western Society of Engineers.

The proceeds of the fund are used to provide the annual token,
and to entertain the guest of honor at the annual presentation.

Although previous recipients of the award included famous
men, such as Herbert C. Hoover and Orville Wright, it is the
purpose of the Award Commission to bestow the award, when
merited, upon comparatively little known instances of publie
and professional devotion. 1t is intended to cover all the various
branches of engineering in the broadest sense, and is not limited to
residents of the United States or membership in any society or
organization. Members of the Institute possessed of informa-
tion which thev believe will be helpful to the Washington Award
Commission should eommunieate such information to Mr.
Hutchinson at Institute headquarters.

S

STANDARDS

Symbols for Mechanics, Structural Engdineering and
Testing Materials

A report on a proposed Tentative American Standard ‘‘Sym-
hols for Mechanies, Structural Engineering and Testing Mate-
rials,” is now being circulated for purposes of criticism and com-
ment. This report has been prepared by the Subcommittee
on Mechanies of the Seetional Committee on Scientific and Engi-
neering Symbols and Abbreviations of which the Institute is
one of five joint sponsors. Those interested in obtaining copies
of this report should address C. B. Le Page. A. S. M. E., 29
West 39th Street, New York, N. Y.

Proposed Model or Standard for Adequacy of Wiring of
Commercial and Industrial Buildings

The Commercial National Section of the N. E. L. A. is working
to establish a model or standard of adequacy, for the wiring of
commercial and industrial buildings. Certain model specitica-
tion paragraphs have been prepared and are intended for inser-
tion in architects’ electrical specifications. Their purpose
is to provide sufficient eapacity so as to permit of suitable elec-
tric lighting to meet probable demands, and avoid expense of
future reconstruction. Heretofore it has been a common practise
to use the National Wiring Code as a guide to adequacy, result-
ing in a large number of wiring installations becoming out of date
shortly after completion, so that fuses are blown or the wiring
drop is so excessive that lighting units fall far short of rated
light output. For further details, copies of the specification
paragraphs, etc. address the N. E. L. A. headquarters, 420
Lexington Ave., New York, N. Y.

World Power Conference
AMERICAN COMMITTEE APPOINTED

The engineering profession and the power developing and using
industries of the United States have planned an elaborate pro-
gram of papers for discussion in the sessions of the World Power
Conference to be held in Berlin, June 16-25, 1930.

The papers program will stress the economie and. financial
problems involved in the generation, distribution and utilization
of power, and focus the attention of the world upon the increas-
ing importance of this tremendous ageney in building up of
civilization.

The American Committee appointed hag been formulating the
program, which it closed on Oectober 21st. It is expected that
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General Reports of all the pupers will he avuilable in Freneh,
Grerman, and English, well in advanee of the Congress

The address of the World Power Conference Program Com-
mittee is Room 818, 20 West 39th Strest, New York, N. Y

Meeting of Naval Architects and Marine
Engineers

The 'Thirtv-seventh General Meeting of the Soeiety of Naval
Architeets and Marine Engineers will be held in the Kngineering
Societies Building, 20 West 39th St., New York, N. Y., November
14-15 inclusive. A technical program of approximately fourteen
papers by eminent authorities on the various subjects intro-
duced will he presented, followed by opportunity for open dis-
cussion,

On Friday evening, November 15th, the Annual Banquet will
be held in the Ball Room of the Pennsylvania Hotel, 33rd St
and Seventh Avenue preceded by a reception at 6:30 p. m.
All interested should communicate promptly with Daniel H.
Cox, Secretarv-Treasurer, Fingineering Societies Building.

S. A. E. Transportation Meeting

The Society of Antomotive Engineers will hold a Transportation
Meeting, November 12-15 ineclusive, at Toronto, (anada.
Joint sessions with the Motor Transport Division of the American
Railway Association are sel.cdu'ed for November 13.

Report on Technical Discussion

at Pacific Coast Convention

A summarized report of the main points in the technical dis-
cussion at the Pacific Coast Convention held in Santa Moniea,
Calif., September 3 to 6, is given below. The papers presented
in each session are listed and followed by the discussion report.
Complete discussion will be published with the respective papers
in the TRANSACTIONS:

FirsT SESSION

Radio Interference for Line Insulators, E. Van Atta and E. L.
White.

This paper discusses the phenomenon of brush discharge on pin
type and suspension insulators, from the point of view of radio
interference. It describes the various attempts at eliminating
such discharge, and offers some suggestions for the future.

J. P. Jollyman stated that interference is caused by 60-kv.
transformer bushings which are solid porcelain with a hole larger
than the econductor. In order to eliminate the interference, his
company proposes to fill the hole with metal filings or screen.
Mr. Kalb stated that he has reduced such interference by instal-
ling a wire-screen sleeve between the bushing and the conductor.
He said he had not been able to eliminate interference from pin
type insulators by any method. He suggested that corona due
to use of too small a conductor might be responsible for some
interference. F. B. Doolittle stated that he has eliminated inter-
ference caused by large bushing holesby employing a brass tubing
sleeve. Mr. Van Atta agreed with some of the speakers that
excessive dampness minimizes interference. He stated that
interference from loose bushings may be prevented by filling the
open spaces with insulating compound or tape.

Spray and Fog Tesls on 220-Kv. Insulators, R. J. C. Wood.

In this paper are given results of two and one-half vears of
tests at 150 kv. to ground under field conditions at a location near
the ocean. Ten different types of insulators are compared, and
a basis of comparison is suggested.

G. A. Fleming stated that his experience agreed with the con-
tentions in Mr. Wood’s paper that frequent washing of insulators
is desirable in localities exposed to sall spray and sand.

The 60-Cycle Flashover of Long Suspension Insulalor Strings, R.

H. Angus. o .
This paper gives the results of an investigation covering the
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varintions in lashover voltage for similar horizontal ad vertieal
insulator strings with and without slields nnd tower msmbers.

10 eonmmenting on Mr, Angus’ paper, Bradley Cozzens pointod
out that double suspension strings of insulators have a lhigher
mortality rate than singlo strings of the same langth.

I mpulse Insulation ( haracteristics of Wood-Pole Lines, RA. T.
Melvin.

This paper gives the results of u rather eomprehonsive series
of tests on the impulse insulation eharaeteristies of wood and of
combinations of insulators and wood usod in wood-pole transmis
sion line econstruetion; and suggosts methods of protecting wood

from damage due to lightning discharges.
SECOND SESBION

Development of | nsulaling Oils, C. K. Skinner.

"Phis paper traces the difficulties whieh have arisen during the
development of insulating oils and details the preeautions which
are necessary during manutacture and in subsequent handling.

In discussing Mr. Skinner's paper, President H. B. Smith
stated that he had raised the insulation strength of a 40,000-
gallon open tank of oil by operating continuously in the bottom
of the tank a 3-kv-a. eleetric heater. In two months, the break-
down voltage in the standard gap inereased from 38,000 volts to
48.000 volts. For two months longer, it remained at 48,000
volts. Mr. Wileox pointed out that oil which contains acid
cannot be completely purified by a ecentrifuge or a filter press;
a chemical process must also be introdueed. For sueh oil, he
advoecated the use of water glass and Fuller’s Earth in connection
with a centrifuge. The method, he said, is simple and easily
learned. . W. Proebstel stated that he has successfully used
a method of recovering used oil which employs a mixing tank, a
vacuum pump and Fuller’'s Earth.

Effect of Tank Color on Temperature Under Service Conditions,
V. M. Montsinger and L. Wetherill.

This paper outlines the results of field tests eonducted on
transformers, and a method of caleulation to check the test
results, taking into consideration the various factors whieh
apply to a transformer. Figures are given to show that the
calculated results check very closely with the observations, while
the outstanding conclusion is that the color of the tanks has very
little effect on the performance of transformers located outdoors,
though indoors. a dark color is desirable.

In commenting on the paper, J. F. Dunn pointed out that
although a black transtormer tank gives an internal temperature
only about 2 to 4 deg. cent. higher than a white tank, this differ-
ence is worthy of ecareful consideration. A difference of 2 deg., he
said, mavamount to 5 per centin the loading of the transformer. He
pointed out also that the temperature differences might be con-
siderably greater in climates warmer than that of Pittsfield
where the tests of the paper were conducted. J. 5. Moulton
stated that experiments made by him in California caused him to
agree with the authors’ conelusion that the color of paint is of
little importance.

Population as an Index to Electrical Development, N. B. Hinson.
The value of population studies to determine the probable

future electrical demand of a given community is pointed out in

this paper, and a number of cases are given to show the results of

such a basis of prediction.

Flames from Electric Ares. ). Slepian.

The origin and properties of flames from electric ares are dis-
cussed in this paper. Means for reducing and dissipating such
flames are considered, and application of such means deseribed.

Design Fealures That Make Large Turbine Generalors }’ossible.
W. J. Foster and M. A. Savage.

Tl]is paper discusses the modern features of eleetric designs
which permit the development of machines having a capacity of
100,000 kv-a., or greater.
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THIRD SESSION

Effects of Surges on Transformer Windings, J. K. Hodnette.

This paper describes a study of the reaction of transformer
windings when subjected to transient voltage surges. Measure-
ments of the voltage distribution to ground and between parts of
windings were effected, using a cathode ray oscillograph and
sphere-gaps. Stresses in the windings were estimated on the
basis of surges expected on normally insulated transmission
syvstems.

Mr. Hodnette’s paper was discussed at some length by K. K.
Palueff, who claimed that the shell tyvpe transtormer is affected
by transient voltage in the same way as the core type and that
the grading of major insulation in the order of low frequencies is
not a safe practise. F. W. Peck mentioned the development of a
“non-resonating”’ transformer which, through use of electro-
statie shields, is designed to make the voltage distribution uni-
form across a transformer winding at any frequency
An A-C. Low-Voltage Network Without Nelwork Protectors,

L. R. Gamble and Earl Baughn.

The development of an a-c¢. low-voltage net-work eliminating
the usual form of network protector is deseribed. together with
the operating experience obtained up to this time.

In discussing the paper, V. B. Wilfley pointed out that with
the system deseribed, two kinds of fault might possibly fail to
clear themselves; namely, a secondary fault near a transformer
bank and a phase-to-phase feeder fault. Mr. Gamble said that in
his opinion, although tests under these particular conditions
have not been made, such faults will elear satisfaetorily.

Development of Low-Current High-Voltage Fuses. Rov Wilkins.
This paper covers the results of investigations and tests of a

number of different forms of high-voltage fuses. together with

certain comments concerning their use and limitations.

Electrical Control Features of Wind Tunnel at California Institute
of Technology, W. A. Lewis, Jr.

The special electrical control features deseribed in this paper were
developed for use under conditions which must be met in making
experiments with a wind tunnel having a number of unusual
features.

In answer to some questions on Mr. Lewis' paper Dr. Klein
stated that the closed type of wind tunnel had been selected
because it requires less space; the efficieney, he said., has ex-
ceeded that of any open tunnel.

Fourtn SEessioxn

The Electrical Engineering of Sound Picture Systems. T. E.
Shea and K. F. Morgan.

The paper describes the technique and apparatus of sound
picture recording and reproduction, with emphasis on their
electrical engineering aspects. The various steps in the process
of disk and film recording, and the changes required in theater
equipment to provide for sound production, are outlined. The
laboratory developments and studies out of which recording
and reproduction methods have grown are given brief mention.

In discussing the paper on sound pictures. D. H. Loughran
pointed out the usefulness of the cathode ray oscillograph with
linear time axis.

Dial Telephone System Serving Small Communities of Southern
California, F. O. Wheelock.

This paper deals with the history, use, and service of the step
dial telephone system. The equipment is described and the
methods of operation and maintenance are given.

Parallel Operation of Transformers Whose Ratios of Transforma-
tion Are Unequal, Mabel Macferran.

A f(?rr_nula is developed for use when emergency conditions
necessitate the paralleling of transformer banks of unequal
percentage impedance. By this formula, it is possible to caleu-
late how far “off ratio” one bank should be placed in order to

make the banks divide an anticipated peak load in proportion
to their ratings.
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Progress in the Study of System Stability, I. H. Summers and
J. B. MeClure.

This paper gives simplified methods of making transient
stability caleulations and includes examples demonstrating the
methods used. The relation of system connections and appara-
tus to stability is also discussed in detail.

V. B. Wilfley, in diseussing this paper, stated that he had
found that exeitation rises of 400 to 600 volts per sec. are more
desirable and only slightly more costly than speeds of 200 volts
per sec., as advocated in the paper. He warned against the
possibility of preventing stability troubles only at the expenses
of increasing circuit-breaker troubles. L. R. Gambhle stated
that in ease of a particular station of the Washington Water
Power Company, quick excitation had been found to be ineffec-
tual. Mabel Maeferran suggested caution in applying high-
speed excitation to synchronous condensers. J. P. Jollyman
stated that tests prove that short-circuit eurrents increase
during many cyeles after their start and that quick-acting
circuit breakers are therefore desirable and less liable to trouble
than slower breakers. He stated that high-speed excitation is
desirable, particularly for generators with direct-connected
exciters.

Synchronous Generation of Voltage Consumed by Line I'nductance,
T. H. Morgan.

A new plan is presented for compounding the inductive effects
on transmission lines. A system of series compensation by the
use of electriec machinery is deseribed. This includes an explana-
tion of the method of producing the required voltage and in-
serting it into the line.

A. 1. E. E. Directors Meeting

The regular meeting of the Board of Directors of the Ameriean
Institute of Electrical Engineers was held at Institute head-
quarters. New York. on Friday. October 18, 1929.

There were present: President Harold B. Smith, Worcester,
Mass.; Past-President Baneroft Gherardi, New York, N. Y.;
Vice-Presidents E. B. Merriam. Schenectady, N. Y.; H. A. Kid-
der, New York, N. Y.; W. T. Ryan, Minneapolis, Minn.; W. S.
Rodman, Charlottesville, Va.; C. E. Sisson, Toronto, Ont.;
Directors 1. E. Moultrop, Boston. Mass.; H. C. Don Carlos,
Toronto, Ont.: E. B. Meyver. Newark, N. J.; J. Allen Johnson,
Niagara Falls, N. Y.: A. M. MacCuteheon, Cleveland, Ohio;
W. S. Lee, Charlotte, N. C.; J. E. Kearns, Chicago, Iii.; C. E.
Stephens. New York, N. Y.; Assistant National Secretary
Henry H. Henline, New York, N. Y.

The minutes of the Directors’ meeting of August 6, 1929,
were approved.

A report of the meeting of the Board of Examiners held
September 25, 1929, was presented, and the actions taken at
that meeting were approved. Upon the recommendation of
the Board of Examiners, the following actions were taken upon
pending applications: 31 Students were enrolled; 89 applicants
were admitted to the grade of Associate; six applicants were
elected to the grade of Member; one applicant was elected to
the grade of Fellow; 32 applicants were transferred to the grade
of Member; three applicants were transferred to the grade of
Fellow.

The Board ratified the action of the Finance Committee on
approving for payment monthly bills amounting to $31,071.10.
The budget for the appropriation year beginning October 1, 1929,
was adopted as submitted by the Finance Committee.

The secretary reported 1020 members (950 Associates, 69
Members, and one Fellow) in arrears for dues for the fiscal year
which ended April 30, 1929, and was authorized to remove from
the membership list on December 1, 1929, all those whose dues
remain unpaid at that time and who have not requested an
extension of time for the payment of the dues.

As provided in Sec. 22 of the Constitution, Messrs. James S.
Fitzmaurice, J. W. Kirkland, and Frederick G. Strong, were
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added to the list of “Members for Life' by exemption from
future duos.

Approval was given to the locntion and dates s lected by the
Pacific Coast members for the nlready authorized P'acific Coust
Convention in 1930: namely, Portland, Oregon, September 2-5.

A petition from the Kansas City Section for an extension of
tercitory was granted.

As required by the By-laws, five members of the Board of
Directors were selected o serve on the National Nominating
Committee, as follows: Messrs. H. C. Don Carlos, B. Gherardi,
J. I, Kearns, A. M. MaeCuteheon, and C'. Ii. Stephens.

The Board eonfirmed the appointment by the President, ol
Mr. H. P. Charlesworth as a member of the Kdison Medal
Committee to fill the unexpired term of Mr. E. B. Craft, decoased.

The following appointments of representutives were made:
Mr. H. P. Charlesworth was reappointed to the Board of Trustees,
United Engineering Society, for the three-year term beginning
in January 1930; Mr. W. A. Del Mar was appointed to fill the
unexpired term of 5. B. Craft, deceased, on the Library Board
of the U. E. S., and Professor W.I.Slichter wasreappointed to the
Library Board for the four-year term bheginning January t, 1930;
Mr. John (. Parker was reappointed a representative of the
Institute on the Standards Council, American Standards Asso-
ciation, for the three-vear term beginning January 1, 1930,
and Messrs. H. H. Henline, H. M. Hobart, and H. 5. Oshorne
were reappointed alternates on this body for the calendar
vear 1930.

Upon the recommendation of the Standards Committee,
approval by the Institute as one of five joint sponsors was given
to (1) Report of Sectional Committee on Scientific and Engineer-
ing Symbols and Abbreviations, dealing with navigational and
topographical symbols, and (2) revision of American Standard
for Illuminating Engineering Nomenclature and Photome tric
Standards, reported by the Sectional Committee on Seientific
and Engineering Symbols and Abbreviations.

An invitation to send delegates to the Fiftieth Anniversary
of the Elekirotechnischer Verein e. V., January 24-27, 1930,
was accepted and the appointment of delegates referred to the
President. :

It was understood that the next meeting of the Beard of
Directors will be held in Chicago, December 3, during the
Chicago District Meeling.

Other matters were discussed, reference to which may be found
in this and future issues of the JoUrNaL.

A New Evening Course at the University of

Pennsylvania

A new evening course in Electrical Engineering, which will
lead to the degree of Master of Science in Electrical Engineering,
has been announced by Doctor Harold Pender, Dean of the
Moore School of Electrical Engineering of the University of
Pennsylvania. All sessions in the course will be held in the
Moore School Building, Thirty-third and Walnut streets.

The course opened during the week of October 21, and any
student holding a Bachelor of Artsor a Bachelor of Science degree
iseligible, provided he has had the necessary preliminary instruc-
tion in mathematics and physies during his undergraduate days.

To receive the degree of Master of Science in Electrical Engi-
neering, students must have completed an undergraduate course
equivalent to that given in the Moore School, and must obtain
credit within a period of four years in all subjects required for
the Master of Science degree in the regular day course offered
in the Moore School.

The courses required, according to Dean Pender, will be
Introduction to Mathematical Physies, Advanced Electric Cir-
cuit Theory, Electron Theory and its Engineering Applications,
Thesis, Fundamentals of Physical Theories, and either Atomic
Structure, Electro Dynamies, or High-Frequeney Alternating
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Current, the student huviug the priviloge of seleeting any one
of the latter three

Alrend v oloven enginoers from nearby industrinl plants have
signifled their intention of tuking the new evening eourse, and
these men, together with others intarested in the course, will be
given an opportumty to dizcuss ity varions details with Moore
Sehiool faeulty members at a pre liminary meoting for registration
and consultation to he held in Roony 212 of the Moore School
Building, October 18

[Further information may be obtuined from the Oftice of the
Deun, Moore School.

General Lytle Brown Appointed Chief of
I'ngineers

Of interest to almost every engineering organization in the
United States is the recent selection of a new Chief of kingineers
10 succoed Licutenant-Goneral Kdgar Jadwin who retired August
7. After carcelul investigation, lasting over a month, in
which he reviewed the adviee and recommendations of almost
every shade of opinion interested in the selection of the chief,
President Hoover appointed DBrigadier-General Lytle Brown
Chief of Enginecrs, U. 8. Army, and the Senate promptly con-
firmed the appointment.

General Brown is a graduate of Vanderbilt University, West
Point and the General Staff College at Fort Leavenworth. He
is also a Charter Member of the Society of American Military
Engineers.

In accordance with plans which President Hoover had an-
nounced at the same time of General Brown's appointments, a
slight reorganization is taking place in the Corps of Engineers.
Eight geographic divisions have heen formed, several of the old
engineering districts having been regrouped and reassigned.
The geographic divisions, their chiefs, with headquarters and
fields of operation are:

Lower Mississippi Valley Division, System and flood control
in the Alluvial Valley, Chief, Brigadier-General T. H. Jackson,
Vicksburg, Miss.

Upper Mississippi Valley Division, (Upper Mississippi System,
including the Missouri, IHlinois and Ohio River) Chief, Lt. Col.
G. R. Spalding, St. Louis, Mo.

Great Lakes Division, (harbors and channels on the Great
Lakes; waterwav from Great Lakes to the Atlantie) Chief,
Col. E. M. Markham, Cleveland, Ohio.

North Atlantic Division, (harbors and channels along the
North Atlantie Coast, Cape Cold Canal, Delaware and Chesa-
peake Canal, harbors and channels in Porto Rieo), Chief, Col.
Williain J. Barden, New York City.

South Atlantiec Division, (harbors and channels along the
South Atlantic Coast, intracoastal waterways from Norfolk,
Va. to Jacksonville, Fla), Chief, Col. H. 3. Ferguson, Norfolk,
Va.

Gulf of Mexico Division, (harbors and channels along Gulf
Coast and in Florida, intracoastal waterways from New Orleans,
La. to Corpus Christi, Texas), Chief, Lt.-Col. Mark Brooke,
New Orleans. La.

South Pacific Division, (harbors and channels along California
coast and in Ilawaii, Sacramento River flood eontrol), Chief,
Lt.-Col. J. Franklin Bell, San Francisco, Calif.

North Paecific Division, (harbors and ehannels along the eoast
of Oregon, Washington and Alaska, Columbia River system),
Chief, Col. Gustave R. Lukesh, Portland, Ore.

Col. Edward Il. Schulz, Corps of Engineers, has been assigned
to the command of the Engineer Post and School at Fort Hum-
phrevs, Va., succeeding Col. K. M. Markham.

I'he John Fritz Medal to Doctor Modjeski
I{avl])h Modjeski, a native of PPoland, and sonof the late Helen
Modjeska, noted tragedienne, was awarded the 1929 John Fritz
Gold Medal, at the regular annual meeting of the Board, Sep-
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tember 27, 1929, “‘For notable achievement as an engineer of great
bridges combining the principles of strength and beauty.”’

The choice of Doctor Modjeski was unanimous with the Board
of Award, composed of sixteen past-presidents of the four
national societies of civil, mining and metallurgical, mechanical,
and electrical engineers, representing a combined membership of
nearly 60,000.

“In recognition of the increasing contribution of bridge builders
to the progress of humanity, and in appreciation of the distin-
guished scientific and industrial achievements of Doctor Modjeski
as one of America's foremost bridge builders, this award was
made.”

Born in Cracow in 1861, Doctor Modjeski came to this country
with his parents in 1876. He obtained his engineering education
at the Ecole des Ponts et Chausseesin Paris. As designer, construe-
tion engineer, and consultant, he has been identified with many
of America’s most notable bridges, among them the MecKinley
Bridge over the Mississippi at St. Louis, Columbia River Bridge
at Celilo, Oregon, Keokuk Bridge over the Mississippi, Ohio
River Bridge at Cincinnati, Thames River Bridge at New
London, Quebec Bridge, Poughkeepsie Bridge, Philadelphia-
Camden Bridge, and Manhattan Bridge, New York.

Members of the Board making the award were; Robert Ridg-
way, George S. Davison, John F. Stevens, and Lincoln Bush, of the
American Society of Civil Engineers; J. V. W. Reynders, Samuel
A. Taylor, E. De Golyer, George Otis Smith, of the American Insti-
tute of Mining and Metallurgical Engineers; D. 8. Jaccobus, Dex-
ter S. Kimball, Charles M. Scwab, and Alex Dow, of the American
Society of Mechanical Engineers, and M. I. Pupin, C. C. Chesney,
Bancroft Gherardi, and R. F. Schuchardt, Past-Presidents of
the Institute.

Book Reviews

TeLevisioN. By H. Horton Sheldon and Edgar N. Grisewood.
New York, D. Van Nostrand Company, Inc. 194 pages,
514 x 834 in., cloth, illustrated, 1929.. Price $2.75.

The authors describe in language easily understood the devel-
opments and present limitations of this newest branch of the
electrical communication art. Under a broad definition of tele-
vision, which consists of reducing an object to a series of light
signals which are converted into electric signals, transmitted
to a distance, and converted back into light signals, the authors
include in their work both the transmission of pictures and the
scanning of objects. The transmission of photographs, or
telephotography, which is described, has attained a commercial
status, and this service is now regularly supplied by the large
telegraph companies. The various systems of scanning, which
are also described, are still in the experimental laboratory stage
and the future of television, while seeming assured, is still
problematical. This book, which comes as the first American
work on this subject, gives a historical outline of developments
and explains the essential elements of television. It also de-
scribes and illustrates the apparatus used by different inventors
in this field. The book is addressed particularly to amateurs
in the belief that widespread amateur interest will prove of great
help in the development of the art.

ProceeEpiNgs, INTERNATIONAL CONGRESS ON ILLUMINATION,
1928. Chemical Publishing Company, Easton, Pa. 1458
pages, 614 x 914 in., cloth, illustrated. Price $10.00.
Apply for copies to Illuminating Engineering Society,
29 West 39th Street, New York, N. Y.

The Proceedings of the International Congress on Illumination,
1928, includes the proceedings of the Seventh Plenary Session of
the International Commission on Illumination held at Saranac
Inn, N. Y., September, 1928, and also selected papers presented
at t_he Twenty-third Annual Convention of the Illuminating
Engineering Society. Theme subjects treated at length are
Street Lighting, Glare Research, Motor Vehicle Headlighting,
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Distribution of Luminous Flux, Precision Photometry and
Standards, Heterochromatic Photometry, Natural Lighting,
Decorative Lighting, Vocabulary, Definitions and Symbols,
School and Factory Lighting, Illumination Research, Colored
Signal Glasses, Diffusing Materials, Motion Picture Lighting,
the I. C. I. Tour, general sessions reports and the results of an
international survey on show-window lighting, home lighting,
lighting education and aviation lighting practise. In all, the
volume contains sixty-nine papers and reports by authors
recognized as the leaders in illumination throughout the world.

The vast amount of authoritative information contained in the
Proceedings will prove an invaluable reference source to those
who wish to comtinue research along these lines and also to
illuminating engineers whose daily activities bring them into
close touch with many problems in lighting practise.

The volume is indexed and cross-indexed as to contents and
personnel, and is profusely illustrated with line-cut and half-tone
engravings and color plates. The scope of the contents and the
manner in which the most involved subjects are reported serve to
illustrate the present status and the broad scope of the art and
science of illumination.

ELEMENTARY DiIrFrERENTIAL Equartions. By Thornton Foy.
New York, N. Y., D. Van Nostrand Company, Inc. 255
pages, 614 x 91 in., cloth, illustrated, 1929. Price $2.50.

This text is the outgrowth of several mimeographed editions
used by the author in the out-of-hour courses at the Bell Tele-
phone Laboratories, and has been written primarily for engineer-
ing students. It deals with the solution of ordinary différential
equations, especially those linear equations commonly en-
countered in the study of physics. In order to help visualize
abstract mathematical expressions, the fundamental ideas are
interpreted in geometrical illustrations which will be found very
helpful. A large number of practical problems is given and,
being written especially for engineers, subjects of purely mathe-
matical interest have been omitted.

INDUSTRIAL STANDARDIZATION. Published by the National
Industrial Conference Board, New York, N. Y. 306 pages,
6 x 834 1n., cloth. Price $3.50.

The purpose of this book is to establish a popular understand-
ing of industrial standardization and the extent and manner in
whieh it is being advanced. The recent rapid industrial growth.
in the United States is attributed largely to the influence of
standardization in almost every branch of American business.
Part I covers the historical background of standardization and
gives a picture of the issues involved in the adoption of standard
practises and devices and the procedure followed by companies,
technical societies, trade associations and other standardizing
bodies. Part II deals with the advantages and business savings
resulting from standardization. While the full effects of stand-
ardization cannot yet be evaluated, the cumulative evidence
points to the coneclusion that it is an important factor in increas-
ing industrial efficiency and that it suggests unlimited possibili-
ties for future achievements. While the technical literature on
standardization is extensive, this is perhaps the only work which
considers the entire subject in a broad, popular, and non-technical
manner.

InTrODUCTION TO CoLLEGE PHysics. By C. M. Kilby. New
York, N. Y., D. Van Nostrand Company, Inc. 349 pages,
534 x 834 in., cloth, illustrated, 1929. Price $3.00.

The fundamentals of physies are arranged in a concise and
accurate manner in this textbook which is designed for use as a
first year college course, and the subject is covered in a way
which comprises a good foundation for future study. The con-
tents are divided into five major parts; viz., mechanics, magnetism
and electricity, heat, sound, and light. The book is liberally
illustrated with diagrams, and special stress is laid on the solution
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added to the list of “Members for Life” by exemption from
future dues.

Approval was given to the location and dates selected by the
Pacific Coast members for the already authorized Pacific Coast
Convention in 1930; namely, Portiand, Oregon, September 2-5.

A petition from the Kansas City Section for an extension of
territory was granted.

As required by the By-laws, five members of the Board of
Directors were selected to serve on the National Nominating
Committee, as follows: Messrs. H. C. Don Carlos, B. Gherardi,
J. E. Kearns, A. M. MacCutcheon, and C. E. Stephens.

The Board confirmed the appointment by the President, of
Mr. H. P. Charlesworth as a member of the Edison Medal
Committee to fill the unexpired term of Mr. E. B. Craft, deceased.

The following appointments of representalives were made:
Mr. H. P°. Charlesworth wasreaprpointed to the Board of Trustees,
United Engineering Society, for the three-year term beginning
in January 1930; Mr. W. A. Del Mar was appointed to fill the
unexpired term of E. B. Craft, deceased, on the Library Board
of the U. E. S., and Professor W.1.Slichter wasreappointed to the
Library Board for the four-year term beginning January 1, 1930;
Mr. John C. Parker was reappointed a representative of the
Institute on the Standards Council, American Standards Asso-
ciation, for the three-year term beginning January 1, 1930,
and Messrs. H. H. Henline, H. M. Hobart, and H. 8. Osborne
were reappointed alternates on this body for the calendar
vear 1930.

Upon the recommendation of the Standards Committee,
approval by the Institute as one of five joint sponsors was given
to (1) Report of Sectional Committee on Scientific and Engineer-
ing Symbols and Abbreviations, dealing with navigational and
topographical symbols, and (2) revision of American Standard
for Illuminating Engineering Nomenclature and Photometric
Standards, reported by the Sectional Committee on Scientific
and Engineering Symbols and Abbreviations.

An invitation to send delegates to the Fiftieth Anniversary
of the Elektrotechnischer Verein e. V., January 24-27, 1930,
was accepted and the appointment of delegates referred to the
President. )

It was understood that the next meeting of the Board of
Directors will be held in Chicago, December 3, during the
Chicago District Meeting.

Other matters were discussed, reference to which may be found
in this and future issues of the JOURNAL.

A New Evening Course at the University of

Pennsylvania

A new evening course in Electrical Engineering, which will
lead to the degree of Master of Science in Electrical Engineering,
has been announced by Doctor Harold Pender, Dean of the
Moore School of Electrical Engineering of the University of
Pennsylvania. All sessions in the course will be held in the
Moore School Building, Thirty-third and Walnut streets.

The course opened during the week of October 21, and any
student holding a Bachelor of Artsor a Bachelor of Science degree
is eligible, provided he has had the necessary preliminary instrue-
tion in mathematics and physies during his undergraduate days.

To receive the degree of Master of Science in Electrical Engi-
neering, students must have completed an undergraduate course
equivalent to that given in the Moore School, and must obtain
credit within a period of four years in all subjects required for
the Master of Science degree in the regular day course offered
in the Moore School.

The courses required, according to Dean Pender, will be
Introduction to Mathematical Physies, Advanced Eleetric Cir-
cuit Theory, Electron Theory and its Engineering Applications,
Thesis,- Fundamentals of Physical Theories, and either Atomie
€tructure, Electro Dynamies, or High-Frequency Alternating
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Current, the student having the privilege of selecting any one
of the latter throee.

Already eloven engineers from nearby industrial plants have
signified their intention of taking the new evening course, and
these men, together with others interested in the course, will be
given an opportunity to diseuss its various details with Moore
School faculty members at a pre liminary meeting for registration
and consultation to be held in Room 212 of the Moore School

Building, October 1%,
[further information may he obtained from the Office of the

Dean, Moore School.

General Lytle Brown Appointed Chief of
Engineers

Of interest to almost every engineering organization in the
United States is the recent selection of a new Chief of Engineers
1o succeed Lieutenant-General Edgar Jadwin who retired August
7. After careful investigation, lasting over a month, in
which he reviewed the advice and recommendations of almost
every shade of opinion interested in the selection of the chief,
President Hoover appointed Brigadier-General Lytle Brown
Chief of Engineers, U. S. Army, and the Senate promptly con-
firmed the appointment.

General Brown is a graduate of Vanderbilt University, West
Point and the General Staff College at Fort Leavenworth. He
is also a Charter Member of the Society of American Military
Engineers.

In accordance with plans which President Hoover had an-
nounced at the same time of General Brown’s appointments, a
slight reorganization is taking place in the Corps of Engineers.
Eight geographic divisions have been formed, several of the old
engineering districts having been regrouped and reassigned.
The geographic divisions, their chiefs, with headquarters and
fields of operation are:

Lower Mississippi Valley Division, System and flood control
in the Alluvial Valley, Chief, Brigadier-General T. H. Jackson,
Vicksburg, Miss.

Upper Mississippi Valley Division, (Upper Mississippi System,
including the Missouri, Illinois and Ohio River) Chief, Lt. Col.
G. R. Spalding, St. Louis, Mo.

Great Lakes Division, (harbors and channels on the Great
Lakes; waterway from Great Lakes to the Atlantic) Chief,
Col. E. M. Markham, Cleveland, Ohio.

North Atlantic Division, (harbors and channels along the
North Atlantic Coast, Cape Cold Canal, Delaware and Chesa~
peake Canal, harbors and channels in Porto Rieo), Chief, Col.
William J. Barden, New York City. .

South Atlantie Division, (harbors and channels along the
South Atlantic Coast, intracoastal waterways from Norfolk,
ga. to Jacksonville, Fla), Chief, Col. H. 3. Ferguson, Norfolk,

a.

Gulf of Mexico Division, (harbors and channels along Gulf
Coast and in Florida, intracoastal waterways from New Orleans,
La. to Corpus Christi, Texas), Chief, Lt.-Col. Mark Brooke,
New Orleans, La.

South Pacific Division, (harbors and channels along California
coast and in Hawaii, Sacramento River flood control), Chief,
Lt.-Col. J. Franklin Bell, San Francisco, Calif.

North Pacific Division, (harbors and channels along the coast
of Oregon, Washington and Alaska, Columbia River system),
Chief, Col. Gustave R. Lukesh, Portland. Ore. ‘

Col. Edward H. Schulz, Corps of Engineers, has been assigned
to the command of the Engineer Post and School at Fort Hum-
phreys, Va., succeeding Col. E. M. Markham.

The John Fritz Medal to Doctor Modjeski

Rglph Modjeski, a native of Poland, and son of the late Helen
Modjeska, noted tragedienne, was awarded the 1929 John Fritz
Gold Medal, at the regular annual meeting of the Board, Sep-
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tember 27, 1929, “‘For notable achievement as an engineer of great
bridges combining the principles of strength and beauty.”

The choice of Doctor Modjeski was unanimous with the Board
of Award, composed of sixteen past-presidents of the four
national societies of eivil, mining and metallurgical, mechanical,
and eleetrieal engineers, representing a combined membership of
nearly 60,000.

“In recognition of the inereasing contribution of bridge builders
to the progress of humanity, and in appreciation of the distin-
guished scientific and industrial achievements of Doctor Modjeski
as one of America’s foremost bridge builders, this award was
made.”’

Born in Cracow in 1861, Doctor Modjeski came to this country
with his parents in 1876. He obtained his engineering education
at the Ecole des Ponts et Chausseesin Paris. As designer, construe-
tion engineer, and consultant, he has been identified with many
of America’s most notable bridges, among them the MeKinley
Bridge over the Mississippi at St. Louis, Columbia River Bridge
at Celilo, Oregon, Keokuk Bridge over the Mississippi, Ohio
River Bridge at Cincinnati, Thames River Bridge at New
London, Quebec Bridge, Poughkeepsie Bridge, Philadelphia-
Camden Bridge, and Manhattan Bridge, New York.

Members of the Board making the award were; Robert Ridg-
way, George S. Davison, John F. Stevens, and Lincoln Bush, of the
American Society of Civil Engineers; J. V. W. Reynders, Samuel
A. Taylor, E. De Golyer, George Otis Smith, of the American Insti-
tute of Mining and Metallurgical Engineers; D. S. Jacobus, Dex-
ter S. Kimball, Charles M. Sewab, and Alex Dow, of the American
Society of Mechanieal Engineers,and M. I. Pupin, C. C. Chesney,
Bancroft Gherardi, and R. ¥. Schuchardt, Past-Presidents of
the Institute.

Book Reviews

TeLEvisioN. By H. Horton Sheldon and Edgar N. Grisewood.
New York, D. Van Nostrand Company, Inc. 194 pages,
515 x 834 in., cloth, illustrated, 1929.. Price $2.75.

The authors describe in language easily understood the devel-
opments and present limitations of this newest branch of the
electrical communication art. Under a broad definition of tele-
vision, which consists of reducing an object to a series of light
signals which are converted into eleetric signals, transmitted
to a distance, and converted back into light signals, the authors
include in their work both the transmission of pictures and the
scanning of objeets. The transmission of photographs, or
telephotography, which is deseribed, has attained a commerecial
status, and this service is now regularly supplied by the large
telegraph companies. The various systems of scanning, which
are also deseribed, are still in the experimental laboratory stage
and the future of television, while seeming assured, is still
problematical. This book, which comes as the first American
work on this subject, gives a historical outline of developments
and explains the essential elements of television. It also de-
seribes and illustrates the apparatus used by different inventors
in this field. The book is addressed particularly to amateurs
in the belief that widespread amateur intergst will p=~we ~f great
help in the development of the art.

PROCEEDINGS, INTERNATIONAL CONGRESS ON“-3LLUMINATION,
1928. Chemical Publishing Company, Easton, Pa. 1458
pages, 61 x 914 in., cloth, illustrated. Price $10.00.
Apply for copies to Illuminating Engineering Society,
29 West 39th Street, New York, N. Y.

The Proceedings of the International Congress on Illumination,
1928, includes the proceedings of the Seventh Plenary Session of
the International Commission on Illumination held at Saranac
Inn, N. Y., September, 1928, and also selected papers presented
at t.he Twenty-third Annual Convention of the Illuminating
Engineering Society. Theme subjects treated at length are
Street Lighting, Glare Research, Motor Yehicle Headlighting,
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Distribution of Luminous Flux, Precision Photometry and
Standards, Heterochromatic Photometry, Natural Lighting,
Decorative Lighting, Vocabulary, Definitions and Symbols,
School and Factory Lighting, Illumination Research, Colored
Signal Glasses, Diffusing Materials, Motion Picture Lighting,
the I. C. I. Tour, general sessions reports and the results of an
international survey on show-window lighting, home lighting,
lighting education and aviation lighting practise. In all, the
volume contains sixty-nine papers and reports by authors
recognized as the leaders in illumination throughout the world.

The vast amount of authoritative information contained in the
Proceedings will prove an invaluable reference source to those
who wish to continue research along these lines and also to
illuminating engineers whose daily activities bring them into
close touch with many problems in lighting praectise.

The volume is indexed and cross-indexed as to contents and
personnel, and is profusely illustrated with line-cut and half-tone
engravings and color plates. The scope of the contents and the
manner in which the most involved subjects are reported serve to
illustrate the present status and the broad scope of the art and
science of illumination.

ELeMENTARY DiFFERENTIAL Equartions. By Thornton Foy.
New York, N. Y., D. Van Nostrand Company, Inc. 255
pages, 634 x 91 in., cloth, illustrated, 1929. Price $2.50.

This text is the outgrowth of several mimeographed editions
used by the author in the out-of-liour courses at the Bell Tele-
phone Laboratories, and has been written primarily for engineer-
ing students. It deals with the solution of ordinary differential
equations, especially those linear equations commonly en-
countered in the study of physics. In order to help visualize
abstract mathematical expressions, the fundamental ideas are
interpreted in geometrical illustrations whieh will be found very
helpful. A large number of practical problems is given and,
being written especially for engineers, subjeects of purely mathe-
matical interest have been omitted.

INDUSTRIAL STANDARDIZATION. Published by the National
Industrial Conference Board, New York, N. Y. 306 pages,
6 x 834 in., cloth. Price 83.50.

The purpose of this book is to establish a popular understand-
ing of industrial standardization and the extent and manner in
which it is being advanced. The recent rapid industrial growth
in the United States is attributed largely to the influence of
standardization in almost every branch of American business.
Part I covers the historical background of standardization and
gives a picture of the issues involved in the adoption of standard
practises and devices and the procedure followed by companies,
technical societies, trade associations and other standardizing
bodies. Part II deals with the advantages and business savings
resulting from standardization. While the full effects of stand-
ardization cannot yet be evaluated, the cumulative evidence
points to the conclusion that it is an important factor in inereas-
ing industrial efficiency and that it suggests unlimited possibili-
ties for future achievements. While the technical literature on
standardization is extensive, this is perhaps the only work which
considers the entire subject in a broad, popular, and non-technical
manner.

InTrRODUCTION TO COLLEGE PHysics. By C. M. Kilby. New
York, N. Y., D. Van Nostrand Company, Inc. 349 pages,
534 x 83 in., cloth, illustrated, 1929. Price $3.00.

The fundamentals of physics are arranged in a concise and
accurate manner in this textbook which is designed for use as a
first year college course, and the subject is covered in a way
which comprises a good foundation for future study. The con-
tents are divided into five major parts; viz., mechanics, magnetism
and electricity, heat, sound, and light. The book is liberally
illustrated with diagrams, and special stress is laid on the solution
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of problems which are given in considerable numbers. Many
complete solutions of problems are given as guides. While it i8

elementary in scope, it offers a very good groundwork for the
heginner in the study of physies.

Forty Yeans with GeNeraL ELEcTric. By John T. Broderick.
Albany, N. Y., Fort Orange Press. 218 pages, 514 x 733 in.,
cloth, illustrated, 1929. Price $2.50.

The book contains a rather sketchy history of the General
Electric Company, combined with many biographieal references
to the men who have been leaders in the development of the
organization. The author’s long connection with the company
has enabled him to produce a human interest story of people and
events with which he has been intimately associated. The
author designates as fathers of the General Electric Co., Elihu
Thomson, C. A. Coffin and E. W. Rice, Jr. who, surrounded by
able and brilliant colleagues, established business ideals which
comprise the spirit of a great corporation. Many of the com-
pany’s notable achievements in research are described and
numerous incidents in connection with the business are nar-
rated in interesting style.

AN IntropuUcTiON TO CRYSTAL ANaLysis. By Sir William
Bragg. New York, N. Y., D. Van Nostrand Company,
Inc. 168 pages, 534 x 9 in., cloth, illustrated, 1929. Price
$4.25.

TThis is an American edition of an English book which describes
the methods of examining the crystalline structure of solid
matter. The development of X-rays for this purpose was the
outgrowth of experiments to prove that X-rays and light waves
were of the same nature. The crystalline structure of materials
is of importance to many sciences and since a method of crystal
analysis has become available great progress has been made in
this field. The contents includes reflection by the crystal lattice,
description of methods of analysis, simple inorganic crystals,
space groups or crystal arrangements, some complex crystals,
and a final chapter devoted to X-ray analysis of the structure of
metals and alloys.

PERSONAL MENTION

TN
RN

WiLLarp A. Laning, Jr., has been appointed Research
Graduate Assistant at the Engineering Equipment Station,
University of Illinois, Urbana, Ill.

R. Bicranp Dickinson, who for four years was with the Duke
Price Power Company, Limited, in Arvida and Isle Maligne,
P. Q., has engaged as Assistant Superintendent on construction
work with the Canadian Comstock Company in Montreal.

A. ANpREW DoucLas, for the past three years an instructor
for the Brooklyn Edison Company Educational Bureau, is now
at the State University of Iowa, Iowa City, lowa, taking graduate
work in electricity and mathematies.

CrLair F. BowmaN has resigned his position as Instructor

Electrical Engineering at Purdue University to accept the pos:
tion of Assistant Professor in Electrical Engineering at Montana
State College, Bozeman, Mont.

JusTin J. McCarTry, formerly Research Engineer of the
Cleveland Railway,is now connected with the engineers, Parsons,
Klapp, Brinckerhoff & Douglas, of Cleveland, Ohio, as Signal
Engineer.

Jorn E. S. TaorpE, heretofore General Superintendent of the
Knoxville Power Company, Calderwood, Tennessee, has ac-
cepted the office of President of the Nantahala Power & Light
Company, Bryson City, N. C.

Tromas A. FaweLL has recently severed his connection as
manufacturers representative of the Martindale Electric Com-
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pany and other manutacturers and is associated with the Hoffiman
Specialty Company, Ine., with headqguarters at 557 Market
Street, San Francisco, Calif.

Cuanence L. CoLukns, President of the Reliance Klectrie
and Engineering Company and Associate of the Institute, has
been elected President of the National Klectrical Manufacturers
Association for the ensuing year. Mr. Collens received the
MecGraw Award for his part in bringing about the organization of
NEMA three vears ago and has been Governor of the Association
and Viee-President of the Policies Division ever since its
inception.

A. W. Bernresronrp, P’resident of the American Engineering
Council, Past-President of the Associated Manufacturers of
Electrical Supplies, Electrical Manufacturers Club, and the
American Institute of Electrical Iingineers, was appointed
Managing Director of NIEMA, effective at once, to succeed Mr.
Alfred 15. Waller resigned. Mr. Berresford was formerly Vice-
President and General Manager of the Cutler-Hammer Mfg. Co.
and Vice-P’resident of what is now the Kelvinator Corporation.

Obituary

Henry C. Houck, Manager of the Merchandise Department of
the General Electric Company, died at his home in Bridgeport,
Conn., on October 15, after a long illness. Sducated at Phillips
Exeter Academy and the University of Pennsylvania, from which
he was graduated in Electrical Eungineeringin 1899, heenteredthe
employ of the General Electric Company in the fall of that year.
In his thirty vears of service with thecompany, Mr. Houek filled
many important positions at Schenectady, (Cleveland, and Cin-
cinnati, as well asat Bridgeport, where he became Manager of the
Merchandise Department in December, 1925. He was made an
Associate of the Institute in 1907.

Bedford Jethro Brown, Superintendent of the Meter Depart-
ment of the Duke Power Company, Charlotte, N. C., died
October 2, 1929. He was a native of Charlotte,and received his
public school education there. He was graduated with the
degree of B. E. in Electrical Engineering from the N. C. A. & M.
College, Raleigh, N. C. in 1901, after which he completed an
apprentice course in engineering with the Westinghouse Electric
& Manufacturing Company. From the latter part of 1903 to
March 1904 he was in the Testing Department of the Westing-
house Company and then became a Meter Expert in the Com-
pany’s Chicago District. He was eompelled to leave this posi-
tion because of ill health, and did not resume his work again until
1906 when he accepted a position in the Meter Testing Depart-
ment of the Southern Power Company, at Charlotte;, N. C.

Mr. Brown’s work led to extensive travel in the United States,
notwithstanding the fact that for eleven yvears he was Superin-
tendent of the Testing Department and Instrument Testing
Laboratory of the Westinghouse Company. He joined the
Institute as an Associate in 1910 and became a Member in 1918.

Charles Shelly Lawson. Assistant Manager of the Trans-
%}ger Engineering .Department of the Sharon plant of the
Westinghouse Electric and Manufacturing Co., died at the Buhl
Jospital, Saturday, October twelfth, following an operation.

Mr. Lawson was taken suddenly ill on Monday, at the Sharon
Country Club links.

Born on a farm near Montgomery, Ala., Februarv 8, 1879,
he was graduated from University of Alabama with an M. S.
degree, and in 1902 he received a B. 8. in Electrical Engineering
from Massachusetts Institute of Technology. He then took the
Student Course of the General Electric Company and later became
associated with the Atlanta Water and Power Company. In
1905 Mr. Lawson accepted a position as Insulation Engi-
neer in the Transformer Engineering Department of the East
Pittsburgh Plant of the Westinghouse Company, and from
that time his rise was rapid, ultimately becoming assistant mana-
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ger. He came to Sharon in 1925. He was a Fellow of the
Institute, which he joined in 1906; was a member of the Sharon
Rotary and Country Clubs and the Sharon Chamber of
Commerce.

N. Govindraj, Mains Superintendent, Simla Municipal
Electricity Department, Simla, North India, died September 21
at Simla, of penumonia.

He was a graduate in Eleetrical Engineering from the Vietoria
Jubilee Technical Institute, at Bombay, and was the recipient of
the Lord Reay Gold Medal of the Institute. Ile had served with
the Tatas at Bombay as an apprentice, and after a short term of
service with the Bombay Tramways, he was appointed Mains
Superintendent of the Simla Munieipality in 1920, an office which
he has filled with highest efticieney.

Mr. Govindraj was thirty-eight years of age and a native of
Madras, India. In his early training he was a student of physies,
chemistry and natural science at Madras University, and in his
preliminary eleetrical work he was with the maintenance and
operation departments of a receiving station, inspecting trans-
formers, high-voltage motors and other switching apparatus.
He later was made superintendent of erection and maintenance of
extra high-tension aerial mains and the laying and maintaining
of high- and low-tension cables. He joined the Institute as an
Associate in 1922,

Wallace 8. Clark, form any vears head of the Wire and Cable
Division of the General Electric Company, died suddenly at his
home in Schenectady, N. Y. onOctober11. Mr. Clark was one
of the pioneers of the eleetrical industry, and his serviee in it
began in September, 1885, when, shortly after his graduation
from Sheffield Scientitic School with the degree of Ph. B.. he
entered the commercial and engineering oftices of the Edison
Electrie Light Company at 65 I'ifth Avenue, New York.

He went to the Schenectady Works of the Edison General
Electric Company in February, 1887; the company had moved to
that city the previous fall. He entered the Wire and Cable
Department of the Company in 1891, and in 1903 was made
superintendent of the wire and ecable, underground tube and
varnish departments. In July. 1904, he was made engineer of
the wire and cable department, and was also in charge of sales for
the'department. With the formation of the central station de-
partment in 1924, he was made manager of the wire and cable
division. During the entire period of the participation of the
United States in the World War, Mr. Clark served on the war
service committee of the insulated wire industry. He joined the
Institute in 1902.

James Thomas Watson of the Westinghouse Electric &
Mfg. Co., and with residence at Wilkes Barre, died September 17,
1929. He was born at Fallston, Harford County, Maryland,
and after oue year in the Waynesboro Business College,
Waynesboro, Va., and three and a half vears at the Fish-
burne Military School, (also at Waynesboro,) he beecame a
student of the International Correspondence School at Seranton,
graduating from a course in Electric Power and Lighting, and
further pursuing his study of Electrical Engineering with the
American School of Correspondence at Chicago.

From 1897 to 1899 he was Electrician in Charge of the Waynes-
boro Electric Light & Power Company, Waynesboro, Va. He
then became Foreman of Interior Wiring for Charles B. Scott,
Electrical Contractor at Scranton, Pa., where he remained until
1900, when he was chosen Chief Foreman of Electricians by the
Dela\vare and Hudson Company Scranton, Pa. remaining there
elgl?t years. The last three years of his period of service he was
Assistant to the Electrical Engineer. Later in the year 1908
he became Superintendent of the Blue Ridge Light & Power
Company, Staunton, Va. and then Electrical Engineer of the
Tennessee Copper Company, Copperhill, Tenn. Mr. Watson
became an Associate of the Institute in 1910 and was transferred
to the grade of Member in 1913.
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David L. Huntington, President of the Washington Water
Power Company, Spokane, Washington, to which office he rose
from General Manager and Chief Engineer in 1902, died at his
home September 27 after a confinement of two years. He was
born in New London, Connecticut, received his public school
education in Washington, D. C. and afterward attended Yale
University. Upon leaving Yale. he joined the Thomson-Houston
Electric Company, Lynn, Mass. and when the General Electric
Company was organized, he was sent to the Philadelphia District.
Iie resigned from this work to become Treasurer of the Washing-
ton Water Power Company.

Mr. Huntington was prominently identified with electrical
developments of the Northeast and was an important factor in
the growth of the Spokane utility movement. His last big
undertaking was as head of the Washington Water Power Com-
pany in building the Chelan hydroeleetric plant in connection
with whichi he made several trips to New York, personally
supervising the purchase of the site, the awarding of contraets
and the formulation of the financial program. Although taken
ill before the completion of the work, through the agency of an
electric button, he placed this first unit in operation. He joined
the Institute as an Associate in 1902 and was elected a Fellow in
1913. In commenting upon his death, the Spokesman Review of
Spokane said, “Mr. Huntington might be said to have antici-
pated the publie poliey, now the rule rather than the exception
among publie utility corporations of foresight and aggressive-
ness, that service is the vardstiek of usefulness.”

Addresses Wanted

A list of members whose mail has been returned by the postal
authorities is given below, together with the addresses as they
now appear on the Institute records. Any member knowing the
present address of any of these members is requested to communi-
cate with the Secretary at 33 West 39th St., New York.

All members are urged to notify Institute Headquarters
promptly of any echanges in mailing or business address, thus
relieving the member of needless annoyvance and assuring the
prompt delivery of Institute mail through the accuracy of our
mailing records, and the elimination of unnecessary expense for
postage and clerieal work:

C. A. Baer, 1330 Pine St., Philadelphia, Pa.

J. B. Bakker, 440 Hyde St., San Francisco, Calif.

Marcel A. Collinot, ¢/o F. W. V. Rm. 1050, 11 W. 42nd St.,
New York, N. Y.

H. H. DeCamp, 414 Ella St., Wilkinsburg, Pa.

F. S. Degener, 1015 Casgrain Ave., Detroit, Mich.

Ernest Fick, A. T. & T. Co., 412 S. Market St., Chicago, Ill.

Henry W. Harbison, R. F. D. 1, Merriam, Kans.

John Ernest Hardey, Box 1055, Wellington, N. Z.

H. U. Hedeby, P. O. Box 414, Sharon, Pa.

Erie David Howells, Westinghouse Club, Wilkinsburg, Pa.

Edgar A. James, 912 S. Poplar St., Allentown, Pa.

. H. Kirkland, Jr., 6701 Cregier Ave., Chieago, Ill.

. A. Klein, 1215 Locust St., Philadelphia, Pa.

Charles Max, Companhia Electrica, Catumbela, Angola, W.
Africa.

John T. Mooney, 4547 N. Leavitt St., Chicago, Ill.

Julius M. Naiman, 1703 15th Ave., South, Birmingham, Ala.

H. L. Perkins, 129 Marshall St., Petersburg, Va.

W. M. Philip, 433 Morrison St., Niagara Falls, Ont., Can.

H. D. Rives, 298 Central Ave., Lynbrook, L.I., N. Y.

Carl Schwartz, ¢/o Int’l. Combustion Engg. Corp., New York,
N.Y.

Robert H. Singer, 2214 Auburn Ave., Cincinnati, Ohio.

Gerhard Svensson, ¢/o American Express Co., 65 Broadway,
New York, N. Y.

C. H. Willis, 184 Prospect Ave., Princeton, N. J.
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WONDERS OF SOUND TRANSMISSION

New York Section to hear S, P Graoe of Belt Telephone Laboratories

On the evening of Kriday, November 8th, the New York
Section members will have the privilege of attending a lecture
and demonstration by 8. 1*. Grace, Asst. Vice-President of the
Bell Telephone Laboratories, Tne. disclosing some of the most
recent wonders of seience in the field of sound transmission
Just a glance over the modern marvels to he illustrated and
explained will reveal the electric ear, serambled specch, delayed
speech, double-ended short wave high power radio tubes, ampli-
fied muscle noises, translation of mechanical impulses into
speech, the artitieial larynx, and so on down the list of the latest
work in sound transmission—the results of organized effort to
extend the range of the human voice. Mr. Grace has shown that
he can entertain audiences of every type, scientists and laymen.
The Program Committee feels that thisis an unusual opportunity
to spend not only a particnlarly interesting and instructive
evening, but it is as sure that all will go away with a fuller reali-
zation of the place of science in American progress. The meet-
ing will be held at 8 p. m. in the Engineering Auditorium, 33
West 39th Street, New York, N. Y.

NEW YORK SECTION TRANSPORTATION COMMUNICATION
GROUPS HOLD MEETINGS

The group activities within the New York Section for the year
1929-30 are now well under way. Of the four groups whieh have
heen organized to date, the Power Group met on October 30th,
the Transportation and Communication Groups are scheduled
for November 4th and November 13th, respectively. The
IHumination Group is arranging its first meeting for January 7,
1930. The general details of the November 4th and 13th meet-
ings, which will be held in the Engineering Societies Building,
33 West 39th St., New York, N. Y., follow:

Transportation Group: Meeting Monday, November 4, 1929
at 7:30 p. m., Room 1, 5th Floor, Engineering Societies Building.
Subject— How the Electric Railways are Meeting the Demand for
Modern Transportation. Speakers: Guy C. Hecker, General
Secretary, A. E. R. A. and B. O. Austin, Control Engineer,
Westinghouse Elee. & Mfg. Co. The speakers will outline the
many technical developments of interest to engineers that have
occurred recently.

Communication Group; Meeting Wednesday, November 13,
1929 at 7:30 p. m., Room 2, 5th Floor, Engineering Societies
Building. Subject—Materials of Communication. Speakers:
W. W. Brown, General Electric Co. on Micalex. Its properties
and Applicallon to Radio Equipment. 1. R. Smith, Westing-
house Elec & Mfg. Co. on Copper Oxide. Ils Use and Performance
in Rectifiers. W. Fondiller, Bell Telephone Laboratories on
Developments in Communication Materials. The work done on
insulating materials and metals, ineluding duralumin, permalloy,
brasses and bronzes. D. Levinger, Western Electric Co. or
Manufacturing Problems in Communication Materials. Problems
in introducing some of the newer materialsinto manufacture.

There will be open discussion at all group meetings, which
will all be scheduled for 7:30 p. m. sharp with adjournment at
9:30 to enable the commuting members to get early trains.

FUTURE SECTION MEETINGS
Akron
November 8, 1929 at Canton. Heavy Duly Mercury Arc
Rectifiers, by O. K. Marti, Chief Engineer, American Brown
Boveri Electric Corporation.
December 31, 1929. Ratlway Electrification, by J. V. B. Duer,
Electrical Engineer, Pennsylvania Railroad Company.
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A. L. E. E. Section Activities

Journm A. T, B, E

roreren

Cleveland
Subjest: Bocinl and lsconomie Results
Spenker: (. M. Ripley, ieneral

November 2t, 1929
of PPower and Maghinery.
Blectrie Co

December 12, 1929, Subjeet:  Anti-Aireraft  Artillery
spenker: Major (. M. Burnes, Ordnance Dept., United States
Army

Detroit-Ann Arbor

November 12, 1929, ITuyes Hotel, Jackson, Michigan.
Subject: Power Systom Planning. Speaker: L. W. W. Morrow,
Kditor, Electrical World, New York

December 10, 1929, The Detroit Kdison Auditorium.
Joint meeting with the Detroit Kngineering Society.  Subjeet:
Power Ilouse Design. Speaker: Alex Dow, President of the
Detroit Edison Co. lnspection trip through the New Delray
Power louse in the afternoon.

Lynn

November 6, 1929. Technical Lecture by L. A. Hawkins,
Executive Engineer of Rescarch Laboratory, General Electric Co.
Subject: *“Today’s Science, Tomorrow's Engineering.”

November 20, 1929. Popular Lecture ‘“‘With Allenby in
Palestine and Lawrence in Arabia” by the noted lecturer Lowell
Thomas. invited.

December 1, 1929. Technical Lecture by H. D. Brown
(Mercury Arc Rectifiers).

Pittsburgh

November 19, 1929.  What's Coming in Aviation, W. 13. Stout,
Stout Metal Airpltane Company, Division Ford Motor Company.

December 10, 1929. Latest Developments in Supervisory
Control, R. J. Wensley, Westinghouse Electrie & Mfg. Company,
Manstield, Ohio.

Ladies

IOWA SECTION ORGANIZED

At a meeting held on June 25, 1929, the Board of Directors
authorized the organization of the lowa Seetion. C. L. Sampson,
Engineer of Transmission, Protection, and Foreign Wire Rela-
tions of the Northwestern Bell Telephone Company, Des Moines,
Towa, was elected Chairman and Professor J. K. MeNeely, lowa
State College, Ames, lowa, was chosen as Secretary.

The lowa Seetion ineludes as its territory the entire state of
lowa.

MEETING OF EXECUTIVE COMMITTEE OF MIDDLE EASTERN
DISTRICT
A meeting of the Executive Committee of the Middle Eastern
District, No. 2, held at the Keystone Athletic Club. Pittsburgh,
Pa., on October 7, was attended by a large majority of the mem-
bers of the Committee, and ten of the twelve Sections in the
District were represented.

After the completion of the business before the meeting, there
was an extended discussion of Section activities and methods by
whieh they may be made more effective. Some of the more
important topics were; the desirability of affording to as many
members as possible opportunities for participating in the aetivi-
ties; use of cards to keep records of attendance at meetings;
developing better speaking ability among the members; methods
of making special appeal to enrolled Students of the Institute;
stimulation of discussion; policies regarding local membership;
meetings of certain technical groups within a Section; the
types of social meetings which are most helpful; civie affairs;
and publicity.
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PAST SECTION MEETINGS

Boston

Meeting of Executive Board. Election of Membership. Program
and Entertainment Committee Chairmen. Voted to hold
the regular monthly meetings on the first Tuesday of each
month. The Secretary announced the plans for the October
meeting, an inspection trip of the Boston Harbor on the
City Steamship, Saturday afternoon, Oct. 5. Diseussion of
membership poliey for the coming yvear. Approval of ten-
tative budget for the year. September 19.

Chicago

Joint meeting with Western Society of Engineers held during
celebration of Light's Golden .Jubliee. L. A. Ferguson,
Vice-President, Commonwealth Edison Co.. read his speech
at the commemoration of the 50th anniversary of the laying
of the Atlantic eable made in N. Y. twenty years ago.
Speech by W. L. Abbott, Chief Operating Engineer, Com-
monwealih Edison Co. on the old days in Chicago. The
meeting was preceded by a dinner. September 23. At-
tendance 385.

Cincinnati

Minutes of annual meeting and Treasurer's report read and
approved. DProfessor A. M. Wilson, head of the Depart-
ment of Eleetrieal Engineering at the University of Cinein-
nati. gave a brief analysis of color projection and ecolor
filters, with demonstrations. September 17. Attendance 76.

Denver

“The Quest of the Unknown,” by Professor Harold B. Smith,
President of the Institute, illustrated with lantern slides.
A dinner preceded the meeting. September 11. At-
tendance 46.

Talk hy F. C. Hanker, Manager Central Station Engineering,
Westinghouse E. & M. Co.. "‘Recent Studies in Generation
and Distribution of Power.”” Talk was illustrated and dis-
cussed by Professor W. ', DuVall, Counselor of the Uni-
versity of Colorndo Branch. The meeting was preceded by
a dinner. October 4. Attendance 47.

Detroit-Ann Arbor

Chairman L. F. Hickernell reported on the Executive Committee
meeting of the Gireat Lakes District (No. 5) held in Chicago.
J. J. Shoemaker, Chairman of the Mleetings and Papers
Committee, presented the complete program of the 1929-
1930 meetings. Talk by John T. Millen, Director of the
Detroit Zoologieal Park, on the subject. "*Wild Animal
Experiences.” Annual dinner meeting at the lee Plaza
Hotel. September 17. Attendance 91.

Erie
Discussion of proposed amendments to Erie Section Constitu-
tion. Talk by H. M. Towne, Engineer in charge of Design
and Development of Lightning Arresters for General Elee.
Co. at Pittstield. Mass., on Lightning Problems.” Dinner
preceded the meeting. September 24. Attendance 60.

Houston

Hezzie Clark, Humble Pipe Line Co.. gave a talk on electrifica-
tion in the petrolenm industry. Diseussion followed and
M. E. Montrose of General Elec. Co. presented figures in
reference to the cost of using electricity instead of steam for
the drilling of wells. Also talks by J. H. Dubendorf.
Shell Petroleum Co., on electrification of oil refineries and
D. A. Keirn of the Westinghouse Co. on the photoelectrie
cell. Discussion followed. September 26. Attendance 63.

Iowa
First meeting of this newly authorized Section of the Institute.
Election of officers as follows: C. L. Sampson, Chairman,
J. K. MeNeely, Secretarv-Treasurer, John M. Drabelle and
G. T. Shoemaker. members of the Executive Committee.
Address by President Harold B. Smith on *"The Quest of the
Unknown.” September 13. Attendance 4.
Kansas City
‘“The Quest of the Unknown'' delivered by Professor Harold B.
Smith, President of the A. I. E. E. An informal dinner pre-
ceded the meeting at which the executive committees and
presiding officers of each of the technical societies as well as
the leading men from the Westinghouse, General Eleectric,
Western Electrie, Allis-Chalmers, the large utilities of the
Blldeq West, and the Deans of the Engineering Schools in
the vicinity, were present. September 16. Attendance 126.
Lehigh Valley
Annual meeting. At 10:00 a. m. inspeection trip through No. 5
Breaker of the Jeddo-Highland Coal Co. 12:00 noon
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Luncheon at the Altamont. 2:00 p. m. business meeting,
election of officers. Paper by A. O. Austin of the Ohio

Brass Co. on Power Transmission and High Voltage
Insulators. Moving pictures at the Service Depot on

“Formation of Coal During the Ages Past.” 6:30 p.m.
dinner at Hotel Altamont. Address by Stephen Q. Hayes
of the Westinghouse Company on ‘Electrifying South
America.” June 1. Attendance 101.

Los Angeles

First meeting of fiscal year. New ofticers and members of the
Executive Committee were introduced. H. L. Caldwell
gave a report of the Swampscott convention. E. R.
Northmore gave a report of the Pacitic Coast Convention.
Past-President R. F. Schuchardt, H. B. Gear, Asst. to the
Vice-President, Commonwealth Edison Co. and O. C.
Merrill, Chairman of the American Committee of the
World Power Conference, who were passing through Los
Angeles enroute to the World Engineering Congress at
Tokio. Japan, gave a few remarks. Professor R. W.
Sorensen, California Institute of Technology talked on the
subjeet “A Western Engineer's Experience in the East.”
Professor Sorensen also briefly discussed the paper which he
presented before the meeting of the Society for the Promo-
tion of Engineering Education, outlining certain phases of
the work at the California Institute of Technology. The
meeting was preceded by a dinner at the Engineers’ Club.
October 8. Attendance 78.

Louisville

General Section matters discussed. W. H. Stilwell, Signal
Engineer of the Louisville and Nashville Railroad Co.,
talked on *“Centralized Traffiec Control Developed by the
General Railway Signal Co.”” Four reels of motion pictures
taken of the Centralized Traffic Control installed on the
Oliio Central Lines were shown. Oectober 8. Attendance
(5 0]

Madison

Proposed new By-laws of Section distributed among members.
Professor Edward Bennett spoke on *The Inadequacy of the
Public Utilities Law of Wiseonsin.”” Dinner at the Memorial
I nion preceded the meeting. October 9. Attendance #4.

Mexico
Election of officers as follows: G. Solis Payan, Chairman; E.
Leonarz. Jr., Secretary; E. F. Lopez, Treasurer. Execu-
tive Committee: F. Aubert, H. Olmedo, G. Obregon, B. M.
Antipoviteh.

Minnesota

meeting of the season. John Lapham of the North
Central Eleetric Association spoke on “Edison and Light's
Golden Jubliee.”” Several slides were shown. Two moving
pictures entitled, “The Benefactor’” and ‘“The Light of a
Race” were presented. October 3. Attendance 45.

First

Pittsburgh
Inspection irip to the Bell Telephone Plant. Refreshments were
served at the conclusion of the inspection. September 18.
Attendance 275. .

Portland

“The Quest of the Unknown,” by Professor Harold B. Smith,
President of the Institute, illustrated with lantern slides.
The meeting was preceded by a dinner. At the conclusion of
the evening meeting a buffet lunch was served. August 26.
Attendance 95.

Executive business: Chairman H. H. Cake announced that the
Executive Committee of the Section made a formal request
through Viee-President G. E. Quinan of District No. 9 that
the date of holding the 1930 Pacific Coast Convention be
Sept. 2-3, inclusive. H. H. Schoolfield was selected as
general convention chairman. Mr. Schoolfield reported
briefly on the success of the Santa Monica Convention.
I. H. Summers of the Central Station Engg. Dept. of the
General Electrie Co., Schenectady, N. Y. gave a resumé of a
paper presented at the Pacific Coast Convention entitled,
System Stability. Buffet lunch followed the meeting.
September 24. Attendance 69.

Rochester

Dr. Phillips Thomasand Dr. C. K. Lee, both of the Westinghouse
E. &M. Co., East Pittsburgh, Pa., spoke on ‘‘Recent De-
velopments in the Research Departments of the Westing-
house Elec. & Mfg. Co. DMeeting was held jointly with the
Rochester Engineering Society. The meeting was preceded
by a dinner given to welcome the speakers. October 4.
Attendance 283.
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WONDERS OF SOUND TRANSMISSION

New York Section to hoear 8. P. Grace of Bell Telephone 1 aboratories

On the evening of Friday, November 8th, the New York
Section members will have the privilege of attending a lectuir
and demonstration by S. P. Grace, Asst. Viee-President of the
Bell Telephone Laboratories, Ine. disclosing some of the most
recent wonders of seience in the field of sound transmission.
Just a glance over the modern marvels to be illustrated and
explained will reveal the electrio ear, serambled speech, delayed
speach, double-ended short wave high power radio tubes, ampli-
fied musele noises, translation of mechanical impulses into
speech, the artilicial larynx, and so on down the list of the latest
work in sound transmission—the results of organized effort to
extend the range of the human voice. Mr. Grace has shown that
he can entertain audiences of every type, scientists and laymen.
The Program Committee feels that this is an unusual opportunity
to spend not only a particularly interesting and instruetive
evening, but it is as sure that all will go away with a fuller reali-
zation of the place of science in American progress. The meet-
ing will be held at 8 p. m. in the Engineering Auditorium, 33
West 39th Street, New York, N. Y.

NEW YORK SECTION TRANSPORTATION COMMUNICATION
GROUPS HOLD MEETINGS

The group activities within the New York Section for the year
1929-30 are now well under way. Of the four groups whieh have
been organized to date, the Power Group met on October 30th,
the Transportation and Communication Groups are scheduled
for November 4th and November 13th, respectively. The
INlumination Group is arranging its first meeting for January 7,
1930. The general details of the November 4th and 13th meet-
ings, which will be held in the Engineering Societies Building,
33 West 39th St., New York, N. Y., follow:

Transportation Group: Meeting Monday, November 4, 1929
at 7:30 p. m., Room 1, 5th Floor, Engineering Societies Building.
Subject—How the Eleclric Railways are Meeting the Demand for
Modern Transportation. Speakers: Guy C. Hecker, General
Secretary, A. E. R. A. and B. O. Austin, Control Engineer,
Westinghouse Elec. & Mfg. Co. The speakers will outline the
many technical developments of interest to engineers that have
occurred recently.

Communication Group; Meeting Wednesday, November 13,
1929 at 7:30 p. m., Room 2, 5th Floor, Engineering Societies
Building. Subject—Materials of Communication. Speakers:
W. W. Brown, General Electric Co. on Micalex. Its properties
ard Applicatton to Radio Equipment. I. R. Smith, Westing-
house Elec & Mfg. Co. on Copper Ozide. Iis Use and Performance
in Rectifiers. W. Fondiller, Bell Telephone Laboratories on
Developments in Communicalion Materials. The work done on
insulating materials and metals, including duralumin, permalloy,
brasses and bronzes. D). Levinger, Western Electric Co. on
Manufacturing Problems in Communication Malerials. Problems
in introducing some of the newer materials into manufacture.

There will be open discussion at all group meetings, whieh
will all be scheduled for 7:30 p. m. sharp with adjournment at
9:30 to enable the commuting members to get early trains.

FUTURE SECTION MEETINGS

Akron
1929 at Canton. Heavy Duly Mercury Arc
Chief Engineer, American Brown

November &,
Rectifiers, by O. K. Marti,
Boveri Electric Corporation.

December 31, 1929. Railway Electrificalion, by J. V. B. Duer,
Electrical Engineer, Pennsylvania Railroad Company.
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A. L. E. E. Section Activities

Subject: Social and Geonomie Results
Spoeaker: (. M. Ripley, General

Cleveland

Novomber 21, 1929,
of Power and Machinery.
Tleotrie Co.

Decembor 12, 1929, Subjeet:  Anti-Aireraft Artillery.
speaker: Major O M. Barnes, Ordnanee Dept., United States
Army.

Detroit-Ann Arbor

November 12, 1920, Hayes Tiotel, Jackson, Michigan.
Subject: Power System Planning. Speaker: L. W. W. Morrow,
Editor. Electrical World, New York.

Decomber 10, 1929, The Detroit Edison Auditorium.
Joint meeting with the Dotroit Kngineering Society. Subject:
Power llouse Design. Speaker: Alex Dow, President of the
Detroit Edison Co. Inspection trip through the New Delray
Power Ilouse in the afternoon.

Lynn
November 6, 1929. Technical Lecture by L. A. Hawkins,
Executive Engineer of Research Laboratory, General Electric Co.
Subject: “Today’s Seience, Tomorrow’s Engineering.”
November 20, 1929. Popular Lecture “With Allenby in
Palestine and Lawrence in Arabia” by the noted lecturer Lowell

Thomas. lLadies invited.
December 4, 1929. Technical Lecture by H. D. Brown
(Mercury Arc Rectifiers).
Pittsburgh

November 19, 1929.  What's Coming in Aviation, W. 13. Stout,
Stout Metal Airplane Company, Division Ford Motor Company.

December 10, 1929. Latest Developments in Supervisory
Control, R. J. Wensley, Westinghouse Kl ctric & Mfg. Company,
Manstield, Ohio.

IOWA SECTION ORGANIZED

At a meeting held on June 25, 1929, the Board of Directors
authorized the organization of the Jowa Section. C. L. Sampson,
Engineer of Transmission, Protection, and Foreign Wire Rela-
tions of the Northwestern Bell Telephone Company, Des Moines,
lowa, was elected Chairman and Professor J. K. MeNeely, Towa
State College, Ames, lowa, was chosen as Secretary.

The lowa Section includes as its territory the entire state of
Towa.

MEETING OF EXECUTIVE COMMITTEE OF MIDDLE EASTERN
DISTRICT
A meeting of the Executive Committee of the Middle Eastern
District, No. 2, held at the Kevstone Athletic Club, Pittsburgh,
Pa., on October 7, was attended by a large majority of the mem-
bers of the Committee, and ten of the twelve Sections in the
Distriet were represented.

After the completion of the husiness before the meeting, there
was an extended discussion of Section activities and methods by
which thev may be made more effective. Some of the more
important topies were; the desirability of affording to as many
members as possible opportunities for partieipating in the activi-
ties; use of cards to keep records of attendance at meetings;
developing better speaking ability among the members; methods
of making special appeal to enrolled Students of the Institute;
stimulation of discussion; policies regarding local membership;
meetings of certain technical groups within a Section; -the
types of social meetings which are most helpful; civie affairs;
and publicity.
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PAST SECTION MEETINGS

Boston

Meeting of Executive Board. Election of Membership, Program
and Entertainment Committee Chairmen. Voted to hold
the regular monthly meetings on the first Tuesday of each
month. The Secretary announced the plans for the October
meeting, an inspeetion trip of the Boston Harbor on the
City Steamship, Saturday afternoon, Oct. 5. Diseussion of
membership policy for the eoming vear. Approval of ten-
tative budget for the vear. September 19.

Chicago

Joint meeting with Western Society of Kngineers held during
celebration of Light's Golden Jubliee. L. A. Ferguson,
Viee-President, Commonwealth Edison Co.. read his speech
at the commemoration of the 50th anniversary of the laying
of the Atlantic cable made in N. Y. twenty years ago.
Speech by W. L. Abbhott. Chief Operating Engineer, Com-
monwealth Edison Co. on the old days in Chicago. The
meeting was preceded by a dinner. September 23. At-
tendance 385.

Cincinnati

Minutes of annmnal meeting and Treasurer’'s report read and
approved. DProfessor A. M. Wilson, head of the Depart-
ment of Electrical Engineering at the University of Cinein-
nati, gave a brief analysis of color projection and color
filters, with demonstrations. September 17. Attendance 76.

Denver

“The Quest of the Unknown,” by Professor Harold B. Smith.
President of the Institute, illustrated with lantern slides.
A dinner preceded the meeting. September 11. At-
tendance 46.

Talk by F. C. Hanker, Manager Central Station Engineering,
Westinghouse E. & M. Co., “*Recent Studies in Generation
and Distribution of Power.”” Talk was illustrated and dis-
cussed by Professor W. C. DuVall, Counselor of the 1ni-
versity of Colorado Braneh. The meeting was preceded by
a dinner. October 4. Attendance 47.

Detroit-Ann Arbor

Chairman L. F. Hickernell reported on the Executive Committee
meeting of the Great Lakes Distriet {(No. 3) held in Chicago.
J. J. Shoemaker, Chairman of the Mleetings and Papers
Committee, presented the complete program of the 1929-
1930 meetings. Talk by John T. Millen, Director of the
Detroit Zoological Park, on the subject, “Wild Animal
Experiences.”” Annual dinner meeting at the lLee Plaza
Hotel. September 17. Attendance91.

Erie

Discussion of proposed amendments to Erie Section Constitu-
tion. Talk by H. M. Towne. Engineer in charge of Design
and Development of Lightning Arresters for General Elee.
Co. at Pittsfield. Mass.. on Lightning Problems.” Dinner
preceded the meeting. September 24. Attendance 60.

Houston

Hezzie Clark, Humble Pipe Line Co.. gave a talk on electrifiea-
tion in the petroleum industry. Discussion followed and
M. E. Montrose of General Elee. Co. presented figures in
reference to the cost of nsing electricity instead of steam for
the drilling of wells. Also talks by J. H. Dubendorf,
Shell Petroleum Co.. on electrification of oil refineries and
D. A. Keirn of the Westinghouse Co. on the photoelectrie
cell. Discussion followed. September 26. Attendance 63.

Iowa

First meeting of this newly authorized Section of the Institute.
Eleetion of officers as follows: C. L. Sampson, Chairman,
J. K. MeNeely, Secretary-Treasurer, John M. Drabelle and
G. T. Shoemaker, members of the Executive Committee.
Address by President Harold B. Smith on “The Quest of the
Unknown.” September 13. Attendance 44.
Kansas City
"“The Quest of the Unknown” delivered by Professor Harold B.
Smith, President of the A. I. E. E. An informal dinner pre-
ceded the meeting at which the executive eommittees and
presiding officers of each of the technical societies as well as
the leading men from the Westinghouse. General Electrie,
Western Electric, Allis-Chalmers, the large utilities of the
Middle West, and the Deans of the Engineering Schools in
the vicinity, were present. September 16. Attendance 126.
Lehigh Valley
Annual meeting. At 10:00 a. m. inspection trip through No. 5
Breaker of the Jeddo-Highland Coal Co. 12:00 noon
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Luncheon at the Altamont. 2:00 p. m. business meeting,
election of officers. Paper by A. O. Austin of the Ohio
Brass Co. on Power Transmission and High Vollage
Insulators. Moving pictures at the Service Depot on
“Formation of Coal During the Ages Past.”” 6:30 p. m.
dinner at Hote! Altamont. Address by Stephen Q. Hayes
of the Westinghouse Company on ‘Electrifying South
America.” June 1. Attendance 101.

Los Angdeles

First meeting of fiseal yvear. New officers and members of the
Executive Committee were introduced. H. L. Caldwell
gave a report of the Swampscott convention. E. R.
Northinore gave a report of the Pacifie Coast Convention.
Past-President R. F. Schuchardt. H. B. Gear, Asst. to the
Vice-President, Commonwealth Edison Co. and 0. C.
Merrill, Chairman of the Ameriean Committee of the
World Power Conference. who were passing through Los
Angeles enroute to the World Engineering Congress at
Tokio. Japan, gave a few remarks. Professor R.
Sorensen. California Institute of Technology talked on the
subject ‘A Western Eugineer’s Experience in the East.”
Professor Sorensen also briefly diseussed the paper which he
presented before the meeting of the Society for the Promo-
tion of Engineering Edneation, outlining certain phases of
the work at the California Institute of Technology. The
meeting was preceded by a dinner at the Engineers’ Club.
October 8. Attendance 78.

Louisville

General Section matters disecussed. W. H. Stilwell, Signal
Engineer of the Louisville and Nashville Railroad Co.,
talked on *“Centralized Traftiec Control Developed by the
General Railway Signal Co.””  Four reels of motion pietures
taken of the Centralized Trafie Control installed on the
Ohio Central Lines were shown. October 8. Attendance
GO.

Madison

Proposed new By-laws of Section distributed among members.
Professor Edward Bennett spoke on ‘‘The Inadequacy of the
Publie Utilities Law of Wiseonsin.” Dinner at the Memorial
Union preceded the meeting. October 9. Attendance 44.

Mexico

Election of officers as follows: G. Solis Payvan, Chairman; E.
Leonarz. Jr., Seeretary; E. F. Lopez, Treasurer. Execu-
tive Committee: F. Aubert, I{. Olmedo, G. Obregon, B. M.
Antipoviteh.

Minnesota

First meeting of the season. John Lapham of the North
Central Eleetric Association spoke on *“Edison and Light’s
Golden Jubliee.”” Several slides were shown. Two moving
pictures entitled, ‘‘The Benefactor” and ““The Light of a
Race”’ were presented. October 3. Attendance 45.

Pittsburgh

Inspection trip to the Bell Telephone Plant. Refreshments were
served at the conclusion of the inspection. September 18.
Attendanee 275. i

Portland

“The Quest of the Unknown,” by Professor Harold B. Smith,
President of the Institute, illustrated with lantern slides.
The meeting was preceded by a dinner. At the conclusion of
the evening meeting a buffet lunch was served. August 26,
Attendance 95.

Executive business: Chairman H. H. Cake announced that the
Executive Committee of the Section made a formal request
through Vice-President G. E. Quinan of District No. 9 that
the date of holding the 1930 Pacific Coast Convention be
Sept. 2-5, inclusive. H. H. Schoolfield was selected as
general convention chairman. Mr. Schoolfield reported
briefly on the success of the Santa MNonica Convention.
I. H. Summers of the Central Station Engg. Dept. of the
General Electric Co., Schenectady, N. Y. gave a resums? of a
paper presented at the Pacifiec Coast Convention entitled,
System Stability. Buffet lunch followed the meeting.
September 24. Attendance 69.

Rochester

Dr. Phillips Thomasand Dr. C. K. Lee, both of the Westinghouse
E. & M. Co., East Pittsburgh, Pa., spoke on ‘‘Recent De-
velopments in the Research Departments of the Westing-
house Elec. & Mfg. Co. Meeting was held jointly with the
Rochester Engineering Society. The meeting was preceded
by a dinner given to welcome the speakers. October 4.
Attendance 283.
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St. Louls

Past Chairman C. P. Potter called the 212th meating of the
Bection to order and gave a roport covering his torm of
office. (. H. Quermann, Chairman for the year 1929-1430,
muade a lew remarks covering his policies and also his atton-
danee at the Summer Convention. Chairmen ol the Stand-
ing Comuittoos were announced. Professor larold 13
Smith, President of the Institute then gave an address on
“The Quest of the Unknown.” Attendanco prizes were
awarded. Sandwiches and eoffee were served. Septomber
17.  Attendance 85.

San Francisco

“The Quest of the Unknown,"” delivered by resident THarold 1.
Smith.  An informal dinner preceded this meeting. Plans
for the September meeting were announced. August 29,
Attendance 145.
Seattle

Annual banquet. Reading of the minutes was postponed.
J. Hellenthal, Secretary District No. 9 gave a short report
of the Pacific Coast Convention at Santa Monica, Calif.
Sept. 17. Attendance 46.

Sharon

F. D. Newbury and R. S. Marthens, both of tlie Westinghouse
Elee. & Mig. Co., Bast Pittsburgh, Pa., spoke on the subjeet,
“The Probem of Designing FFabricated D.C. Motors and

A.LE.E.

A STUDENT BRANCH AT UNIVERSITY OF NEW MEXICO
At its meeting held on May 22, 1929, the Board of Directors
authorized the formation of a Student Branch at the University
of New Mexico, Albuquerque, New Mexico. The Branch
has organized and selected the officers named below:
F. A. Stortz, Jr., Chairman
R. D. Jenkins, Viee-Chairman
W. Irving Abbott, Secretary-Treasurer
Professor F. M. Denton has been appointed Counselor of the
Branch.

T T T T

s

STUDENT BRANCH AT SOUTHERN METHODIST UNIVERSITY
At its meeting held on May 22, 1929, the Board of Directors

authorized the formation of a Student Branch at the Southern
Methodist University, Dallas, Texas. The branch has organized
and selected the officers named below:

Willard Cox, Chairman

J. V. Melton, Vice-Chairman

Porter Lindsley, Jr., Secretary-Treasurer
Dean E. H. Flath has been appointed Counselor of the Branch.

PAST BRANCH MEETINGS

Alabama Polytechnic Institute

First meeting of the season. Professor Hill, Counselor of the
Branch, discussed the plans for the convention to be held in
November. Several announcements of local interest were
made. September 26. Attendance 20.

University of Arizona
Professor J. C. Clark, Counselor and Barney Shehane, Chairman
of the Branch, gave reports of the Pacific Coast Convention.
September 20. Attendance 10.

Barnev Shehane and Otto Mangum presented papers on Summer
experiences with the New State Electric Co. and the Miami
Copper Co. September 27. Attendance 12.

Bucknell University

E. C. Metcalf read a paper on Automatic Railway Substations
which was illustrated. Discussion followed. October 7.

Attendance 22.
University of California

As this meeting was in the form of a banquet there was no execu-
tive business discussed. Three papers were presented :
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Gonerators.”  Two motion pioturo resls preceded Lhe talks,
October 1. Attondunco 124
Springfleld

Goneral Seotion matters reviewed.  Hans Passhurg, Enginesr of
the United leetric Light Co. Springfleld, Mass,, spoke on
the subjeet ‘‘Muscle Shoals.” Mr. Passburg went into
detail regarding the Musclo Shonls devolopment und illus
tratod his talk with many lantern shdes.  Septemmber 9
Attendance 23.
Toledo

mminutes of the previous meeting were read and approved-
The Programm Committee roported regarding its aetiviti
Mr. Paul Gravelle, Rosults Bngineer of the Toledo Kdison
C'o., spoke on “Modern Steam Plant Kconomies.” A large
drawing of the Acme Station was used (o trace out the heat
eyeles o the turbines, hoilers and auxiliaries. Diseussion

The

foltowed. September 24,  Attendance 28,
Toronto
Annual Get-Together mecting. Review of general Section

matters after which the remainder of the eveniug was of a
social eharacter with musie, entertainment, and refresh-
ments. September 27.  Attendance 73.
Utah
“The Quest of the Unknown,” by Professor Harold B3, Smith,
President of the A. L I£. E. September 9. Attendance 44.

RO

e

The Engineer of Tomorrow, by V. T. Johnson, Student;
Why I Took Up Engineering, by Norman H. Adams,
Student; Design of Aulomatic Substations, by R. B. Kellogg,
Pacific Gas & Eleetric Co. A brief deseription of the
Pacific Coast Convention was given by . R. Norton.
September 13.  Attendance 70.

Executive Business. Two papers presented: Descriptions of
Sound Motion Pictures, by Frank R. Norton; Description
of an Electrical System of Television, by TlI. R. Lubcke,
Television Engincer. Refreshments served. September
25. Attendance 45.

Carnegie Institute of Technology

Professors W. IR. Work and B. C. Dennison spoke on the benefits
of Student enrolment and also membership in the National
organization. QOctober 1. Attendance 64.

Clarkson College

Reports of various committees presented. DProfessor A. R.
Powers, Counselor of the Branch, gave a talk on the plans
for the coming season. Coffee and cake served after the
meeting. October8. Attendance 20.

Clemson Agricultural College

Two papers presented as follows: The Making of an Engineer, by
G. W. Sackman, Student; and Psychology of Gelting On, by
W. C. Snyder, Student. Luncheon served after meeting.
October 3. Attendance 3%.

University of Denver

A discussion took place as to the best method of obtaining the
interest of non-members. Plans for the coming membership
campaign were discussed. September 30. Attendance 7.

University of Detroit

Talk on “Things We Don’t Think About,” by Raymond J. Abele.
Two reels of moving pictures presented on *'Hyvdro-Electrie
Power Production in the New South.” Short tatks by new
officers and some of the faculty members. October 9.
Attendance 32.

Election of officers: Wm. F. Haldeman, Chairman; R..J. Abele,
Viee-Chairman; W. IR. Moyers, Secretary; R. L. Sailer,
Treasurer. September 10. :

University of Idaho
The meeting was held for the purpose of organizing the year's

work. Talk by Professor J. H. Johnson, Counselor of the
Branch, on the benefits of the Institute. October 1.
Attendance 34.
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Lafayette Collegde

Election of officers as follows: Earl G
Murray G. Clay, Viee-Chairman;
Secretary-Treasurer. September 29.

Albert, Chairman;
William F. Titus,

Lewis Institute

Election of officers as follows: G. W. Malstrom, ('hui_rman;
E. R. Borden, Secretary. October 2.  Attendance 13.

Mississippi A. & M. College

Professor L. L. Patterson, Counselor, gave

Election of ofticers.
October 3.

a talk on the advantage of Student membership.
Attendance 21.

Montana State College

Papers presented by Messrs. Murray Davidson and Eitaro Etow.
Discussion followed regarding the eleetrical show which was
to be held on October 21.  Oectober 9.  Attendance 5G.

University of Nebraska

Student talks given by R. R. Dysart, F. V. Peterson and B. R,
Robinson on their experiences during the past summer.
Chairman Sechneider made a few explanatory remarks re-
garding the benefits of Student enrolment. October 9.
Attendance 48.

The Newark College of Engineering

Committee members appointed. Three propositions were ex-
plained concerning a proposed change in the By-laws for the
transfer from Student to Associate membership. Qectober 7.
Attendance 31.

The College of the City of New York

Election of officers as follows: Robert Fassnacht, Chairman;
Frank J. Wodicka, Secretary. September26. Attendance 15.

University of North Dakota

Tallkk by Professor H. F. Rice. Counselor, on the henefits of the
A.T.E. E. A still film on *Train Radio’ was shown.
Doughnuts and cider served. Qctober 3. Attendance 19.

University of Notre Dame

Professor J. A. Caparo, Counselor, reviewed the past suecess
of the Branch and urged future publicity. Smokes and
refreshments served. September 23. Attendance 60.

Ohio Northern University

President MeGahan  welcomed new  Students. Professor
Campbell. Counselor, discussed the value of membership in
the A. I. E. E.  Dean Needy. Head of the Engg. Dept. gave
illustrations explaining the great engineering age we are
living in. Smokes and refreshments served. September 26.
Attendance 57.

Oklahoma A. & M. College

Professor Naeter, Head of the Elec. Engg. Dept., presented a
paper on The Use of the Pendulum tn the Measurement of
Electrical Energy. September 22. Attendance 18.

University of Oklahoma

Professor F. G. Tappan. Counselor, gave a discussion on Light’s
Golden Jubilee and the banquet whieh will be held on
October 21. This Branch is providing several attractions
for the banquet, the most notable being the so-called
“talking electric sign.” This sign was designed and built
by the Branch. Discussion followed concerning the ad-
vantages of Institute membership and the relation of the
University of Oklahoma Braneh to the Oklahoma City
Section. Refreshmentsserved. Oectober 10. Attendanee 50.

University of Pittsburgh

Talk by Professor H. E. Dyche, Counselor.
Attendance 42.
Talk by E. S. McClelland on ‘‘History of the Westinghouse Elee.
& Mifg. Co.” October 3. Attendance S1.
Rensselaer Polytechnic Institute

Committee appointments. Several Students gave talks on their
work during the past summer. October 8. Attendance 75.

Rhode Island State College

Talks as follows: ‘‘History of Radio,” by George E. Arnold,
Student. ‘‘Recent Developments,” by Charles Pagella,
Student. October 9. Attendance 17.

October 26.
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Rose Polytechnic Institute

Election of officers as follows: D. E. Henderson, Chairman;
J. H. Corp, Secretary; C. A. Lotze and E. A. Johnson
members Program Committee. September 27. Attendance
15.

J. H. Corp reviewed the By-laws relating to Student enrolmeunt.
D. . Henderson gave a talk on the meeting to be held in
Chieago in December. Professor C. C. Knipmeyer spoke
about the Branch and gave suggestions as to how meetings

should be conducted in the future. October 2. Attendance

34.

University of South Carolina

First meeting of the season. Voted to hold three meetings each

month. Election of Executive Committee members.
October4. Attendance 14.

Three papers presented by students, Short Transmission Lines,
by J. D. Bell; Sketch on Aeronautics, by H. W. Farnam;
Decelopment of Communication, by C. A. Riley. October 11.
Attendance 26.

South Dakota School of Mines

Professor J. 0. Kammerntan, Counselor, gave a talk on the activ-
ities of the Institute. Professor E. E. Clark spoke about
his summer travels. October 3. Attendance 28.

University of Southern California

N. B. Hinson, Chairman of the Los Angeles Section, spoke re-
garding the By-laws concerning Student enrolment. He
also spoke on the industrial development of Southern
California. September 25. Attendance H0.

Syracuse University

Election of officers as follows: D. A. MaeGregor, Chairman;
M. J. Wright, Secretary. QOctober 9. Attendance 10.

University of Tennessee

Discussion of plans for future meetings. October 11. Atten-
dance 16.
Texas A. & M. College
Discussion of general Braneh activities. September 27. Atten-

dance 34.
University of Utah

Plans for the vear were discussed. Counselor J. H. Hamilton
spoke on the advantages of being an enrolled Student.
A\ film showing the building of the Panama Canal was shown.
October 8. _Attendanece 20.

Virginia Military Institute

Committee appointed to draw up new set of By-laws. Papers
presented by students: A pplication of Electricity to Modern
Transportation, by J. T. Brodnax; The Benefits Derived from
the 4. 1. E. FE., by H. B. Blackwood; Why Brookland Adopted
the Low Voltage A. C. Netwwork, by A. F. Black. September
27. Attendance 43.

Virginia Polytechnic Institute

Appointment of Executive Committee. Discussion of coming
student convention in Charlottesville. Talk on Branch
activities by Professor Cladius Lee, Counselor. October 2.
Attendance 22.

West Virgdinia University

Election of officers as follows: C. E. Movyers, President, G. H.
Hollis, Seeretary; E. M. Hansford, Treasurer. September
23. Attendance 38.

Student papers presented as follows: The Diesel Aircraft Molor,
by W. 8. MecDaniels; Arc Welding in the Shops of the
Northern Pacific Ry. Co., by A. F. Fervier; Recent Develop-
ments in Telephone Construction Practises, by G. H. Hollis;
The Reason for and Meaning of S. A. E. Viscosity Number,
by W. H. Rose; Hydrogen—The Successor to Air, by E. M.
Hansford; The Roof Steam Accumulator, by G. S. Garrett;
Economics of Distribution Systems, by G. C. Barnes. Sep-

tember 30. Attendance 38.
A film on Eleetrical Measuring Instruments was presented.
October 7. Attendance 40.
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The Library is a cooperative activily of the American Imstitute of Electrical Engineers, the American Socvety of

Civil Engineers, the American Institute of Mining and Metallurgical Ingineers and the American Soctety of Mechan-

ical Engineers.
library of engineering and the allied sciences.
most of the importanl periodicals in its field.
nminth St., New York.

It is administered for these Founder Societies by the United Engineering Society, as a public reference
It contains 150,000 volumes and pamphlets and receives currently
It is housed in the Engineering Societies Building, 29 West Thirty-

In order to place the resources of the Library at the disposal of those unable to visil it in person, the Library is
prepared to furnish lisls of references to engineering subjects, copies or translations of articles, and similar assistunce.

Charges suflicient lo cover the cost of this work are made.

The Library maintains a collection of modern technical books which may be rented by members restding in North

America.

A rental of five cents a day, plus transportation, is.charged.

The Director of the Library will gladly give information concerning charges for the various kinds of service to

those interested.
understand clearly what s desired.

In asking for information, lelters should be made as definite as possible, so that the investigator may

The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during

July and August when the hours are 9 a. m. to 6 p. m.

BOOK NOTICES, SEPTEMBER 1-30, 1929

Unless otherwise specified, books in this list have been pre-
sented by the publishers. The Societies do not assume respon-
sibility for any statement made; these are taken from the preface
or the text of the book.

All books listed may be consulted in the Engineering Societies
Library.

ANALYSE DILATOMETRIQUE DES M ATERIAUX.

By Pierre Chevenard. Paris, Dunod, 1929.
diagrs., 11 x 91in., paper. 25,50 fr.

Professor Chevenard discusses the value of the dilatometrie
method in the study of thermal ehanges in metals, describes the
apparatus and methods that he has evolved at the Imphy steel-
works, and gives some of the interesting results that he has
ohtained in studving the quenching of aluminum bronze, the
graphitization of east iron, the firing of refractories, and other
industrial processes.

AppLIED GEOPHYSICS IN THE SEARCH FOR MINERALS.

By A. S. Eve and D. A. Keys. Cambridge, Eng., University
Press; N. Y., Maemillan Co., 1929. 253 pp., illus., diagrs.,
9x6in., cloth. $4.50.

A review of the various methods—magnetic, electrical,
gravitational, seismie, ete.—that have heen proposed for geologi-
cal exploration and prospecting. The authors diseuss both the
theoretical and practical sides of the schemes of exploration now
available, in the light of varied personal experience in the field.
BarrRAGES CONJUGUES ET BAsSINS DE COMPENSATION.

By Georges Laporte. Paris, Dunod, 1929. 116 pp., diagrs.,
10 x 7 in., paper. 35,50 fr.

Discusses the effect upon each other of two neighboring power
developments upon the same river. The author treats of the
equipment appropriate in these circumstances, the rules for
using the water that become necessary, .and the reserves and com-
pensating reservoirs required to maintain a flow in the river w hich
will satisfy the owners of its banks. The discussion is illustrated
by concrete examples taken from the author's practical
experience.

DiE DAUERPRUFUNG DER WERKSTOFFE.

By O. Foppl, E. Becker and G. v. Heydekampf. Berlin,
Julius Springer, 1929. 124 pp., illus,, diagrs., 10 x 7 in., paper.
950r. m. : o

A discussion of apparatus and methods for determining the
fatigue of metals subjected to vibration. A variety of testing
machines is deseribed, their uses explained and methods of
testing given, together with some results.

FestscurIFT Pror. Dr. A. STODOLA.

Edited by E. Honegger. Zdarich u. Lpz., Orell Fusseli Verlag,
1929. 602 pp., illus., diagrs., port., 10x 7 in., paper. 24.-r.m.

Professor Stodola’s friends and former pupils have commem-
orated his seventieth birthday and approaching retirement by
issuing this handsome volume. It contains, m addition to a
biographical sketch of Stodola and a bibliography of his writings,
sixty-three papers by eminent engineers and scientists, upon
various problems of engineering and physies, ]_)arllcplarly of the
steam turbine. The list of contributors i1s an iImposing one.

90 pp., illus,,

Fienp KNGINEERING.

By William H. Searles. 20th edition revised and enlarged by
H.C.Ives. N.Y. John Wiley & Sons, 1929. 2 v.in 1, diagrs.,
tables, 7 x 4 in., fabrikoid. $4.00.

The first volume of the new edition of this well-known manual
differs from the last edition ehiefly by the addition of a concise
chapter on highway enrves, which makes the book useful to
highway engineers, as well as railroad engineers. The second
volume has many changes and additions. Seven-place tables of
the natural trigonometric¢ functions replace the former five-
figure tables. Tables of natural secants and coseeants have been
added. The table of trigonometrie formulas has been rearranged
and extended.

HiNDBOOK OF Fonumunas aND T'ABLES FOR ENGINEERS.

By Clarence A. Peirce, Walter 3. Carver and Charles E.
O'Rourke. 3rd edition. N. Y., MeGraw-Hill Book Co., 1929.
228 pp.,. 8x Hin., fabrikoid. $2.50.

The aim of the compilers has been 1o produce a small book, of
really convenient size for the pocket, containing the most useful
tables and formulas. In this edition, some of the more essential
civil engineering data have been added, enlarging the field of use-
fulness of the hook. Several sections have also been enlarged
and revised.

Hypravric Lasorarony Pracrice; trans. revised to 1929,
of Die Wasserbaulaboratorien Europas, by V. D. 1. Edited
by John R. Freeman. N. Y., Ameriean Societv of Mechani-
cal Engineers, 1929. 868 pp., illus., 12 x 9 in., cloth. $10.00.

Some years ago Dr. John R. Freeman urged the German
Society of Engineers to publish a volume deseribing the hydraulie
laboratories of Europe and the principal research work of cach
of them. The result of this suggestion was ‘“‘Die Wasser-
baulaboratorien Europas,” which appeared in 1926, and which
now appears in English under Dr. Freeman'’s editorship.

The English edition will be of interest to every hvdraulie engi-
neer. To the professor of hydrauties it affords descriptions of the
important laboratories of the world, of their equipment, organi-
zation, management, and of the work which they have carried
out. The engineer in practice will find many helptul data in the
text and in the nuwnerous bhibliographies. No such general
survey of experimental activities in this science has hitherto
existed.

The translation contains mueh more material than the original.
Appendixes deseribing other European laboratories, and some
American ones, have been added. Biographies of the directors
of the various laboratories have been inserted, as well as several
monographs on important general subjects.

MoTtor VEHICLES AND TRACTORS.
By P. M. Heldt. Nyack, N. Y., P. M. Heldt, 1929.
iHus., diagrs., tables, 9 x 6 in., eloth. $8.00.

A textbook on design, covering all the elements of the auto-
mobile and tractor except the engine and electrical equipment.
The book is intended to replace the former second volume of the
author's ‘‘Gasoline Automobile” and repeats some of that
material, but is principally a new work. The hook is suited for
class or home study; usesonly simple mathematics and has mueh
practical information.

678 pp.,
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Raprorecenik, VI; Die Elektrischen Wellen.

By F. Kiebitz. Ber. u. Lpz., Walter de Gruyter & Co., 1929.
125 pp., diagrs., 6 x 4 in., cloth. 1,50 r. m.

A brief text on Herzian waves, especially the waves used in
radio. Their characteristics, radiation agnd reception, diffusion
and directing are discussed with a minimum of mathematies.
A simple introduetion to the subject for students and operators of
radio telegraphy.

RELAIS UND SCHUTZSCHALTUNGEN IN ELEETRISCHEN KRrAFT-
WERKEN UND NETZEN.

Edited by Reinhold Rudenberg. Berlin, Julius Springer,
1929. 281 pp., illus., diagrs., tables, 9 x 6 in., bound.
25,50 r. m.

Contains a course of lectures upon protective relays given at
Berlin during 1927 and 1928 by seven prominent engineers, under
the auspices of the Electrical Ingineering Society and the
Technical High School. Discusses the importance of relays as
safety devices, the failures that oceur in networks and the
principles of protection; the basic principles of relay action and
construction, current relay construetion, use and testing, the
protection of generating and transmission equipment, and bases
for further developments.

RENFORCEMENT DEs SoUDURES, COUVRE-JOINTs DIsCONTINUS
SoUDEs.
By E. Hoehn. Paris et Liége, Ch. Béranger, 1929.
diagrs., tables, 9 x 6 in., paper. 20.-fr.
A study of the value of welded buttstraps as a reinforecement
of welded joints in boilers and other pressure vessels. The results

of tests are given and the distribution of stresses discussed.
Data are given for use by designers.

103 pp.,
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SimpLIFIcATION oF HicuwaY TRAFFIC.

By William Phelps Eno. Saugatuck, Conn., Eno Founda-
tion for Highway Traffic Regulation, Ine., 1929. 206 pp:,
illus., diagrs., 9 x 7 in., cloth. $5.00; paper, $3.00.

Mr. Eno has devoted his life to the study of highway traffic
regulation. In the present book, which is to a certain extent a
revision and rearrangement of material selected from his former
books, he discusses particularly the selection and use of traffic
guides, systems of regulation, methods of accelerating traffic
and increasing safety. Many practical questions are handled on
the basis of wide experience. Professor C. J. Tilden has pre-
pared an appendix giving an account of Mr. Eno’s activities and
of the development of traffic regulation since they began.

STEAM AND GAs ENGINEERING.
By Thomas E. Butterfield. N. Y., D. Van Nostrand Co.,
1929. 481 pp., illus., diagrs., tables, 9 x 6 in., cloth. $4.50.

An introduectory text for engineers by the Professor of Heat
Power Engineering at Lehigh University. The entire field of
power production from steam and gas is covered, with emphasis
upon the natural laws involved and upon the various kinds of
apparatus used to apply them in practise. Several chapters are
devoted to descriptions of engines, boilers, gas producers and
other apparatus. Many problems are given.

UBERTRAGUNGSTECHNIK.

By Rudolf Winzheimer. Mun. u. Ber., R. Oldenbourg, 1929.
233 pp., illus., diagrs., 9x 6 in,, cloth. 12.-r. m. e

A text-book presenting the general principles of the electrical
transmission of speech, either by telephone or radio, and intended
for students of these subjects. The book first discusses the elec-
trical and acoustical principles involved in telephony, the theory
of telephone lines, amplifiers, networks and telephone cables.
The specific variations of radio transmission are then discussed.
A basie knowledge of electrical transmission theory is assumed.
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Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat-

ing with the Western Society of Engineers.

The service is available only to their membership, and is mainlained as a

cooperative bureau by contribution from the societies and their individual members who are directly benefited.
Offices:—31 West 39th St., New York, N. Y.,—W V. Brown, Manager.

1216 Engineering Bldg., 206 W. Wacker Drive,

Chicago, Ill., A. K. Krauser, Manager.

67 Post St., San Francisco, Calif., N. D. Cook, Manager.
MEN AV AILABLE.— Brief announcements will be published without charge but will not be repeated excepl upon

requests received after an interval of one month.

L Names and records will remain in the active files of the bureau for a
period of three months and are renewable upon request.

Notices for this Department should be addressed to

EMPLOYMENT SERVICE, 31 WEST 39th Street, New York City, and should be received prior to the 16th day of

of the month.

OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to

members of the-Societies concerned al a subscription of 83 per quarter, or 810 per annum, payable in advance.

Posi-

tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly.
VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are

invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after

placement, on the basis of one and one-half per cent of the first year’s salary: temporary positions (of one month or less)

three per cent of total salary received.

The income contributed by the members, logether with the finances appropriated

by the four societies named above will it is hoped, be sufficient not only to maintain, but to increase and extend the service.
REPLIES TO ANNOUNCEMENTS.—Replies lo announcements published herein or in the Bulletin, should
be addressed lo the key number indicated in cach case, with a two cent stamp allached for reforwarding, and forwarded

to the Employment Service as above.
Jilled will not be forwarded.

POSITIONS OPEN

ELECTRICAL ENGINEER, Canadian,
lege graduate, 25-28.
construction

col- letter.

Power transmission line
experience desirable. Work of

and the tube side of circuit work.
Location, New Jersey.

LOUD SPEAKER ENGINEER. capable of
doing development work on speakers and making

Replies received by the bureau after the posittions lo which they refer have been

college graduate. Apply by letter stating train-
ing, experience, and salary desired. Location,
New York State. X-9680-C.

RECENT GRADUATE ELECTRICAL EN-

Apply by
X-9671-C.

general nature at Canadian plant of electrical SPeaker performance measurements. Apply by GINEER, for research work. Apply by letter.
manufacturer. May lead to sales engineering letter only. Location, New Jersey. X-9672-C. Salary $30 a week. Location, New England
work. Apply by letter giving full information. ENGINEER, with engineering and test experi- X-8464.

X-9594.

ELECTRICAL ENGINEER, thoroughly fa-
miliar with the requirements of the paper. mill
industry. Must be able to design, layout, install
and supervise entire electrical system, wiring.
apparatus and equipment pertinent to construc-
tion and operation of modern paper mills.. Apply

letter.
laying out small

alternators, etc.

ence in paper condenser work.
Location, New Jersey. X-9673-C.
SWITCHBOARD ENGINEER,
switchboards for
battery charging motor generator sets,
Man with two or three years’
experience testing or designing preferred. Must

Apply only by ELECTRICAL ENGINEER, preferably with
postgraduate schooling in the electrical branches
of physics and a few years’ experience in industrial
research or development, for development and
research work with a growing firm in varied fields
embracing control apparatus and vacuum-tube
applications. ApPply by letter. Location, New

capable of
controlling
small

by letter giving full information, such as age, D€ technical school or college graduate. Apply by England. X-9387.

technical training, previous experience, present létter stating training, experience, and salary  ELECTRICAL ENGINEER, cxperienced in
salary, references, otc. Location, South. desired. Location, New York State. X-9679-C. the manufacture of vacuum tubes for radio work.
X-9625-CS8. TRANSFORMER ENGINEER, with two or Apply by letter. Location, New Jersey. X-9067.

VACUUM TUBE ENGINEER, familiar with

tube measurement work, quality control of tubes, transformers.

three years’ experience in testing or designing
Must be

SALES ENGINEER, 1927-1928, graduate in

technical school or electrical engineering, for commercial side of a




858

manufacturing organizntion; truveling sales work.
Opportunity. Apply by letter, Location, Mid-
dle West. X-7062-C.

RECENT GRADUATE, olectrical engineer,
willing to locate in eastern territory near Phila-
delphia, and to enter traveling sales worlk, handling

a-c. motors and fans, Must have clean-cut
personality. Apply by letter. Headquarters,
Middle West. X-3172-C.

MEN AVAILABLE

ELECTRICAL ENGINEER, 34, single; 11
years' experience in development, application,
and testing of railway and industrial control
equipments including five years heavy traction
work. Available upon one month's notice.
Location, immaterial. C-6506.

ELECTRICAL ENGINEER, 28, single, B. S,
1929, graduated with high honors, desires connec-
tion with manufacturer of electrical machinery or
utility company. Preferably production, manage-
ment, or design. Opportunity for advancement

considered most important. Two years’ test
floor experience. Location, Eastern States or
abroad. Excellent knowledge of Russian. Avail-

able on short notice. C-6526.

ELECTRICAL ENGINEER, with seven
years' experience in the electrical field including:
telephone work, developments in instruments and
measuring methods; also meter, protection and
apparatus testing in the field. Desires position
here or abroad. Available January, 1930. C-3911.

SALES ENGINEER, 28, single, M.I. T,
1925, B. S. in E. E. degree. One year electric
locomotive and transmission design. One year
assembly and test work with large electrical
company. Two years industrial and utility sales
engineer. Desires sales engineer position requir-
ing technical background with a concern affording
good opportunity. Located at present in New
York. C-1415.

ELECTRICAL ENGINEER, 30, single, college
graduate, London. General Electric Co. and
British Thomson Houston Co. Test courses.
Seven years’ experience in Australia and the
United States of America, on hydroelectric and
steam power plants, transmission lines, and sub-
stations. Location optional. Short notice. Ref-
erences. C-6518.

POWER OR MECHANICAL SUPERIN-
TENDENT, 41, experienced steam, gas, air, hy-
draulic, electric power plant construction and

INSTITUTE AND RELATED ACTIVITIES

operation; Institutional, industrial, and bullding
mechanical design and maintenance, Now om~
ployed Middle Northwest. Desires good indus-
trinl  conncctlon, 30 days' notice. Specialty,
strafghtening out, revamping and coordinating
power services. C-987.

ELECTRICAL ENGINEER, single, 38, de-
sires position in engineering or sales department
Seven years' oxperience with one small company
manutacturing standard and special rotating
machinery, d-c. and a-¢. ratings up to 500 kw. or
hp. Was successively in charge of testing,
service, engineering, correspondence and sales.
Location, immaterial, (C-6543.

ELECTRICAL ENGINEER, twelve years'
oxperience olectrical design of power houses,
substations, transmission lines, industrial plants,
in all branches and details of work. Also cight
years’ other electrical, mechanical engineering
experience including power plant testing, machin-

ery design. E.E. degree. Age 43, location,
vicinity New York City. Available at once.
C-6542.

ELECTRICAL ENGINEER, university grad-
uate, seven years' experience on transmission
and distribution planning, design of transmission
lines and substations, construction, operation.
Utility cadet course. Speaks foreign languages.
Desires position with utility, export firm or con-
sulting engineers. Now employed. Europe or
South America considered. B-8043.

GRADUATE ELECTRICAL ENGINEER,
E. E., wide experience in construction, operation
maintenance, generating, transmission at 100,000
volts, underground transmission, 6600 and 22,000
volts, outdoor and indoor substations, mill instal-

lations. Has sales and managing experience,
Latin, America, and India. Speaks English,
Spanish, German, French, and Hindustani.

Location, immaterial. Now employed. C-4222.

ELECTRICAL ENGINEER, 27, married, five
years' experience in powerhouse and substation
construction, operating, general maintenance,
specializing in relay and meter work. Desires
position abroad. C-6548.

HYDROELECTRIC ENGINEER, 37, esti-
mating engineer for the Big Creek Project, desires
connection for field work on budgets, estimates.
appraisals or cost accounting. Has the basic
construction experience in generation and distri-
bution necessary for such analyses. IB. S. in

Journal A, I, K. 1.

15, I8, from the California Institute of ‘T'echnology,
C-6198.

ENGINEER, BLECTRICAT-MECHANICAL
age, 41; marrfed, speaks Portuguese and Span-
Ish; with 25 years’ experience on construction
and malntenance of steam, hydroelectrle, and
electrical plants, seeks a situation on the con-
struction, or maintenance of a power statton, mine
or industrial plant abroad., C-6553.

JUNIOR BELECTRICAL ENGINEERING
GRADUATE, 1928. Desires position with pri-
vate professional concern doing consulting and
construction englneering. IFour years’ practical
experience, energetic, ambitious, and willing to
work hard. C-61446,

ELIECTRICAL ENGINEERING GRADU-
ATE with two years' experience in construction
and maintenance of electric locomotives and mul-
tiple-unit cars, both a-¢. and d-¢. Desires posi-
tion in electric railway or subway construction or
operation, C-6513

GRADUATE ELECTRICAL ENGINEER,
28, married, nine years' experionce engineering,
construction and operation of underground and
overhead transmission and distribution systems.
Last three years as division enginecr for large
metropolitan utility. Desires position in engi-
neering or construction division of a large holding
company or industry. Location immaterial.
B-9408.

PERSONNEL IMPROVEMENT SYSTENM,
new and original application of natural laws de-
velop, multiply and indicate the constinctive
efforts of ambitious employees and likewise mini-
mize negative influence. This system is available
to organization heads and will be developed to fit
your specific application without any interference,

by an engineer of wide experience. C-1867.
ELECTRICAL ENGINEER, age 29, five

vears' varied experience: test floor, application,
design, construction and maintenance. Now
in charge of electrical department for mining
company. Desires position as assistant plant
engineer or assistant electrical engineer with large
industrial plant. Good personality and very well
recommended. B-9001.

ELECTRICAL ENGINEER, 33, married, now
located Western New York, seven years sales
engineering, two years instructor, two years dis-
tribution and central station drafting. Able to
design and sell induction motors. Available on
30-day notice. B-3853.
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APPLICATIONS FOR ELECTION

Applications have been received by the Sec-
retary from the following candidates for election
to membership in the Institute. Unless otherwise
indicated, the applicant has applied for admis-
sion as an Associate. If the applicant has applied
for direct admission to a grade higher than Asso-
ciate, the grade follows immediately after the
name. Any member objecting to the election
of any of these candidates should so inform the
Secretary before November 30, 1929.

Andersson, A., General Electric Co., Pittsfield,
Mass.

Ando, K., Texas Power & Light Co., Dallas, Tex.

Barcus, E. D., Southern California Telephone Co.,
Los Angeles, Calif.

Barter, P. A., Buchans Mining Co., Ltd., Buchans,
Newfoundland

Bathe, C. E., Oklahoma Gas & Electric Co., Okla-
homa City, Okla.

Beck, L. E., Purdue University, W. Lafayette,

Ind.
Brown, C. J., Samson Electric Co., New
York, N. Y.

Buitrago, E. J., Jr., Westinghouse Elec. & Mfg.
Co., Sharon, Pa.

Burkholder, J. C., (Member), Canadian National
Telegraphs, Toronto, Ont., Can.

Carey, P. C., (Member), Runyon & Carey, New-

ark, N.J.

Carter, H. B., General Electric Co., Fort Wayne,
Ind.

Chase, D. D., General Electric Co., Schenectady,
N.Y.

Coldwell, K. 1., Texas Creosoting Co., Orange,
Tex.

Creedy, F.. (Member), Lehigh University, Beth-
lehem, Pa.

Danner, R. F., Oklahoma Gas & Electric Co.,
Oklahoma City, Okla.
Davis, C., Michigan Bell Telephone Co., Detroit,

Mich.

Davis, F. F., International Tel. & Tel. Co., New
York, N. Y.

Driscoll, J. E., Western Mass. Co., Springfield,
Mass.

Eppard, C. M., Union Electric Light & Power Co.,
St. Louis, Mo.

Falkenberg, R. T., Westinghouse Elec. & Mfg:
Co., Houston, Tex.

Ferris, F. S., 649 8. Main St., Akron, Ohio

Hague, B., (Member), Brooklyn Polytechnic In-
stitute, Brooklyn, N. Y.

Haycock, O. C., University of Utah, Salt Lake
City, Utah

Hemphill, L. F., General
Wayne, Ind.

Hendeberg, H., Sargent & Lundy. Chicago, Ill.

Hessler, V. P., Iowa State College, Ames, Iowa

High. T. L., Pacific Electric Mfg. Corp., Portland,
Ore.

Hudson, A. R., Board of Education, Louisville,
Ky.

Johannsen, E.. Pacific Electric Mfg. Co.,
Francisco, Calif.

Jones, E. C., West Virginia University, Morgan-
town, W. Va.

Jones, J. L., Kentucky Electric Development Co.,
Louisville, Ky .

Katz, L. S., Grove Hall Radio Co., Roxbury,
Mass.

Lukens, A. F., General Electric Co., Pittsfield,
Mass.

Mailey, R. D., (Fellow), Cooper Hewitt Electric
Co., Hoboken, N J.

McLean, C., Northwestern Electric Co., Portland,

Electric Co., Fort

San

Ore.
McQuillen, J. V., Westinghouse Elec. & Mfg. Co.,
Sharon, Pa.

McRae, H. T., New Jersey Bell Telephone Co.,
Newark, N.J.

Moreno, V. G., Border Telephone & Light Co.,
Tijuana, B. Cal., Mexico
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Mullowney, T. F., New York Telephone Co., New
York, N. Y.

Murphy, L, K., Brooklyn Edison Co., Inc., Brook-
lyn, N. Y.

Nicolaisen, R. J., Gibbs & Hill, New York, N. Y.

Odarenko, T. M., New, York Telephone Co., New
York, N. Y.

Oldenburg, P. R., Duquesne Light Co.. Pitts-
burgh, Pa.

Parker, L. F., British Columbia Electric Railway
Co., Vancouver, B. C,, Can.

Petersen, F. C., New York Edison Co., New York,
N.Y

Pirkey, J. W., (Member). Arcturus Radio Tube
Co., Newark, N.J.

Prince, R. W., (Member), Chesapcake & Potomac
Telephone Co.. Washington. D. C.

Pringle, W. A, General Electric Co., Fort Wayne,
Tud.

Rankin, L. R., Carnegie Steel Co., Farrell, Pa.

Rhael. R. J., Bell Telephone Laboratorics, Inc..
New York, N. Y.

Roloson, G. B., (Member), California School of
Mechanieal Arts, San Francisco, Calif.

Rose, H. B., 55 Hanson Place, Brooklyn, N. Y.

Rudolph, W. J., (Member), Electrical Testing
Laboratories, New York, N. Y

Russell, C., Jr., University of New Mexico, Albu-
querque, N. M,

Shoch. W. N., Philadelphia Electric Co., Phila-
delphia, Pa.

Shoftner, J. R., Markle-Bullers Coal Co., Inc
Dora, Pa.; C. E. Ringgold Coal Co., luc.;
C. E. Katukas Coal Co., Inc., Timhlin, Pa.

Skonberg, E. A, (Member), Electric Motor Re-
pair Co., Springfield, Mass.

OFFICERS A. I. E. E. 1929-1930

President
HaroLp B. Symitu

Junior Past Presidents
BAXNCROFT

Vice-Presidents

R. F. ScHuCHARDT

E. B. MERRIAM

HEeERBERT S. Evaxs

Smith, E. A. H., New Jersey Bell Telephone Co.,
Newark, N.J.

Snow, B. H., "Electrical West,”" Portland, Ore.

Stanton, J. M., Electrical Research Products,
Inc., Seattle, Wash.

Stickley. G. W_, Aluminum Co. of America, Mas-
sona, N. Y.

Taylor, J. A.. Tallassee Power Co., Badin, N. C.

Tiedemann. D. P., Purdue University, Lafayette.
Ind.

Tiernan, T. F.. National District Telegraph Co.,
New York, N. Y.

Underhill, J. E.. British Columbia Electric Rail-
way Co., Ltd., Vancouver, B. C, Can.

Watchorn, C. W., Pennsylvania Water & Power
Co., Baltimore, Md.

Wilhelm, H. 'T'., Bell Telephone Laboratories, Inc.,
New York, N. Y.

Young, R. C., Kuhlman Electric Co., Bay City,
AMich.

Total 68

Foreign

Bateman, W. T.. (Member), Ferguson, Pailin
Ltd., Manchester. England

Burton, W., Shropshire, \Worcestershire & Staf-
fordshire Electric Power Co.. Halesowen, Eng.

Dean. G. H., (Member). Allen West & Electric
Control, Ltd., Brighton, Sussex, Eng.

Edmondson, F. C., (Member). City of Perth Elec-
tricity & Gas Dept., Perth, Western
Australia

Phatak, R. K., Tata Hydro-Electric Supply Co.,
Bombay, India

Total 5

STUDENTS ENROLLED

Brown, George tl., University of Wisconsin
Burnett, Carlos E.. Southern Methodist University
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Bush, Arthur E_, University of Detroit

Byrne, Howard E., University of Detroit

Cox, Willard J., Southern Methodist University

Frauman, Issie, Southern MAlethodist University

Gritiith, Arthur F., Lehigh University

Grifith, David P.. Lehigh University

Headley. Francis B., University of Nevada

Johnson, Henry W, Drexel Institute

Ikrumm. Harold F., Engineering School of DMil-
waukee

Larose. Victor A., Engineering School of DMil-
waukeo

Lindsley, Robert P. Jr., Southern Methodist Uni-
versity

Lyon, Stern A, Northeastern University

Melton. J, V., Southern Methodist University

Nash. Floyd M., University of California

O'Donnell, James T.. Northeastern University

Robertson. George M., University of Southern
Calif.

Rogers, James H., Southern Methodist University

Rosen, Sidney. University of Southern California

Rotter, Cyril F.. Engineering School of Milwaukee

Sailer, Roman L., University of Detroit

Santos, Bartolome, University of Detroit

Schley, Woodruff H., Southern Methodist Uni-
versity

Sinclair, Donald B., Mass. Institute of Technology

Stortz, Frank A. Jr., University of New Ml exico

Swart. Berry G., Michigan College of Mining &
Technology

Taibot, Thomas, Southern Methodist University

Taylor, Weslev. D, University of Minnesota

Tsang. Isaac H.. Engineering School of Milwaukee

Tucker. D. J,, Southern Methodist University

Total 31

CobE oF PRINCIPLES OF PrOFEssioNaL Coxouct, F. B. Jewett
Corumsla UNIVERSITY ScHoLARsAIPS, W. I. Slichter

AWARD OF INsSTITUTE PRizES, A. E. Knowlton
SaFeTy Cobpgs, A. W. Berresford

SPECIAL COMMITTEE

GIUERARDI

Apvisory COMMITTEE TO THE MUSEUMS OF THE PEACEFUL ARTS, J. P. Jackson

TECHNICAL COMMITTEES AND CHAIRMEN

H. A. KipbER W. S. Ropsax AUTOMATIC STaTIONS, F. Zogbaum

W. T. Rvax C. E. FLEAGER CommuNicaTioN, G. A. Kositzky

B. D. Huru E. C. StoxE EpucaTtiox, Edward Bennett

G. E. Quinax . C. E. Sisso~ ELECTRICAL MacHINERY, Philip L. Alger
Directors ELECTRIC WELDING, A. M. Candy

1. E. MouLTROP J. ALLEX JOHNSON

E
H. C. Dox Carros
F. ]. CHESTERMAN
F. C. HANKER

E. B. MEYER

H. P. LivERSIDGE

National Treasurer N
GEORGE A. HamiLTON

Honorary Secretary
Rarerit W. PoreE

T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argenti
H. W. Flashman, Aus. Westinghouse Elec. Co.
11 Castlereagh St., Sydney, N. S. W, Australia.

F. M. Servos, Rio de Janiero Tramwavs, Light & Power Co., Rio de Janeiro,

Braazil.

A. P. M. Fleming, Metropolitan Vickers Elec. Co., Trafford Park, Manchester,

England.
A. S. Garfield, 45 Bd. Beausejour, Paris 16 E., France.

F. W. Willis, Tata Power Company, Bombav House, Bombay, India.

Guido Semenza, 39 Via Monte Napaleone, Milan, Italy.

P. H. Powell, Canterbury College, Christchurch, New Zealand.

M. Chatelain, Lesnoi Polytechnic Institute, Apt. 27, Leningrad, U.S. S. R.
Axel F. Enstrom, 24a Grefturegatan, Stockholm, Sweden.

W. Eldson-Dew, P. O. Box 4563 Johannesburg, Transvaal, Africa.

A. 1. E. E. COMMITTEES

(A list of the personnel of Institute committees may be found in the September

issue of the JOURNAL.)
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NEW CATALOGUES AND OTHER PUBLICATIONS
Masled to interested readers by issuing companies

Motors.—Bulletin 508, 12 pp. Describos “explosion-proof,”’
solf-ventilated, squirrel-eage motors for use in explosive atmo-
spheres. 'T'he Louis Allis Company, Milwaukee, Wis.

Theatre Cooling Equipment.—Bulletin, 16 pp. Desoribes
conventional theater cooling systems and illustrates theaters in
which such installations have been made. The ldeal Klectrie &
Manutacturing Co., Manstield, Ohio.

Gas Electric Drive For Autos.—Bulletin GEA-149C,
12 pp. Deseribes the G-E gas electrie drive for buses and other
vehieles. General Electric Company, Sehenectady, N. Y.

Electroplating Genperators.—Bulletin, 16 pp. Describes
Columbia generators for electroplating, electrotyping and
electrochemical processés.  Columbia Eleetric Manufacturing
Clo., 1292 East 53rd Street, Cleveland, O.

Electric Heat In Industry.—Bulletin GEA-261A, 48 pp.
Illustrates the application of electric heat to groups of basie
operations commonly found in industrial plants. General
Eleetrie Company, Schenectady, N. Y.

Ball Bearings.—'‘The Gurney Ball Bearing Manual,”
202 pp. A ceomprehensive treatment of the subject deseribing
numerous types of bearings and their proper applications.
Prices are included. Marlin-Rockwell Corporation, Jamestown,
N.Y.

Silver Solder.—Bulletin, 20 pp., on “The P’roper Selection
and Use of Silver Solder.”” Aceording to the manufacturer ther:
are many uses of silver solder in electrical manufacturing, and
silver compositions that have been especially developed and per-
fected for the electrieal industry are deseribed in the bulletin.
Handy & Harman, 57 William Street, New York.

NOTES OF THE INDUSTRY

Champion Switch Company Appointments.—R. J.
Stewart, formerly with the West Penn Power Company, is now
head of the inspection departmens, and J. A. Dudley, formerly
of the Chrysler Corporation, has been appointed to take charge
of production for the Champion Switch Company, Kenova,
West Virginia.

The Wagner Electric Manufacturing Corporation, St.
Louis, announces the removal of two branch sales offices. The
Milwaukee sales office and serviee station has heen moved from
501 Broadway to 525-27 Broadway. The St. Louis sales office
Las been removed from 505 Shell Building to 909 Plaza Olive
Building. Those removals were necessitated by the increased
business requiring more space.

Increased Orders fer G-E.—Orders received by the General
Electric Company for the three months ended September 30th
amounted to $116,688,014, compared with $90,328,666 for the
corresponding quarter of 1928, an increase of 29 per cent,
President Gerard Swope has announced. For the nine months
ended September 30th orders received amounted to $337,404,470,
compared with $260,686,463 for the first nine months of last year,
also an increase of 2¢) per cent.

A New Oil Purifier.—The largest portable combination
centrifuge and filter press on the market is now being offered
through the Westinghouse Electric and Manufacturing Com-
pany. It is the Sharples combination portable super-centrifuge
and filter press, and is made by the Sharples Specialty Company.
A Sharples super-centrifuge is combined with Westinghouse
filter press equipment and mounted on a truck. The following
advantages are claimed for it: Thoroughly cleans 1200 gallons of
0il per hour eontinuously. Purification is complete in one
operation. Operation is simple and clean. Practically no oil is
lost in handling. Construction is sturdy and simple. Mainte-
nance is remarkably low. Occupies very little floor space—
only a space 54 inches by 106 inches. Can be edsily mioved from

place to place.

INDUSTRIAL NOTES

CURRENT INDUSTRIAL NEWS

lournal A, 1. B. ¥

Great  Northern  Electrifiention.  Tnaronsed  passonger
travel following the openiog of the Great Northern's S-mile
tunnel under the Cascades 18 reflected by the purchase from the
Gienoral Electris Company of four additional 3000-horsepower
eleetric Tocomotives for use on passenger trains on the electrified
division. T'he new locomotives will cost about $250,000 gach.
With the completion of the 8-mile Caseade tunnel last January,
the railway’s entire route through the Cascades was echanged from
steam 10 electrieal operation. The saving in time afforded by
these and other improvements enabled the Great Northern to
cut nearly seven hours from the time of its transcontinental
The new locomotives will he the sure type as those now
handling the railway’s passenger traing. They weigh approxi-
mately 530,000 pounds each and are 75 feet long. They are
built so they ean be operated in multiples, sach unit bheing capable
of handling a 1000-ton train on any of the grades. lSach loeomo-
tive has six traction motors which deliver power to six axles.
The driving wheels are nearly 5 feet in diameter..

New High-Capacity Oil Breakers.—'The Pacific Electrie
Manufacturing Corporation, San Franeiseo, aunounces the
addition of two more sizes to their “JC' type oil circuit breakers,
now available in voltages trom 11,000 to 37,000. The JC-17
breaker is rated to interrupt 100,000 kv-a. at 15 kv. and has
exceeded this rating in actual test. Types JC-22 and 26 have a
rating of 125,000 kv-a. at 25 kv. and 37 kv. respectively. Fea-
tures of this type of oil circuit breaker include: One cast top
member for all three phases, with individual tanks per phase.
Al operating parts ave fastencd 1o the one piece top member and
assembled at the factory and shipped without disturbing the
factory adjustment. The rotating unit that carries the contacts
1s ecomposed of Bakelite, insuring positive mechanieal strength
and a wide salety factor in diclectric strength. Ample oil
capacity with high operating speed gives these breakers an
interrupting eapacity greater than other breakers of comparable
size. These breakers may be motor or solenoid operated.
Either type of control can be mounted on the end or side of the
breaker without the use of additional parts, and the two
stvles of control are interchangeable as far as mountings are
concerned.

trains.

Electrical Equipment for Ford. A turbine generator
rated at 110,000 kilowatts, is to be installed hy the Ford
Motor Company in the power generating station of its River
Rouge plant at IFordson, Michigan. This machine. far exceeding
the rating of any existing prime mover used for industrial pur-
poses, and involving many novel and unusual features of design,
will be used in the manufacture of Ford automobiles. This
apparatus, now heing built at the Scheneetady Works of the
General Electric Conipany. represents interesting departures in
design and construction. Tt is a vertical compound unit and is
the first large machine to be made to this design. The high-
pressure turbine and generator will be mounted directly on top
of the low-pressure turbine and generator, resulting in the most
compact unit yet proposed. Iach element has a capacity of
55,000 kilowatts. Steam will be used at a pressure of 1200
pounds exclusively. One of the important features of the de-
sign—of particular value in the ¥ord plant, where floor space is
at a premium-—is the small amount of space which will be taken
up by the new unit. The general dimensions include a length
of H7 feet 6 inches, a maximum width of 23 feet and a little less
than 21 feet overall height from the floor. The approximate
weight is 2,000,000 pounds. The space to be occupied is less
than a quarter of a cubie foot per kilowatt of output.

The Ford Motor Company has also ordered one 600 hp. and
one 300 hp. oil-electric locomotive from the Ingersoll-Rand Com-
pany for the River Rouge Plant. These locomotives will be
furnished with General Electric equipment and will be built at
their Erie Works.
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In1752 Franklin i

the Lightning Conductor

and identified lightning
and electricity. Acen-
tury later; ba_yinvented

KERITE
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itasthe most reliable
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1. Stove jacket. 2. Vacuum bottle blank. 3. Distilling column plate. 4. Gasoline
filling station pump cylinder. 5. Battery jar. 6. Pulley. 7. Sight glass.
8. Silk reel. 9. Glass pipe lines and fittings. 10. Socket base for radio tubes.

The solution of your problem

may well be glass

ANY an experienced engineer has been astonished at the manifold
industrial purposes which glass now serves. The extraordinary
properties of the special glasses developed by Corning Glass Works fre-
quently permit substitution of these glasses for other materials as the
solution of troublesome problems. Invariably the result is economy in
first cost or maintenance, or both.

INlustrated here are a few PYREX parts developed by Corning Glass
Works engineers. The properties of the glass from which these PYREX
parts are fabricated may very possibly be the solution of your problem:

Transparency for visual inspection—High surface and in-
ternal hardness—Homogeneity of structure—Low expansion
co-efficient—High mechanical strength—High electrical re-
sistivity—Pleasing surface contour and finish-—Resistance
to sudden heat change—High chemical stability—Freedom
from disintegration—Non-adherence of surface deposits of
foreign material-—Care-free service.

Corning Glass Works has long been the pioneer in adapting glass to industrial

usage. The experience and vast facilities of our research staff are at your disposal.

Put your problem up to us.

CornNING GLASS W ORKS

Dept. 61, Industrial and Laboratory Division, Corning, New York

New York Office: 501 Fifth Avenue

World’s largest makers of Technical Glassware

A booklet ““Pyrex Industrial
Products” illustrates a variety
of unusual glass products that
have solved stubborn prob-
lems for others. Werite for it.

T. M. REG. U. S. PAT. OFF.

PYREX

A MARK OF CORNING GLASS WORKS

INDUSTRIAL WARE

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Co

operating

with electrical
engineers on

RESISTANCE
PROBLEMS
»

A standard Durham Metal-

This complete staff of lized resistance unit, made

allgw’ tali in a wide variety of ranges

resistance specialists and used by the millions in
at your service. the radio industry.

E mean “at your service’’ in the broadest sense of the term, for our staff of resis-
tance engineers are glad to extend the full facilities of our laboratory to help
solve any resistance problem in connection with any type of electrical work.

This organization has long been recognized as the leading producers of resistance units
in the country for radio, television, sound amplification, talkie-movie ‘apparatus,
X-ray and other work requiring precise design and manufacture.

DURHAM RESISTANCES are now standard equipment with many of America’s fore-
most manufacturers of radio and allied equipment and are also used and endorsed by
various departments of the United States Government.

We are constantly working in cooperation with the engineers of large manufacturing
companies and experimental laboratories and now wish to take this opportunity to
invite all engineers to take full advantage of our broad service, which encompasses an
equally wide experience.

r ¥ ¥
= METALLIZED

i &
RESISTORS & POWEROHMS

INTERNATIONAL RESISTANCE CO., 2006 Chestnut Street, Philadelphia, Pa.
m

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Forevery job...large or small...indoors, outdoors. orin wet

subways. ..Wagner has a transformer that is electric-
ally and mechanically correct. Wagner Motors fed from
Wagner Transformers furnish a complete service that will
assure continual, safe and economical operation. Wagner

Tronsformers are thoroughly modern in every detail.

..............
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rite for performance data and description of

agner Power Distribution and Subway Transformers.

W
W
Literature on Request

WAGNER ELECTRIC CORPORATION

6400 Plymouth Ave_, St. Louis
Sales and Service in 25 Principal Cities

ﬂ-f

PRODUCTS . FANS . DESK WALL . . . CEILING
TRANSFORMERS POWER OISTRIBUTION . . . INSTRUMENT
MOTORS . . SINGLE-PHASE POLYPHASE DIRECT CURRENT

61-8132:1 Please mention the JOURNAL of the A. |. E. E. when writing to advertisers.
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Reduce CZ;MZZZ/ (nvestinent
with Aumi

n Busbars.

ORE than twenty years ago an important street railway
company in this country equipped twelve of its power
stations with Aluminum Busbar.

Through all of the intervening years Aluminum Busbar has
given that company reliable, dependable service.

Today, the use of Aluminum Busbar develops a far greater
saving than it did at that time.

And both in this country and abroad Aluminum is now
recognized as a splendid material for that purpose.

The booklet, “Aluminum Busbars” sent on request, contains
useful tables of weights, carrying capacities and physical
properties, with photographs of various characters of in-
stallation. Please ask for your copy.

ALUMINUM COMPANY OF AMERICA

2448 Oliver Bldg., Pittsburgh, Pa.
Offices in 19 Principal American Cities

i ALCOA ALCOA
‘Lﬁ"ll“ ﬂ‘h
©

£UJA&I/‘

) Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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BLAZING TRAILS

in the transformer
field -- b

e ==
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Again Westinghouse builds
the World’s Largest Transformers

ECENTLY, the Public Service

Electric and Gas Company of
New Jersey needed four 30,000-kv-a.
transformers to transfer power from
the Pennsylvania Power and Light
Company’s plant at Bushkill, Pa.,
to their own lines at their Roseland,
N. J. substation. Westinghouse was
selected for the task of building these
huge transformers—transformers larger
than any ever before built.

Each transformer is 35 feet high, oc-
cupies a floor space 22 by 23

feet and uses more than 32
miles of wire. Although they &

Westinghous

are rated at 220,000 volts, these huge
transformers were tested at 570,000
volts—the highest test voltage ever
applied to a power transformer.

This is but another example of the
leadership of Westinghouse in the field
of power transformers, a leadership
based upon constant research and close
association with all phases of modern
power distribution.

WESTINGHOUSE ELECTRIC & MFG. COMPANY
SHARON WORKS SHARON, PENNSYLVANIA

SALES OFFICES AND SERVICE SHOPS IN ALL
PRINCIPAL CITIES OF THE UNITED STATES

e

T 30775

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers,
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endable

single pole, 220 K. V. Edison type switch mfd.
by ELECTRIC POWER EQUIPMENT CO.
of Philadelphia, Pa., fitted with Monel Metal
bolts and installed at Plymouth Meeting
Station of the Philadelphia Electric Company.

—

Equipment with Monel Metal bolts
SpeCiﬁed by Philadelphia high tensile strength with corrosion-resis-

tance, this well known company has

Elect'ric C()mpany specified Monel Metal bolts.
The properties of Monel Metal which

With the open-mindedness that is char- Fnake it so desirable for this type of serv-
acteristic of leaders in the electrical indus- ~ 1€€ are:
try, the Philadelphia Electric Co.hasbeen 1 ts high tensile strength (well over
quick to recognize the advantages offered 100,000 p. s.i.).
by Monel Metal bolts.

For outdoor switching equipment,
where bolts must have a combination of

2. Its immunity to rust and its resistance
to corrosion-cracking.

3. Its freedom from fatigue failure.

4. Tts dependable, rolled uniformity.

In specifying for installations you are
naturally desirous of insuring utmost de-
pendability. The tecord of Monel Metal
in outdoor electrical service gives ample
proof that Monel Metal bolts will solve
some of your troublesome problems.

Write for booklet—*“BOLTS THAT WILL NOT FAIL”

MoNEL METAL

Plymouth Meeting Stationof PHILADELPHIA Monel Metal is a technically controlled Nickel-Copper alloy
ELECTRIC OMPAN 7 9 A of high Nickel content.lt is mined, smelted. refined, rolled
lations of El C M Pl Q{Y ‘;how“;g I.nsml and marketed solely by The Internationa! Nickel Company.

peco Mone etal fitted switches. Inc. The name ‘‘Monel Metal®’ is a registered trade mark.

MONE -
/. META\JA THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL STREET, NEW YORK, N. Y.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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GE Circular-Coil Transformers

—and strength in abundance is essential if a transformer is to be

relied on for continuous service, unremitting, year after year.

Circular coils, arranged concentrically as in G-E transformers, rep-

resent the best design to withstand unhusual—

Electrical Stresses

—because abnormal surge voltages

are more evenly distributed on
account of the low and uniform
capacitance between sections of
circular-coil windings and to
ground.

—because a simplified type of in-

sulation is used, in the form of
cylinders, plates, and flange col-

Mechanical Forces

~because all turns are rigidly
supported by spacers perpen-
dicular to the conductor. These
spacers form a continuous col-
umn, transmitting the forces
directly to the clamping struc-
ture.

—because the short-circuit forces

lars. The material is Herkolite, against the high-voltage winding
which has extraordinary are uniformly distributed and do
strength. not tend to distort it.

—because the dielectric strength of

the turn insulation is not im-
paired either during winding or in
service. The compression forces
are low and uniform and, as the
coils expand and contract uni-
formly with changes in tempera-

—because the short-circuit forces

against the low-voltage winding
are uniform and are easily re-
sisted by the Herkolite cylinder,
which is supported by the core
leg.

ture, there is no abrasion of the
insulation. —because requirements of design
such as different insulation thick-
ness and taps can be provided
with minimum asymmetry and

resulting distorting forces.

—because proper reénforcement of
end turns -and end coils is more

easily and effectively accom-
plished

G-E circular-coil construction makes possible, economically, the
highest factors of safety against lightning and short circuits. It
makes unnecessary any sacrifice in quality of service to obtain the
desired operating characteristics.

Moreover, on account of the superior ventilation obtained with this
construction, there are no hot spots to deteriorate the insulation. The
original strength is maintained throughout the life of the transformers.

410-18

ELECTRIC

S ALES O FFICES PRINCIPAL CI1ITTIES

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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ransformers

PRODUCTS

Allis-Chalmers Electrical Machin-
ery includes—Motors for all
purposes; A.C. and D.C. Gener-
ators; Motor Generator Sets;
Transformers; Frequency
Changers; Balancers; Boosters;
Equalizing Sets; Synchronous
Motors and Condensers; Armor-
clad Switchgear; and Motor
Starters. Power Equipment in-
cludes Prime Movers of all
types, Condensers, Centrifugal
Pumps, and Texrope Drives.
Industrial Machinery is built for
many basic industries.

Pittsburgh Type

HIS 2000-kva., 3 phase, self cooled, outdoor type transformer was

built for Union Gas and Electric Company, Cincinnati, Ohio. The
high voltage side is rated at 13,200 volts delta and the low voltage side at
2500-4325 volts Y connected. High and low voltage terminals are equipped
with potheads for cable connections. Provision is made on tank top for
future installation of outdoor type bushings. Other Pittsburgh features
include double magnetic circuit core construction, elliptical coils, and rec-
tangular structural steel base.

ALLIS-CHALMERS MANUFACTURING COMPANY
PITTSBURGH TRANSFORMER WORKS—PITTSBURGH, PA.

ALLI

S-CHALMER

PITTSBURGH TRANSFORMER WORKS

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Line Reliability and
Station Efficiency |

I

Demand Sw/e Bushings!
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HEN a bushing punctures the system is out. Con-
sequently, it is of utmost importance to see that the
bushings on transformers and circuit breakers are

capable of performing safely when subjected to surges and
impacts at abnormal frequencies as well as disturbances at
normal frequency.

O-B Bushings give the necessary safety, for they do not
puncture in service. Let the surge gnaw away at the
bushing—for seconds at a time and at relatively high volt-
ages—and after the trouble is over the O-B Bushing will
be as safe and reliable as before. An O-B bushing will not
break down—it will not puncture. Nearly twenty years of
service have proved that.

Correctly balanced design—the ability to guard against
overstress on the inside of the bushing—to provide adequate
flashover, and safety from puncture—to incorporate ample
mechanical strength—that is the outstanding advantage in
O-B Bushings.

As a consequence more O-B Bushings are going into ser-
vice today than ever before. The Manufacturer of Station
Equipment and the System Engineer both recognize the
extreme importance of safe bushings—of O-B Bushings.

O-B Bushing No. 26720, illustrated
above is representative of the complete
Ohio Brass Company, Mansfield, Ohio O-B line of both oil-filled and dry type

Canadian Ohio Brass Co., Limited i i H
Ni:gar;"Faf“s’ Ca"n a da"m bushings which are listed on pages 314
1124H to 373 of O-B Catalog No. 20.
@ PORCELAIN |

)
INSULATORS

LINE MATERIALS
RAIL BONDS

@ | CAR EQUIPMENT

Q MINING

L 2

“ NEw YORK PITTSBURGH BB/ CHICAGO CLEVELAND ST.LOUIS ATLANTA | MOT-040LS ")
PHILADELPHIA BOSTON SAN FRANCISCO LOS ANGELES DALLAS ARYEIL .
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Our Service
ee »
at your door

HEN our trained field representatives call, or are called

211, they come to you fully prepared. They are trained to
grasp your problem or needs quickly. They are thoroughly versed
in the experience and capacity of Standard’s engineering and
manufacturing facilities.

Standard representatives do not waste your time by asking for
unnecessary explanations. Your concise statement of your nceds
enables them to set our whole organization to work on your
requirements.

Quality is assured. Everyone in our organization is impresscd
with the vital need for quality in every wire and cable. And by
maintaining an unvarying high quality, Standard products have
established an enviable record.

May we tell you more about our company and its products?
We will be glad to have your inquiry for enginecring service, for
specifications, or for prices, on all types of wires and cables—
aerial, underground or submarine.

STANDARD UNDERGROUND CABLE COMPANY

Division of General Cable Corporation

UNDERGROUND

* CABLE GOMPANY

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

Journal A. 1. 5. 1.
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A Lineman's View of
DOSSERTS
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This view laken fro'm the top cross arm shows one of 1500 DOSSERTS
! installed on lines of Los Angeles and Salt Lake Railroad Company (Union
Pacific System).
This Dossert year book OR 20 years engineers have
i f
gives data on dozens o found DOSSERTS a means for
connections on which .
lemeniandiwitemen economical and dependable con-
can save time and pro- nections and terminals for wires,
| vide dependable joints. cables, rods or tubing.
The reason for the choice of
Dosserts is purely an engineering
: one i.e.—the Dossert tapered sleeve
It principle.
! ‘T
Itk : .
| Hi But the lineman’s view of the
A! . . .
il Dossert is always that it saves time
it -
H, and labor in the effort to make
7‘;;"!‘6} 3
K good connections.
.

DQSSER-T & COMPANY, H.B.Locan, President, 242 West 41st St., New York

OSSER'TS

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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A complete switching equipment showing compact
construction possible by the use of a-c. reclos-
ing-feeder cubicles

CUBICLE &

SWITCHING BQUIPMENT &

‘\,

ithout sanersirac: ELF-SUPPORTING indoor steel cubicles for hous- . b,
stalletion ing a-c. switching equipment are rapidly gaining in " i
favor. They are easy to install and occupy only a small
amount of floor space. Each unit is constructed of flanged
sheet steel with doors front and rear, which give full
access to all wiring devices. They are dust- and vermin-
proof. Units can be mounted in a row to form a complete

switching equipment.

These cubicles are available for voltages up to 7500
and are suitable for both machine and feeder control.
They are shipped completely assembled and ready to
install. For further information, write to the nearest G-E
office for a copy of GEA-1137.

460-41
JOIN US IN THE GENERAL ELECTRIC HOUR, BROADCAST EVERY SATURDAY AT 9 P.M.; E.S.T. ON A NATION-WIDE N.B.C. NETWORK

GENERAL ELECTRIC

GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y, SALES OFFICES IN PRINCIPAL CITIES

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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44 KV Cable
Transmission
Efficien

(Cable Buried in 1,000-ft. Lengths) §

A pamphlet illus-
trating and describ-
ing details of this
installation awaits
your request. Write
office nearest you.

Individually Leaded Three-Conductor Paper
Insulated Underground Power Cable for
44,000 Volt 3-Phase Operating Potential,

made by American Steel & Wire Company.
Tennessee Coal, Iron & Railroad Com-

pany Power Station, Birmingham, Ala.

Single Conduc-
tor Pothead—
Three at end of

Cables in ground
prior to back filling.

cach cable. e . e LAl
= . Sinile Conductor Joints
Cable Reels arriving at the Tennessee with Oil Reservoirs and

Power House. Cast Iron Housing.

| The above illustrations point the way to securing (over all) transmission economy and high efficiency by:

@) Eliminating conduits and manboles — using American Steel and Wire Buried Cable. (b) Cutting down

number of joints—installing cable in 1000 ft. lengths. (¢) Transmitting at high voltage— 44KV carried by
three-conductor American Steel and Wire Buried Cable.

American Steel & Wire Company

Subsidiary of United States Steel Corporation

208 South La Salle St., Chicago 30 Church St., New York
Other Sales Offices:  Adanta

Mool a2 Baltimore Birmingham Boston Buffalo Cincinnati Cleveland Dallas _ Denver Detroit Kansas City
mphis Milwaukee Minneapolis-St. Paul Oklahoma City Philadelphia Pittsburgh Salt Lake City St. Louis Wilkes-Barre Worcester
U. §. Steel Products Co.;:  San Francisco Los Angeles Portland  Seattle Honolulu
Export Distributors: United States Steel Products Co., 30 Church St., New York City

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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800,000 ADDITIONAL TELEPHONES ARE GOING INTO USE THIS YEAR

A million and a half dollars a day

An Advertisement of the
American Telephone and Telegraph Company

More than 200 new Bell telephone
buildings are going up this year in
the United States, 800,000 addi-
tional telephones are going into
use and new switchboards to care for
3,000,000 additional calls a day.
Thousands of miles of new cable, mil-
lions of miles of wire, new carrier systems,
vacu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>