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Some Leaders

of the A. 1. E. E.

Robert Andrew Millikan, Director of the Norman
Bridge Laboratory of Physics of the California Insti-
tute of Technology, Edison Medalist for 1922 and one of
the best known physicists of the country, was born at
Morrison, Illinois, March 22, 1868. He was granted
his A. B. from Oberlin College in 1891, and his Ph. D.
from Columbia in 1895. In the years 1895-96, he
attended the universities of Berlin and Gottingen.
Oberlin awarded him the Sc. D. in 1911; the North-
western University granted him like degree in 1913;
University of Pennsylvania, in 1915; Columbia Uni-
versity and Amherst College in 1917, and the University
of Dublin in 1924. He was also awarded an LL.D.
degree from the University of California in 1924, and
from Yale in 1925; in 1926, a Ph. D. degree from the
King John Casimir University of Poland. From 1891 to
1893 he tutored in physies at Oberlin. In 1896 he
became assistant in physics at the University of Chi-
cago, from which he rose to assistant professor in 1902;
1906-10 he was associate professor, when he was
chosen professor of physics at the University of Chicago.
In all this work of instruction, he evidenced rare ability
to impart his own extraordinary scientific knowledge to
those with whom he was working as well as applying it
significantly to problems of research; in faect, Doctor
Millikan was one of the initiators of the National Re-
search Council-—a development which has proved its
worth innumerably. It has everbeen Doctor Millikan’s
contention that ‘“the way men think is the most im-
portant and most practical thing in human progress”
and since the days of his own early training, it has been
his unceasing ambition to teach men to think. The
cognomen ‘“‘producer of men”” has been aptly bestowed
upon him, for his efforts have been untiringly loyal to
the cause of scientific progress. He has been an inspi-
ration to others, especially to the young men, who look
up to him for advice from a clear thinker with high
ideals, scientific wisdom, great humanity and absolute
intellectual integrity. His is the ability to stimulate in
individuals an almost superhuman activity, which, in
conjunction with his many other creditable character-
istics, has made his field of achievement practically
unlimited.

Probably the best known of Doctor Millikan’s works
are his “oil drop” experiments, whereby the absolute
value of the charge of the electron was determined.
Previous experiments had been made hy condensing a

cloud of free electrons in gas and observing the be-
havior of the cloud. Doctor Millikan discovered that
it was possible to watch the single drops and thus
detect many Inaccuracies which had previously
hampered the undertaking. His final arrangement was
with a small drop of oil or mercury, watched through a
microscope as it slowly fell under gravity, or, receiving a
charge, rose in an electric field. And of only second
importance is his work in the accurate determination of
the so-called % constant, by experiments on the photo-
electric effects. This is a universal physical constant of
fundamental importance, notably in the structure of the
atom and relations between matter and radiation. By
the identification and measurement of this constant
through the agency of photoelectric phenomena,
Doctor Millikan contributed inestimably to modern
physies.

Of later development was his work toward the
definite bridging of the gap between light and X-ray
phenomena. He has pushed the ultra-violet spectrum
down approximately two octaves—almost, if not quite
to the long wavelength X-ray.

All of Doctor Millikan’s important contributions to
experimental physics have been of special importance to
electrical engineers, opening up the vast new areas of
exploration and advancement which may be made upon
the substantial bulwark of established fact. Through-
out the war, he served not only as Lieutenant-Colonel
in the Signal Corps and Director of its scientific work,
but he also served as a member of the Navy Depart-
ment’s Special Board on Anti-Submarine Matters and
as the executive head of the National Research Council,
which was, by the President’s proclamation, charged
with the duty of advising upon the scientific work of the
Government.

Doctor Millikan joined the Institute in 1921. In
1923 he was awarded the Nobel prize for physics by the
Royal Swedish Academy, and he earlier received from
the National Academy of Science, the Comstock prize
for research in electricity. He is also the recipient of
the Hughes Medal of the Royal Society of Great
Pritain, of the Faraday Medal of the London Chemical
Society, of the Matteucei Medal of the Societe Italiana
della Scienze, and of the gold medal of the American
Society of Mechanical Engineers. He is a Fellow of the
American Academy of Arts and Sciences, the American
Association for the Advancement of Science; a member
of the National Academy of Seciences, the American
Philosophical Society, past-president of the American
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IPhysical Soclety; a Sigma Xi and Phi Beta Kappa.
He has contributed liberally to technical literature jn
his works A Course of College Experiments in Physies,
1898; Theory of Optics (translated {rom Grerman) 1900,
Mechanies, Molecular Physies and Heat, 1901; A First
Course in Physics, 1906; A Laboratory Course in Physics
Jor Secondary Schools, 1906; Electrieity, Sound and
Laght, 1908; Practical Physics, 1920; The Electron, ete.,
1917, Elements of Physics, 1927 (a vevision of Practical
Physies),  beside other articles published in the various
technical journals. Reference should be made here to
the Physical Review Papers of 1923, on the coefficient
of slip, the reflection of molecules, and the complete law
of the fall of a particle through gas at all densities,
definitely settling one of the historical problems
of the kinetic theory, so incompletely treated, both
theoretically and experimentally, by a score of papers
during the past twenty-five or thirty years. The
urge to kmow, Doctor Millikan claims, is the thing
that is pushing pioneers of science out beyond even
the present frontiers of human knowledge, leading each
year to deeper research and the establishing of valuable
working facts.

Membership
of the A. 1. E. E.

The objects towards which this Association is con-
tinuously striving have been, since the adoption of the
constitution, the advancement of the theory and prac-
tise of electrical engineering and of the allied arts and
sciences, and the maintenance of a high professional
standing among its members. The successful efforts of
the organization in accomplishing these objects is
evidenczd by the results.

The Association is-of necessity faced by the inevitable
march of time and the attendant demand for new blood.
The activities of the Membership Committee as out-
lined in the by-laws have for many years been carried
on with such success as to maintain a constant succes-
sion of members ready and capable of continuous
achievement of the objects set before us. In fact, the
committee’s work during the past years in bringing the
advantages of membership to the attention of desirable
candidates for admission to the Institute has resulted
in a roster of approximately 18,000 members. This
enrollment covers all branches of electrical engineering,
including, consulting engineers, professors of electrical
engineering, chief engineers, managers and other officers
associated with electric light, railway, telephone, tele-
graph, power, and manufacturing companies, as well as
many other persons interested in the electrical profes-
sion. A very notable fact in connection with the
present enrollment is its widespread character, for it not
only contains members from all parts of the United
States but includes as well, from all the countries of the
earth, members actively engaged in the practise and
associated arts and sciences of electrical engineering.

During the current year, the Committee has been able

COMMIENTS

Journal A, T. B, ¥

to do no more than carry on the well worked out plans
founded by its predecessors; and the results have, ax
usual, been good.  The first activity of the Committee
in the fall consisted in bringing before each individua)
member, by means of circular letters, his own interest
in securing new members having the right qualifica-
tions. This plan should be the most productive of
new members of the desirable type in comparison with
any of the systems used. It is self-evident that among
our professional associales there must be continuously
developing men of the younger generation who are of
the type who will advance to leadership in the field of
electrical engineering.  And so, it is desirable that the
advantages of the Institute be brought to their atten-
tion by those of us who are immediately associated
with them. This method has been used for several
years and may be becoming slightly threadbare; but
the fundamental principle back of it is correct. It isa
scheme that permits of actual participation in the doing
of something for the Institute and should serve to show
to the membership at large that there is a possibility,
even in a small way, of promoting the obtainment of
the Institute’s objectives.

The next plan, which is put into effect practically at
the same time each year as the one previously noted, is
the organization of the Section Membership Commit-
tees. These local committees are in a position to follow
up the returns obtained from the individual membership
campaign and answer questions that may come up. In
practically all of the urban sections it has become the
custom to have the membership committee made up of
individuals who are connected in a responsible way
with the unit electrical industries of their particular
community. This policy places a representative of the
membership committee in an available position for
consultation by his fellow workers who may become
interested in the Institute and results in numerous
applications being received from highly desirable
candidates.

During the past year a large number of the sections
have been visited and a direct appeal to the membership
for cooperation in the work of this Committee has heen
made in a meeting of each section. This appeal has
taken the form of outlining in a general way the aims
and objects of the Institute and the attendant responsi-
bility of the active members, and a caution as to the
type of candidates to be considered for admission.

Of the three activities covered, the second has
proven to be the most successful during the year just
closing and with this success in mind, we may anticipate
a modification and perhaps a recasting of the future
membership work.

From the foregoing, it is obvious that the work of the
Membership Committee falls among the non-spectacu-
lar phases of Institute activities but we may hope
that like many other non-spectacular tasks it has its
relative importance.

L. S. O’ROARK, Chairman,
Membership Committee.
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The Holtwood Steam Plant

Design and Operation in Coordination With Water Power
BY . A. ALLNER!

Member, A. L.IE. E.

Synopsis.— The Holtirood Steam Plant is located in Lancaster
Counly, Pa., on the Susquehanna River, about 24 miles above tide-
water, adjacent lo and closely coordinated with the 111,000-kw. hydro-
electric plant of the Pennsylvania Waler & Power Company, and
through the latter company’s customers,il is a parl of a hydro-steam
system including Baltimore, Md., and Lancaster, York, and Coales-
ville, Pa., vith a total installed generator capacity of about 370,000
kw. and with high-tension connections to (wo other large systems.
It is a pulverized fuel hurning station, containing al present two
10,000-kw. generalors and three 1400-h. p. hoilers. The plant is
laid out for an wltimate capacily of al leas! 120,000 kw.

The station went into operation in July 1925. The paper gives
the reasons for building a steam plant at Holtwood, somne of them
being general advantages in such a location for a plant, which is
supplementary lo a run-of-river hydroelectric plant, and olhers
being the particular advantage, in this instance. In general, during
the low-flow period, the steam plant carries the buse load or bell
generation, and during high flow, when the hydroelectric plant s
operated al marimum capacily whenever (he load permnils, the steam
plant carries the peaks. This slation was especially planned to
swil such condilions of operation and was designed for mechanical
sturdiness, reliability of service, quick starting, ability to flout in al
no load and for maximum coordination wilh the hydroclectric
plant rather than for mazimum economy or minimum first cost.
A number of special fealures incorporalted to carry oul this aim s
described in the paper, among them being arrangements to facililale

quick starting and floating in, and a special govgrnor so construcled
T generating and transmission company, selling

power at wholesale to public utilities. Its system
consists of a combined hydroelectric and steam power
development at Holtwood, Pa., on the Susquehanna
River about 10 miles (16.1 km) above the Pennsyl-
vania-Maryland state line, with high-tension steel
tower lines radiating like the spokes of a wheel
(Fig. 1) to Baltimore, Maryland, 40 miles (64.4 km.)
distant; Lancaster, Pa., 14 miles (22.5 km.); York, Pa.,
3 miles (37.0 km.); and Coatesville, Pa., 30 miles
(48.3 km.).

The Holtwood (formerly called the McCalls Ferry)
hydroelectric development (Fig. 2) is a low-head
run-of-river plant with a weighted average head under
present conditions of ahout 52 feet (15.8 m.). The first
unit went into operation in October 1910 and after the
initial five unit installation the plant was extended in
several successive steps, reaching its present rated

generator capacity of 111,000 kw. early in 1924. The
rated capacity of the waterwheels varies from 13,500

BRIEF DESCRIPTION OF SYSTEM
HE Pennsylvania Water & Power Company is a

1. General Superintendent, Pennsylvania Water & Power Co.,
Baltimore, Md

Abridgment of paper lo be presended ol the Summer Convenlion
of the A. [. Iv. Ji., Detroit, Mich., June 20-24, 1927,
pamphlel copies vpon requesl.

Complete

~

)

that the speed regulation may be changed by remote control while the
unit is running. A comparative analysis of starling lvmes of hydro-
electric and steam units al Holtwood is given, showing Lhal in spile
of special design, the steam unil requires a much longer time than the
hydroelectric unil.

The pulverized fuel process was adopled in order lo secure betler
sustained efficiency over a wide range of boiler rating, lo reduce
banking losses and because it was desired lo burn bituminous coal
of various grades in lhe same furnaces with rier hotlom anthractite
coal which is dredged from the upper end of the pond formed by the
Hollwood dam. This has been successfully accomplished, approxi-
mately one-third of all the coal burned, so fur, having been river un-
thracile. During short periods, anthractire alone has been burned,
but most of the time the two kinds of coal are mized before being dried
and pulverized. Maintenance cosls al the pulverizing plant when
burning 100 per cenl anthractire are very high.

Data are presented showing the first cost of the plant, fuel rales,
costs of preparing river anlhraclile, oulage time of the generating
units and olher operating results. A brief swnmary s given also of
minor difficullies.

On account of the unusual operating requirements as (o loading,
fuel supply, etc., the design and operation of this plant involved a
number of interesting problems in design and operalion, for the
solution of which only a limited amoun! of experience was avarlable.
It is believed thal nearly all of the major problems have been solved
satisfactorily, but there is still need for further experimentalion lo
secure the hest possible resulls from the equipment installed.

h. p. for the older type of double-runner turbines to
20,000 h. p. for the latest single-runner type. The first
eight units are 25-cycle, this frequency having been
adopted to meet the requirements of Baltimore and
Lancaster. The last two units installed in 1923-1924
are 60-cycle to meet the needs of York and Coatesville
and what is now the larger and rapidly growing part of
the Lancaster load, which is supplied over a 60-cycle
line built in 1924. The 25- and 60-cycle systems can
be tied together by a total capacity of 25,000 kw. in
seven synchronous frequency changers, of which two
5000-kw. sets are located at the hydroelectric plant,
and the balance of 15,000 kw. at Lancaster. The
latter equipment was formerly used for supplying the
60-cycle load in that ecity when only two 25-cycle
circuits were available from Holtwood.

The normal {ull-load discharge of the hydroelectric
plant is now abhout 30,000 cubic feet (850 cu. m.)
per second, with a maximum under favorable hy-
draulic conditions of 31,500 (892 cu. m. per sec.).
The former flow is available in the average year 41
per cent of the time. The flow of the Susquehanna is
unusually variable. The lowest 24 hour flow recorded
at Holtwood since the plant went into operation in 1910
(from which time more reliable flow measurements
are available than had theretofore existed) was 3200
cu. ft. per sec. (90.7 cu. m. per sec.), and the lowest,
|
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Physical Society; a Sigma Xi and Phi Beta Kappa.
He has contributed liberally to technical literature in
his works A Course of College Experiments in Physics,
1898; Theory of Optics (translated from German) 1900;
Mechamnics, Molecular Physics and Heat, 1901; A First
Course in Physics, 1906; A Laboratory Course in Physics
for Secondary Schools, 1906; Electricity, Sound and
Light, 1908; Practical Physics, 1920; The Electron, ete.,
1917, Elements of Physics, 1927 (a revision of Practical
Physics),—beside other articles published in the various
technical journals. Reference should be made here to
the Physical Review Papers of 1923, on the coefficient
of slip, the reflection of molecules, and the complete law
of the fall of a particle through gas at all densities,
definitely settling one of the historical problems
of the kinetic theory, so incompletely treated, both
theoretically and experimentally, by a score of papers
during the past twenty-five or thirty years. The
urge to kmow, Doctor Millikan claims, is the thing
that is pushing pioneers of science out beyond even
the present frontiers of human knowledge, leading each
year to deeper research and the establishing of valuable
working facts.

Membership
of the A. 1. E. E.

The objects towards which this Association is con-
tinuously striving have been, since the adoption of the
constitution, the advancement of the theory and prac-
tise of electrical engineering and of the allied arts and
sciences, and the maintenance of a high professional
standing among its members. The successful efforts of
the organization in accomplishing these objects is
evidencad by the results.

The Association isof necessity faced by the inevitable
march of time and the attendant demand for new blood.
The activities of the Membership Committee as out-
lined in the by-laws have for many years been carried
on with such success as to maintain a constant succes-
sion of members ready and capable of continuous
achievement of the objects set before us. In fact, the
committee’s work during the past years in bringing the
advantages of membership to the attention of desirable
candidates for admission to the Institute has resulted
in a roster of approximately 18,000 members. This
enrollment covers all branches of electrical engineering,
including, consulting engineers, professors of electrical
engineering, chief engineers, managers and other officers
associated with electric light, railway, telephone, tele-
graph, power, and manufacturing companies, as well as
many other persons interested in the electrical profes-
sion. A very notable fact in connection with the

present enrollment is its widespread character, for it not
only contains members from all parts of the United
States but includes as well, from all the countries of the
earth, members actively engaged in the practise and
associated arts and sciences of electrical engineering.
During the current year, the Committee has been able

NOTES AND COMMENTS
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to do no more than carry on the well worked out plans
founded by its predecessors; and the results have, as
usual, been good. The first activity of the Committee
in the fall consisted in bringing before each individual
member, by means of circular letters, his own interest
In securing new members having the right qualifica-
tions. This plan should be the most productive of
new members of the desirable type in comparison with
any of the systems used. It is self-evident that among
our professional associates there must be continuously
developing men of the younger generation who are of
the type who will advance to leadership in the field of
electrical engineering. And so, it is desirable that the
advantages of the Institute be brought to their atten-
tion by those of us who are immediately associated
with them. This method has been used for several
vears and may be becoming slightly threadbare; but
the fundamental principle back of it is correct. Itisa
scheme that permits of actual participation in the doing
of something for the Institute and should serve to show
to the membership at large that there is a possibility,
even in a small way, of promoting the obtainment of
the Institute’s objectives.

The next plan, which is put into effect practically at
the same time each year as the one previously noted, is
the organization of the Section Membership Commit-
tees. These local committees are in a position to follow
up the returns obtained from the individual membership
campaign and answer questions that may come up. In
practically all of the urban sections it has become the
custom to have the membership committee made up of
individuals who are connected in a responsible way
with the unit electrical industries of their particular
community. This policy places a representative of the
membership committee in an available position for
consultation by his fellow workers who may become
interested in the Institute and results in numerous
applications being received from highly desirable
candidates.

During the past year a large number of the sections
have been visited and a direct appeal to the membership
for cooperation in the work of this Committee has been
made In a meeting of each section. This appeal has
taken the form of outlining in a general way the aims
and objects of the Institute and the attendant responsi-
bility of the active members, and a caution as to the
tvpe of candidates to be considered for admission.

Of the three activities covered, the second has
proven to be the most successful during the year just
closing and with this success in mind, we may anticipate
a modification and perhaps a recasting of the future
membership work.

From the foregoing, it is obvious that the work of the
Membership Committee falls among the non-spectacu-
lar phases of Institute activities but we may hope
that like many other non-spectacular tasks it has its
relative importance.

L. S. O'RoARK, Chairman,
Membership Committee.
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The Holtwood Steam Plant

Design and Operation in Coordination With Water Power

BY F. A. ALLNER!

Member, A. I.1IE. E.

Synopsis.—The Holtwood Steam Plant is localed in Lancaster
County, Pa., on the Susquehanna River, about 24 miles above ltide-
water, adjacent to and closely coordinated withthe 1 11,000-kw. hydro-
electric plant of the Pennsylvania Water & Power (‘ompany, and
through the latter company’s customers.it ts a part of a hydro-steam
system including Baltimore, dd., and Lancaster, York, and Couales-
ville, Pa., with a total installed generalor capacity of about 370,000
kw. and with high-tension connections lo (wo other large systems.
1t is a pulverized fuel hurning station, containing al present two
10,000-kw. gencralors and three 1400-h. p. boilers.  The planl is
laid out for an ultimale capacily of at least 120,000 kw.

The station went inlo operation in July 1925. The paper gives
the reasons for building a steam plant al Holtwood, some of them
being general advantages in such a location for a plant, which is
supplementary to a run-of-river hydroelectric plant, and others
heing the particular advantage, in this inslance. In general, during
the low-flow period, the steam plant carries the base load or bell
generation, and during high flow, when the hydroclectric plant is
operated al macimum capacily whenever the load permils, the steam
plant carries the peaks. This slation was especially planned lo
swil such conditions of operation and was designed for mechanical
sturdiness, reliability of service, quick slarting, ability lo floal in al
no load and for mazximum coordination with the hydroeleclric
plant rather than for mazimum economy or mintmum firsl cost.
A number of special fealures incorporaled to carry oul this axm s
described in the paper, amony them being arrangements lo facililate
quick starting and floating in, and « special govgrnor so constructed

BRrRIEF DESCRIPTION OF SYSTEM

THE Pennsylvania Water & Power Company is a
generating and transmission company, selling

power at wholesale to public utilities. Its system
consists of a combined hydroelectric and steam power
development at Holtwood, Pa., on the Susquehanna
River about 10 miles (16.1 km) above the Pennsyl-
vania-Maryland state line, with high-tension steel
tower lines radiating like the spokes of a wheel
(Fig. 1) to Baltimore, Maryland, 40 miles (64.4 km.)
distant; Lancaster, Pa., 14 miles (22.5 km.); York, Pa.,
3 miles (37.0 km.); and Coatesville, Pa., 30 miles
(48.3 km.).

The Holtwood (formerly called the McCalls Ferry)
hydroelectric development (Fig. 2) is a low-head
run-of-river plant with a weighted average head under
present conditions of ahout 52 feet (15.8 m.). The first
unit went into operation in October 1910 and after the
initial five unit installation the plant was extended in
several successive steps, reaching its present rated
generator capacity of 111,000 kw. early in 1924. The
rated capacity of the waterwheels varies from 13,500

1. General Superintendent, Pennsylvania Water & Power Co.,
Baltimore, Nd.

Abridgment of paper to he presented al the Summer Convention
of the A [ J. 1., Detroal, Mich., June 20-24, 1927.
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that the speed regulation may he changed by remole control while the
wunil is running. A comparative analysts of starling limes of hydro-
electric and steam unils i Hollwood is given, showing that in spile
of special design, the steam unil requires a much longer time than the
hydroelectric unil.

The pulverized fuel process was adopled in order lo secure better
sustained efficiency over a wide range of hoiler rating, to reduce
banking losses and because tt was desired lo burn biluminous coal
of various grades in the same furnaces with river hottom anthractile
coal which is dredged from the upper end of the pond formed by the
Holtwood dam. This has been successfully accomplished, approxi-
mately one-third of all the coal burned, so far, having been river an-
thracite. During shorl periods, anthractire alone has been hurned,
bul most of the time the two kinds of coal are mized before being dried
and pulverized. Mainlenance costs at the pulverizing plant when
burning 100 per cent anthraclire are very high.

Data are presented showing the first cost of the plant, fuel rates,
cosls of preparing river anthractile, ouluge time of the generaling
unils and other operating results. A brief summary is given also of
manor difficulties.

On account of the unusual operaling requirements as to loading,
fuel supply, elc., the design and operation of this plant involved a
number of inleresting problems in design and operation, for the
solution of which only a limited awmoun! of experience was avalable.
It 1s believed that nearly all of the major problems have been solved
salisfactorily, bul there is still need for further experimentalion lo
secure the best possible resulls from the equipment inslalled.

h. p. for the older type of double-runner turbines to
20,000 h. p. for the latest single-runner type. The first
eight units are 25-cycle, this frequency having been
adopted to meet the requirements of Baltimore and
Lancaster. The last two units installed in 1923-1924
are 60-cycle to meet the needs of York and Coatesville
and what is now the larger and rapidly growing part of
the Lancaster load, which is supplied over a 60-cycle
line built in 1924. The 25- and 60-cycle systems can
be tied together by a total capacity of 25,000 kw. in
seven synchronous frequency changers, of which two
5000-kw. sets are located at the hydroelectric plant,
and the balance of 15,000 kw. at Lancaster. The
latter equipment was formerly used for supplying the
60-cycle load in that city when only two 25-cycle
circuits were available from Holtwood.

The normal full-load discharge of the hydroelectric
plant is now ahout 30,000 cubic feet (850 cu. m.)
per second, with a maximum under favorable hy-
draulic conditions of 31,500 (892 cu. m. per sec.).
The former flow is available in the average year 41
per cent of the time. The flow of the Susquehanna is
unusually variable. The lowest 24 hour flow recorded

at Holtwood since the plant went into operation in 1910
(from which time more reliable flow measurements
are available than had theretofore existed) was 3200
cu. ft. per sec. (90.7 cu. m. per sec.), and the lowest
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seven day average was 3600 cu. ft. per sec. (102 cu.
m. per sec.); the maximum 24-hour flow was 441,000
cu. ft. per see. (12,470 cu. m. per sec.).

The pond or reservoir formed by the Holtwood dam
has an area of ahout four square miles and a draw-
down capacity of approximately 800 million cu.
ft. (22,700,000 cu. m.). Under present conditions
of system load demands this drawdown gives complete
weekly pondage to effectually equalize differences in
daily flow and shape of load ecurve up to an average
weekly river stage of 4200 cu. [t per sec. (119 cu. m.
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per sec.). The term “complete” pondage means that if
the hydroelectric plant carries the entire system load
above a certain base steam line, and the forebay on
Friday evening is brought to a point not below the
desired minimum level, the pond will just fill up
again by Monday morning without spilling. In other
words, the inflow of the river between Friday evening
and Monday morning, minus whatever is used for a
small amount of generation during that period, will be
discharged during the period from Monday morning to
Friday evening, in addition to the inflow of the river
on these five days.

With an average weekly flow of 4200 cu. ft. per sec.
(119 cu. m. per sec.) the average five day draft can be
increased by 1800 cu. ft. per sec. (51 cu. m. per sec.),
to approximately 6000 cu. ft. per sec. (170 cu. m. per
sec.); but with an average weekly flow of only 8600
cu. ft. per sec. (102 cu. m. per sec.), the effective five
day average draft can be raised to onlv about 5200
cu. ft. per sec. (147 cu. m. per sec.), because the inflow
at the rate of 3600 cu. ft. per sec. is not sufficient to
completely refill the pond after maximum draw down
as in the case of 4200 cu. ft per sec. inflow. For
average weekly flows in excess of 4200 cu. ft. per sec.
the increase in the daily discharge on the five weekdays
will be limited to approximately 1800 cu. ft. per sec.
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on account ol the minimum desired forebay level at
the time of maximum drawdown, and the inflow over
the weckend will be more thun suflicient to completely
refill the pond before Monday morning.

The installed capacity of the Baltimore steam plants
of the Consolidated Gas, Islectric Tight & Power Com-
pany 18 about 220,000 kw. At lancaster the Kdison
Electric Company hus a stundby steam plant with rated
generator capacity of 7000 kw. At York, the Edison
Light & Power Compuny has a steam generating station
of 8500 kw. capacity and a tie-in connection of 7500
kw. with the large hydro-steam system of the Metro-
politan ISdison Company, from which it receives
approximately one-half of its load requirements. At
Coatesville, the Chester Valley Electric Company has a
steam plant of a rated capacity slightly in excess of
3000 kw. and also a 5000-kw. tie-in connection with
the Philadelphia Suburban Gas & Electric Company.

GENERAL SYSTEM OPERATION

The method of operating the system for maximum
coordination of waterpower and steam has heen ex-
plained in a previous paper’ and will not be discussed
in detail here. Generally speaking, during high or
excess flow the aim is to deliver the maximum amount of
energy from theriver. As long as there is water wasted
over the dam, hydraulic efficiency is of no importance.
The hydroelectric units are operated at full load as

-
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long as possible and carry as much of the system load
as Is practicable when this is less than the hydroelectric
capacity. The steam plants then operate ‘‘on the
peaks’ and carry all swings. In low or deficient flow,
conditions are reversed. The steam plantsare given the
base load or belt generation and the hydroelectric plant
operates “on the peaks,” and takes care of load fluc-
tuations during the hour, even though such operation
under average low-flow conditions causes an energy loss
of about 7 per cent, and at very low river stages as much
as 15 per cent, compared with 100 per cent load factor,

2. A.S. AL E. Transactions, 1925, p. 379.
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belt load generation. These differences are due more
to the large hydraulic gradient of the tailrace than to
the carrying of swings and the uneconomical loading of
individual units.

Under normal conditions the pond is drawn upon only
to the extent of compensating for daily and weekend
fluctuations in inflow and load demand and restoration
of maximum pond level is aimed at on the morning of
every weekday. Thus the maximum practical amount
of pondage is held in reserve to meet major emergency
conditions or temporary outages at the steam plants.

REASONS FOR BUILDING THE HOLTWOOD STEAM PLANT

Until recently the Power Company depended entirely
upon its customers’ steam plants for makeup steam
generation. The company’s contracts give it the right
to call on any of the steam plants previously listed for
generation under certain conditions. In 1925, however,
the company, through a subsidiary, the Holtwood
Power Company, built a steam plant at Holtwood.
Additional steam capacity was required for the system.
The Consolidated Gas, Electric Light & Power Company
of Baltimore was ready to proceed with its new Gould
Street plant, but after careful joint study it was de-
cided that Holtwood was the logical place for the next
step in steam station construction and arrangements
were made with the Baltimore company to temporarily
postpone the Gould Street project. The principal
reasons for this decision were as follows:

I. The 60-cycle load in Pennsylvania was increasing rapidly
and additional capacity was essential. None of the Pennsylvania
customers’ steam plants is modern and well adapted for economi-
cal extension, and existing power agreements did not provide
for the use of more than the capacity available at the time when
Holtwnod supply had started.

2. The transmission of primary power from Baltimore to the
Pennsylvania 60-cycle system to take care of the growth of the
Power Company’'s load commitments, would have required
additional frequency changers at Holtwood, with consequent
conversion losses in addition to increased transmission losses.
A direct connpection of the Baltimore 6214-cycle system with
the 60-cycle system in Pennsylvania was not possible without
extensive changes in Baltimore.

3. A plant at Holtwood, heing at the hub of the wheel, so to
speak, could offer the maximum protection to all of the radial
lines. The transmission of power from any customer ecity to
Holtwood and thenes to another city requires a reversal of flow,
with consequent complication of voltage regulation. From this
point of view the logical place for a steam plant supplementary
to hydro is at the water-power site.

4. Sinee the Lancaster dual frequency supply had grown to
about 25,000 kw. it was desired to always maintain two sources
of supply, whieh during very low river stages required an appre-
ciahle smount of 60-cycle hydroslectric generation during off-
peak hour Sixty-cvele supply from the Holtwood steam plant
enabled the svatem to conserve the entire hydroelectric energy
axclusively for peak service, thus indireetly gaining ineffective
peak supply for the system appreciably more than the steam
eapacity proper

hH. There are largo deposits of river hottom anthracite coal
in the Holtwood pond. The location of a steam plant at, Holt-
wood made 1L possible Lo use some of this econl and stora sime
eventually in very larze quuntities, thus providing a more

-
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economical and effective emergency insurance of f uel supply than
is practical with bituminous coal at the city stations. ‘

The installation of a steam plant adjacent to a variable
flow run-of-river hydroelectric plant makes it possible to effect
considerable savings in operating expense through the coordina-
tion of operation and maintenance work. In such a system so fgr
as possible, all maintenance work at the hvdroslectric plant is
done during low flow, whereas repairs at the steam plant are
concentrated in the high-flow period. This makes it possible
for the same foree, at least in part, to be used at hoth plants.

BRIEF DESCRIPTION OF STEAM PLANT (FIGS, 3 & 4)

It is not the purpose of this paper to give a detailed
description of the entire plant and an itemized list of
equipment. However, the principal physical character-
istics will be mentioned as a ground work for a discussion
of special features and of the reasons for making certain
decisions.

The generating equipment proper consists of two
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Fig. 3—Cross SkcrioNn Tnrouvcit BoiLer Room AND TURBINE
HavuL

10,000-kw., 80 per cent power factor, 1800-rev. per min.,
three-phase, 60-cycle, 13,200-volt generators driven
by nine-stage turbines designed for 350 Ih. (23.8 atm.)
gage at the throttle. Initial operation is at 550 deg.
fahr. (287.7 deg. cent.), but the turbines are guaranteed
to operate successfully at 700 deg. fahr. (371.7 deg.
cent.) if the superheat should be increased later. Each
unit has a 76-kw., 250-volt shalt-end exciter. Steam is
bled from the turbines at three stages—the third,
fifth and seventh. Kach turbo generator is equipped

with a 13,000 sq. ft. (1208 sqg. m.) single pass condenser.

The boiler installation consists of three cross drum
vertically haffled three-pass B. & W. boilers, each with a
heating surface of 14,066 sq. ft., (1305.7 sq. m.), ex-
clusive of the water screen at the bottom and back of
the furnace which has an additional surface of 7756
The working pressure is 385 |b.

sq. ft. (72.0 sq. m.).
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(26.2 atm.) gage. Rach boiler is equipped with a
convection type superheater above the top row of water
tubes, designed to give a steam temperature ol 5H60
deg. fahr. (293.3 deg. cent.) -at 250 per cent rating.
Fach boiler has its own stack with a height of 126
feet (884 m.) above the burners. There are two
induced draft fans above each boiler. Neither econo-
mizers nor air preheaters are installed, although provi-
sion is made to add such equipment later on, if found
advisable. Makeup water is furnished by two horizon-
tal single effect evaporators which are supplied with
filtered river water.

The furnaces have air-cooled side and front walls.
Each furnace has a volume of 11,500 cu. ft. (325 cu. m.)
above the water screen. The vertical burners, of which
there are eight to a boiler, are set under the high end
of the boiler. Pulverized coal feeders are arranged in
four motor-driven pairs per boiler. There are three
primary air fans. The boilers are arranged in a single
row parallel to the turbine hall, in which the turbines are
placed lengthwise. The boilers and furnaces are
guaranteed to give 300 per cent rating for twenty-four
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hours or 400 per cent for twelve hours when using
bituminous coal, and 250 per cent for 24 hours or:325
per cent for 12 hours using river anthracite.

All auxiliaries are motor-driven with the exception of
one steam turbine driven boiler feed pump. Each of
the two circulating water pumps has a dual drive con-
sisting of one 25-cycle and one 60-cycle motor. All
other a-c. motors are 60-cycle. The 60-cycle hydro-
electric units provide an independent source of power,
which is considered of greater rehiability than shaft-end
auxiliary generators or house turbines. The boilers
and furnaces are equipped with Bailey automatic
combustion controls which operate the coal feeders, the
induced draft fans and the stack dampers.

The coal preparation plant occupies a separate build-
ing located upstream from the boiler house. At the
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top of the building there are two raw coal hins with a
total capacity of L000 tons to which coal is elevated by
a skip hoist. From the raw coal hunkers coal is fed
by a drag conveyer to a 6'u-[L. by H0-[L. (1.98 m. hy
15.2 m.) rotary dryer with a capucily ol 25 net tons of
bituminous or 24 net tons of river anthracite coal per
hour. There are three dry coal bins each with a capac-
ity of 20 net tons. The pulverizing equipment consists
ol three [Fuller 57 inch (1.45 m.) sereen type mills, euch
with a guaranteed capacity ol 7!'4 nel tons per hour of
bituminous or 41, net tons of river coal when grinding
to a flineness of 83 to 87 per cent through a 200 mesh
screen. Pulverized coal is pumped to the hoiler house
by two Fuller-Kinyon pumps through two five-in. pipe
lines with a horizontal length of about 350 It. (106.7 m.)
and a vertical rise of 85 [t. (25.9 m.).

Bituminous coal is received by railroad car and
dumped into a track hopper mounted over a crusher.
River coal is for the most part scowed to the forebay
ramp where it i1s transferred to a railroad car and hauled
to the track hopper.

At present the coal storage (acilities consist of a
drag scraper storage yard with a capacity of about
10,000 tons. Coal is also stocked out and reclaimed by
locomotive crane from several areas adjacent to rail-
road sidings. With the increase in plant capacity the
main storage will be gradually extended by filling in a
large shallow area of the forebay.

CONTROLLING FACTORS AND SPECIAL FEATURES OF
DESIGN

The Holtwood plant was designed not so much for
maximum economy or minimum first cost, but pri-
marily for mechanical sturdiness, reliability of service,
quick starting, ability to float in at no-load and for
facilitating the proper division of load between hydro-
electric and steam plants. In carrying out these aims
a number of interesting questions arose and several
special features were incorporated which will be dis-
cussed below.

Choice of Site. The forebay of the hydroelectric
plant, which is protected from floating ice and debris by
a rock fill ramp, skimmer wall and floating hooms,
offered an ideal source for circulating water. The
exact location of the steam plant, however, presented
an interesting problem. The site finally selected for
the initial section of the power house was immediately
below (. e., on the downstream side) and abutting on
the wing wall from the river shore to the hydroelectric
plant. Circulating water for the condensers is taken
from the forebay and returned to the gate house of the
hydroelectric plant, the tunnels having been cut
through the wing wall.

Serious consideration was given to a site along the
tailrace below the hydroelectiic plant. The natural
head from forebay to tailrace would then have been
used for discharging water through the condensers,
thus doing away with pumping equipment. This

R
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scheme looked particularly attractive from the point of
view of saving a few minutes in the starting operation.
The head, however, is considerably greater than that
required to overcome the frictional resistance of the
condensers and water conduits. Supplementary to
this scheme, a plan was also considered of using the
excess head to drive auxiliary hydraulic turbines, but
this was an added complication.

As the heaviest steam generation and maximum draft
of circulating water would be at times of very low flow,
the use of water in this manner would reduce the hydro-
electric plant output during these low river stages.
During the high-flow period there would be a gain in the
combined net output of the hydro and steam plants.
If arrangements were made to utilize the excess head
beyond the condensers, and if the hydroelectric plant
operated 24 hours 2 day as during moderate low flow,
the reduction in hydroelectric plant output would be
less than the equivalent amount of electrical energy
consumed in the motors. However, in very low flow
the hydroelectric plant shuts down at night and all
the available hydroelectric energy is thrown in on the
peaks. The diversion of water through the condensers
during the 24 hours of steam operation would still show
a net gain in energy output, but would cause an appre-
ciable reduction in the peak service rendered by the
hydroelectric plant on account of the concentration
of all the hydroelectric energy during the short
period of peak generation. Maximum peak service
in very low flow is of prime importance, particularly
as there is a tendency for the peak service corresponding
to a certain amount of hydroelectric energy to increase
from year to year with the growth of the system load.

Perhaps the greatest advantage of the site selected
was the greater amount of space available. The plant
is laid out for six turbine bays and its ultimate capacity
will be approximately 120,000 kw. The future exten-
sions will be made to the north of the wing wall into a
shallow portion of the forebay area where little cotfer-
damming will be required. The initial two-bay section
of the power house was built entirely in the dry, the wing
wall acting as a bulkhead.

Another advantage of the layout adopted is that the
injection of warm condenser discharge into the end of
the gate house is of value in reducing the chances of
capacity reductions caused by frazil ice on the hydro-
electric units at that end of the power house. It has
been calculated that for the completed plant, enough
heat would be discharged in the condenser water to
raise the temperature of all the water entering the hydro
units, if perfectly mixed with it, by nearly 0.2 deg. fahr.
(0.11 deg. cent.) exclusive of the heat required to melt
the ice. [Experts on ice have declared that a rise of less
than 0.01 deg. fahr. (0.0055 deg. cent.) may he enough
to remove the “stickiness’ of frazil ice.

Centralized Control.  Electrically speaking, the steam
plant is essentially a part of the 60-cycle section of the
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hydroelectric plant. The steam generator leads are
carried through a cable duct to oil switches located in
the hydroelectric plant switchroom. The control
panels for the steam units are a part of the 60-cycle
switchboard in the hydroelectric plant. The Tirrill
element and the controls for the Keilholtz-Ricketts
booster regulator used on the steam units are located
on this switchboard.

Size and Type of Generating Units. From the point
of view of low first cost and of economy of operation,
under base load conditions, larger generating units
would have been desirable. However, as previously
stated, these considerations were subordinated to
sturdiness, reliability of service, quick starting and
maximum coordination with the hydroelectric plant.
Furthermore, under the existing conditions, these
initial steam units must often operate at a compara-
tively small load, either when separated from the rest
of the generating system or in high flow when operating
on the peaks so as to “‘skim off”’ the top of the load and
give the hydroelectric units maximum load. All of
these considerations pointed toward relatively small
sturdy units for the initial installation, approximating
in capacity the hydroelectric units.

Auxiliary Power System. The number of oil circuit
breakers on the auxiliary power system has been kept
to a minimum. Magnetic contactors have been em-
ployed for all switching purposes, except on main
feeders between distribution boards. Tests were made
on different types of contactors to determine their
ability to rupture the maximum expected short circuits.
The control for contactors on essential auxiliaries is so
arranged that either a contactor will not open on low-
voltage, or will immediately reclose on restoration of
voltage.

Special precautions to avoid explosion hazard have
been taken in the installation of the electrical system;
in the coal preparation plant, distribution switchboard
and contactors for the main auxiliaries are located in a
special switchroom, isolated from the main building by
concrete fire walls.  All push buttons, and such manual
controllers as are necessary in the mill and dryer rooms,
are of the Navy standard vaporproof type. All light-
ing fixtures are dust proof and vaporproof.

Quick Starting of Hydroelectric and Steam Unats.
In a hydroelectric system in high flow, when the sys-
tem load is less than the hydroelectric capacity the
steam plant should be shut down at night and theoreti-
cally should not operate in the morning until the load
becomes equal to the hydroelectric capacity, when it
should pick up that portion of the load over and above
the hydroelectric capacity. Modern steam turbines
designed with small clearances and operating at high
temperatures require normally approximately one
hour for starting. This, of course, entails the use of
steam before it is really required. If itis desired always

to have spare steam capacity available for immediate
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use in the event of breakdowns, it is necessary to oper-
ate normally a larger number of units than would be
required for most economical generation.

Hydraulic turbines operating at low or medium heads
or having only short penstocks are inherently quick
starting machines. Temperature differences are practi-
cally nil, elearances are relatively large and construction
issturdy. The starting time can be further reduced by
special arrangement of control valves and instruments,
by automatic starting of pumps supplying the pressure
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fluid of servo motors, ete., and by training the operators.
At the Holtwood hydroelectric plant any of the 10
units, ranging in capacity from 13,500 to 20,000 h. p-
1s commonly started from standstill without preliminary
preparation and synchronized in less than one minute,
and frequently in less than half a minute. Fig 5.
gives an analysis of the few steps involved in this opera-
tion, requiring only two men—the governor man and the
switchboard operator. The low-flow standby service
of a low-head hydroelectric plant equipped with
pondage has well been called ‘““a-c. storage battery
service,” 1.e., its ability to synchronize the entire
capacity in a few minutes and maintain full output
for several hours or days, and thus tide over temporary
emergencies at the steam plants. During the high-flow
period this emergency service is not available at the
hydroelectric plant, because all hydroelectric units
are operating at maximum gate opening.

When going into the field of steam generation at
Holtwood, the power company desired to extend so far
as practicable this quick starting ability to its steam
plant, thus giving to the hydroelectric steam combina-
tion a certain amount of quick emergency service also
during the high-flow period. This was one of the
reasons for selecting a particularly sturdy type of tur-
bine of relatively small size. The specifications provide
that “‘every effort is to be made in the construction
of these machines to make them suitable for starting up
in the minimum time.” Under normal conditions a
Holtwood steam unit is paralleled in twenty-five
minutes and in emergency the time can be reduced to
fifteen minutes from the time the start signal is given.

Jowrnal AL T 1S, 16,

IFig. 6 gives an analysis of the operation. A total
of four men are engaged in this operation and the time
consumed and the number of steps required are still in
striking contrast to hydroelectric starting.

The desire to facilitate quick starting was the chief
reason for limiting the superheat in the initial installa-
tion to a total temperature ol 550 degrees at the throttle.
In future extensions it is planned to install larger units,
using the first two for quick starting purposes. At
that time radiant type superheaters may be installed,
giving a total steam temperature of 725 degrees.
Various schemes have been proposed for maintaining
the quick starting feature on the first units, if and when
this step is taken, such as omitting the radiant super-
heater in one boiler, use of a Ruths accumulator, ete.

Floating In. As a practical matter, in a case such as
the above mentioned building up of load, and whenever
the load is at or near the hydroelectric capacity, it is
necessary to have spare capacity on the bus. At such
a time in high flow any load carried by a steam unit
causes a net loss of the equivalent amount of water
power. It is therefore highly desirable to have steam
units able to float in or motor at no load. On the
Holtwood units a by-pass is provided around the
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main steam control valves to admit enough steam to the
turbine to keep it cool. The manufacturers’ guarantee
provides that with this by-pass connection open “it
will be possible to motor the turbine by means of its
generator with the control valves shut off a period of
one hour without overheating any parts of the turbine.”

A %4-in. (1.9 em.) orifice is at present installed in
the by-pass. It has been found that this discharges
enough steam to drive the unit at slightly more than
synchronous speed under excitation. Thisis more than
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is necessary for cooling and prevents lowering of speed
for synchronizing unless the speed is reduced by manual
manipulation of the vacuum or the throttle. Tests
are not yet completed to determine the safe minimum
size of orifice.

Fig. 7illustrates the division of load between a 12,000-
kw. hydroelectric unit and one of the steam units over
the noon hour drop when operating in parallel on the
Lancaster 60-cycle load separated from the rest of the
system. Until about 11:55 a. m. the hydroelectric
unit is “wide open,” with the steam turbine taking the
momentary swings and the more gradual load changes.
When the customer’s load drops below the hydro-
electric capacity, the hydroelectric governor begins to
function or to “‘rnaintain the frequency’’ as the operators
say, and the steam unit ‘“floats in”’ or motors. Oc-
casionally small amounts of power are momentarily
supplied by the steam turbine, due to slight decreases in
frequency which draw on the kinetic energy stored in the
rotor and also in a few cases probably cause the steam
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governor to open a control valve momentarily. The
graphic chart of steam turbine output does not show
input when momentarily motoring because of a zero
stop on the meter.

When the load has increased to the capacity of the
hydroelectric unit the conditions prevailing before the
noon hour are restored. The boiler operation is ap-
proximately as follows: a short time before noon the
rate of coal feed is reduced so as to lower the steam
sufficiently to avoid “blowing-off’’ as the load drops.
The bhurner flames are extinguished just before the
beginning of the motoring period, but are relighted
occasionally as required to maintain the pressure within
the desired range.

Special Governors. In order to change the per cent
speed regulation on the standard type of governor it is
usually necessary to shut down the steam turbine.
In a hydroelectric steam system such as has been
described, when the steam unit is carrying the base
load it is desirable that its regulation should be rela-
tively large, whereas when it is carrying the load fluctua-
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tions or peaks and the hydroelectric units are carrying
the base load the steam unit regulation should be
relatively small. The Holtwood steam units operate
also in parallel with a number of other steam units,
where regulation cannot be adjusted while running.
In order to control Holtwood steam generation in
respect to these other steam stations, either towards
assigning to the Holtwood units a steadyload or a fluctu-
ating load, it was thought desirable to be able to change
from one condition to the other without shutting down
the unit. Hence a special motor driven device was
installed for changing the governor regulation. This
device is controlled from the switchboard in the hydro-
electric plant. The specifications provide for an ad-
justment range from 1 per cent to 5 per cent, although
the guaranteed range is only 2 per cent to 5 per cent.
Tests made on the governors at the factory showed a
range from 1.6 per cent to 7.4 per cent).

The manufacturer’s guarantees provide that the
characteristics of the governors are such that there will
not be any hunting between the steam turbines and the
hydro units or between the two steam turbines under
either of the two following operating conditions:

1. Steady continuous load carried on waterwheel generators,
and fluetuating load carried on the steam turbines.

2. Steady continuous load carried on steam turbines and flue-
tuating load carried on waterwheel-driven generators.

The guarantees also provide that the speed regulation
and the speed of operation of the governor and control
mechanism of the turbine will be such that with full
load thrown off the generator and the field circuit
breaker opened simultaneously, the speed will not ex-
ceed that for which the emergency trip is set (the latter
is to be not over 110 per cent).

In order to make it possible to restore normal fre-
quency in case of a sudden overload due to the break-
down of a generating unit or other cause, by paralleling
a steam unit without cutting off customers’ load, a
particularly wide range is provided in the governor
control of the Holtwood units. The speed can be
changed by remote control from 107 per cent or 64
cycles to 85 per cent or 51 cycles, but in the latter case
the by-pass around the control valves must be throttled
which, as stated previously, is at present too large.

Condensers. The heaviest duty on the steam units
falls in the period of very low flow, which usually is also
a warm weather period. Also in cold weather, as for
example, in case of a frazil ice run, it may be desired to
throw the maximum possible overload on a steam unit
for a short time. This was the cause of conservatism
in condenser design. For ordinary conditions probably
a 9000-sq. ft. (836-sq. m.) single-pass condenser would
have sufficed, but in line with the policy of insuring a
safe margin of capacity and maximum coordination
with the hydroelectric plant, even at the expense of
first cost, a 13,000-sq. {t. (1208-sq. m.) single pass con-
denser was installed on each unit. Sustained gross
generating capacity for highest water temperature in
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December, 38 deg. fahr. (3.3 deg. cent.), was found to be
15,200 kw. limited by the turbine, and for highest
water temperatures in September, 75 deg. fahr. (23.9
deg. cent.), 13,200 kw. at 100 per cent power factor,
limited by the heating of the generator field.

Pulverized Fuel. The principal reasons for instaliing
a pulverized coal burning plant were as follows:

1. It was believed that during the low-flow period when the
steam units would carry beavy base loads as well as during the
high-flow period with its fluctuating loads, the pulverized system
would have an advantage over stokers in being able to maintain
good efficiencies over a wider range of load with varying grades
of fuel.

2. It was desired to reduce the starting and banking losses to
a minimum. With a stoker-fired plant these would have been
particularly great during the high-flow period when the steam
plant carries peaks and fluctuations as outlined above.

3. Any known and tried stokers suitable for burning fine
sizes of anthracite coal would not have been adapted to the use
of eastern bituminous coal. It was believed that it would be
possible by adopting the pulverized coal proeess to prepare and
burn either or both types of coal with the same equipment.
It will be shown later under operating results that this hope has
been fulfilled. The high speed ball type of pulverizing mill was
adopted because it is best suited for the preparation of anthracite
as well as bituminous coal.

4. Economies ‘could be effected in preparation of coal by
utilizing surplus off-peak hydroeleectrie energy in high flow for
operating the pulverizing plant.

CONSTRUCTION AND COST DATA
Decision to build the steam plant was made April 2,
1924. The turbo generators were ordered May 23rd,
and excavation began June 24, 1924. The first generat-
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ing unit went into regular commercial operation
July 20, 1925, and the second on August 4, 1925.

The design work was carried out by the Consolidated
Gas, Electrie Light & Power Company of Baltimore.
The field engineering and construction work was
handled by the power company’s own forces.

Fig. 8 is a summary of the cost of the plant, ex-
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clusive of property, legal and corporate expenses, hous-
ing for employees, interest during construction and
exclusive of any contractors’ fees. There are several
factors which should be borne in mind in comparing
these costs with those of other plants. The present
boiler installation is larger than needed for the first
two turbines, and surplus pulverizing capacity on a
bituminous rating was installed to off-set partially the
reduction in capacity when milling river coal. Switch-
ing equipment is installed for two more units and the
cable tunnel to the hydroelectric plant will take eare of
the ultimate station. The intake and discharge tunnels
are built for two more units of a capacity up to 35,000
kw. each. The width of the power house is sufficient to
accommodate units up to 35,000-kw. capacity and
larger boilers.

It may be of interest to note that the cost of the prep-
aration plant per net ton of pulverized output per
hour on a bituminous rating was $%,720 for structures
and $10,830 for equipment, or a total of $19,550.

OPERATING RESULTS AND EXPERIENCE

General Results. Inthe calendar year 1926, the gross
output of the steam plant was 60,870,000 kw-hr. The
station uses, including coal handling and preparation,
amounted to 4,200,000 kw-hr., or 6.9 per cent, giving a
net generation of 56,670,000 kw-hr. The one-hour
peak load was 26,600 kw. or 33 per cent more than
the nominal rating of the two units. The annual
load factor was 26.1 per cent and the annual capacity
factor based on gross generation was 34.8 per cent. The
variable character of the plant load is shown by the
fact that the highest net output was a little over
10,000,000 kw-hr. in the month of Julv, whereas the
lowest output was only about 2,500,000 kw-hr. in the
month of October. 1926 was a yvear of better than
average river flow, which accounts for the relatively
low output of the steam plant.

The average economy for the year was 21,160 B. t. u.

5331 kg-cal.) per net kw-hr. The best weekly economy
reported was 18,350 B.t.u. (4623 kg-cal.) per net
kw-hr. burning 100 per cent bituminous, the best weekly
economy burning 100 per cent anthracite was 19,800
B.t.u. (5010 kg-cal.) per net kw-hr. The average
boiler and furnace efficiency for the vear was 79.6
per cent without allowance for dryer fuel or for energy
requirements of the boiler auxiliaries.

The boilers have operated up to 385 per cent rating for
a few hours at a time. The average rating for the total
steaming period was 201 per cent.

Of the total coal used, 35.4 per cent was river anthra-
cite and 64.6 per cent bituminous.

The balance of the paper, which is printed in full in
pamphlet form, compares the plant operation with
river anthracite and with bituminous fuels, describes
the excellent outage record of the Holtwood steam units
in 21 months of operation, and gives details of various
minor difficulties which have been met and remedied
since the plant was put into operation.
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Joints in High-Voltage Multiple-Gonductor Cable

BY THOS. F. PETERSON!

Associate, A. [. E. E

Synopsis.—In this paper the author has outlined the evolution of
multiple conduclor joinls and explained in detail the development
of a three-conductor, high-roltage joint for use with belted and
melal sheathed cables or combinalions of Lhese.

In the final design, spreaders and harrier {ubes have been replaced

ITERATURE on high-voltage cable theory, design,
L testing and operation is remarkably voluminous.

This fact is especially noticeable when comparison
is made with the meager data available on joints or
splices and characteristics of jointed cable systems.
Only recently have questions pertaining to the last
mentioned been treated or emphasized in technical
papers and discussions. It is quite pleasing however,
to note their appearance in papers such as Del Mar’s on
the Effect of Internal Vacua, and others on the use of
reservoirs and design of joints. This paper falls in the
same category as the latter and constitutes a presenta-
tion of data on design, installation and operation of
joints on high-voltage systems with which the author
has been intimately associated.

In its final analysis a joint may be considered as a
reconstruction of cable brought into being because it is
physically impossible to maintain continuity of cable
from one end of a feeder to the other. Most efficient
design would dictate using a joint somewhat stronger
electrically than the cable with which it is made.
Except in a few cases, this is theoretically possible,
although often it would appear as though “Brute
strength” tactics were used in its accomplishment.
Single conductor joints, those in metal sheathed and
braided cable with immense amounts of insulation and
those in multiple-conductor cable of monstrous size,
typify these. The evolution of joints, with improve-
ments gained partly from experience and more recently
by the application of scientific principles of design,
constitutes an extremely interesting subject for study.

When viewed in its entirety, one notices that the
trend in joint design has followed rather closely that in
cable design and quite justly so, since joint construction
is, in a sense, cable reconstruction. When the old
Edison tube was in use splices were made in enlarged
coupling boxes, these being filled with hard compound
as was the tube.  Following this, various types of taped
and rubber covered cable were developed. However,
joints were made as before, except for the introduction
of barrier tubes. Increase in operating voltage then
gave rise to changes in impregnating compounds. At
the same time difliculties with voids in hard compounds
which were unavoidably produced during filling and

1. With the Brooklyn ldison Co., Inc.
To be presented at the Summer Convenlion of the A. 1. L. I,
Detroit, Mach., June 20-24, 1027,

by specially reinforced crotches and hand-wrappzd insulation.
To date, all tests,—short time and accelerated life, a-c. and d-c.,—
have produced failures in cable rather than in joinls so conslructed.

Many other claims of supertority over existing lypes are presented.
* £ * * *

with charring of paper, necessitated the use of such
filling compounds as petrolatum and the introduction
of hand wrapping, still however, retaining the barriers.
In more recent developments based on knowledge of
cable breathing, migration of compound into cable,
stress distribution, ete., oil and reservoirs have been
used at joints, barriers eliminated, crotches reinforced
and, from one point at least, it would seem that joint
construction has overtaken that of cable inasmuch as
very little oil filled cable has as yet been placed in
operation.

It is quite evident that in old designs, creepage paths
were considered as the most important factors deter-
mining dielectric strength, this probably being derived
from experience with joints on d-c. systems in which
moisture, condensation, poor workmanship, impurities

Fig. 1—MeEeTraL SHEATHED CABLE JoIiNT IN CONSTRUCTION

and the like contributed largely to failures. There
seemed to have been no regard for stress distribution,
dielectric constant relations of insulating materials and
so we find barriers, tubes, porcelain, mica, paper,
compounds, ete., in series with one another in various
proportions and placed indiscriminately in the electric
fields. These statements are not intended to belittle
the importance of leakage paths but rather to encourage
consideration of all phases of design.

Quite general practise today consists in operating
with alternating current and testing with direct current.
Under alternating potentials at standard frequencies,
the dielectric stress distribution is dependent on the
configuration of electrodes and the constants of the
dielectric circuits. On the other hand such distribution
exists only at the moment of application of direct or
steady potential differences. After this, redistribution
takes place in the form of a slow transient with end
conditions depending on the resistivities of paths. If
then, total stress is sufficiently high, failure will oceur
along the path of minimum resistance. Though the
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sbress distribution under alternating current is detor
mined primarily by dielectric constant relations, a
component may always be determined acting in the
direction of the leakage path and tending to produce
this type of failure. It is obvious that the direct
potentinls with total voltage applied to path, are more
severe, However, it is felt that defeets brought to light
by the comparatively high tests based on cable require-
ments are well worth removing and that the testing does
not necessarily invite trouble. The importance of con-
sideration of leakage paths as well as dielectric constant
relations is thus brought out,.

While the company with which the author iIs con-
nected, was contemplating operation at 27 kv., many
tests were made on multiple-conductor Joints. 1nas-
much as this was done under pressure of time no radical
departures from standard types or accepted practises
were made. [Finally, one, hand wrapped, petrolatum
filed, with porcelain spreaders and mica barrier tubes
was adopted. Results with this type were {airly satis-
factory. After several years of operation, however, a
rather high percentage of failures was experienced on
test which, on examination, were almost all found to
have started at connectors, then continuing along
pencilling and conductor insulation or barrier tubes to
ground. These were due to such causes as follows:

1. Copper dust produced by filing connectors.

2. Jagged pencilling of conductor insulation.

3. Wrinkled conductor insulation. (2 and 3 giving
rise to voids).

4. Compound having been driven from mill insula-
tion at pencilling by heat during sweating of connectors.

5. Migration of compound into cable, making most
probable location of voids on contact surface between
mill insulation and hand wrapping.

6. Sharp edges of solder, connectors, etc.

It is quite obvious why, with such causes as these
conspiring to produce trouble, direct-current tests, at 95
kv., conductor to ground, and 135-kv., conductor to
conductor, were so effective in weeding out defects.

The cures for these evils were soon found. Advances
were made in cable manufacture, (wrinkles being
practically eliminated), pencilling was improved, one
or two layers of varnished cambric tape was used over
connectors, etc. These, with pressure filling, gave rise
to a fairly satisfactory joint but, like “Champions and
Records,” this did not stand long, for tests at the
laboratory under three-phase, alternating current re-
vealed other weak places, namely, at the crotches and
porcelain spreaders. Just about this time one Company
whose experience in this direction was very similar to
ours began to experiment with wooden spreaders, the
idea being that with a dielectric constant more nearly
equal to that of impregnated paper better results would
be obtained. Our progress was along different lines.

For some time manufacturers and those engaged in
testing of cable had suffered a serious handicap in not
being able to carry tests of three-conductor cable to
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wtisfuctory completion because of breakdowns which
invarinbly occurred al the crotehes.  The author was
confronted with and quite suceessfully solved  this
problem about 215 years ago.  Fxaminations of croteh
failures of cable tested under oil indicated that there
were three outstanding causes for these, namely:

1. Ruptured conductor insulation due to sharp
bending,

2. Breaukdown of film of oil and
crotch

3. Circumferential stresses on conductors.

The first was removed by fanning out legs in stages,
that is, removing part of belt and bending legs, using
edge of belt as a fulcrum.

The second did not yield so readily to the corrective
measures applied. The attaek was based on observa-
tions made during two tests devised to bring out the
existance of this cause.

A roll o impregnated tape was used as a spreader in

then paper at

2—Cur-Away oF JoiNt 1N BEurep CasLe
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Joints of this type tested: 120-kv. three-phase, 10-65 hours.

Failures in cable; 130 kv. 15 hr. and 276 kv. instantancous failure
in cable.
a crotch. After application of three-phase voltage, the

rol' was badly burnt due to breakdown of oil at its
center. At another time a sample was prepared and
the crotch placed in a glass jar of clear oil, Spark dis-
charge across film of oil in crotech was very much in
evidence.

The dielectric constant of oil is approximately 2.5
and that of impregnated paper 3.2 to 4.1. When insu-
lations are in series in a dielectric cireuit distribution
of stress is in inverse proportion to dielectric constant.
It is seen, therefore, why oil or compound was stressed
beyond its rupturing strength, broke down and the
resultant heating, charring, ete., finally culminated in
breakdown of adjacent paper=.

Circumferential stresses on conductors manifested
themselves by the appearance of tree formations at
crotches through several layers of paper on the backs of
conductors of certain types of cable, though these very
rarely resulted in failure.

A rather simple solution for the above difficulties was
arrived at after making some exhaustive tests using
barriers, cotton and the like Jjammed into crotches,
short circuiting oil by wrapping legs with electrostatic
shields, using wrapping of wick. Finally, after carefully

2. See author’s diseussion of paper on a 132-kv .J oint, by
D. M. Simons, presented at A. 1. E. £. Winter Convention. 1927,
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bending conductors, each leg was built up conically with
black varnished cambric tape starting deep in the crotch
and extending out 5 inches, the maximum thickness
being 34 in., 4 inches from belt edge. (See Figs. 2
and 4). The conductors were drawn together and a
varnished cambric belt was applied at crotch to the
level of the factory belt. Then the lead sheath of cable
was extended, using lead foil, to the point of maximum
thickness of varnished cambric. The lead foil and var-
nished cambric belt were punctured to allow oil to enter
where normally fillers would be. With this type of con-

Fia. 3—SsowiNG STaGEs oF CONSTRUCTION
1. Cablebutted
2. Fanning conductors
3. Conductors covered with one layer of tap2
4. Crotch huilt up metal foil applied
5. Connectors sweated
5. Hand wrap
7. Hand wrap
8. Barrel slipped into place

9. Pressure filling
10. Caps on—completed ioint

struction, overstressed oil films at crotch were replaced
with varnished cambric. Thelatter withitshigh dielectric
constant (approximately 5) in comparison with im-
pregnated paper (approximately 3) assumed very little
of the total stress between conductors, but still took a
sufficient per cent to relieve the paper at crotch and
make the stress in it considerably lower than in the
rest of the cable. The foil served to eliminate circum-
ferential stresses hy maintaining a zero potential sur-
face at a distance outward from the center of the con-
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ductors equal to the distance inward to the actual
neutral axis of the cable. Similar crotches were used
in testing metal sheathed cables, except that after
building up individual legs with varnished cambric
the metallic tape of cable was extended and carried over
each leg to the point of maximum thicknesses of var-
nished cambric (see accompanying illustrations).

Results with this construction were highly satis-
factory yielding failures in cable after runs of 385 to 50
hours at 120 kv., three-phase as compared with 3 to 8
hour crotch failures previously obtained and so it was
recommended for use in crotches of joints on our 27 kv.
system. In the latter role, the applied varnished cam-
bric served not only as a reinforcement, but also as
pacer, thus eliminating another objectionable features
of existing joint, namely, the porcelain spreader. (See
Fig. 4).

Before its adoption for use in connection with metal
sheathed cable, comparative high-voltage tests were

~ made on joints in which metal foil was ended at crotch,

1. e., cut off and tied down, carried across connectors,
over hand-wrapped insulation, etc. In all these, the
decided superiority of the built up construction was
shown. Joints with metal tape carried across the hand-
wrapped insulation failed after about twenty minutes
at 120 kv., while those with tape ended at crotch were
but a little better. In the first, failures occurred across
stepped and conical penciling. This type of joint
would seem unsatisfactory at first sight (despite the
fact that some manufacturers stand by it because radial

. stresses are maintained throughout) since filling com-

pound is of no avail in taking up stress and the total
voltage is applied to a comparatively weak path between
pencil and hand wrapped insulation. Joints made in
manner described, that is, using built up crotches, have

" withstood tests at 120 kv. for 10 to 60 hours without

failure. In all cases rupture has occurred in cable.
This is quite favorable, when compared with the results
obtained on standard Conducell joints which have
averaged 3 to 10 hours at 120 kv., three-phase.

Hand wrapping of joints with tape has always been a
long and tedious operation in which the personal equa-
tion of the worker is a most important item.

Prior to making the aforementioned studies and tests,
an attempt was made to reduce manual labor involved
in joint construction by substituting barrier tubes and
spacers made of bakelite and the like, for the hand
wrapping. Results of voltage tests were very discourag-
ing since failures occurred at 120 kv. after from one-half
to one hour, the higher values being obtained with the
thinner tubes. Careful examination and investigation
indicated that such devices which had high dielectric
constants and were of such shape as to place small
thicknesses of compound in series with them thus
greatly overstressing the latter, were of no use and
should be avoided. Barrier tubes were accordingly
eliminated from final design (see Figs. 4 and 5) and some
additional paper hand wrap was applied over connectors,
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a very reasonable change, considering the facts that the
paper serves as the necessary barrier in compound and
makes it possible to retain comparatively long paths
through compound thus increasing strength of joint,
without over-stressing component parts.

Confirmatory test results similar to those recorded
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95-kv., direct potential differences, conductor to ground,
have been made without the slightest indication of any
developing failure. These data, together with very
satisfactory operating experience serve as evidence for
claims of superiority of this joint.

Jointsinstalled in practise donot differ materially from

DETAIL OF JOINT IN RELTED CABLE
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A. Onelayer, #4-in. black varnished cambric on each conductor.
B. Onelaver 3-in. black varnished cambric on each connector.
C. Varnished cambric strips 1/8 in. to 34 in. wide to level of connector
diameter.
D. Paper tape.
E. 34 in. black varnished cambric conical wound as shown.
F. One layer, 5/8-in. lead foil on each conductor from highest point to

bottom of crotch and in contact with copper foil on conductors.

G.

5/8 in. lead foil two layers around all three conductors and in contact

with outer metallic tape of cable.

H.
I.

Varnished cambric 5/16 in. thick 4 in. from bell.
Remove v.c. tape 3 in. from edge of pencil; also one layver of

conductor insulation before applying paper tape.

J.
Fic.

Bell to be beat into original position after crotch is finished.

5—S8peciFicaTioNs For 3-Coxpucror, 27,000-VoLT, A-09 CABLE Joi~nt, 27-3

have recently been obtained by another of the Metro-
politan companies which has adopted this type of joint
for metal-sheath cable. In addition to the above
alternating-current tests, run of five hours duration at

thosedescribed. Conductorsarecarefully fanned outand
covered with one layer of tape to exclude foreign matter,
crotches are built up, connectors are sweated, insulation
pencilled conically (approximately 2 in. long) and sand-
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papered. Then gaps between insulation and connectors
are built up with thin strips of varnished cambricand one
layer is applied over connector. One layer of mill insula-
tionisremoved from conductorsandfinallyeachlegis built
up with hand-wrapped tape. An insulating barrel is
used inside of lead sleeve, merely for mechanical pro-
tection and joint is either pressure filled with petrola-
tum, or oil filled and equipped with a collapsiblereservoir
or the like. Though this joint is somewhat more diffi-
cult to make than the usual type and depends quite
largely on the ability of the splicer, little difficulty is
experienced in the field, when men are properly
trained.

in the foregoing we have been concerned morepartic-
ularly with electrical rather than mechanical character-
istics of joints. The latter, however, are of immense
importance. Absolute cleanliness should be exercised.
Wipes, plugs and material must be such as to insure
against introduction of moisture. Though voids are
not likely to exist at time of filling, they may develop
in practise, hence fittings, location in manholes, etc.,
must be arranged to facilitate periodic inspection,
refilling of joints, or installation of reservoirs. These
can best be dealt with as individual problems.

Summarizing, then, it may be said that a joint has
been developed having high leakage resistance, good
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stress distribution and on which our test results, both
alternating-current and direct-current, and operating
experiences, are quite satisfactory. (Note: No studies
have been made of dielectric loss because to date noth-
ing in our experience has indicated the need for con-
sideration of same). Furthermore, barriers and
spreaders have been eliminated and a zero potential
surface has been established around the crotch which
gradually extends out toward sleeve, thus tending to
maintain radial stresses throughout joint. In addition,
due to removal of tubes, phasing out of cables is more
easily accomplished since conductors in joint do not
have to be run parallel to cable. Instead of having
two bends in the conductors one at each end of the
joint, and then a straight run through cells or tubes as
is necessary in the barrier type joint, the lay or twist
may be continued through the joint. Last, and per-
haps most important, is the universality of the joint.
Not only can it be used with belted cable and metal
sheathed cable, round or sector conductor, but also with
combinations of these.

It is not intended that these statements be con-
strued to mean that perfection in joint design has been
reached. The author expects to attempt improvements
from time to time and profit by criticism which will
undoubtedly accompany its more general adoption.

The Oscilloscope: a Stabilized Cathode-Ray

Oscillograph With
BY FREDERICK BEDELL:

Fellow, A. I. E. E.

Synopsis.—A method is described for using a cathode-ray
oscillograph for the simultuneous observation of a number of vartable
quantities by means of a distributor. A linear time-axis, obtuined
by means of a gas-discharge lamp connected to a source of direct-
current through o resistance or thermionic lube, is stabilized by
introducing into this circuil a small e. m. f. derived from lhe same
source that supplies the unknown quantities under observation. By

THE oscillograph employing a vibrating cathode ray,
first used by Braun and later so admirably de-
veloped by Ryan and others, has certain distinet
advantages over the oscillograph of the Blondel or
Duddell type in which a vibrating mirror is used.
Foremost among these advantages is the fact that the
cathode beam is free from inertia and can readily
follow the variations of an electric or magnetic field
even at high frequencies. The cathode-ray oscillo-
graph, as hitherto commonly employed, has, however,
the disadvantage that it has not been possible with
it to show the variations in a number of gquantities at
the same time, nor to show these variations, as is done

1. Both of Cornell University.
Presented al the Regional Meeling of District No. [ of the
AT E.E., Pittsfield, Mass., May 25-28, 1927.

Linear Time-Axis.
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and

making stabslization definilive rather than casual, distortion s
avoided. The unknown quantities are thus shown in a form con-
venient for observalion, appearing as stationary curves plotted wilh
time as abscissa. The curves may be superposed aboul a common
zero line, or displaced with reference to each other with separate zero
lines. The name oscilloscope is applied to the apparatus here
described, assembled as an instrument.

with the vibrating mirror oscillograph, as curves with
time as abscissa in rectangular coordinates with which
everyone is familiar. :

While the cathode-ray oscillograph has proved a
highly valuable tool for a wide range of engineering and
scientific investigations, including both cyclic and tran-
sient phenomena, and, in certain respects, is superior
to the oscillograph of the mirror type, it has suffered
by the two limitations just described. These limita-
tions, however, may be removed and the field of use-
fulness of the cathode-ray oscillograph so widened that
it becomes practically a new instrument. As the in-
strument developed for this purpose, (shown in Fig. 1),
is primarily intended for visual observation, we have
given it the name “oscilloscope.” Permanent record
may be obtained, when desired, by a photograph in the



[ BEDELL AND UEicH

usual way,  On the other hand, an osedlograph of the
Blondel or Duddell type, both in nume and in fact, |
primarily for graphical record

Not being limited to a single eyclic phenomenon, the
oscilloscope {8 polyceyelie; furthermore, it is stabilized
80 that the wave or waves stand stat ionary for observa.
tion and this becomes particularly important when
several waves are observed at one time.'_: Recurrent

SN
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transients, as well as more usual periodic phenomena,
may be observed.

The cathode-ray oscillograph tube is so well known
that it needs no description. The cathode beam,
focused on a fluorescent screen or photographic plate,
is deflected in one direction by one set of plates or coils,
and in a perpendicular direction, by another set of
plates or coils.

An admirable and full account of various types of
cathode-ray oscillographs and their development from
the beginning is given by A. B. Wood and others in
the Journal 1. E. E. (Nov., 1925), with 63 pagesand 125
references. So complete is this account, (with its
bibliography), and so admirable is the presentation
that further discussion here is unnecessary.

THE PoLycycLic DISTRIBUTOR

In using the cathode-ray oscillograph, it occurred to
the writers that if one pair of deflecting plates or coils
could be successively switched by a distributor from

Yo

!
Yo v 3ow

IFic. 2—Pouycycric DisTriBUTOR

circuit to circuit in rapid succession, the cathode beam
would follow each in turn, making possible the simul-
taneous observation of several unknown quantities.
We have found this to be the case and that when
switched at proper intervals, the curves appear to the
eye as simultaneous and continuous, due to persistence
of vision, and likewise so appear in a photographic record.

THE ONCT AN 0] Josieninl ALK K

The development of u four-wuy experimental di
tributor for this purposs iz shown in iy, A resis
tance s included in ench of the four cireutias protection
in cuse of short-ci-cuit. A brush I bears on a continu
ous slip-ring to winch are connected staggered  quad
rants.  Fach of the remiunimg four brushes comexs in
contact, i turn, with one of these quadrants.  The
terminals Y, Y are connected to one pair of deflecting
plates of the oscitloscope, the terminals Y, ¥V, ¥V, Y.,
Yo Y., Y., Y, being connected to the several circul
under test. 1t will be noted that Y, 15 a common
terminal; if any of the circuits cannot he so connected,
an insulating transformer should he interposed between
such circuit and the distributor terminals.  Avoiding
the common terminal, a double distributor ean be used
in a special cuse when necessury

LINEAR T'IME-AX)

A linear time-axis, desirable for the observation of a
single quantity, becomes alinost a necessity in order to
make a satisluctory interpretation possible when several
quantities are simultaneously studied.

"The need lor a linear time-axis with the cathode-ray
oscillograph has long been recognized and various
ingenious methods have been proposed for its ac-
complishment, often, however, with but limited applica-
tion. Mechanical devices are limited in range of fre-
quency; electrical devices, although not thuslimited, are
liable to be unstable, and stability as has been pointed
out, assumes prime importance when several curves are
simultaneously observed, as any motion of the curves
creates hopeless confusion. [Sven for a single curve,
stability 1s needed if the curve is to be carefully studied
and perhaps sketched, traced or photographed. Fur-
thermore, electric devices without proper precautions
are liable to produce distortion.

A linear time-uxis may be obtained if we have avail-
able either a synchronous mechanical switch or a syn-
chronouselectric valve. "T'hus, if a condenser is charged
at a uniform rate through a resistance, or otherwise, and
is periodically discharged by a synchronous switch, the
difference of potential across the condenser terminals
will increase linearly with time while the switeh is open,
and drop suddenly to zero each time the switch is
closed.

THE CORONA VALVE

A mechanical synchronous switceh is cumbersome and
can be operated only at low frequency. A synchronous
electric valve that would automatically perform the
same function at high or low frequency would evidently
be better. Such a valve is found in the grs-discharge
lamp, containing commonly neon or argon, the charac-
teristics of which are well known. (See bibiography).
When subjected to an increasing voltage, no current
will flow through such a lamp until a certain critical
“ignition” voltage is reached. Current then flows
(analogous to the closing of the switch) and continues
to flow until a definite lower “‘extinction” voltage is
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reached. Current then stops, analogous to the opening
of the switch. The difference between the ignition
and extinction voltages depends upon the frequency
and type of lamp.

Each gas-discharge lamp possesses a certain capacity,
so that, when connected to a source of e. m. f. through
a resistance (in excess of a certain “critical resistance”),
the lamp will light and re-light at definite frequency.
This frequency may be varied through a wide range by
varying the resistance and capacitance of the circuit.

’ To
A Oscillograph
B —/ £ 5P
g ¥
-
¢
Fig. 3—BaTrery OPERATION

The gas-discharge lamp acts as a synchronous electric
valve, performing the functions of a¥ synchronous
mechanical switch. Due to its nature, it may be re-
ferred to as the “corona valve.”

Many theoretical and experimental studies (see
bibliography) have been made of this phenomenon.
Suffice it to say that the oscillation frequency is under
control by adjustment of resistance and capacitance,
the maximum frequency being obtained by reducing
capacitance—including the capacitance of all circuit
connections—to a minimum. Capacitance may be
obtained by means of condensers in parallel with the
corona valve or in parallel with a series resistance.

While the oscillating circuit can be adjusted for audio,

POTENTIAL

TIME
Fig. 4—PoTENTIAL VARIATION
commercial and lower frequencies, frequencies much
higher than audio-frequencies are not readily obtain-
abhle with usual apparatus. A frequency of 95,000,
however, is reported by Oschwald and Tarrant, using a
resonant circuit; but resonance tends to produce a
sine-wave oscillation rather than the straight saw-
toothed wave required for a true linear time-axis,
and is to be avoided in an oscilloscope in which accurate
reproduction of wave-form is sought. On the other
hand, low frequencies, of, say, one every minute or,
indeed, every hour, are obhtainable and there is no
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obvious reason why with sufficient capacitar}ce, (and
patience), one could not reduce the lower limit almost
indefinitely, if there were any object in so doing.

OSCILLATING CIRCUIT

Circuit connections for obtaining a linear time-axis,
are shown in Fig. 3. In the resistance circuit A PC,
connected to the battery A B C, is inserted the corona
valve V, which, either alone or with supplemental
condensers in parallel with it, has a capacitance ¢,
and a potential difference » = q/c. The corona valve
passes no current, acting as an open switch, until the
potential difference between its terminals, as charge
accumulates, reaches the ignition voltage. Current
then flows and the potential difference drops until
extinction voltage is reached; the current then stops,
the potential difference again builds up and the cycle
is repeated.

Fig. 4 shows the variation in the difference of
potential between a point P in the resistance circuit
and a point of reference B of fixed potential. The curve
of potential-rise is exponential, as shown by the dotted
curve. By using only a short element of this curve, the
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rising part of the saw-toothed curve is sufficiently
straight to give the desired linear time-variation, when
P and B are connected directly or through an amplifier
to the deflecting elements of the oscillograph. Other
points, as P’ and B’, give a similar but smaller variation,
the amplitude of the time variation being capable of
adjustment in this manner. The short, falling part
of the saw-tooth curve, corresponding to the brief
interval during which current is flowing through the
corona valve, is so rapid that the spot of light on the
oscilloscope screen shows only a negligible trace as it
sweeps back to repeat the cycle.

Fig. 5 shows the connections for operating the os-
cillating circuit when a thermionic tube W replaces part
or all of the resistance in series with the corona valve.
A constant current through W, when operated above
saturation, gives a uniform increase in v during the
rising part of the saw-tooth curve, and so assures a
linear time-axis.

Connections are likewise shown in Fig. 5 for operating
the oscillating circuit when resistors, supplied with di-
rect current from a generator or battery eliminator, are
used in place of batteries. The same resistor system
may supply the accelerating potential for the cathode-
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ray tube as well as any voltages that may be needed
for bias or for the vertical or horizontal displacement
of the cathode-ray beam. Operation with such a
resistor system is very convenient, giving a nicety of
adjustment not possible with batteries, provided pre-
cautions are taken to design the circuits, (including the
circuits of a battery eliminator, if used), so that the
several adjustments are sufficiently independent. The
use of more than one eliminator would, of course,
obviate the difficulty, but a single eliminator, properly
compensated and designed for the purpose, will suffice.
After the use of such an eliminator, batteries seem
cumbersome and are a source of error when they do not
give just the proper voltage. When a generator supply
1s used, commutator ripples may be filtered out, if
necessary.

STABILIZING

In order that the curves shown by the oscilloscope
may be stationary, it is necessary first to synchronize
and then to stakilize the oscillating circuit; that is,
the frequency of the oscillating circuit is first so adjusted
that the cathode beam sweeps back once every half
cycle, or some multiple of it, of the varying quantity
under observation, and is then locked in step and so
stakilized. As an automobile engine is first synchro-
nized and then thrown into a particular gear, the os-
cillating circuit is synchronized and then thrown into
the desired gear, electrically, so the curve shown
includes one or more cycles, or half cycles, of the
quantity observed, as may be desired. Without being
thus stakilized, the curves are liable to move and make
observation difficult.

Stakbilization may be effected in various ways, the
simplest method being by introducing into the oscillat-
ing circuit a very small e. m. f. of the same frequency
as the circuit under observation. This may occur in a
way that is casual and uncontrolled, (whether by
accident or design), through leakage or induction;
thus, under certain conditions, we found that curves
stood still when the operator merely raised his hand
as though warning an animate being. Such stabilizing
was promising and fascinating. Casual stabilizing,
however, produces distortion; for, unless the stabilizing
e. m. f. is controlled, some of it will affect the oscillo-
graph circuit. To avoid distortion, stabilizing must be
definitive, and the e. m. f., whether introduced conduc-
tively or inductively, so localized and controlled as not
to affect the oscillograph. Thus, without attempting to
discuss all possible methods of stabilizing, it is obvious
that the distortion produced by the introduction of an
e.m.f. at J D, (Fig. 5), while appreciable, would be far
less than if the e. m. f. were introduced at P B. The
authors have found that, for the apparatus employed, it
1s possible to obtain a definitive stabilization without
distortion and with an amount of energy so small that
the disturbance to the circuit under test, even when it is
very sensitive, is practically negligible.

Journal A. I. E. L.

The oscillating circuit may be brought to the proper
frequency and then stabilized so as to show a single
cycle or half cycle; or it may be brought to a lower
frequency, (whereby more time is taken for the spot to
sweep across the screen along the time-axis) so that
several cycles or half cycles are shown. In observing
60-cycle phenomena, the oscillating frequency may,
for example, be stabilized at 30, 15, 10 or 5 cycles, with,
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however, a decrease in stability. In this way, for the
same phenomenon, different gear ratios may be used
and curves as shown in Fig. 6 be obtained.

ZERO LINE
Curves are ordinarily superposed, as in Fig. 7, either

Fic. 7—SivutLTANEOUS CURVES, SUPERPOSED, WITH OR
WITHOUT ZERO LINE

with or without a zero line. A zero line is bbtained by a
short-circuiting connection between Y, and Y, Y, Y;
or Y, in Fig. 2.

DISPLACEMENT

A curve may be displaced (raised or lowered) with
respect to the others by interposing a battery, or other
source of d-c. voltage, Letween it and the common
terminal Y,. Several curves may be so displaced,
up or down, by varying amounts, depending upon the
voltage and polarity of the battery.

A displaced zero line is similarly obtained by using a
battery instead of a short-circuiting connection referred

Fie. 8—Sivvrrsveous CurvESs, DISPLACED, WITH OR
WITHOUT ZERO LINES

to above. Two zero lines may be used, one displaced
with respect to the other, asin Fig. 8.

When a resistor system as shown in Fig. 5 is used for
supplying accelerating potential to the cathode tube,
displacement without batteries may be obtained by
connecting the unknown not to Y, (and so to some point
as D on the resistor) but to D’ or D” displaced
therefrom.

o
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USEs

The oscilloscope may be used not only in the varied
fields of investigation in which the vibrating mirror or
cathode-ray oscillograph is used but, on account of the
characteristics here described, in additional fields as
well. The stability of the linear time-axis, together
with the multiple use of the oscilloscope by means of
the polycyclic distributor, at once opens the way to
many varied applications. With the oscillating circuit
switched off, the instrument becomes available for all
the uses of a cathode-ray oscillograph in the usual
manner. The stabilized linear time-axis is an added
feature extending its usefulness.

On the other hand, the oscillating circuit may be
used independently as a convenient source of current
of controllable frequency. An ammeter in circuit may
be used to indicate the frequency. A loud speaker
connected through an amplifier becomes a source of
sound of controllable, known pitch.

Although not limited to any one type of cathode-ray
tube, a well-known low-voltage tube described by
Johnson (Journal Opt. Soc., 6, 701, 1922) has been
found well adapted for the oscilloscope and arrange-
ments have been made for its use.

The principles of operation of the oscilloscope are
simple. Practically, we have found that, in order to
avoid error due to leakage or induction, many details
though simple in principle are perplexing in execution,
particularly when we are not seeking an elaborate
laboratory equipment, limited in use on account of its
scattered complexity, but an assembled, self-contained
instrument, simple in operation and readily portable.
Its availability adds materially to its usefulness.
The senior author desires to express his appreciation of
the assistance rendered by his colleague in the develop-
ment and construction of the finished instrument.
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A LIMIT TO THE SPEED OF VISION

Recent years have witnessed a great increase of
interest in the relation of illumination to effective
vision and efficient work. Better lighting makes it pos-
sible to see more quickly and more accurately than
under poor lighting conditions. Although there are
many other factors involved in vision and its relation
to production, the speed of vision is one of great in-
terest. It has been known for a long time that the
retinal image must be stationary if it is to be seen
clearly oreven atall. Just what the minimum exposure
time of the stationary image must be has been only
approximately known. The eyes are always more or
less in motion, and often they are engaged in trying to
discriminate details which are moving. In reading, for
example, the movement of the eyes consists chiefly of
rapid sweeps with brief pauses between them. During
the sweeps it is impossible for the details to make a
sufficient impression, since the image is rushing across
the retina. It is only during the fixational pauses In
the eye movements, when the image is nearly or quite
at rest on the retina, that an adequate impression is
made.

Dr. P. W. Cobb and Mr. . K. Moss recently mea-
sured the least duration of the fixational pause of the
eyes which resulted in discriminating an object. Under
the conditions of the investigation and using éleven
subjects who make thousands of observations, the
average fixational pause was found to be 0.15 second.
Very few observations ran as low as 0.08 second and
few as high as 0.25 second. Obviously, therefore,
there is a limit to the increase in speed of vision due to
increase in intensity of illumination. A limit of the
speed of vision has by no means been reached by the

lighting improvements in most workplaces.— Electrical
World.



Quantitative Determination of Radio Receiver
Performance

BY 11 D.

OAKTEY!

Associate, A. 1. H. E

Synopsis.—The yractise of making quanlitative measwrements on
the individual wnits of radio receivers is quite general, but seldom are
such measurements made on receiwers as a whole becanse of certain
difliculties encowntered in this type of measurement.  This paper
describes apparatus developed to overcome these difliculties and o

INTRODUCTION

IN the development and design of a device consisting
of more than a single unit, it is advantageous to

subject it to a series of tests to determine its operat-
ing characteristics as a whole, as well as the character-
istics of the individual units alone. A radio receiver
1s comprised of apparatus performing, as a rule, five
main functions: (1) Selecting a voltage of a particular
radio frequency from among several co-existing volt-
ages, the frequency of each one being different from
that of the desired voltage; (2) amplifying the selected
voltage; (3) deriving from this amplified voltage an
audio-frequency voltage; (4) amplifying the audio-
frequency voltage; (5) converting it into sound energy.
Present day receivers perform functions (1) and (2)
simultaneously in the radio-frequency selector amplifier,
function (3) in the detector, (4) in the audio frequency
amplifier and (5) in the loud speaker. Testing the
apparatus performing any one of these five functions is
relatively easy but to make measurements of the whole
assemblage is rather difficult.

It is the purpose of this paper to describe briefly the
test apparatus used by the General Electric Company,
to explain the quantities measured, and the method of
test, and to present some results obtained from over-all
tests on receivers.

To obtain satisfactory results from over-all tests,
three main conditions must be satisfied. 1. To the
input terminals of the receiver must be supplied a radio-
frequency voltage of a character and magnitude com-
parable with normal operating conditions. 2. The
testing apparatus must be so constructed and arranged
that the receiver is subjected to the signal in a known
manner and 1s not affected by unknown stray signal
effects. 3. The test conditions must be so controlled
that the receiver is not influenced by electrical distur-
bances other than the test signal.

DESCRIPTION OF TEST APPARATUS
The apparatus developed to meet these conditions
consists of a signal generator, a current-controlling and
measuring device, a voltage attenuator, a dummy
1. General Engg. Laboratory, General Electric Co., Schenec-
tady, N. Y.
Presented at the Regional Meeting of District No. 1 of
the A. I. E. E., Piltsfield, Mass ., May 25-28, 1927.
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make possible a study of the performance of recewers as such.  The
over-all charactevistics of reccwers are classificd and described, the
method of tests for oblaining measurcments on them ceplatned, with

some curves shown Lo illustrate the results oblatned from these tests.
» *

antenna, and an output voltmeter. The first two units
are in a shielded room and in another are the last three,
as is also the receiver to be tested. The signal genera-
tor is a miniature broadcast transmitter employing the
Heis'ng system of modulation, and is composed of five
main units: (1) An audio-frequency oscillator with a
range of 40 to 10,000 cycles; (2) a radio-frequency
oscillator, having a range of from 550 to 1500 kilocycles;
(3) a modulator, with its grid controlled by the audio-
frequency oscillator and its plate controlling the plate
voltage of the modulated radio-frequency amplifier;
(4) a modulated radio-frequency amplifier the grid of
which is excited by the radio-frequency oscillator and
whose output is varied at an audio-frequency rate
by the modulator; (5) a power amplifier, (provided with
a modulation indicator), excited by the radio-frequency
amplifier. The power amplifier supplies current to the
current controlling and measuring device. This is a
variable mutual inductor with its primary connected
to the signal generator and in its secondary circuit a
tuning condenser, a thermoammeter and a voltage
attenuator. The value of the current flowing in the
voltage attenuator is measured by the thermoammeter,
and is controlled by varying the mutual inductance.
The attenuator is a special form of self inductor, first
proposed and used by Dr. N. H. Williams of the
University of Michigan. It consists of a coaxial metal
shell and rod, which terminate at one end in a metal
plate perpendicular to their axes. At the point where
the rod meets the plate it is connected to ground.
The design of this inductor is such that its inductance
per unit length is easily calculated. This particular
inductor has three taps providing inductances of
approximately 0.001, 0.0055, and 0.02 microhenrys.
With these taps and an input current, range of from
0.5 to 350.0 milliamperes, a voltage range of from 1.5 to
22,000 microvolts may be obtained at the lower fre-
quency end of the broadcast range, (550 to 1500
kilocycles), and three times these values at the higher
end. The dummy antenna is a circuit so designed that
its characteristics are representative of those of the
average broadcast receiver antenna. An arbitrary
value of ten meters is given as its effective height,
because it is believed that this is the average value of
antennas commonly used. The output voltmeter
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measures the effective value of audio-frequency voltage
existing across the output of the receiver. It has a
range of 0.2 to 250 volts and its indications are inde-
pendent of {requency. The impedance (160,000 ohms)
of the voltmeter is so great compared with that of the
loud speaker that the extra load imposed upon the
cireuit by the voltmeter is negligible.

This concludes a description of the apparatus used
in making the usual over-all characteristic tests. The
quantitites measured will be explained now; then the
test procedure for obtaining them.

QUANTITIES M EASURED

The characteristics commonly measured are
sensitivity, selectivity and quality. In some special
cases, the radiation from the set is also measured.
Sensitivity is defined as the degree to which a radio
receiving set responds to signals of the frequency to
which it is tuned. The output of a receiver is not
directly proportional to the input field strength.
Therefore, sensitivity cannot be expressed by a single
figure, but takes the form of a curve. Sensitivity can
be expressed by an input-output curve; . e., a curve
showing the relation between the potential induced in
the antenna circuit and the voltage existing across the
loud speaker. It is convenient, however, to express
sensitivity as the ratio of output voltage to input field
strength at various output voltages. This method is
somewhat analogous to transformer practise wherein
relations are found between the transformer ratio and
the voltage supplied to the load at various loads, rather
than between impressed primary voltage and voltage
supplied to the load. The ratio of output voltage to
input field strength, expressed by a dimensional formula,
reduces to a length. Since this is so and since the field
strength is expressed as a certain potential per meter,
the unit of sensitivity has been called the meter. A
receiver is said to have a sensitivity of one meter when a
field with strength of one volt per meter acting upon the
antenna circuit causes a potential of one volt to exist
across the loud speaker.

Selectivity is the degree to which a receiving set is
capable of differentiating between signals of different
frequencies. As measured, selectivity is a curve
showing the input field strength required to maintain a
constant signal voltage in the output as the frequency of
the field is changed. Of course, the field strength is
lowest at the frequency of the desired signal, and in-
creases in value as the frequency becomes greater
or less than that of the desired signal.

The definition of quality is the degree to which sound
is faithfully reproduced. To be strictly in accord with
this definition, quality measurements made on receivers
should be such that the sound wave modulating the
radio wave actuating the receiver can be compared with
the sound wave generated by the loudspeaker of the
receiver. Then the results of these measurements
should be expressed in such a way that the nature and
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magnitude of the discrepancies between the original and
the reproduced sound waves can be shown. The
measurements as actually made are not so rigid. The
assumption is made that the radio-frequency voltage
induced in the antenna circuit is of such a nature that,
were the receiver and sound reproducing apparatus
perfect, the reproduced sound would be identical with
that which acted upon the microphone of the trans-
mitter. The measurements as made furnish data
showing the relation between the receiver output
voltage and the modulation frequency, as this frequency
is varied from 40 to 10,000 cycles, without changing
either the voltage induced in the antenna or the degree
of modulation. A perfect receiver subjected to this
test would maintain a constant value of voltage across
its output and therefore its quality curve would be a
straight line parallel to the modulation frequency axis.
In order to compare the quality of different receivers, it
has been the practise to plot these curves as output
voltage in percentage of output voltage at some one
frequency (usually 1000 cycles), against frequency.
The more nearly the output voltage remains constant,
the better is the quality.

The last receiver characteristic to be considered is
radiation. Radiation is defined as the process of
emitting electromagnetic waves into space. Obviously
it is impossible to measure a process, so that when
radiation measurements are discussed, the act in mind
is not that of measuring the process but rather that of
measuring the quantities causing the phenomenon of
radiation. Therelative distances to which transmitters
can maintain communication depend upon their
antenna height and the current flowing in the antenna.
The antenna height is expressed ordinarily in meters
and the current in amperes, so that it is customary to
express the radiating power of a transmitter in meter
amperes—the product of the antenna height and the
current. Some receivers contain an oscillating tube
and it is possible to so adjust the controls of certain
others that one or more tubes will oscillate. In both
cases disturbances are sent out which seriously interfere
with the operation of neighboring receiver sets. Tests
are made to determine both the magnitude and fre-
quency of this disturbance. The results are expressed
in meter amperes, since, in this case, the receiver is
considered as a transmitter and the strength of its field
at various distant points can be determined if the
equivalent meter amperes and the distances are known.

METHOD OF TEST

Sensitivity, selectivity and quality are more or less
inter-related so that, in general, it is impossible to
adjust a receiver to obtain a maximum of one of these
quantities without a decrease in one or both of the
other two. In making tests on a receiver an attempt
is made to so adjust it that a satisfactory compromise
among the three is reached. This condition is con-
sidered as the average normal operating one. Fig. 1 is
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a schematic layout of the test apparatus and an antenna
type receiver which is undergoing test. An RCA
model-100 loud speaker is used as the output load, and
across it is measured the output voltage.

Sensitivity. To determine sensitivity, the signal
generator 1is set to some desired carrier frequency and
adjustments are made so that the current is modulated
50 per cent at 1000 cycles. Thecurrent flowing through
the voltage attenuator is adjusted to some convenient
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value and the receiver antenna circuit is connected to
one of the attenuator taps. The receiver is then tuned
to the signal and other adjustments made so that the
receiver 1s operating normally. The test is then
begun by adjusting the input to the receiver, (input
current to the attenuator or changing taps), so that
some low value of output voltage is obtained. The
input is increased in steps and at each step the corre-
sponding output voltage is recorded. The test is
continued until the grid of one of the receiver tubes
becomes positive during a part of the cycle (this
usually occurs first in the tube located in the last stage
of the audio frequency amplifier). This point is
considered the operating limit of the set, sinceany
further increase in input will result in a distorted output.
During this test the following data were recorded:
Carrier frequency, current flowing through attenuator,
attenuator tap used, and output voltage. To plot
sensitivity curves the field strength for the different
output voltages must be known. It is found in this
way; knowing the current flowing through the attenua-
tor and its frequency, and the inductance corresponding
with the tap used, the voltage induced in the antenna
circuit can be calculated. This voltage, divided by the
height of the antenna in meters, (in this case 10 meters),
1s considered as the field strength of the signal. The
sensitivity of the receiver in meters is then found
by dividing a given output expressed in microvolts
by the corresponding field strength expressed in micro-
volts per meter.

The test just described 1s made with the receiver
tuned to 560 kilocycles. The signal generator is then
reset to give the same sort of signal as before except
that the frequency is now 1000 kilocycles. The
receiver 1s tuned to this new frequency and the test
repeated. A third setting of the generator and retuning
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of the receiver to 1300 kilocycles completes the sensi-
tivity tests. The complete test then shows not only
how the sensitivity varies for different input field
strengths but also gives an idea of how it varies for
different carrier frequencies. Tests to determine the
other receiver characteristics are also made at these
same three carrier frequencies so the whole set of
curves obtained furnishes a very good picture of the
behavior of the receiver over the entire broadecast
range.

Selectivity. With the receiver tuned to 560 kilocyecles,
the frequency of the signal generator is set to a value
such that with the receiver connected to the highest tap
of the attenuator and the maximum obtainable current
flowing through it, no signal exists in the receiver out-
put. The frequency is brought nearer and nearer to
the tuning frequency of the receiver until a point is
reached where some low value of signal (0.5 volt)
exists in the output. From this peoint on, through
resonance and beyond as far as it is possible to go,
the frequency is changed in steps, and at each step,
the current through the attenuator and the attenuator
tap 1s chosen so that the voltage in the output remains
constant. As the frequency of the signal generator is
changed, its modulation frequency and degree of
modulation remains unchanged. These data are re-
corded: Frequency, value of current flowing through
attenuator, attenuator tap used and the value at which
the output voltage was maintained. The field strength
corresponding with the several frequencies is then
calculated in the manner explained under sensitivity
tests. The curve obtained by plotting field strength
required to maintain a constant output voltage against
carrier frequency is the selectivity curve for this
particular tuning point. After this test, another is
made with the receiver tuned to 1000 kiloeycles and
after that a third test is made with the tuning point at
1300 kilocycles.

Quality. A preliminary test is made to determine at
what audio frequency the maximum output voltage is
obtained. After finding this point the input to the
receiver is adjusted so that at this frequency the grid of
the last tuke does not at any time become positive.
The input is then maintained at this value while the
modulation frequency is varied frem 40 to 10,000
cycles and the degree of modulation is held constant at
50 per cent. At each frequency, the output voltage is
recorded. A plot is then made of output voltage in
per cent of output voltage at some one frequency
(usually 1000 cycles), against modulation frequency
and the quality can then be judged by the amount the
curve deviates from a horizontal straight line—the
greater the deviation, the poorer the quality.

Radiation. These measurements fall into two classes:
1) Measurement of radiation from loop or antenna
alone; (2) measurement of radiation from receiver and
loop or antenna combined. In the case of sets operating
with an antenna, the amount of radiation from the set
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itself as compared with that from the antenna is usually
small, so that on this type of set measurements are
confined to radiation from the antenna itself. But
in the case of sets operating with loops, the electrical
dimensions of them and of the receiver circuits are
comparable, so that quite a large part of the radiation
may originate in the receiver. Thus, measurements on
this type of set include both loop and set radiation.

The first mentioned type of measurement is made in
this manner. The receiver to be tested is set up in the
same room with the signal generator and in the other
room is another receiver which will be designated as the
indicator. The two current leads of the attenuator
are disconnected from the current controlling and
measuring unit and are connected to the antenna eircuit
of the receiver. The indicator is connected to the
highest tap of the attenuator. Tests are made to be
certain the receiver is tuned to some carrier frequency,
and then if it is radiating it will be sending current
through its antenna circuit, which consists of the
dummy antenna and the attenuator. This current
flowing through the attenuator will set up a voltage
across the input of the indicator resulting in a certain
value of output voltage. The current leads of the
attenuator are then removed from the antenna circuit
and returned to their normal connection. The indicator
is connected to the lowest tap on the attenuator and the
signal generator supplies current (of the same frequency
as that generated by the receiver) the value of which 1s
so adjusted that the output voltage of the indicator 18
the same as before. This current, multiplied by the
ratio of the inductance of the lowest tap to that of
the highest, gives the value of current that was in
the receiver antenna circuit. This current, in amperes,
multiplied by the height of the antenna in meters,
(in this case 10 meters), expresses the radiation of
the receiver in meter amperes.

To measure the combined radiation from a receiver
and a loop, they are set up near the attenuator; and in
the same room, but at a distance from them, is another
receiver called the indicator. The receiver is properly
tuned to receive some carrier frequency. If the receiver
is radiating it will cause a voltage to exist in the indica-
tor. The value of this voltage is noted, the receiver
and its loop removed, and in their stead is set up a loop
circuit whose effective height and resistance are known.
With the aid of the attenuator and signal generator a
current is set up in the loop circuit, of such a value that
the voltage in the indicator is the same as before.
Multiplying this current in amperes by the effective
height of the loop in meters—(not the receiver loop)—
the combined radiation of the receiver circuits and its
loop is expressed in meter amperes.

EFrFECTIVE HEIGHT OF RECEIVER LOOPS

The sensitivity, selectivity and quality tests described
were for the antenna type of receiver. These tests are
the same for loop receivers, but the method of deter-
mining ﬁeldEstrength needs an explanation. When
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testing this type of receiver, the dummy antenna, of
course, is not used but the attenuator is connected
directly in the low side of the loop circuit. The
connections are as shown in Fig. 2. The voltage
induced in the loop ecircuit is found in exactly
the same manner as it was in the case of the
antenna circuit. The same dummy antenna is used
for all antenna receivers and its height is always
considered to be 10 meters; but when testing loop
receivers, the loop belonging to the particular set
undergoing tests is used. It is therefore necessary to
determine the effective height of this loop in order to
find the input field strength. The effective height of a
loop is simply a figure which, multiplied by the field
strength of the electric component ofan electromagnetic
wave, gives the value of the voltage induced in the loop.
In other words, if a loop and an antenna were simul-
taneously subjected to the influence of a moving
electromagnetic field, and the height of the antenna
happened to be such that the voltage induced in the
antenna was equal to that induced in the loop, then
the effective height of the loop would be considered
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equal jto the height of the antenna. It can be shown
that the effective height of a loop is dependent upon
the frequency of the field, the area of the plane enclosed
by the loop winding, and the number of turns in the
loop. The relation is:

H, = 066 N AF 10-°
where
H = Loop height in meters
N = Number of turnsin loop
A = Areain sq. cm. enclosed by-loop winding
F = Frequency of the field in kilocycles

CuURVES OBTAINED FROM TEST DATA

A number of different types and makes of receivers
have been tested, but for purposes of illustration, the
curves plotted from data obtained from tests on one
well-known make of receiver are shown here (see
Fig. 3t0o6). These curves are typical of those obtained
for other receivers and show up the faults of present
day sets. The sensitivity is different at different
carrier frequencies within the broadcast range. This
is not a desirable characteristic, and receivers are
now being designed so that the sensitivity will be more
nearly uniform. Another bad feature is that a weak
input signal produces an output voltage that is pro-
portionately very much smaller than that produced by
a stronger input signal. This condition is due to the
type of detecto in use today. There exist special
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forms of deteetors which overcome this difficulty, but
they are not generally used because of their luck of
simplicity as compared with the usual form.

The selectivily of a receiver should be such that there
is very little diserimination among requencies over a
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range of from 10 kilocycles below to 10 kilocycles above
the resonant frequency and outside the band the
receiver should be unresponsive. The first condition
1s set down so that there will be no impairment in
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quality of the audio output of the receiver and the
second condition so that undesired signals can not
affect the receiver and thus also impair the quality.
Fig. 5 shows the selectivity curves. At 560 kilocycles
the selectivity is very good with respect to eliminating
undesired signals, but is too selective for good quality.
At 1000 and 1300 kilocycles the selectivity 1s not so
good so far as eliminating interferenceis concerned but
is good from the standpoint of quality. Selectivity is
then another characteristic that may be improved upon,
and the ideal to be reached is constant selectivity
throughout the broadcast range, complete suppression
of all undesired signals, and non-discrimination among
frequencies over a limited range both sides of the
resonant one.

Journal AT

IFig. 6 is an example of how far the quality of modern
reccivers departs from the ideal.  The falling off of the
low frequency part of the characteristic can he attrib-
uted to faults in the audio-frequency amplifier and
loud speaker circuits. The drooping of the high
frequency end is due partly to these laults, partly to too
great select vity, and a great deal to the characteristics
of the detector.

SUMMARY

Over-all measurements supply the means for ob-
taining first, a picture of the performance of a
receiver as a whole and, with sueh pictures, the per-
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formance of various receivers may be easily compared;
and second, quantitative data which are particularly
valuable in development work because they enable
one to determine accurately the degree and manner
in which improvements in individual units affect
the characteristics of the receiver as a whole.
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Additional Losses of Synchronous Machines

BY C. M. LAFFOON!

Associate, A. I. E. E.

Synopsis.—In the case of high-speed turbine generators, the
most reliable means of determining Lhe losses under actual operating
conditions is to measure the weight and temperature rise of the cool-
ing medium and to estimale the small part of the losses which s
dissipated from the frame to (he surrounding medium. The tem-
peralure rise of the cooling medium can be obtained by means of
temperalure delectors localed at lhe inlet and ouwllet sections of the
generalor. In order (o oblain reliable values of the average lempera-
ture rise for the machine, il is necessary (o have approximately
uniform velocities al both inlet and outlel sections and lo measure the
temperature rise al a large number of incremental seclions.

The volume of cooling medium passing through the machine can
be delermined by (a) introducing a definite amount of heat energy
into the cooling medium and mcasuring tls temperature rise, or
(b) measuring the mean velocily head al the outlet section of a
properly designed stock.

Loss lests were made on five 36C0-rev. per. min. turbine generators

J. F. CALVERT!

Non-member

and

when operated as synchronous condensers. In the case of lhese
machines, the additional losses including the increase in core
loss al full kv-a. and zero per cent power-factor load varied from
3 lo 22 per cent of the total losses. This corresponds lo approzi-
mately 0.14 to 1.0 per cent of the generator inpul. The additional
losses as measured under sustained short-circutl conditions were
from 5 to 10 per cent less than the corresponding values for full
kv-a. al zero per cent power factor.

It is suggested that data can be obtained for predetermining the
magnitude of the total additional losses by measuring the loss in
each structural part and determining graphically the magnetizing
flux which produces il The magnetizing flur distributions af
different parts of the machine were plotted for different ampere-turn
relatiohs.

Additional sludies are being made on methods of calculating
the magnitude of the addilional losses and the increase in core loss
with load.

METHODS OF MEASURING THE LOSSES OF STEAM
TURBINE-DRIVEN GENERATORS UNDER LOAD
CONDITIONS

HE loading-back and calorimeter methods are the
two outstanding means of measuring the losses of
high-speed synchronous machines under different

load conditions. In the loading-back method two dupli-
cate machines, which are electrically and mechanically
coupled together, are driven at synchronous speed.
When one unit operates as a motor and the other as a
generator at definite current, voltage and power-factor
conditions, the only power required from an external
source is that which is necessary to supply the losses of
the two units. With this method of test, the total
losses of the two machines can be measured with a
satisfactory degree of accuracy, but there is question in
regard to the division of the losses on account of the fact
that the two machines do not have the same excitation
and consequently do not have the same internal flux
conditions. This method has the further limitation in
that two machines are required and a complicated
coupling or frame shifting mechanism is required if it is
desired to operate at different power factors.

With the calorimeter method, the losses of the
machine are determined by measuring the weight and
temperature rise of the cooling medium. Obviously
this method is only applicable to machines with forced
ventilation, such as rotating machines and water- or
oil-cooled transformers. When such an electric
machine is operating at any given load condition, and
constant temperatures have been reached, a major
portion of the losses within the frame is carried away by

1. Both of the Westinghouse Elee. & Mfg. Co.

Presented al the Winler Convention of the A. I. E. E., NewYork,
N. Y., Fehruary 7-11, 1927.

the cooling medium, and the remainder is dissipated to
the medium surrounding the frame of the machine. In
the case of steam turbine driven generators; the mag-
nitude of the loss to the cooling medium can be mea-
sured quite accurately and the small part of the loss
which is dissipated from the frame to the surrounding
medium can be estimated with a sufficient degree of
accuracy to make this method the most reliable one for
this class of machines. If the machine has a closed
circuit ventilating system and the surface type of cooler
for the cooling medium of the generator, the loss given
up by the cooling medium can be obtained by measuring
the weight and temperature rise of the water passing
through the surface cooler. In addition to estimating
the loss dissipated from the frame of the machine, it is
necessary in this case to estimate the portion of the loss
which is lost by the cooling medium in passing from the
outlet of the machine to the inlet of the cooler, and also
the loss dissipated from the frame of the cooler. With
these three corrections to make, instead of one, the
magnitude of the error in the estimated portion of the
losses is probably three times as great as in the previous
case. Moreover, the energy transferred from the
cooling medium to the water cannot be measured with
as great accuracy as that from the machine to the
cooling medium on account of the fact that (a) the
temperature rise of the cooling water is only about
one-fourth of that of the cooling medium in passing
through the machine and hence, for the same numerical
error in the temperature rise, the percentage error
would be four times as great; and (b) equally reliable
measurements of the temperature rise of the cooling
water cannot be made on account of the difficulty of
getting a sufficient number of accurate-reading tem-
perature detectors in intimate contact with the water
at the inlet and outlet sections of the cooler. In
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general, the direct meusurement for determining the
weight and temperuture rise of the cooling mediwn is the
simplest and most reliable calorimeter method of
determining the total losses of steam driven turbine
generators under any load condition.

MEASUREMENT OF THE TEMPERATURE RISE OF THE
CooLING MEDIUM

The temperature rise of the cooling medium can be
obtained by measuring its temperature at the inlet and
discharge sections of the machine or by measuring it
directly by means of diflerentially connected tempera-
ture detectors. The measurement of the temperature
rise of the cooling medium would be very easy to make
if the temperature were constant at both inlet and dis-
charge sections. In actual machines, neither the tem-
peratures nor the velocities ol the cooling medium are
uniform at either the inlet or discharge sections of
the generator. Consequently, in order to determine the
average temperature rise of the machine, it is necessary
(a) to divide the inlet and outlet sections into a large
number of Incremental sections and measure the tem-
perature and the volume of the cooling medium which
flows across each incremental section; or (b) to obtain
uniform velocities at both inlet and outlet sections and
then obtain the temperature at a sufficient number
of incremental sections so that a simple algebraic
average can be used. The latter is the preferable
method to use on account of the fact that the velocity
variable of the cooling medium is eliminated and the
temperature rise can be obtained at a sufficient number
of incremental sections by measuring the difference
in e. m. fs. induced in thermocouple junctions or the
difference in potential drops across resistance elements.
Satisfactory results can be obtained by either type
of detector provided the necessary precautions are
exercised, and the choice of method will depend to a
large extent on general preference and previous ex-
perience. When the thermocouple type of detector
1s used, the number of junctions in series can be chosen
such that the indicating instrument operates at the most
accurate part on its scale. Rubber insulation should
be used on the wires between junctions in order to
eliminate erratic results due to short circuits and
grounds which are usually experienced when less re-
liable insulation is used. If the inlet air temperature
periodically fluctuates over an appreciable range, the
measured temperature rises will also be irregular
because the pulsations are damped out or absorbed
by the generator and do not appear to an appreciable
extent in the outlet air temperature. The variation
in inlet air temperature must be corrected for by taking
arelatively large number of readings, or the temperature
detectors must be compensated so that a close average
temperature rise can be obtained. In order to damp
out variations in the temperature rise after the machine
has reached constant temperatures, thermal storage
capacity should be added to the detector located at the
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inlet air section. Jrom a theoretical consideration,
the heat storage capacity of the detectors which are
located at the inlet air section should be equivalent to
that of the machine hut actually the mass of the heat
storage materials for the inlet detectors cannot be made
very large without obstructing the air flow. Marked
improvements can be obtained, however, by making the
heatl storage capacily of the detectors located in the
inlet air stream as large as practical, without obstruct-
ing or seriously disturbing the air flow. 1n order to
obtain sufficient thermal storage capacity in the inlet
detectors, and yet not interfere with the air flow, a
satisfactory procedure is to measure the temperature
rise between two arhitrarily chosen incremental sections
at the inlet and discharge by means of a set of thermo-
couples connected in differential series. Correction
for the variation in temperature at both the inlet and
discharge section can he made by measuring the tem-
perature variation of all other points of each section
with respect to the arbitrarily chosen reference points,
by means of another set of thermocouples connected in
differential series but which have no appreciable thermal
storage capacity.

MEASUREMENT OF WEIGHT OR VOLUME OF THE COOLING
MEDIUM

The calorimeter method can also be used to measure
the volume of the cooling medium which passes through
the machine. If a known amount of power is absorbed
by the cooling medium and the corresponding tempera-
ture rise is measured, the volume of the cooling medium
can be calculated from its specific heat constant,
barometric pressure, and absolute temperature. If
air 1s used as the cooling medium the volume can be
calculated from the following formula®.

V- O.lu(2(3j—l’l_ W 1)

B T,
where V' = the mean volume in the meter in cu. ft.
per min.,

T, = the mean temperature in deg. cent.,

B = room barometric pressure, and approxi-
mately the mean static pressure in the
meter in inches of mercury,

W = watts input to the air,

T, = temperature rise of the air in deg. cent.
due to .

In order that satisfactory values of air volume be
obtained with this method of measurement, the follow-
ing conditions and requirements must be fulfilled :

a. Either uniform air velocities or uniform air tem-
peratures must exist in the air stream at the sections
where the temperature detectors are located,

b. The heat input to the air stream should be uni-
form over its entire cross-section, or else the air must be
thoroughly mixed after heating so that uniform air
temperature will exist at the outlet section,

5. See Bibliography, 8 in complete article.
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¢. The temperature of the heating elements must be
sufficiently low, and the lead arrangement such that
the percentage of heat radiated and conducted from
these elements is negligible as compared to percentage
of heat input which is convected away by the air stream.

d. The walls surrounding the air stream at the place
where the heat is introduced should be insulated so
that a negligible percentage of the heat input is dissi-
pated to the surrounding atmosphere,

e. A sufficient length of time should elapse, after the
heat is applied, before making the temperature rise
measurements, in order for the walls, bus bars, and wir-
ing connections to reach constant temperatures,

f. The degree of accuracy in measuring the tempera-
ture rise of the air should be comparable with the ac-
curacy of the temperature rise measurement of the
generator under load conditions.

The volume of the cooling medium can also be
obtained by measuring its velocity head at the dis-
charge section. This necessitates the discharge of the
cooling medium from the machine from a nozzle or
stack which must be designed so that the velocities of
the cooling medium at the outlet are practically uniform
and the direction of flow is normal to the outlet section.
When the cooling medium is discharged directly into a
large room, the discharge velocity heads for the
incremental section of the outlet section can be mea-
sured with an impact tube and an inclined pressure
gage. From these velocity head measurements the
respective velocities can be calculated in feet per
minute for any specific cooling medium. The deriva-
tion of the formula for air as the cooling medium is as
follows:

» = velocity head in inches of water for any incre-

mental section,

" area of any incremental section in sq. ft.,

v veloeity in ft. per min. for any incremental
section,

q volume in cu. ft. per min. for any incremental
section,

0 air temperature in deg. cent.,

T = 273 + 6 = absolute air temperature,

K = constant,

a = density of air in Ib. per cu. ft.,

B barometric pressure.

Subseript o indicates values corresponding to stand-
ard air conditions which are assumed to he 25 deg. cent.
or 298 deg. cent. ahsolute temperature, and a barometric
pressure of 29.92 in. of mercury. Subseript 1 indicates
values applying to an actual test condition, and sub-
script 1 indicates values applying to intake air
conditions.

Since the variations in temperature of the outlet air
are small, practically no error in the total volume is
introduced by considering 7', constant for all of the
incremental sections, The total volume in terms of
intake condition is
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T, 6 x 10° (273 + 6. \‘ .
. o= ) P -—] = = = ) \/ 3
%=, veesroy <7 (

For the intermediate steps see the complete paper.

Since it is necessary to measure the temperature rise
of the air passing through the machine, it is desirable to
have the temperature at the outlet of the stack the same
as at the outlet of the machine. The loss of heat energy
from the walls of the stack can be made inappreciable
by applying a sufficient amount of cork and felt
insulation.

In comparing these two methods of measuring the
volume of air passing through steam driven turbine
generators, both require practically uniform velocities
at particular sections. The calorimeter method requires
special wiring, and considerable care in the thermo-
couple measurements. The velocity head readings at -
the outlet section of the stack can be easily obtained
and consistently repeated. The number of points at
which these pressures are read can be increased in-
definitely and thus the accuracy of the results can be
made as high as it is advisable to go. The number of
thermocouple junctions cannot he increased beyond
a particular value without restricting the air flow.
The stack is simple to build, sturdier of construction,
easier to maintain, and in general gives more consistent
results than the calorimeter method of measuringair vol-
umes. Both methods will give reliable results provided
the elements are properly designed and the necessary
precautions exercised in making the measurements.

Loss MEASUREMENTS ON HiGH SPEED TURBINE
GENERATORS

Temperature and loss measurements were made on
five three-phase, 3600-rev. per min. 80 per cent power-
factor turbine generators with rating characteristics as
indicated in Table I. The generators were operated as

TABLE I
Genera- | Rating l -
tor — ==
number | Kv-a. | Volts I Remarks
1 2500 600 Generator had same fan as generator No. 2.
One conductor per slot type of stator
winding.
2 3125 2400 Stator end plates of magnetic material.
3 3125 | 2400 Same as generator No. 2 except non-mag-
netic end plates.
4 6250 2400 Axial system of ventilation. Armature
punchings of medium loss steel.
5 62560 2400 Multiple path radial system of ventilation.
| Larger fan than on generator No. 4. Arma-
ture punchings of low loss silicon steel.

synchronous condensers, and the losses were deter-
mined by the calorimeter method for several dilferent
kv-a. load. The power factor varied from 100 per
cent at no-load to approximately zero per cent at
100 per cent kv-a. load.

The loss rom the generator to the cooling air was
calculated by the following formulas:®

6. See Bibliography, 8, loc. cit.
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Q. 0 > L0
1.765 (4)

K W, = Loss to the air in kw.

KW,

Q. Air volume in cu. ft. per min. at standard
temperature and

er barometric pressure
conditions.
6 = Average temperature rise of the cooling

air in deg. cent.
'l‘l)e loss dissipated from the frame by natural con-
vection was calculated on the basis of a dissipation

Fic. 1—CALORIMETER

Fic. 2—DiscHARGE STACK ON GENERATOR

constant of 0.012 watts per sq. in. per deg. cent.
temperature difference between the surface of the
machine and the surrounding air.

KW, =0012- S (6, — 6.) (5)
where

K W, = Lossin kw. dissipated from the surface of the
frame,

S = Effective dissipating surface of the frame
in sq. in.,

6. = Average temperature of the frame surface
in deg. cent.,

0. — Average temperature of the surrounding air
in deg. cent.

The total loss within the frame of the generator is
the sum of the two losses as defined above.
The temperature rise of the cooling air for all of the

Jowranl AT, 15 )

machines was measured by mehns of thermocouples
located at the inlet and outlet sections and connected
in differential series. 'I'he volumes of cooling air for
machines Nos. 1 to 4 inclusive were determined by the
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calorimeter method and equation (1). Fig. 1 shows the
type of calorimeter which was used to make the
measurements. The volume of cooling air for genera-
tor No. 5 was determined from the velocity head
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measurements at the outlet of a discharge stack and
the calculations were made by using equation (3).
Fig. 2 shows the stack as assembled on this generator
for the test.
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Figures 3 to 7 show the test results obtained on five
machines by the calorimeter method. For a more
complete description of the results see the complete
paper.

It can be seen from the data in Table II that the addi-
tional loss varies from approximately 3 to 22 per cent
of the total loss for these machines. Hence, if the
total loss represents 4.5 per cent of generator input,
the additional loss in the case of these machines would
represent from 0.14 to 1.0 per cent of the total kw.
input. The highest percentage additional loss occurred
for machine No. 1, which had a 600-volt stator winding
with only one conductor per slot. The one-conductor-
per-slot type of winding usually results in a relatively
large per cent additional loss on account of the higher
current per slot and the greater concentration of
current in the end connections of the winding. This
loss handicap for low-voltage windings cannot ordinarily
be eliminated without departing appreciably from the
design proportions which are satisfactory for the more
desirable higher voltages. Such changes usually result
in increased development and manufacturing costs,
and consequently, from the standpoint of generator
costs alone, the use of special low-voltage windings
should not be encouraged.

The additional loss of the machines at full kv-a. and
approximately zero per cent power factor is of the same
order of magnitude as the additional losses of the
machine under sustained short-circuit conditions.
The additional loss for full kv-a., full voltage conditions
includes the increase in iron loss over the no-load values,
whereas the additional loss at short-circuit conditions
includes only the iron loss due to a magnetizing flux
which depends on the magnitude of the leakage
reactance.

TEMPERATURE LoAD CURVES

Thermocouples were located on the stator end bells,
end plates, finger plates which support the stator
teeth, and on the surface of the stator teeth near the
finger plates. The final temperature rises which were
obtained at these points are plotted against per cent
kv-a. load as shown by the curves in Figs. 9 to 13.
Figures 9, 12 and 13 are shown in the complete paper.

TABLE II
| Generator Losses Expressed in Per Cent
|
|
Rating in per cent |
Generator —_— -— _ Fan 4 friction Trield Armature
number Kv-a. Volts Amp, Total + iron copper copper Additional
1 | 100 100 100 100 56.35 12.9 8.01 21.84
‘ o 0 100 59.5 28.0 3.06 8.48 20.0
2 100 100 100 100 74.2 15.6 7.39 2.80
3 i 100 100 100 100 74.0 15.56 7.55 2119
4 100 100 100 100 73.8 12.7 3.92 9.5
I 0 100 50.2 35.0 1.87 3.92 9.4
5 100 100 100 100 66.5 12.5 5.28 15.6
- R 100 68.4 46.8 2.48 5.15 14.0
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The outstanding points in connection with these curyes
are as follows:

A The final temperatures which were reached at
full kv-a. load were very low. "The temperature rise
did not exceed 20 deg. cent. at any of the points on uny
machine. The temperature rise of finger plates was
practically the same as for the adjacent stator tooth

laminations. On the basis of these results, it can be
100 - 7 i A
e L
380 ——1—} . —— -]'_ =
g ] P
o e — e -)- —f——— —= —~
3 %r
Sl L L L]
e,
) ] /// 4ol |
L
;40 + '/é -/Generulur No. 1
~Gunerutur 2
g | - A& - Ge:\‘:mllar S:;
'3 f Gen o
5 AN N e e
20 - / - 0
// [~ —
00 100

20 40 60 80

PER CENT OF FULL LOAD KV-A.

Fig. 8—Loap Loss 1n PEr ceNT or FuLL Loap Loss vs. PER-
CENT OF F'uLL Loap ror F1ve GENERATORS

concluded that the additional loss in these parts of
these machines must not be very large.
b. Inall cases, the temperature rise decreased sli ghtly
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as 'the load increased from zero to approximately 25
per cent of the full load kv-a. rating. While this is of
little or no practical importance, it is of interest from a
theoretical standpoint because it shows that the re-
sultant flux in these parts due to the stator and rotor

" Jourpal A1 B B

m. m. fs. is smaller than at no-load due to the field
acting alone.

MEASUREMENT OF T LOSSIES IN DIFFERENT PAntg
ol THIs NACHINE

n order to predetermine the magnitude of the ad.
ditional loss of a synchronous machine, it is necessary
to know the relative proportions of the loss that exigt
in the diflerent parts of the machine and also how thege
loss components depend on the different variable
factors. While the calorimeter method is quite satis-
lactory for measuring the total value of the additional
losses of a high speed synchronous machine, it is not
applicable for meuasuring the loss that occurs in the
different parts of the machine, due to the fact that the
loss in each part represents a too small percentage of
the total value of the measured loss. A satisfactory
method for determining the proportion of the additional
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loss which occurs in each part of the machine should
measure the loss in that part alone and not measure it
in combination with other losses of considerably greater
magnitude. Such tests can be made on models which
represent the different parts of the magnetic circuit
and which are artificially subjected to the electric
and magnetic conditions as exist in the machine. Such
loss measurements can be made quite accurately, but
In most cases it is difficult to reproduce the actual
magnetic conditions which exist at different load and
operating conditions. The losses which occur in the
different parts of the machine due to any change in
operating conditions can be obtained by measuring the
energy absorbed by these parts when the machine
1s operating at constant temperatures and the change in
operz}ting condition is suddenly made. Under steady
conditions, the heat flowing to any section plus the heat
generated in that section must equal the heat flowing
away from the section, since there is no change in stored

(et
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mergy under steady temperature conditions. When
he load is suddenly increased there is an instantaneous
nerease in the heat generated in the section. Since
here must be a change in the temperature gradient
yefore there can be any change in the heat flow, all of
he increase in the generated energy in each section
nust be stored, at the first instant after the sudden
‘hange in load is made. The slope of the temperature
dme curve for the particular section is proportional to
‘he rate at which energy is stored in it. The increase

322

321 { |

.
(]

w oW
- N
v o
T
|
~
\

\
\

w
-3

w
—
~

-

DEGREES CENTIGRADE

316

315
0 20. 40 60 80 100 120 140 160 180 200 220 240
TIME IN SECONDS FROM INSTANT OF CHANGE IN LOAD CONDITIONS

Fig. 14—TEMPERATURE RISE oF IroN vs. TIME
do
Couple No. 2—Location, turbine end lamination - - - ~ "1-[— in deg.
ent. per sec., 0.01365 - - - C, 55.8 - - - - watts per cu. in.,0.761

in loss in watts per cubic inch equals the slope in de-
srees centigrade per second, at the instant the load
zhange is made, times the specific heat constant of the
material in watt-seconds, per cubic inch, per degree
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centigrade. In{order to check the feasibility of ob-
taining such temperature time curves, thermocouples
were located at various points on a machine, and tem-
perature readings were obtained for sudden load changes
by means of a reliable potentiometer and a very sensi-
tive galvanometer. The curve in Fig. 14 shows the
change in temperature of the stator tooth laminations
with respect to time when the load on generator No. 5
was changed from no-load, no-voltage condition to no-
load, full-voltage condition. The rate of change of
temperature with respect to time at zero time is
0.01365 deg. cent. per sec., and with a specific heat
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constant of 55.8 watt-seconds per cu. in. per deg. cent.,
the loss in the stator teeth at the surface is 0.761 watts
per cu. in. Since the density of the magnetizing flux
in the stator teeth can be readily calculated, the loss
constant can be obtained for the teeth with any kind
of laminated iron as actually built in the machine. In
a like manner, this method of measuring the loss and
the analytical method of determining the magnetizing
flux can be applied to all parts of the machine so that
reliable loss constants can be obtained in terms of the
different variable factors.

GENERAL THEORY OF FLUX DISTRIBUTION IN AIR
PARTS OF THE MAGNETIC CIRCUIT

In the first determination of the magnitude and dis-
tribution of the flux in the air parts of the magnetic

NRNE

Fig. 16— FLux DistrisuTioN IN THE AIr-Gap aNDp RoToRr
SLotr wiTH RELaTive M. M. Fs. or 5 aAND 4 AMPERE-TURNS
Across Gar Duk o Roror WINDING AND ZERO M. M. F. DuE
TO STATOR WINDING

circuit of a high speed turbine generator, the iron parts
were assumed to have infinite permeability. Later
approximations were made, when necessary, to consider
the effect of saturation. In laying out the flux fields,
a family of orthogonal lines will be shown at right angles
to the flux lines. Since the flux lines close and do not
cross each other, the orthogonal lines, which are at
right angles to flux lines, must always converge at the
magnetomotive force centers. With a given set of
magnetomotive forces and boundary conditions, it is
assumed that the correet flux distribution is obtained
when the stored energy in the magnetic circuit is a maxi-
mum. Uniform current densities are also assumed
to exist at all sections of the electric conductors.
According to the accepted interpretation, the
magnetomotive force produces closed lines ol force or
flux around the magnetic centers. 'There is no force,
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however, acting along any of the orthogonal lines.
This fact may be used to establish a simple relation
between the orthogonal lines and flux lines which will
greatly assist in the plotting of these curves. Heferring
to Iig. 15, the following notation will be used:
Aiand A. = the amperes in the respective shaded
areas shown in Fig. 15.

A ¢ = flux or number of lines of force going
from a a' to b b and are constant in
value along this tube. This tube is to
be considered of negligible width so
that there is no-difference in ampere
turns acting on this circuit or path
in the direction a' — a, ' — b, ete.

[1 and 12

the lengths of the path in the parts
shown.

Ad,and Ad, = the corresponding mean widths.
H,and H. = mean field intensity along (, and /..
The work done in moving a unit pole around the path

Simi-

o, m, p, o linking A, is all done along m, p or [,.
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larly in moving a unil pole around o, p, n, 0 in linking
A, the work is all done along p, n or ..

Then
T
11 o A (4)
47
H. !l n A, (5)
and since
A¢p = 1,Ad, = H:Ad, (6)
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Let
AP, and A P, = the respective permeances in the
two parts of the circuit shown

above.
Then
Ad,
AP Lag—— 9)
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Fic. 20—Turso GENERaTOR END BeLL Leakace Frux

Three-phase diamond coil armature winding section through radial plane
of maximum flux densities for full load voltage and zero per cent power
factor with armature current of 0.866 maximum value in two phases and
zero in the third.
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Fig. 22— Fury Pircu Concentric WINDING. CURRENTS
oF EquaL MaAGNITUDE IN BoTH WINDINGS AND WITH DIRECTIONS
INDICATED BY ARROWS

¥ Numbers and signs indicate the relative magnitudes and directions of
magnetomotive forces perpendicular to the surface through all the windings,
on the assumption that the flux passes perpendicularly through that surface.

Ad,
AP; o= (10)
2
rlﬁhen
A P'z A T areal B
AP, A area, (11)
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Since all the values in equation (11) can be easily
estimated, graphical solutions for the flux distributions
can be made fairly readily, where mathematical
solutions would become too complicated in most
irregularly shaped fields existing in electrical machines.
As mathematical solutions would probably have to be
based on the same assumption as this one, namely, iron
paths of infinite permeability, even the increased
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Fig. 23--Tae NUMBERS AND SIGNS INDICATE THE RELATIVE

MAGNITUDE AND DIRECTION OF THE MAGNETOMOTIVE FORCES
PERPENDICULAR TO THE SURFACE THROUGH ALL THE WINDINGS
ON THE ASSUMPTION THAT THE FLUX PAssEsS PERPENDICULARLY
THROUGH THAT SURFACE
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accuracy in determining the field probably would be
unwarranted in many cases on the basis of this
assumption.

While the foregoing theory of flux distribution
applies specifically to the magnetomotive force of the
armature or field winding acting alone, it can be ex-
tended to cover cases in which there are magnetomotive
forces in both elements of the machine. In applying it
to an actual machine, the magnitude and distribution
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of the flux were determined [or several different parts of
the magnetic circuit, as shown in the following figures:

a. ‘Fig. 16 sl.mws the flux distribution in a portion of
the air-gap with the field winding exeited to give
normal voltage, but with no current in the armature
windings.

h. For Fig. 17 see the original paper.

c Figs. 18 and 19 show the flux distribution in the
air-gap when the generator is delivering 100 per cent
kv-a. at 100 per cent voltage and power factor.

d. Fig. 20 shows the flux distribution in the air
space between the end bells and the machine at the
centerline of the poles for 100 per cent kv-a., 100 per
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Fiec. 25—Exp Winpixg MAGNETOMOTIVE FoORCEs, SIDE
View. THree-Puase, 54 Svors, Pitcy 1-17. Equan Cur-
RENTS IN Two Puases; ZEro IN THE THIRD
cent voltage and zero per cent power factor. The

instantaneous values of the currents in the three
phases of the armature winding were 0, 86.6, and
086.6 per cent, respectively, of the maximum value at
full load.

e. Figs. 24 and 25 show the magnetomotive force
diagram due to the end connections of the armature
winding of a 3600-r. p. m. turbine generator, for
specific instantaneous values of current. In obtaining
these diagrams, it was assumed that the magnetomotive
force acts at right angles to the end winding surface
determined by the end connections. The results which
have already been obtained from preliminary experi-
mental and analytical investigations indicate that this
method should be satisfactory for determining the
necessary data and constants for calculating the losses
of electric machines which cannot be calculated or
measured directly.

LAVFOON AND CALVERT

Journul AL T 10, 15,

FLOOD CONTROL AND HYDRO-
ELECTRIC DEVELOPMENT

The appalling loss of lite and property in the valley
of the Mississippi and along its lower tributuries
brings to the front the urgent necessity ol remedial
measures which will effectively and permanently put
an end to this recurring scourge. [For half a century
at least the problem of controlling the floods of the
Mississippi has been before the nation, but the awful-
ness of the present visitation shows how ineflectual
the remedy has been. Civilization has greatly added to
rather than subtracted from the danger of such floods,
because roads, sewers, houses and the cutting down of
forests hasten the run-off to the river. It is therefore
obligatory in engineers to find a solution to the problem
whose seriousness has thus been increased manyfold
by civilization itself, and toward that solution the elec-
trical industry can contribute.

To mitigate damage from floods in a major stream
like the Mississippi some control at the sources of its
tributaries is essential. The erection of dams on these
streams will suftice to hold the tributary waters in check
and will also enable electricity to he generated in sta-
tions at or near the dams. Inasmuch as the water may
also be used for irrigation, the outlay for hydroelectric
development will be only a fraction of the total ex-
penditure. Thus the electrical industry, which has
already reduced the terrors of flood somewhat in the
stricken area by keeping its circuits in condition to
supply light, may also contribute to the harnessing and
complete utilization of water for the service and not
the destruction of mankind. The floods of the Missis-
sippi can and must be checked. That job is for en-
gineers, and engineers, il a chance be given them, will
curb the Mississippi as they did the Miami, and render
New Orleans and the other cities along the Father of
Waters as secure from flood as they did Dayton, Ohio—
overwhelmed fourteen years ago.— Electrical World.

POWER SYSTEMS AID MANY FLOOD
TOWNS

The great Mississippt River flood has demonstrated
that the modern method of connecting up many cities
and towns into systems in the distribution of electric
power is one means of meeting emergencies. Through-
out Arkansas and the other lower Mississippi states
many a half-submerged community has electric light
in its occupied houses for the reason that there was no
local power plant “down by the river” to be drowned
out by high water. Electricity continued available
because it came in by way of a pole line that was a
part of a wire system connecting several power plants
in various parts of the country with many cities and
towns.




Graphical Determination of Magnetic Fields

Comparison of Calculations and Tests

BY E. E. JOHNSON:

Associate, A. I. E. E.

Synopsis.—This paper, which deals with the experimental
determination of magnelic fields, is presented as a verification of
some of the results described by Messrs. A. R. Stevenson, Jr., and
R. H. Park in a companion paper, ‘‘Graphical Determination of
Magnetic Fields— Theoretical Considerations,” and to introduce new

and

C. H. GREEN:

Non-Member

and convenient methods of delermining the fluz distribulions in air
spaces and tn regions occupied by current carrying media. The
particular case dealt with is the determination of the leakage fluz
about the field poles of an alternator at no load, both in the copper and
in the surrounding air spaces.

TrsT METHODS AND RESULTS
INCE this investigation involves a large number of
S determinations of direction and intensity of mag-
netic flux in fields of intensity varying from, say,
50 to 40,000 lines per sq. in., it was essential to have a
simple, reasonably accurate, and reliable device for the
explorations. In deciding upon the methods to be

Fig. 1—FLux MEASURING APPARATUS

This instrument consists of a small coil rotating at high speed which is
inserted in the magnetic field to be measured. Connections are made
from the coil to a commutator whose brushes are connected to an indicating
meter. The revolving parts are enclosed in a non-magnetic casing. The
entire instrument is about 6 in. long. The winding consists of two coils
24 in. long, of 175 turns each. ‘T'he rotating parts are driven through a
flexible shaft by a 3600-rev. per min. synchronous motor. See Appendix
A for further details

employed in measuring magnetic fields, due considera-
tion was given to those which have been used by various
investigators.” Finally two devices were chosen for
use. One, due to Professor Dellenbaugh,* and devel-
oped by C. H. Green, measures the intensity by means
of a revolving search coil equipped with a collecting
device or commutator, and operating at a high and

1. General Electric Company, Schenectady, N. Y.

2. Raytheon Manufacturing Co., Cambridge, Mass. ; formerly
of the General Electric Co., Schenectady, N. Y.

3. Bibliography, 1,2,3,4, 5.

4. Bibliography, 6.

Presented al the Winter Convention of the A. I. E. E., New
York,N. Y., Febvuory 7-11, 1927.

constant speed. The direction of the field is determined
by that position of the brush axis which gives either
maximum or zero reading of the instrument. This
device is shown in Fig. 1 and described in Appendix A.
The other device used in this investigation measures the
intensity of the magnetic field by the angular deflection
of a small current carrying coil, the direction being
determined by noting the position of the coll axis for
zero deflection of the coil.s This device is shown in
Fig. 2.

In order to get an experimental check of the plot of

Fig. 2—CoMrass FLUXMETER

This device consists of a current-carrying coil which is inserted in the
magnetic field to be plotted. The movement of the coil is opposed by a
spring and flux direction is determined by the position of the coil axis for
zero deflection.  The coil and its shatt are enclosed in a non-magnetic case.
The dimensions are as follows:

Length of hollow shaft, 6 in.; diamoter of hollow shaft (outside), 4 in.;
diameter of hollow shaft (inside).3/16in., length of armature coil tinside the
shaft), '4 in., diameter of armature coil, 5/32 in.; number of turns"'in
armature coil. 20

field flux determined mathematically by Messrs. Steven-
son and Park, aspecial polestructure having the required
demensions was constructed of laminated iron. This is
shown in Fig. 3.

5. A similar device employing a bar magnet in place of the
coil was first used. Tt indicated the direction exactly as does a
compass, the field strength being determined by offsetting the
needle from its position of rest in the field and counting the
oscillations resulting. 'The instrument had the objection that
the bar magnet became saturated at high field intensities, thus
changing its strength.

2
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The following description of the experimental
methods employed and the results obtained is divided
into two parts: first, the I'lux Distribution in Air Spaces;
and second, the Flux Distribution in Current Carrying
Regions.

I. FLUX DISTRIBUTION IN AiRk SPACES

The flux fields in the air spaces between the poles and
between the poles and armature were explored by both
types of measuring instruments and checked by the

Fiag. 3—EXPERIMENTAL SET-UP OF ALTERNATOR FieLp PoLks

iron filing method. Fig. 4 is a reproduction of an actual
photograph of the iron filing plot. . The plot obtained
by use of the instruments is shown and discussed in
Part II.

The leakage flux at the end of the field poles of a
generator is shown in Fig. 5a and B. The lines in
Fig. 5B indicate the direction taken by iron filings and
the arrows show the directions as indicated by the mea-

Fic. 4—Frux FIELD IN THE INTERPOLAR SPACE OF THE
SETr-uP SHOWN IN Fic. 3, As DETERMINED BY THE IrON Firixg
METHOD

suring instruments. Lines of constant magnetic inten-
sity® of the end leakage flux are shown in Fig. 6.

II. FLux DISTRIBUTION IN

REGIONS

Although a knowledge of the flux distribution within
the current carrying regions of a field pole was made
available by the mathematical method deseribed in
in the paper by Messrs. Stevenson and Park, no experi-
mental determination had been made, as far as is known,
until the present one.

CURRENT CARRYING

6. These lines are lines along which the magnetic intensity is
constant. They were useful in studying the effects of the rotat-
ing stray fields on the end structure of machines.

AL F]ETJ])S
JONNSON AND GREEN: GRAPITICAT, DETERMINATION OT MAGNETT
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[t was thought that the practicg] difficulty of explor-
ing the field within the copper might be overcome by
the substitution of a liquid conduc:tor such as mercury,
in the place of the copper, .thus, of course, reducmg the
winding to one turn.  The idea worked out successf ul‘ly,
the method of doing it in the case of the h‘gld poles being
perhaps best explained by rel'erenqe tp Fig. 7:

Asindicated in Fig. 7, the field winding consists of one
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Fi6. 5—MacNETIC Lrixace FLux at OxE Exp OF 4 POLE OF A
6-PoLE, 435-Kv-4., 1200 Rev. pen AMix., 4000-VoLT ALTERNATOR

A.  Asshown by iron filing method
B. Asdetermined by use of the instrument, shown in Fig. 1

turn per pole. That part of the winding about pole

S, which is labeled A isa non-magnetic tank containing
mereury. At the top of this tank is a copper plate
perforated with 1-in. holes, the plate being in electrical
contact with the mmercury. The holes in the copper
plate are for the burpose of giving access to the inside of
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he conductor. The armature structure has been
yurposely omitted from this figure in order to afford a
riew of the set-up. With the current flowing through
he one turn field coils, the conditions as existing in an
Jternator at no load are practically duplicated, except
hat due to the high losses in the mercury it is impossible

Fic. 6 LixEs orF CONSTANT INTENSITY OF THE MAGNETIC
FieLp SnownN IN Fig. §

to obtain conveniently the flux densities which exist in
an alternator.”

The insertion of the measuring device displaces some
of the mercury and hence some of the current. This
involves an error the magnitude of which varies over
the field but which, for the present investigation, is
negligible except in places where the flux to be measured
is of low intensity. In any event, the error is readily
calculated and the necessary corrections made. A
discussion of this point is given in Appendix A.

The exploring coil element of the measuring instru-

S | )/ _/ (|
5 Lo I/,

Frg. 7 - ExPerIMENTAL SeET-Uur FOR DBTERMINING THE FLux
DistripuTioNn wiTiaN e F1ELD WINDING OF AN ALTERNATOR

ment must necessarily carry a current, the effect of
which is to distort the field. This field distortion is
practically negligible In most magnetic fields about
electrical machinery. This point is discussed in
Appendix B.

7. 'Tho actual current employed in the single turn was 1000
amperes, thug producing an m. m.f. of 1000 ampere-turns per
pole, which is considerably less than that which exists in an actual
alternator.

JOHNSON AND GREEN: GRAPHICAL DETERMINATION OF MAGNETIC FIELDS
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The plot obtained by the free hand method is sh’qwn
in Fig. 8a, the plot obtained by the mathematlca}l
method outlined in the paper by Stevenson and Park is
shown in Fig. 8B, and the experimental plot is shown In
Fig. 8c. It may be of considerable interest to know
that the free hand plot was done first, the mathematical
plot second, and the experimental plot third, each
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Fig. 8 —I'Lux DistriurioN IN THE Air-GAr AND INTERPOLAR
Sraces oF THE SEr-Ur SnownN IN Fras. 3 aND 7

A. As determinoed by the free hand graphical method
B. As dotermined by mathematical mothod
As dotormined experimentally

independently of the other, the theory preceding the
experiment.
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\ppendix A
DESCRIPTION OF THE FLUX-MEASURING DEVICE S1owN
IN F1G. 1

Complete investigation of both the usefu] and lenkage
flux distributions in the air spaces about an alternator
requires the measurement of direction and densities in
fields varying from, say, 50 to 40,000 lines per sq. in.
The idea of using for this purpose a revolving search
coil equipped with collecting device for commutator, is
due to Mr. I". 8. Dellenbaugh (Bibliography, 6).

The instrument developed by C. H. Green is designed
to be simple and reasonably aceurate, as well as portable
and sturdy, for shop use. Fig. 1 shows the device,
which is about 6 in. long overall, and therefore easily
manipulated with one hand. The miniature armature
runs within a protective stationary sleeve and is
operated through a pair of small beveled gears driven in
turn by detachable flexible drive shafts, from a l4th-
h. p., 3600-r. p. m. synchronous motor. A dial gradu-
ated in degrees may be slipped over the knurled sleeve
at the head end.

To obtain a maximum reading on an output meter,
the brush position on the miniature commutator is
varied by turning this friction sleeve between the
fingers so that the direction of the flux being cut may be
read ofl the dial.

The complete device is made of non-magnetic metal,
with the exception of Bakelite where required for insula-
tion. Brass is used for the casing, while aluminum
monel, a stainless non-magnetic alloy of extremely high
resistance, is used for the miniature armature spindle
and commutator segments.

The spindle is four inches long, supported by a bearing
at its outer end, and is 0.094 inch diameter. The
winding consists of two coils each 214 inches long,
confined to the outer end of the spindle. Each coil
1s wound of 175 turns 0.002 inch enameled copper
wire separated from each other and retained to the
spindle with silk floss.

The completed armature is impregnated in lacquer to
resist oil that might issue from bearings. Connections
are made to the four-segment commutator, 3% inch
diameter. The radio -clearance of the armature
within the 14 inch outside diameter sleeve is 0.015
inch.

The miniature armature is calibrated in a magnetic
field of predetermined intensity, so that a factor between
milli voltage output and flux density may be applied
to subsequent meter readings when the instrument is
used in the shop.

Appendix B
INVESTIGATION OF THE KRROR INVOLVED DUE TO THE
DiISPLACEMENT OF CURRENT CARRYING MERCURY BY
THE MEASURING INSTRUMENTS

It seems that in order to explore the magnetic field
inside of a liquid conductor, such as mercury, it is
necessary to displace some of the mercury. If the

Journgd A L K. F

measuring imstruments were infinttesimally small, there
would be no apprecinble displucement of the mercury
and henee no error due Lo that source would be involved
in the field plot so obtained.  The instruments used in
this investigation, however, have a diameter of !4
inch and an error of some magnitude is Lo be expected

The elfect of the displacement of current carrying
mereury is to remove a portion of the current. The
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Fic. 10—FLux Distrisutioy Wuich BxISTs IN AN INFINITELY
Deer InoN Stot Havine A Liouin Conpueror ix 118 BoTTonm

A.  Without the measuring instrument

B. Due to a reverse current in the space occupied by the measuring
instrument after inscrtion

removal of this current is equivalent to superposing
upon the preexisting current in that portion a current of
opposite direction and of the same density in that
portion.* The magnetic field which results from the
effect of the normal current distribution and of the
superposed current is the same as that produced by
the removal of the portion of current carrying mereury
in theactual case.’

8. The instrument is properly insulated with varnish to pre-
vent a flow of current through it.

9. Neglecting saturation, of eourse.
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The problem, then, is to determine what effect the
current in a cylindrical conductor has on an exploring
coil placed in the magnetic field within that conductor
for various configurations of the surrounding magnetic
circuit.

If the lines of force in the conductor due to its own
current are concentric with that conductor, there is no
effect on the exploring coil, as may be seen by reference
to Fig. 9. If, however, the lines of force are not con-
centric with the conductor, as when the conductor is
brought very near an iron surface, there will be an
an effect upon the exploring coil.

As an extreme example of the above, consider the
case, shown in Fig. 10, of an infinitely deep slot extend-
ing infinitely in the direction perpendicular to the
paper, the bottom of which is filled with a liquid

Fic. 11—Ivage oF THE CURRENTS IN THE MEASURING INsTRT-
MENTS WHEN NEAR A PLANE IroN SURFACE

conductor, as indicated. A measuring instrument of
the sort used in this investigation is inserted in the
conductor and in contact with the iron.

The field around the exploring coil is the equivalent of
the superposition of the two fields shown in Fig. 10,
the first (Fig. 10A) being due to normal current distri-
bution before the instrument was inserted, the second
(Fig. 10B) being due to a reverse current in the space
occupied by the measuring instrument after insertion.

The error in the magnitude and direction of the mag-
netic field in the space occupied by the measuring
instrument is less than one per cent for the case shown
in Fig. 10. The error will be the greatest where the
field to be measured is the weakest, which, in the case
shown in Fig. 10, is at the bottom of the slot. The
error there is about 30 per cent, but this error does not
render the method useless because it can always be
calculated so that the field plot obtained experimentally
may be corrected.

Appendix C

ERROR DUE TO THE WMAGNETIC REACTION OF THE
MEASURING INSTRUMENTS UPON THE MAGNETIC FIELD
TO BE MEASURED '

The error due to this cause may be determined
readily by making a plot of the magnetic field, which is
caused by the current in the instruments and finding
the magnitude and direction of the flux at the place
occupied by the measuring instrument. If the instru-
ment is near a particular plane iron surface, the mag-
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netic field due to current in the instrument may be
determined by the method of images; that is, the iron
surface may be considered to be removed and another
set of currents similar to those in the instrument placed
at an equal distance from the jron surface and in the
same direction, as shown in Fig. 11.

The error due to the cause encountered in this investi-
gation is less than one per cent, except very near the
kernel where the flux density of the field to be measured

1S zZero.
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A demand has been presented recently for the re-
vision of the special taxes which have been levied in
France on luminous signs and other methods of using
light for purposes of publicity. In France, for some
years, taxes on luminous signs have been in effect with
the result that there is a very general feeling amongst
those interested that they form an excessive burden
and should be repealed.



Carrier-Current Selector Supervisory Equipment
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Synopsis.—T'he rapid advances made in the application of
automatic principles to the control of elecirical energy have produced
many new and novel installations. This paper describes a super-
visory system which centralizes the conirol and indication of all
power used in operating a modern inlerurban railroad. Super-
viston is accomplished over a single circuil consisling of one insulated

THE application of automatic substations for
supplying energy to suburban and interurban

electric traction systems has undoubtedly added a
very vital chapter in the economic life of these systems.
From an operating viewpoint, however, the automatic
station equipment has entirely eliminated the human
intelligence at the station so essential to the former
method of operation. In its place we have left a
number of inanimate devices, arranged in electrical
circuits to respond to certain definite electrical and
mechanical laws. Thus, we obtain operations in a
predetermined definite sequence, dependent upon the
changes of the master devices within the substation.

Such a system operates very satisfactorily and would
meet all requirements were it not for the occasional
unusual occurrence which is foreign to any predeter-
mined set-up, but which is nevertheless vital to unit
operation. For example, to meet emergency condi-
tions in this class of service, it is essential that means
be provided for quickly opening all feeders supplying
a particular trolley section. In many installations
where load conditions permit, it has also been found
profitable and advisable to shut down and lock out
certain automatic substations during light load periods.

There is a demand, therefore, for some means of
supervising these unattended automatic substations
from a central point or dispatcher’s station. A new
class of equipment was developed several years ago,
and i1s known as “automatic supervisory equip-
ment.”” This equipment provides a dispatcher with
a means of selectively controlling devices in the sub-
stations and automatically gives him a visual indi-
cation of the substation apparatus by means of stand-
ard indicating lamps located in cabinets at his office.

One of the most interesting and unique applications
of automatic supervisory equipment to interurban
railway service is that installed on the Chicago South
Shore and South Bend R. R. which runs between
Chicago and South Bend, Indiana. This gives super-
vision over a 1500-volt, d-c. electrification with con-
verter and mercury arc rectifier substations. There are
eight substations located between Hammond, Indiana,
and South Bend, a distance of about 65 mi. The sta-

1. Both of the General Electric Co., Schenectady, N. Y.
Presented at the Regional Meeting of District No. 7, of the
A. I. E. E., Kansas City, Mo., March 17-18, 1927.
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wire with ground relurn. A single frequency carrier currenl s

used for (ransmilling all signals over the circuil connecling all
stations. Considerable allention has been given Lo make Lhe equip-
ment simple in design, rugged tn conslruction, easy lo install and

convenient lo mainlain.
* *

tions named in order along the right of way are as
follows: Hammond, Gary, Wycliff, Furnessville,
Michigan City, Tee LLake, New Carlisle, and Grandview.
Columbia Avenue and Michigan City substations are
manually operated but have automatic reclosing d-c.
feeder equipment.

The power dispatcher is located in the Hammon
Substation. He has direct supervision over the high-
tension incoming line breakers and machine equipments.
An indication is also given him of the d-c. feeder
breakers in all eight substations.

The train dispatcher is located near the Michigan
City substation. He has supervision over the d-c.
feeder breakers in all eight substations and also indica-
tion of the machine equipments.

The supervisory equipment is of the carrier-current
selector type and operates over one line wire and
ground. A single No. 6 B and S copper wire is strung
on standard 2300-volt insulators for the entire distance.
For about five miles at one end of the system this wire
is carried on the same pole as the 33,000-volt power
circuits.

With the above picture in mind, it is interesting to
note the following special conditions which effected, to a
large extent, the choice of this particular class of
equipment.

1. A problem was presented due to the severe sleet
and ice conditions peculiar to this section of the country.
Line wires as ordinarily constructed for telephony are
subject to many breakages during the winter months.
An attempt was made to increase the reliability of
operation by installing larger wire and using distribu-
tion insulators. The choice of the No. 6, B and S line
wire was due, therefore, to its mechanical qualities
rather than its electrical characteristics, although the
latter are highly desirable.

2. Onaccount of the increase in cost of the specially
constructed cireuits, it was necessary, therefore, to use a
minimum number of line wires, running between
stations.

3. Since the supervisory circuits were exposed to
high tension disturbances, it was essential to provide
protection to connected apparatus. Where line wires
are connected metallically to sending and receiving
equipments we have a very serious problem of obtaining
proper protection. Protection of equipment so con-
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nected presents an entirely different problem from that
experienced in telephony. It is impossible to use line
insulating transformers and drainage coils are unde-
sirable on account of the resultant losses. The use of
insulating transformers is not possible where the opera-
tion of the system is dependent upon d-c. lock-out or
holding circuits.

The supervisory equipment line wires can berun, in
many instances, in lead sheath cable in order to obtain
proper protection to the equipment. The cost of such
construction becomes prohibitive on a right-of-way of
this mileage.

4. The carrier-current system provides a satis-
factory solution to the protection problem. The
coupling between the station’s equipment and the
external circuit is readily made by means of high-voltage
condensers which, from the standpoint of protection,
serve, in effect, the same purpose as the insulating
transformers. Low-frequency drainage units serve to
remove the electrostatic induction from the line wires,
and standard protective apparatus, consisting of gaps
to ground, fuses, arresters and choke coils, can be
employed to protect against unusual disturbances.

Carrier-current equipment as designed will satis-
factorily operate over any circuit which will offer low
impedance to the high-frequency carrier current. The
equipment can be coupled, therefore, through suitable
condensers to the high-tension power lines. In the
installation referred to, the transmission lines did not
offer a satisfactory circuit because of their intercon-
nections and possible separation along the right-of-way.

Fic. Key CABINET AVE.

1—DISPATCHER’S
SusstaTioN, HamMMmonD, IND.)
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The cost of the necessary by-pass equipment to secure
a satisfactory carrier-current circuit was prohibitive.

A very important feature in connection with the
design of this apparatus is that all devices are panel
mounted. This applies to all equipment with the
exception of the dispatcher’s office key and lamp cabi-
net. The equipment is mounted on standard 90-in.
switchboard panels. The panels are completely wired
and all external circuit connections are made to
standard connection blocks on the hack of panel. In-
stallation costs are reduced, therefore, to a minimum
as it is only necessary to interconnect between major
apparatus in the stations. All installation wiring can
be of the standard control size ordinarily used on power
switchboards.

. SUPERVISORY EQUIPMENT
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The carrier-current system uses the same equipment
which has been used so successfully for a number of
years in the selector system. A carrier-current panel
is added to the standard selector equipment at each
station.

In the 90-in. carrier-current panel, a cover over
the back affords protection to vacuum tubes, con-
densers and variometers. On this panel are mounted
the selectors and polarized relays which set up the
indication circuits on the key and lamp cabinet in
accordance with coded signals received from the
substations.

Fig. 1 shows a key and lamp cabinet. For each

F1g. 2—SuBsTATION MoToRr SENDING KEY

substation unit supervised this cabinet contains two
manually-operated, spring-driven code-sending keysand
two indicating lamps. It also contains the master
operating key, checking keys and common indicating
lamps.

On a typical substation panel, the selectors in con-
nection with an associated carrier-current panel respond
to coded control signals from the dispatcher.

Mounted on this panel are the motor-driven sending
keys (Fig. 2) which originate the code signals for each
supervised substation unit. Associated with each
motor sending key is a checking relay. This relay
provides a means whereby the dispatcher can check
the position of supervised equipment without operating
it. This feature is important from a maintenance
viewpoint because it provides a check on both the
control and indication operation of the equipment.

All operating potentials are obtained from storage
batteries. The supervisory system, therefore, is not
affected by the momentary loss of the high-tension
power circuits and renders reliable service under
emergency conditions.

The selection of a carrier-current frequency is, in
general, dependent upon the impedance characteristics
of the circuit over which the equipment must operate.
On an installation involving a number of stations it is
desirable to obtain this from actual field tests at the
time the equipment is placed in service. Such tests
show that there are one or more frequencies to which
the entire system will respond most effectively. The
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carrier-current selector supervisory equipment, there-
fore, is designed so that frequency adjustments can be
made over a wide range. Once the frequency is chosen
for an installation, the tuning adjustments of all trans-
mitters and receivers are locked in position and require
no further attention.

The carrier-current circuits may be divided into two
distinet divisions which may be designated as the
transmitter and the receiver. The function of the trans-
mitter is to transform the d-c. impulses originated
by the code sending keys into a hfgh—frequency form so
that they may be impressed upon the carrier-current
line. The function of the receiver is to take the high-
frequency impulses from the line and, by means of a
vacuum tube rectifier, reduce them to such a form that
they may be used for operating the usual supervisory
relays. Both the transmitter and the receiver depend
upon the three-element vacuum tube or pliotron for
their action.

The transmitter utilizes three vacuum tubes of the 50-
watt size. One tube is used in the master oscillator
circuit which generates the high-frequency oscillations.
The other tubes form a part of the power amplifier
circuit the function of which is to increase the output of
the element. The master oscillator uses the Colpitts
circuit for generating the high frequency. A 1000-volt,
d-c. source is required between the plate and filament
of the tube and a 10-volt, a-c. source heats the filament.
The inductance of the oscillator circuit is in the form
of a variometer having a movable rotor. Depending
on the position of this rotor, the master oscillator can
be made to generate any frequency between 20 and 80
kilocycles.

The elements of the two power amplifier tubes are
connected in parallel and their plate and filament
voltages are taken from the 1000-volt, d-c. source and
10-volt, a-c. source, respectively. The high-frequency
voltage taken across one of the condensers in the oscil-
lator circuit is applied between the grids and filaments
of the power amplifier tubes. This high-frequency
voltage applied to the grids results in a variation in the
d-c. plate current to the power amplifiers of the same
frequency. The primary of an output transformer is
connected in the plate circuit of the power amplifiers and
the high-frequency output of these tubes is utilized by
connecting to the secondary of this transformer. The
secondary is provided with taps so that the desired
voltage may be obtained, the correct voltage being
dependent on the line impedance at the frequency
used. One side of the secondary of the output trans-
former is connected to ground and the other side
through a coupling condenser to the carrier transmission
line. A second variometer and a thermoammeter are
in series with the coupling condenser. A resonant
circuit is formed by the output transformer secondary,
the output variometer, the coupling condenser and the
impedance of the line to ground. This circuit is tuned
to resonance for the frequency generated by the master
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oscillator by varying the position of the rotor in the
output variometer until maximum currept is indicated
by the output ammeter. The maximum input of power
to the line at this frequency is then obtained. Two
tubes are used in parallel in the power amplifier circuit
in order that the desired output may be obtained from
the transmitter without overheating the tube elements.
The maximum output of the transmitter is 150 watts.

The high-frequency output from the transmitter is
controlled by means of a relay called the transmitter
keying relay. When the coil of the relay is energized,
one pair of contacts completes the circuit from the 1000-
volt, d-c. source to the plates of the transmitter tubes,
causing the high frequency to be generated. A second
pair of contacts connects the secondary of the output
circuit to ground.

The 1000-volt, d-c. power for the plates of the trans-
mitter tubes is derived from a 500-watt motor-generator
set which 1s driven from a 120-volt storage battery.
The motor is in reality a converter as it has slip-rings
which supply 88 volts at 40 cycles. By means of a
small transformer, this source is stepped down to 10
volts for iighting the filaments of the transmitter tubes.
Two rheostats are mounted on the carrier-current
panel, one for controlling the field current of the genera-
tor and the other is in series with the primary of the
filament transformer for adjusting the filament voltage.

Test jacks and kevs are provided on the panel to
facilitate checking the operation of the transmitter. A
jack, in series with the common grid connection to the
tubes, allows a milliammeter to be connected in this
circuit. If the master oscillator is not generating high
frequency no reading will be obtained on this meter.
If the master oscillator is functioning properly but the
power amplifier is not, the meter will read about 80
milliamperes. If both master oscillator and power
amplifier are functioning properly, a reading of approxi-
mately 150 milliamperes will be obtained. A jack
across the filament circuit of the transmitter tubes
provides for connecting an a-c. voltmeter in order to
adjust the filament voltage. The output ammeter is
normally shunted out of the circuit and is used for test-
ing and maintenance purposes only. When it is neces-
sary to start the transmitter for inspection purposes, a
switch on the panel may be closed, operating the
motor starting contactor. This switch also opens a
circuit which delays the operation of the motor sending
key until the inspection is completed. Another switch
completes the circuit to the keying relay, causing the
transmitter to generate and send out the carrier current.
It is sometimes necessary for the maintainer to make
inspections, on the back of the panel, which might cause
him to come in contact with highpotential circuits if the
motor-generator were running. A switch is provided to
open the circuit to the motor starting contactor, thus
preventing the generating of high voltage until his
inspection is completed. All of these test switches are
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plainly marked with individual nameplates on the front
of the panel.

The receiver is connected to the carrier-current line by
means of a coupler which consists essentially of two coils
so mounted that their inductive relation to one another
may be varied: One terminal of the primary coil is
connected to ground and the other terminal is connected
to the carrier-current line through the coupling con-
denser. A variable condenser is connected across the
terminals of the secondary coil forming a resonant
circuit which may be tuned to the carrier frequency by
adjusting the condenser to the proper capacity. The
voltage across this resonant circuit is applied to the
grids of the detector tubes which are of the 7.5-watt
type and are slightly larger than the average tube used
in radio broadcast receiving sets. There are two of
these tubes in the receiver with their elements connected
in parallel. Plate voltage is supplied from the 120-volt
station battery and the filaments are lighted from a 24-
volt tap on the same battery. The grids are connected
through the secondary of the coupler to the low poten-
tial end of the filament resistor. This makes the poten-
tial of the grid minus 18 volts with respect to the fila-
ments when no high-frequency voltage exists across the
secondary coil. This prevents any current from
flowing to the plate and consequently the detector
relay, which is operated by this plate current, is not
energized. When the carrier frequency voltage exists
between the carrier line and ground, a voltage of this
frequency is superimposed upon the d-c. voltage applied
to the grid of the detector tube. Due to the character-
istics of the vacuum tube, this a-c. voltage superimposed
upon the negative 18 volts of direct current causes the
average voltage of the grids to be increased, allowing
plate current to flow and energizing the detector
relay. A jack is provided in the plate circuit by means
of which a five-milliampere ammeter may be connected
in this circuit. This provides a means of checking the
operation of the receiver as well as a means of tuning the
receiver to the desired frequency. When carrier
current is being transmitted from some other station
the capacity of the receiver tuning condenser may be
varied until a maximum plate current is obtained.
This indicates that the receiver is tuned to the proper
frequency.

Two detector tubes are used in order to give a maxi-
mum reliability to the equipment since the operation
of the receiver depends upon the proper functioning of
the detector tube. The action of the receiver is equally
as satisfactory with either tube alone as with both
tubes. The failure of one tube, due to a broken fila-
ment or loss of emission, does not impair the operation
of,the equipment and the maintainer, during his regular
inspection, will discover and replace an inoperative
tube. The detector tube is of sturdy design and in this
class of service has a life of approximately one year.

When the detector relay is energized it completes a
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circuit from the 24-volt source to the reversing relay
which, in turn, operates the selector according to the
coded carrier-current impulses. The detector relay
also breaks a circuit which prevents the dispatcher, or
the motor key as the case may be, from using the
associated transmitter for a definite time after the last
carrier-current impulse. In order to prevent the
receiver from detecting the carrier voltage generated by
the associated transmitter, the keying relay is provided
with contacts which disconnect the receiver from the
carrier-current line and open the plate circuit of the
detector tubes. In the dispatcher’s station, the detector
relay completes a circuit to a pilot lamp on top of the
key cabinet, causing it to flash in accordance with the
incoming code. The equipment is interlocked to
prevent the dispatcher from using the transmitter
while the receiver is in operation.

The operation of the system may be divided into two
distinet functions; namely, the control operation and the

3—DisparcHER'S TPaNEL EquipMent (CoLuMBIA AVE.
SusstaTioN, Hayyonp, IND.)

Fie.

indication -operation. The control operation is origi-
nated by one of the dispatchers and is for the purpose
of starting or stopping one of the machines, or closing
or tripping one of the breakers assigned to his super-
vision. The indication operation is originated by the
starting or stopping of some machine or the closing or
opening of some breaker in an outlying station. Either
type of operation requires the use of only the trans-
mitter at the originating station and the receivers in all
of the rest of the stations. All of the operations of
either type are transmitted on a single carrier-current
frequency. In order that only one transmitter may be
in operation at a time, the transmitters are interlocked
with the receivers.

Before any station may transmit a coded signal it
must send out a short impulse of carrier current called
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the locking impulse. This is detected by all receivers
which immediately interlock their respective trans-
mitters. A transmitter may function only in case its
associated receiver has not detected carrier current on
the line for a definite period of time. This allows for
the completion of any code which might be in the process
of transmission.

In order to demonstrate more clearly the working of
the system, a complete operation of each type will be
followed through.

Assume that the dispatcher at station No. 1 wishes to
trip the a-c. incoming line breaker at station No. 4.
The red lamp corresponding to this breaker indicates
that the breaker is closed. If the white lamp on top
of the key and 1amp cabinet is not flashing, no signals
are being received and the dispatcher can use the line.
He turns the master key 90 deg. in a clockwise direction
and releases it. The spring which is wound up by this
turn revolves a contact wheel. While revolving, this
wheel completes a circuit through auxiliary devices to
start the motor-generator set. The generator lights
the filaments of the transmitter tubes and supplies the
1000 volts d-c. for their plates. A timing relay is
energized and at a definite later time, a circuit to the
keying relay of the transmitter is closed for 0.2 of a
second to send out the locking impulse. At the termi-
nation of this locking impulse the circuit is completed to
a green lamp opposite the dispatcher’s master key.
This indicates to the dispatcher that his transmitter is
now ready for operation and that he has control of the
line. He now turns the operation key, which in this
case would be labeled “Trip a-c. breaker, station No.
4.”  When released, this key keeps the motor-generator
set running and operates the keying relay in accor-
dance with the code setting on its impulse wheel. This
causes impulses of carrier current to be sent out over the
line. The deteetor relays in all of the other stations
are operated in accordance with this code and the
selectors at all these points are actuated. Only the
selector in station No. 4, however, closes its contact
and trips the a-c. incoming line breaker. When the
key released by the dispatcher completes its rotation,
circuits are opened which shut down the motor-genera-
tor set and extinguish the green lamp opposite the
master key.

Whenever a supervised unit at an outlying station
changes its position, a circuit is established to the motor
driven sending key. A circuit is also made to start the
motor-generator set and energize a timing relay. If
there has been no carrier current on the line for a
definite period of time, this timing relay completes a
momentary circuit to the keying relay and sends out the
locking impulse. This prevents any other station
from obtaining the line during the transmission of the
coded signal. As soon as the locking impulse has been
sent, the code wheel associated with the supervised
unit is released. As this revolves it operates the keying
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relay which transmits the coded group of carrier-currept
impulses. _ .

These impulses of carrier cun'*ent are received on the
detector circuits in all other stations.  Only one selectop
in the dispatcher’s office notches up and completes jtg
contact. Depending upon the ccde received, a cireuit
is established to light either the red or green indicating
lamp on the dispatcher’s key and lgmp panel. Ip
addition to any change made in the dlSpat?her’s indi-
cating lamps, there is also a bell Whlch calls hls attention
to any change in the position of his supervised units.

When any station has completed the transmission of 5
signal the motor-generator set comes to rest and g]]
associated transmitting circuits are de-energized. Only
the receiving tubes in the entire equipment require
current continuously.

It is expected that this class of supervisory equipment
operating over a well constructed line wire will prove
more dependable than a system operating over several
wires between the respective stations. Experience
indicates more difficulties are encountered due to
the line wires than with the actual selector equipment,

Great car s been taken to obtain simplicity of
circuits, well constructed and reliable devices as well as
a design lavout which invites and facilitates proper
maintenance

In con n, supervisory systems of reliable design
have ce in the person of the dispatcher, the
human intelligence which was removed from the sub-
stations ‘ent of the automatic station equip-
ment. T ispatcher is able to operate his system

mor is prepared to meet promptly any
spe:i : ich may arise. The supervisory
equi s are waiting night and day

response to his orders.
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Electric Welding of Pipes
3Y J. F. LINCOLN:

Member, A. I. E. E.

ynposis.—The advantages of arc welding in manufacluring,
iread of riveling or using casl iron are sel forth in this paper.
T:se advantages for manufacturing pipe are especially emphasized
ai! information ts given on the manufacture of the pipe for one

FYHE use of electric arc welding for repairs is too
. well and favorably known to be commented upon.
" The use of electric arc welding for manufacturing,

hwever, is very much more recent and perhaps not

narly so well known.

While there is no doubt that the saving made by
ectric arc welding as applied to repair work exceeds
mny millions of dollars per year, its saving because
¢ the possibilities in manufacturing by this method are
eormously greater. The fundamental reasons for
tis are twofold:

When compared with riveting (which heretofore has
ten the favored method for joining steel parts),
vlding will make a joint equally as strong as the
ciginal sheet, while riveting makes a joint having only
{>m 50 per cent to 70 per cent of the sheet strength
ithe usual type of single or double lap riveting is used.
"hen it is considered that the cost of welding in general
pr foot of seam is less than the cost of the rivets alone,
i+ enormous possibilities of economies in comparison
fith riveting can easily be seen.

There is another place, however, where welding will
|: of far greater importance than in either of the cases
ited; and that is in the replacement of present parts
shich are made from cast iron by arc-welded structural
.eel. It isonly necessary to say that steel is five times
; strong and two and one-half times as stiff and twice
; safe as cast iron and yet costs only one-third as much
or pound, to show the enormous possibilities of this
ethod of machinery manufacture. Putting the state-
hent in another way, supposing by way of illustration,
1e bed of a lathe weighs 2000 1b.—the cost of the casting
one will be approximately $120.00. If instead of
1st iron, structural steel were used to obtain exactly
je same stiffness with exactly the same depth of bed,
1e total cost of the structural steel would be approxi-
ately $17.00, and because of the very nature of struc-
iral steel compared to cast iron, the bhed would be
ery much cheaper to machine, would stay true very
wuch longer, having no tendency to warp out of shape,
3 compared with its cast iron competitor.

In manufacturing a container which is subject to
ressure (such as a heating boiler), the difference is
ven more marked.

Supposing a cast iron boiler is used and made just
eavy enough to withstand certain pressure applied,

1. The Lineoln Flectrie Co., Cloveland, Ohio.
Presenled al the Regional Meeling of District No. 7 of the
1. 10 ., Kansas City, Mo., March 17-18, 1927.

particular pipe line, 90 mi. long, for which aulomaltic arc welding 138
used. There is discussion, also, on the possibilities of arc welding
pipe joints in the field.

the total weight of this particular boiler being one ton,
the cost of the boiler casting would be $120.00. If an
equivalent structure were made out of steel, the cost
of the steel to make this structure would be $8.00,
and if an equivalent factor of safety were used so that
both would be equally safe and the cast iron structure
still weighed one ton and cost $120.00, the steel
structure would weigh 200 lb. and would cost $4.00,
since the factor of safety applied to cast iron 1s, in gen-
eral, twice that applied to steel.

From this it is easy to see what will be the future of

Tairry-Foor SEctioNn or Pipe IN TESTING MACHINE

Hydrostatic pressure stresses plate to near elastic limit. The 19-lb.
sledges are then dropped. This is the most severe test ever applied to
commercial welds.

both riveted steel and castings. All structures now
made from riveted steel or from cast iron will, in general,
be made of welded steel, making the structure stronger,
more reliable, lighter, and unbreakable. To show that
the possibilities of these methods are not unused,
the author wishes to say that at the present time, with
greater profit to themselves and to their customers there
are thousands of manufacturers in this country who are
using welding for manufacturing parts which heretofore
have been made from riveted steel and from cast iron.

It might be remarked that one of the large manu-
facturing companies has recently made the statement
that the application of arc welding is saving it an
amount in excess of $1,000,000 per year compared with
its previous methods of manufacture.

Within the last three years the company with which
the writer is connected has by applying the methods
outlined ahove, reduced the average cost of its product
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by more than 20 per cent, at the same time making the
product better from every point of view.

The apyplication of this same process to the manu-
facture of pipe has peculiar advantages. At the present
time steel pipe is made, in general, in two ways:

First, in the sizes 22 in. in diameter and less, it is
made almost exclusively (where it is to be operated
under pressure), by the method used in the usual tube
mill, which, for lack of a better name, we shall call
roll welding. 'The flat skelp is formed into a tube, the
edges scarfed and brought to welding temperature.
There they are run through a set of rolls in which the
weld is made complete. This method is used at the
present time in the manufacture of practically all pipe
up to 22-in., which is the limit of commercial feasibility
in present-day commercial tube mills,

Second, in sizes above that, riveting has been resorted

WELDING MACHINE 1N OPERATION

(Note heavy bars in mandrel designed to prevent warping of plates duc t
heat of welding)

to to a verylargeextent, although thelock bar process (in
which the edges of the plate are upset and then clamped
between the projections of apeculiarly formed H-beam ,
has been used considerably with satisfactory results.

All of these methods, when compared to the cost of
the plate itself, are extremely costly. Although the
skelp from which the thing is made may have a cost of
less than two cents per Ib., the pipe when completed
by the roll welded process has a cost of approximately
five cents per Ib., the riveted pipe, even in large sizes,
has on an average a cost equally as great.

The other process, the lock bar, has approximately
the same cost as riveting.

When it comes to the matter of tightness, there are
other difficulties. The usual roll welded pipe is gas and
water tight insofar as its longitudinal seam is concerned,
and by the use of arc welding or gas welding, the joints
may also be made tight although the screw joints which
have been made heretofore leave much to be desired in
that direction. Riveted pipe however, cannot be made
tight in actual service over long periods of time. The
leakage from a riveted pipe is a well known factor and
1s recognized in all riveted specifications. In general,

too, it is necessary to use 50 per cent thicker plate for
the manufacture of the riveted pipe compared to arc
welded, the reason for this being that the strength of
the joint is not more than two-thirds the strength of the
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plate, even with a double lup' riveted j(.)int, and.the Pro.
jections of the rivet heads mto. Llne riveted pl]?e very
seriously interfere with the rapid movement of figyjg
through it.  For that reason the pipe, if riveted, mygg
be made in larger (Ji;unetex:s thgn 1l made by a Process
which will give a smooth interior.. What the,ste items
amount to in total becomes stagger.x ng. As an lusgry.
tion. The Mokelumne River pipe Img which was Made
arc welded, 1s 90 mi. long and contains 78,000 tons of
steel. Il this same pipe line, with the same strength of
joint and the same ability to carry water, had beep
made riveted, it would have required 128,000 tong of
steel Lo accomplish the purpose, and the cost would he
at least $3,000,000 more.

[ we now consider the matter of pipe making i
general, we find a number of advantages other than Mere
cost.  While it is true that pipe in all diameters can be
made for a cost considerably less than that at which it
can be bought from the tube mills at the present time,
re other advantages from the pipe buyer's

e e1
0 hich are certainly equally important,
he first place, are welded pipe can be made in any
diameter and in any length. It can also be made in
any thicl of wall. This becomes an extremely
importar tter since, for many diameters, the minj-
mum thickness Is so great that the pipe must be very
‘an required by the work to be done,
nlv is the cost per pound higher than would
196 Wit '« welded pipe, but the number of
poun: 3 also very considerably greater than
would he necessary if the pressure to be carried were
the controlling factor. This has to do with roll welded
pipe only. here is one other factor in connection with
this that is of equal importance; roll welded pipe can be

made only of steel of a certain analysis. If it is de-
sired, therefore, to make a pipe line from steel which is of
greater strength than the usual mild steel, the successful
welding of this is practically impossible with the roll
welded process although it offers no particular problem
to arc welding.

When it is considered that the arc welding process
will make any of these sizes of pipe at a cost of as an
average probably no more than 50 per cent above the
cost of the plate itself compared to three times the cost
of the plate in the case of the rof] welded, lock bar or
riveted process, the future of the pipe industry formany

purposes ean be easily foreseen. The effect of this will
be far-reaching.

It is evident that with the same thickness of wall,
'the bressure per sq. in. in the pipe must be reduced in
Inverse ratio to the diameter ; In other words, if a 10-in.
PIP€ can carry 100-1p. pressure, a 20-in. pipe, with the
same thickness of wall, can carry but 50 lb. pressure.
The 20-in, pipe with 50-1p. pressure, however, will carry
at least double the amount of fluid that the 10-in. pipe
with dpgble the pressure will. The economies of the
Proposition woulq therefore indicate that pressures
will be reduced, diameters increased, and the number of
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Jupying stations or boosting stations, very largely
edeed in the transport of water, gas, oil, or any other
ub.ance for which pipe lines are used.

1e best illustration of the economic advantages of
habove ideas are shown in the Mokelumne Riverpipe
ingwhich brings the water supply a distance of 90 mi.
o te East Bay Municipal Utility District in California.
Chi line runs from the Mokelumne River to Oakland
ingsupplies the water for all of the Bay cities with the
.xertion of San Francisco. This job required, for the
naafacture of the pipe, 78,000 tons of steel, the thick-
108 of this steel being 34-in., 7g-in., 14-in., 9g-in.

SPIRAL WRAPPING IN THE Y ARD

4 ar carrying the roll of covering and the heating kettle containing
= moves along the rails as the pipe is slowly rotated.

n 5%-in., depending upon the part of the line
thich the pipe was to be placed. It was manu-
cired in two lines—the first running from the San
/% uin River to Oakland and the second, from the
< elumne River to the San Joaquin River.
1e first section of this, running from theSan Joaquin
r to Oakland, is, at the present time, completed and
been under pressure now for a considerable period.
wuse of the newness of arc welding, the engineers
‘rmined not to proceed with the second section of this
t line until after the first section had been completed.
| kv have, withinthelastsixty days, let the contractsfor
heecond section, the specifications remaining identical
rery particular with those of the first, thus showing
hecomplete success of this method of construction.
is also interesting to note that, in spite of the fact
hi no such work as this had ever before been at-
otated, insofar as thickness of plate, diameter of pipe,
te was coneerned, the first forty miles was completed
md2 than one month ahead of time, and thisin the faceof
tactthatthebuilding for the manufacture of this pipe
W4 to be constructed, machinesdesigned and built,and
uwhole plant put into operation. The second section
of his line which is to be done in the same time as the
hh, will undoubtedly beatitsscheduleby many months.
he description of this line and of the problems in-
vaed, as concerns welding, ean probably best he ex-
nlkned from the specifications which were drawn for it
an under which the pipe was manufactured. The
mifications covering the welding machines provided
il the welding shall he done with an automatic electrie
wéling machine, designed specifically for the work
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covered by those specifications. This machine com-
prised among other necessary parts, a traveling carriage
for carrying the carbon electrode, arranged to move,
at a controlled rate, along a tract located inside of the
pipe above the bottom seam, and water-cooled mandrels
located on the outside and inside of the pipe and extend-
ing along this seam throughout its length.

Next, the method of testing was specified as follows:

Hydrostatic Test of Pipe Specimens. After each section of the
pipe has been welded, it shall be subjected to a hydrostatic test
under internal pressure sufficient to develop a tensile stress of
20,250 1b. per sq. in. of plate and, while under this stress, shall be
hammered vigorously on both sides of the weld with a 10-1b.
hammer not more than once in every foot of pipe section. The
pressure shall then be increased sufficiently to produce a tensile
stress of 23,000 1h. per sq. in. of plate and so held until the effi-
ciency of the seams can be determined by inspection. In the
event of failure of the pipe section under this test, the contractor
shall have the right to re-weld the pipe if practicable and re-
submit it for test.

Rejection. Any section of pipe that does not conform to these
specifications may be rejected.

The test specimens cut out of the pipe will also be
of interest:

Laboratory Test of Weld Specimens. The test specimens cut
from the sample welds as provided for in the preceding para-
graph shall show under laboratory tests:

a. An ultimate tensile strength of not less than 45,000 lb. per
sq. in., caleulated upon the cross section area of the plate metal
in the test specimen.

b. Withstanding being bent cold through 90 deg. around a bar
having a diameter three times the thickness of the plate metal
in the test specimen without serious fracture. The test speci-
mens for this test shall be rectangular in form, 114 in. wide by
the thickness of metal by 18 in. in length, and on the sides, shall
have the corners rounded to a radius of not over 1,16 in. The
following procedure for the bend test shall be followed: The
specimen shall be placed upon two hardened steel supports 12 in.
apart, having rounded corners of approximately 14i-in. radius,
and the pressure shall be applied centrally between the supports
directly upon the bead of the weld. The pressure shall be applied
through the bar around which the speeimen is to be hent and shall
be a slow, steady préssure and shall be applied continuously
until the ends of the specimen are at an angle of 90 deg. with
each otber. In case a specimen fails to pass the above test satis-
factorily, the welding machine shall be re-adjusted and a new
specimen produced. All tension and bend tests may he witnessed
by a represeniative of the contractor.

c. A comparatively smooth continuous bead of weld metal
on both sides.

It is claimed in connection with this that it is probably
the most severe test that was ever put on any pipe made
by any process, and it is only necessary to say that
possibly no other method of manufacturing large pipe
now known could pass the specifications for test as
outlined in these specifications. As a matter of fact,
there are a number of cases where the test pressures
were carried up so high and so far beyond the statement
in the specifications, that a permanent set was actually
put in the steel of the pipe. In one case that came to
the author's attention the diameter was increased by
more than three inches because the pressure that was
used in testing went considerably beyond the elastic
limit of the steel.
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amperes at 600 volts d-¢., although with occasional
short-circuitings. A taperplug valve was used to
seal the rectifier from its vacaum pumps.

In the year 1911 many difficulties were encountered.
When other reetifier tanks were construeted by welding
it was found impossible to eliminate leaks entirely even
though great care was used in this process. At that
time the complications of pumps for high vacuum
were such that it was deemed necessary to construct
rectifiers of such a degree of vacuum-tightness that they
would operate for indefinite periods without evacuation.
This aim was maintained throughout the development
and this fact should be kept in mind in comparing these
earlier developments with those of the past few years.
Because of that aim, every effort was made to eliminate

1—Cross SectioN oF UNIT No. 4, SHowiNGg DETAILS OF
SEALS IN MERCURY ArRc RECTIFIER
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the leaks and the effects of occluded gases. Following
the experience of leaks in welded joints it was decided
to use seamless pressed steel pots as tanks, and unit
No. 7 was constructed on this principle. The tank was
24 in. in diameter. A further modification eliminated
the insulated cathode as tests on former units without
this feature seemed to indicate no difference in opera-
tion. The tightness of this unit was a considerable
improvement over the two former ones.

The next difficulty encountered was that of obtaining
heavy currents from the rectifiers. Although the loads
could be madefairly large at low voltage, it wasfound that
internal short circuits occurred when it was attempted
to operate with the same currents at higher voltages.
Due to the suggestions of Peter Cooper Hewitt, who was
in close touch with this work at the time, several types
of water-cooled steel anodes were tried out with very
satisfactory results. During the latter part of this same
year it was demonstrated that such anodes raised the
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allowable current rutings greatly, und reduced Lhe dis
crepuncies between the results at low und higher volt
ages. A single water-cooled anode in a tank of 12-in
diameter could be maude to deliver 300 amperes at 600
volts, while two such rectifiers could be operated to
gether at double this rating. [t may be noted that
these single-aunode rectifiers were the precursors of the
rectifiers with anode shields.

I'he number and variety of problems brought up by
the development of a piece of apparatus so different
from the ordinary electrical machine were so great thata
period of broadened investigation was entered into.
There were also projects of building rectifiers and
putting them into service to gain the necessary operat-
ing experience with them. Mr. S. W. Farnsworth was
directing the development of the rectifiers during this
period, and the present writer is indebted to him for the
records of the work accomplished.

In order to prevent the serious trouble which had been
experienced from short circuits, various types of barriers
had been placed between the cathode and anode in the
single-anode tanks. 1n 1913, however, when tanks were
being designed with two or more anodes, precautions
had to be taken to prevent the arc from breaking
across between anodes under certain conditions. It
was found that if an insulated metal shield or hood was
placed around the anode, a pronounced improvement
resulted. One of the earlier types of the shields
developed has a main opening for the arc in the
side next the rectifier wall with small perforations
around the remainder of the shield at the same height.
In all, more than one hundred different types of shields
were tried out with varying degrees of satisfaction. It
was found that by putting a glass window in the side of
the rectifier tank a great deal of information could be
obtained regarding the operation of these shields.
This was tried out in units Nos. 9 and 29.

Some of the anode shields tried were water-cooled,
and with such an arrangement a very considerable part
of the total losses could be abstracted in this part of the
cooling water. When an ordinary type of shield was
used with a water-circulating coil introduced into the
tank between the anodes, the relative loss abstracted
was much less. These tests indicated very clearly the
concentration of losses at the anodes.

It was found that somewhat different results were
obtained with anodes of different designs and different
types of construction. The most favorable re-
sults were obtained with anodes somewhat simi-
lar to those drawn from sheet steel. The temperature
of the anode was found to have a pronounced re-
lation to the occurrence of internal short circuits.
As the temperature of the anode cooling water was
lowered, it was found that internal short circuits began
to occur, and then to increase in frequency. This
phenomenon was studied by means of a device whereby
a few drops of mercury could be projected against an
anode while the rectifier was in operation, the process
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being watched through a window in the tank. It
was found that each treatment of this sort was followed
in a few moments by a short circuit. It was determined
from this that if an anode is kept at a temperature such
that mercury will condense on it, or if it is unshielded
so that a drop of mercury may fall in close proximity
to it, there is danger of a similar occurrence in regular
operation. The whole series of such tests indicated that
the questions of anode shielding and anode cooling were
closely interrelated to form a single problem and that it
was of great importance from the standpoint of the
elimination of internal short circuits.

As a result of this work, the knowledge of the electri-
cal design of mercury are rectifiers advanced rapidly.
In May, 1915, some tests were made on a two-anode
rectifier, unit No. 28, with a tank 19 in. in diameter.
This rectifier carried a load of 1000 amperes at 1200 to
1500 volts d-c. for one hour, and a load of 2000 amperes
for one minute at the same voltage. It was also oper-
ated at 2700 volts, d-c., with a load of 150 amperes which
was. the greatest load obtainable at that time. A
similar rectifier, however, had already been loaded up to
350 amperes at this latter voltage.

Although the electrical design of the rectifier was
considered to be satisfactory, its characteristics with
respect to vacuum tightness (judged by the standard
then aimed at) were still unreliable. There had been
cases where units would operate on varying loads for
a month or more without evacuation, but such per-
formance was unusual. The use of seamless tanks had
eliminated the problem of faulty welds, and although
the occluded gases in the inner parts could not be easily
disposed of, it was appreciated that the greatest cause
of the increase of pressure in the tanks was due to leak-
age through the seals. Up to the middle of 1915 the
mercury-filled seal supporting ground joints had been
used in practically all rectifiers. Upon careful investi-
gation it was found that all joints of this type leaked
in minute amounts which rendered them inadequate
for the requirements demanded. The tests showed
that the mechanical contact between mercury and steel,
or between mercury and porcelain, was not close enough
to prevent minute quantities of air from working their
way through, particularly if the surfaces were not
absolutely clean. This was true even when the mercury
in the seal was maintained at a considerable static
head, and also though there was no drop in the mercury
level to indicate that the mercury was passing into the
sealed chamber. Confirming tests were made by
pouring vapor-bearing liquids above the mercury. In
a short time these vapors could be detected in the sealed
chamber.

As a consequence of these tests, a very complete
investigation was carried out by Mr. E. E. Rose to
find a more suitable type of seal. Some of the first
seals investigated were those composed of metallic
gaskets of various kinds; lead, copper, iron, ete. In
some individual cases these seals were satisfactory,

SHAND: STEEL-TANK MERCURY ARC RECTIFIERS

599

but they proved somewhat unreliable when taken as a
whole, due mainly to the difficulty in forcing the gasket
to conform to the irregular surface of the porcelains,
even when these were ground. Much the same results
were obtained when gaskets of asbestos were tried.
Moreover, if the asbestos was used in the form of sheet
it was found necessary to use some means of impregna-
tion to close the pores. In this state it could be made
“virtually tight.” Rubber gaskets were found to give
off vapors freely if raised beyond a moderate
temperature.

A large number of combinations of pressure types of
joints were tried out with only a fair degree of success.
Their possibility of application was found to be limited.
A high degree of vacuum tightness was found toibe
easily produced in soldered joints. They were found to
be satisfactory in a number of cases where the lead or
solder could be protected adequately from the action
of the mercury. The average welded joint did not show
the same degree of vacuum tightness, due, mainly,
to porous slag pockets existing in the metal of the weld.
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Some of these pores were so small that they could
hardly be detected with any practical method of
test. Vitreous seals were tried and found to introduce
a somewhat complicated group of problems.

It was found that tight joints could be made with
certain kinds of enamels, varnishes, ete., under favorable
circumstances. In the case of one baked enamel, two
receptacles showed practically no deterioration of
vacuum after having been sealed off for a year. The
fragility of the seals made them inferior to some of the
plastic cements which were also being tested, so that the
investigation was concentrated on the latter. The
de Khotinski cement, which is freque itly used in scien-
tific work, was tested and found to have a high vapor
pressure so that efforts were directed to find something
more suitable. J. W. Legg and others investigated
many materials for this purpose. The cement finally
adopted, the ‘“vacuum cement,” was found to be a
great improvement over the first ones tried. Fig. 2
gives some comparative values or vapor pressure with
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those of stop-cock pgrease and de Xhotinski cement
when maintained at a temperature of 100 deg. cent.
Following this work on vacuum seals, new designs of
rectifiers were made up incorporating improved sealing
methods and mechanical details, but without making
great modifications in the electrical arrangements.
The designs were all for single-phase, two-anode units,
both because of the difliculty in obtaining large pressed
steel tanks and because of the purpose of using them on
single-phase railway applications which was a special
object of the development. For six-phase operation,
the cathodes of three units were to be connected to-
gether. One of the rectifiers built on these designs was
rated at 700 amperes at 1200 to 1500 volts d-c. The
tank, 19 in. in diameter and 26 in. deep, was of seamless
steel. The mercury was in direct electrical contact
with the tank although the arec was prevented from
passing to the tank walls by means of a quartz cylinder.
The top was closed with a single cover-plate sealed to
the tank with solder which was reinforced with vacuum
cement. This cover carried two water-cooled anodes of

R
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seamless steel which were insulated by means of porce-
lain bushings, all of these seals being made with vacuum
cement. The anodes were protected with steel shields
insulated from the tank. The cover was also furnished
with a vacuum valve of a special type, a mercury
vapor pump and two vacuum gages of the “Pirani”
(filament) type, one of which was connected directly
with the tank and the other to the vacuum piping on
the fore side of the valve. The starting anode was
actuated by a solenoid magnet, and the exciting arc was
then allowed to transfer itself to an auxiliary anode of
steel. The power for the exciting arc was obtained
from a small auxiliary rectifier. The whole rectifier
tank was enclosed in a galvanized steel jacket in which
cooling water was circulated. Fig. 3 shows a small
unit (No. 54) which had fewer auxiliaries and which
was designed for higher voltages and lower currents.
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The vacuum tightness of these units was greatly
improved over the former ones and the operation was
more reliable. Some units maintained a remarkably
good vacuum tightness over a period ol years when not
in use. The problem of whether rectifiers could he
constructed to operate indelinitely without evacuation,
however, was never completely solved, as there were
still some difliculties remaining when the development
was halted. In particular, the effects of occluded gases
were still too great, although they had been greatly
reduced. Since that time the improvement of vacuum
pumps and vacuum-sealing valves, ete., has reduced
the complexities of the pumping auxiliaries to such an
extent that the solution of the problem is no longer
essential. The evacuation of the rectifier tanks can
now be supervised by the station operator with very
little effort, or if desired, can be made entirely auto-
matic by controlling the pumps from vacuum relays.
For a similar reason it is no longer necessary to attain
the high degree of seal perfection. Although the report
on sealing methods referred to above mentions ieaks
having been found in nearly all types of seals tested,
the following remarks represent a recent view of the
seals in use at the present time. ‘“‘Each type of seal
used, whether mercury, lead or rubber, has certain
advantages and disadvantages; a reliable and satis-
factory seal can be obtained with any of thesemethods.”"?
It can be concluded from this and from the other data
given, that sealing methods need not be limited to those
now in use and that under the present conditions of
operation further developments are probable.

Although, on account of the wish to eliminate all
unnecessary joints, the majority of the rectifiers de-
seribed in this paper did not have insulated cathodes,
it was appreciated that such construction was preferable
from the standpoint of electrical operation. Experi-
mental tests made with cathodes both insulated and
uninsulated showed that with the rectifier operating at
200 amperes d-c., the tank, when uninsulated, would
carry from 5 to 20 amperes of this current. Similar tests
on metal anode shields gave very analogical results.
Under certain abnormal conditions it was found to be
possible for the current in the tank walls to increase to
such an extent that iron vapor was liberated. This

"had a deleterious effect on the functioning of the

rectifier. M. Schenkel has made elaborate tests on
this same subject which confirm the result given above.

THE FIRST APPLICATION OF RECTIFIERS

In the period of development referred to in this
paper, a number of rectifier installations were made for
regular service conditions to determine their reliability,
the proper arrangement of auxiliaries, and to acquire

3. R.Schumarher, “The Efficiency of Large Rectifier Plants,’.
E.T.Z., 1926, March 25, pp. 354-356, April 1st, pp. 388-391.

4. .“The Share which the Metal Chamber Takes in the Dis-
charging Process of the High Capacity Rectifiers,” Scientific
Publications of Siemens Concern Vol. 11, 1923.
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general operating experience. Three of these installa-
tions can be taken as typical. One of these was a small
industrial power application in the Shadyside Works
of the Westinghouse Electric and Manufacturing Com-
pany where the rectifier operated in parallel with existing
gas-engine driven, 250-volt, d-c. generators. The equip-
ment was installed early in 1913 and continued to operate
for some four or five years. The load requirements from
therectifier varied from 50 to 300 amperes. No vacuum
pumping auxiliaries were used. When a tank required
evacuation it was removed temporarily. Most of the
failures of vacuum experienced were due to faults
of a mechanical nature. Several rectifiers operated
for periods as long as from five to six months without
pumping.

A second installation was made to determine the
applicability of rectifiers to single-phase railway service
when mounted on motor cars or locomotives. In May,
1913, two single-phase rectifiers with auxiliaries,
transformers and control apparatus were mounted on a
motor car belonging to the Pennsylvania Railroad Co.
which was equipped with four 200-h. p., 600-volt,
d-c. motors. 'The main auxiliary was a water-circulat-
ing system consisting of an automobile-type radiator,
reservoir and circulating pump. A vacuum pumping
equipment was added later to facilitate evacuation
when necessary. The preliminary tests carried
out at the manufacturer’s works gave favorable
results and the car was then taken to the New
Canaan branch of the New York, New Haven
and Hartford Railroad Co. for further service tests.
For the month of October, 1914, the car was in
regular revenue service covering a route of about 240
miles daily. In addition to its own weight of 72 tons it
had a trailing load of two 32-ton coaches. The load
peaks were from 500 to 800 amperes. Service was
discontinued during the winter and resumed again in
March. In all, the car covered 13,400 mi. in regular
revenue service. One rectifier operated for a period
of six weeks at this time “without noticeable impair-
ment of vacuum.” This performance, however, was
considered unusually good.

When sufficient data had been collected these tests
were discontinued. It was found that although the
attention required by the rectifier was rather more than
was desired for the class of service considered, the
rectifier itself gave good results.

When the subject of the use of 5000 volts d-c. on an
overhead trolley was being studied, a rectifier installa-
tion was made for this voltage. The equipment was
erected in May, 1915, in a substation of the Michigan
United Traction Company located at Grass Lake.
Three single-phase rectifiers were connected in series
on the d-c. side to supply the trolley voltage, each
rectifier being connected to one phase of the three-phase
supply circuit. A closed circulating cooling system was
used for the anodes, with an electric heater to prevent
the anodes from reaching too low a temperature in cold
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weather when lightly loaded or with no-load. As before
stated, the condensation of mercury which occurs on the
cold anodes increases the possibility of internal short
circuits. The electrical characteristics of the rectifiers
proved good, dependent, of course, on the maintenance
of good vacuum. The records indicate that rectifiers
went for periods as long as 28 days without pumping.
The rectifiers were enclosed behind screens as a safety
precaution.

There was but one car on this branch which was -
fitted for 5000-volt operation so that when, in October,
1916, the car was seriously damaged in a wreck,
operation at this voltage was discontinued. The
performance of the rectifiers in this case was, on the
whole, very encouraging.

In connection with the two latter rectifier installa-
tions, an extensive study was made on the effect caused
by the rectified currents on neighboring telephone
systems. This work was carried out in cooperation
with engineers of the American Telephone and Tele-
graph Company and was, as far as the writer knows,
the first work done in this important phase of the
rectifier proklem.

RESULTS OF THE INITIAL EXPERIMENTAL WORK

When the results of the 10 years’ work of this de-
velopment are summarized, it is found that many things
of fundamental importance were accomplished. The
investigation of sealing methods was carried out with
breadth and thoroughness, with the result that the
technique of constructing vacuum tight vessels for
rectifiers was brought to a degree of perfection which has
not been surpassed although it may not be necessarily
the most suitable for present conditions. The electrical
design was advanced to a point where the ratings ob-
tained from rectifiers of a given size were surprisingly
high. The fundamental principles governing the opera-
tion of rectifiers and their connected circuits were
studied to allow the determination of operating charac-
teristics, the most desirable circuit arrangement and the
special requirements of rectifiers and connected equip-
ment. The investigation of the causes and elimination of
telephone interference already referred to, was included
in this work. A further accomplishment consisted of
the installation and operation of rectifiers and neces-
sary equipment under actual service conditions of
widely varied natures. This activity yielded valuable
experience.

The patents resulting from experimental work of this
character may form a gage of advances made in the art.
A number of interesting patents were the outcome in the
case considered. One of these is on the use of a balance
coil, or auto-transformer, connected to the transformers
of a polyphase rectifier to improve the effectiveness of
transformer utilization and also to improve the voltage
regulation®, etc. This type of connection is frequently
used at the present time. Another patent which was

5. Patent No. 1,241,505, Fortescue, issued Oct. 2, 1917.
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the outcome of the study of general principles is that on
the interleaving of the secondary windings of the
rectifier transformers to balance the inductances of the
secondaries connected to different anodes.® This con-
dition is essential to the best operation of the rectifier.
Other patents cover the use of protecting shields on the
anodes’; protective relays actuated by the degree of
vacuum in the rectifier tanks; and the temperature
of the cooling water®. There were also other patents
. covering the automatic control of the vacuum pumping
equipment' to relieve the operator of this responsi-
bility; and the automatic control of the entire equip-
ment of a rectifier substation to eliminate the opera-
tor entirely’. These patents represent a pronounced
advancement in the art of rectifier construction and
operation.

THE RELATION TO RECENT PROGRESS

The account given in this paper cannot be considered
complete, perhaps, without some reference to its effect

F1e. 4—AssemMBLED TaNk FOR Six-PEase RECTIFIER OF
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on what is being done at present. This experimental
work which was carried on between the years 1908 and
1918 required the expenditure of large amounts of
effort and money from which for some time it appeared
that no return would be received. When, therefore, the
operating engineers of this country evinced an interest
in the application of large rectifiers in Europe, it
was decided by the Westinghouse Electric & Mfg. Co.

6. Patent No. 1,239,896, Fortescue, issued Sept. 11, 1917.
7. Patent No. 1,285,947, Conrad, issued Nov. 26, 1918.
8. Patent No. 1,389,147, Lovell, issued Aug. 30, 1921.
9. Patent No. 1,358,713, Dillon, issued Nov. 16, 1920.

10. Patent No. 1,248,467, Eby, issued Deec. 4, 1917.

11. Patent No. 1,358,713, Dillon, issued Nov. 16, 1920.
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that active resumption of the work would be deferred
until it was assured that this interest was more than a
transient desire for further experimentation with this
new type of apparatus. Later, a study of conditions
both here and in Europe led to the conclusion that the
metal-tank rectifier then showed sufficient promise
commercially to justify its development.

The rectifiers built on the resumption of this work
represented a combination both of previous experience

Fic. 5—Ssowing RECENT INsTaLLaTION OF a 1000-AMPERE,
600-VoLr, D-c. RECTIFIER

as represented in this paper and the experience from
European development, particularly from the Siemens-
Schuckert Company- of Berlin. The use of a rectifier
tank having six anodes and the insulated cathode were
the main changes from the former designs which follow
the general practise of European manufacturers.
The vacuum-tight seals on the first of these units were
made with rubber gaskets which were also adopted from
some European practise. In this particular, however, a
continuation of the experimental work on seals has
developed new types which give promise of being more
suitable for all requirements of rectifiers. Parts such as
anodes, anode shields, methods of cooling, ete., have been
constructed to follow both former Westinghouse and
European practise. The vacuum pumping equipment
is of the same general type as that used 10 years ago,
but is much more effective and reliakle. Fig. 4 shows
an assemtled rectifier tank without its anode radiators
and external casing. The arrangement of the welded
tank and insulators for the anodes and cathode is
clearly shown. A completed installation in a sub-
station of the Cleveland Railway Company is shown
in Fig. 5. This unit was tested successfully on volt-
ages up to 1500 volts, d-c.

Recently a series of tests was made on rectifier
No. 56 of the initial development to obtain a direct
comparison with the more recent rectifiers. The tank,
which had been out of service for some eight years
or more, was put into operating condition and fur-
nished with new vacuum pumps. Load tests were
carried up to the maximum rating of this rectifier
(700 amperes, d-c.) and excellent results were obtained.
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Synopsis.—This paper is general guide for inspection and
mintenance practise in automalic stations. It suggests in a broad

way how these duties should be performed and this should be helpful
in drawing up definite schedules for particular stations.

INTRODUCTION

UTOMATIC stations for electrical power service of
all kinds are now accepted as sound engineering
solutions for many problems in the generation,

tinsmission and distribution of electrical energy.
Jie design and application have been treated in
rmerous papers? presented to the Institute. Some of
te operating characteristics and performance records
tve been similarly described. Few public presenta-
tins, however, have been given to the problems which
r1st be met in the successful operation of automatic
sations over a long period of years.

DEFINITION

A definition at this point will serve to fix definitely
te kind of stations which will be discussed.

An automatic station or substation is one which, in
dsponse to an impulse given by a master element,
¢arts and connects itself to an electric power system in
: predetermined manner, continues to function with
|at electric power system during a set of predeter-
rined conditions and then disconnects itself from that

stem and shuts down, all without the intervention of a
/iman intelligence.

APPLICATION

The application of automatic stations covers practi-
ally the entire range of electric power service. Syn-
lironous converters, motor generators, hydroelectric
psnerators, synchronous and static condensers, trans-
rmers, feeders, frequency converters and mercury arc
vetifiers in all sizes, are now under successful automatic
ontrol. Steam turbines are now being considered and
hen they are successfully operated, the list will be quite
smplete.

SERVICE

The service to be given by an automatic station
stermines many features of its detailed design,
oplication and operation. It will have even a more
nportant bearing upon its periodic test, inspection
nd maintenance.

A small transforming station supplying power for
ousehold purposes to a community of a few hundred
eople may be considered as one extreme case. A

1. General Electric Company, Schenectady, N. Y.

2. Refer to Bibliography. 7

Presented at the Regional Meeting of District No. 7 of the
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large hydroelectric generating station for the supply
of base load power to a large transmission and distribu-
tion network may be considered as the other extreme.
Both may be automatic. One may be taken out of
service for a few hours with little if any disturbance.
The other must be kept operating at all costs.

Between these two extremes occur an almost infinite
variety of service requirements. These will be in any
specific case the factors which determine the kind and
frequency of periodic test, inspection and maintenance.

DEVICES

The devices and apparatus used in automatic stations
are of necessity specially selected for that service.
This is and will be true until designers improve their
general product to meet the new and exacting require-
ments of automatic operation.

One of the simplest devices used in an automatic
station is the overload relay. It usually consists of a
coil, an armature and a set of contacts. Each of these
elements requires attention in design, test, inspection
and maintenance.

The coil must carry a wide range of current without
overheating, and yet must function promptly and
positively when required. The armature must be
adjustable so that it may be set to operate at a pre-
determined current and it must always respond and
operate the relay when this current value is exceeded.
The contacts must make, carry and break successfully
and repeatedly currents of definite magnitude, pressure
and phase angle.

The failure of any one of these elements to perform
its function will cause a station failure and may result
in a costly service interruption.

The design, however, can only provide a device which,
if given reasonable attention, will function successfully.
The performance of the device in service will depend to
a large extent upon the care with which it is tested,
inspected and maintained.

Other automatic station devices are more or less
complex to meet the requirements of operation. Some
have time delay schemes. Some have combinations of
armature coils and contacts to produce certain definite
reactions to circuit conditions. All, however, are
relatively simple in themselves, being modifications of
commonly used devices. No extraordinary skill or
unusual qualifications are necessary, therefore, to care
for these devices.
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Fuch sutomatic station is usually designed (o perfern
a pven st of functions in u definfte sequence. A
thorough understanding of the funetigns and of the
sequence in which they are intended to operate s a
prime qualifieation for an automatic stytion ingpector
or muintainer. Manufagturers usually provide dia
grame, instruction books and other aids to convey
the design information to the operntor. Such informa
tion should be prominently Jocated in each® automatie
station to assist in a ready understanding of the in-
tended performance of the station.

The eircuit designs are usually the result of experience
in the combining of devices to produce a desired
operating result. Each device is carefully picked for
its service and represents the best the industry affords.
The successful operation of the station, however, de-
pends not only on correct design and careful manu-
facture but also upon reasonably perfect installation
followed by regular test, inspection and maintenance.

TEsTs
Tests of automatic stations are required as a check

upon design and performance. They may be divided
into three classes as follows:

1. Factory tests
2. Installation tests
3. Periodic tests

Factory tests consist of a check of the performance
of each device or piece of apparatus and of groups of
devices and pieces of apparatus to insure design specifi-
cations being met. Tests of the individual pieces of
the equipment follow well-established practise. Tests
of groups of apparatus at the factory, however, are
unique for automatic switching equipments. It is
usually impracticable to assemble the power equipment
and the automatic switching equipment at the factory
and to test it under full load and abnormal load con-
ditions. It has been customary, therefore, to test
the power equipment and the switching equipment
separately. The latter is given a sequence test to
determine if the design requirements have been met.
This serves to check the diagrams of connections, the
size and connection of coils, resistors and contacts and
the physical connections of these, as well as to disclose
sneak circuits if any exist. It frequently requires as
much time to test an automatic switching equipment at
the factory as it does to assemble it.

Installation tests usually follow the erection of the
power and switching equipment on the site where it
will be placed in operation. In general, they follow the
same procedure as do factory tests, except that they are
a bit simpler and include all of the apparatus, power,
switching and auxiliary, which will be used in the tinal
installation. These tests also differ from the factory
tests in that they disclose the settings required for the
various devices to meet service conditions beside
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checking the connoctions necenmanly made during the
instullation work

Perodic cheek tests of the equipment should be madi

mi-annuslly.  These usually will be a check of the
sequence and of doviee sottings.  [esldes the periodie
tont 15 u check on the continuity of all circuits and the
performanee of ull of the deviees in the equipment

Al of the tests which have been mentioned may b
as simple or as elaborate as conditions warruni
simple reclosing feeder cquipment can be given a
fuctory test in a few hours, an installstion test jn an
hour, and a periodie test in a few minutes,

An automatic substation or generating station con.
taining two or three units and containing motor genery-
tors, or converters, or hydroelectric generators will
require a factory test of several weeks and an installa-
tion test of several days. ‘T'he periodie test of such
equipments may well take a number of hours or even
half a day.

The variety of equipments is s0 great and their com-
plexity s0 varied that no general rule can be given.
Instead, suggestions and approximate time limits only
can be given

INSPECTION

Inspection of automatic stations requires for its com
plete comprehension a definite knowledge of the service
which the station is expected to give. 'The average
station requires a general inspection at frequent inter-
vals and a detailed inspection at longer intervals.

A general inspection is, as its name implies, a cursory
review by an inspector of the siation and its equipment.
The frequency of these inspections will depend upon the
size and service importance of the station. Important
stations, such as those feeding large urban and even
some interurban loads, should be visited daily. lLess
important stations, such as those feeding the usual
interurban trolley lines and small and moderate sized
mines, industries and towns, may be visited weekly.
The still less important stations, such as those used for
sectionalizing or feeding small loads, may require
general inspection only at monthly intervals.

During a general inspection the inspector should
glance at each piece of equipment in the station, make
note in the station log of the readings of all operation
counters, and if necessary make minor adjustments
in devices which require such adjustment. No really
definite program can be given which will cover a general
inspection of all kinds of automatic stations. Experi-
ence has indicated that a few months’ training will give
the usual inspector sulficient skill to know which pieces
of equipment require attention from time to time and
where it is necessary to look in anticipating faulty
operation. Of prime importance is a record of each
such inspection with the observations which have been
made during the course of the inspection. These
should be recorded in the station log book which should
always be kept in the station.

Detailed inspection, as its name implies, is a thorough
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inspection of the station and its equipment. The
frequency of such inspections will vary from one a
month for important centers to one a year for less
important stations. The thoroughness with which
detailed inspections are made depends entirely upon the
service the station is called upon to give as well as the
frequency with which it operates.

One feature of all detailed inspections, however,
should be a careful check of the sequence of all opera-
tions which the station is designed to perform. This
will serve to indicate if any device is failing to do its
assigned duty in the prescribed manner.

Other features of all detailed inspections should be to
insure all nuts, bolts and connections being tight,
spring cotters opened, contacts clean and not over-
heating or burned, current carrying parts of the equip-
ment in good operating condition, etc. All relays and
similar devices provided with adjustments and calibra-
tions should have these adjustments checked to be sure
the devices are set to operate within the prescribed
limits. For devices such as relays operating on small
currents, a semi-annual check of the setting is of
benefit to insure best operating performance. For
series devices carrying large currents, a check of the
settings may be made as local conditions permit or
require.

Detailed inspection should not be made a burden or a
costly procedure by including in it too much detail.
There is always a limit. For example, if a circuit
breaker is to be given a detailed inspection, one might
completely disassemble it and then reassemble it and
in doing so, might harm it. On the other hand, if it is
partially disassembled so that the moving parts can be
cleaned and very lightly lubricated, then it is of distinct
advantage. So with this as an example, it may be seen
that as with the testing, detailed inspection requires
study on the part of the operating company engineers
in order that it may prove a maximum benefit and yet
be done with minimum expense.

MAINTENANCE

Maintenance of automatic stations is second only in
importance to their inspection if the best service is to be
obtained. The amount of maintenance required varies
through very wide limits depending upon the equip-
ment, its adjustment, its application and what it is
expected to do. Included in maintenance is the
periodic cleaning of the station and of the individual
devices and pieces of equipment in it as well as
the replacement of parts after fair wear and tear in
service. In addition it includes a great many details
required to keep the equipment in good operating
condition. For example, the oil in the bearings of
rotating machines should be changed as occasion
demands. When the station is subjected to extreme
temperatures at various seasons of the year, oil for the
hearings should be so selected that it remains fluid
throughout the temperature range experienced and still
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gives the required lubrication. This may seem a little
detail, but it is one of the many which differentiate
between failure and success in operating automatic
stations.

Many other examples could be given but of course
these are obvious to the operators of automatic stations.
It should be noted, however, that the simple stations,
those for example having only feeders, require very
little, if any, maintenance while the largest and most
complicated automatic stations require even less
maintenance than do manual stations of the same size.

The frequency of maintenance depends solely on
local conditions. Some automatic stations have been
known to run for years with almost no maintenance
expense. Others seem to require the frequent visits of
maintainers. As an average, however, reports from
many sources have indicated that the usual automatic
station costs only about three-fourths as much to
maintain as does the equivalent attended manually
operated station.

LogG

The station log book is a very important part of every
automatic station. It should have entered in it the
date when each inspection or visit to the station is made
together with what occurs in the station during the
inspection or visit and any other notations which will be
helpful in following the performance of the station.
The log book is a great help to the inspectors and main-
tainers, particularly where the personnel is likely to
change every three or four years. It assists not only in
giving to the inspectors and maintainers a complete
history of the station but it also supplies the engineers
as well as the manufacturers with data upon which to
base future modifications or extensions in the design.

REPORTS

Reports of automatic stations are just as essential for
the correct supervision of these stations as in the case
of manually operated stations. The automatic station,
however, does not require nearly so elaborate a report
as does the manual station. It is well, therefore, to
consider this point when placing an automatic station
in service and when requiring data concerning its per-
formance. A little thought and study on the part of
the responsible engineers will indicate what data is
necessary for each system and it will be found that most
of this data can be automatically recorded in the station.

A number of the operators of automatic stations re-
quire that at intervals a transcript of the log of each
station be sent to the general operating headquarters.
Other operators send to the operating headquarters
a report of each defect or service interruption. Some
of the operating companies forward copies of these
reports to the manufacturers of the equipment for their
guidance in future designs.

The form of reports, of course, will be quite individual
for each system, but it is believed that these should be
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kept to a positive minimum in order that the highest
efficiency may be obtained.
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KLYDONOGRAPH SURGE INVESTIGATIONS!
(Cox, McAuLEY anDp HUcGGINs)
TRANSMISSION-LINE VOLTAGE SURGES?

(Cox)

THE MEASUREMENT OF SURGE VOLTAGES ON
TRANSMISSION LINES DUE TO LIGHTNING?
(LEe axp Fousrt)

New York, N. Y., FuBruary 10, 1927

K. B. McEachron: In discussing the paper by Messrs. Cox,
MecAuley and Huggins, and also the paper by Mr. Cox, I wish to
raise a question concerning the conclusions. It does not seem to
me that the data given support the definite conclusions drawn.
For instance, the first conclusion in the Cox, McAuley and Hug-
gins paper states that the voltages due to lightning are unidi-
rectional, and that the cloud which produces surges is of negative
polarity resulting in positive induced voltages and negative
direct-stroke voltages. The evidence which we have at the
present time supports this conclusion but sufficient evidence
to make such a positive statement appears to be lacking.

For instance, consider the direct stroke on a transmission
line. Negative records have been obtained due to direct strokes
but it does not necessarily follow that whenever a steep-wave
negative surge appears on a transmission eircuit, that it was the
result of a direct stroke, nor does it necessarily mean that all
direct strokes must be negative. Simpson’s theory, which has
been mentioned in the paper by Mr. Cox, appears to bear out the
conclusions given by the author, but it is necessary to remember
that it is a theory, and in the case of lightning phenomena a
very large amount of experimental data is necessary to prove that
such a theory is correct.

I would like to draw attention particularly to a statement

1. A.L E.E.JournaL, May, 1927, p. 459.
2. A.I.E.E.JournaL, March, 1927, p. 263.
3. A.I E.E.JournNaL, February, 1927, p. 149.

made on the second page of the paper by Messrs. Cox, MecAuley
and Huggins. ‘It has been estimated that gradients as high as
100 kv. per ft. (330 kv. per meter) are reached near the earth’s
surface.”” On the same page the statement is made “It is
believed that the flashover voltage of 220-kv. transmission-line
insulation at the steepness of wave front of lightning surges is
comparable to the maximum potential ordinarily induced by
lightning.” This same statement is also made in the conclusions.

Such a statement seems rather premature. Conditions have
been experienced during the summer of 1926 on a 220,000-volt
transmission cireuit with fourteen disks of line insulation which
were sufficient to flash over the line insulation several times.
This indicates that 220,000-volt systems are not immune from
lightning troubles provided those svstems are where the lightning
oceurs.

Although the line flashovers may have been due to direct
strokes yvet the evidence is not clear and hoth positive and nega-
tive surges have been found whose potentials were between 1500
and 2100 kv.

Concerning the matter of attenuation which is given in the
paper by Mr. Cox there is a factor in connection with the theory
of bound charges which I believe has not been fully recognized.

Assume for instance a long transmission line with a charged
cloud one mile in extent over the middle of the transmission line.
When this cloud discharges, a voltage appears on the trans-
mission eireuit which is equal to the potential gradient multiplied
by the height of the line assuming, of course, that the entire cloud
discharges in zero time. Underneath the edge of the cloud, the
voltage distribution along the conductor will conform to the dis-
tribution of potential gradient before the cloud discharges. As
a matter of fact, however, the cloud requires time to discharge
and therefore the charge will begin to move out along the line
having moved a distance equal to the time required for the cloud
to discharge. If this time is less than 214 microsee. the voltage
on the transmission line underneath the middle of the cloud will
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reach an actual potential equal to the potential gradient, times
the height of the conductor. A klydonograph located at this
point would indicate a voltage of E volts, while another klydono-
graph located on the transmission line a few miles away would

E .
not indicate a maximum voltage of more than — volts. This
reduction in voltage! is due to the fact that all of the energy in
the bound charge is electrostatic, while the energy of the travel-
ing wave is half electrostatic and half electromagnetic.

The attenuation to be considered is that, which takes place
with reference to the traveling wave, rather than between the
initial wave and the traveling wave. Measurements which have
been made indicating that the voltage drops to a fractional part
of its original value when passing over a distance of 15 or 20 mi.,
are probably due largely to this reduction in voltage which occurs
when the hound charge becomes a traveling wave.

In connection with the paper by Messrs. Lee and Foust, con-
siderable work has been done with the calibration of these figures
with respect to their appearance, which the authors referred to in
their paper. In Fig. 11, the first two positive figures are of the
appearance which we have called type 3 figures, and the last two
positive figures are of the type 2 class. From the information
available it would be possible to predict roughly that these
figures were made with a wave of the order of 2 or 4 microsec.
Fig. 1 herewith gives the calibration curv o5 which shows roughly

50
40 Y3 Inch Glass Plat
: 8 nm T .
; '@" N “pq\}\\\ NI ﬁ!l (L ype 1| | oKy
30 e Tl T T L LTI 7
z 3 \Q‘N NN H, t l.Lu - | 5 25
4 \\%\@ N J[ ‘ ' LM
2 20 HEhs Yooy gt T =12
a Q;;\k‘ e P e o 14! Y 5 x5
& \\xﬁ(» i - ;mu _95
10} ~ by < 5 =
',SQL‘» i 2.5 ms. front
10° 10° 10° 001 01 10 10 100 10° 10* 10° 10°
VOLTS PER MICROSECOND i
4 025 SECONDS 250 MICROSECONDS 025
MINUTES MICROSECONDS

TIME TO REACH 25 Kv.

Fic. 1

how sueh an estimation of the wave front can be obtained.
Loeating on this curve a line representing type 2 figures for 15 or
20 kv., and type 3 figures for 5 and 10 kv., the curved line with
the arrows shown on the figure is obtained. This line indicates a
wave front of between two and three microsec. to reach crest
value.

The statement is made that practically all figures obtained
on transmission lines have heen of the type 2 class and therefore
come within the wide range of wave fronts which vary roughly
from that of a slow 6(0-cyele wave to a surge which comes to its
maximum in a fraction of a misrosec. time. Referring again to
the ealibration curve given, the most abrupt wave front giving
a type 2 figure was of the order of 1 microsec. to reach its crest
value and this only for one particular voltage, namely 17 kv. as
measured on the instrument. Thus the evidence indicates that
for the waves measured, al least surges of more abrupt front than
L microsee. did not oecur and most of them were considerably
slower than this.

A. H. Schirmer: Mr. Cox's paper, as well as the paper by
Messrs. Cox, MeAuley and uggins, present a number of in-
teresting conclusions, whieh in general are substantiated by the
results obtained from a number of tests made on telephone lines
during the past summer. These tests were made on a 5-mi.

4. Time Voltage and Current Characteristics of Lightning Arrestors,
K. 3. McBachron, G. Iz, Iteview, Vol. 29, p. 678, 1924,

5. This curve is taken from ‘'Measuroment of Translents by Lichton-
berg Figures” A, 1. B, . JounnaL, Oct. 1920, V. 45, pp. 934-939.
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open-wire line carrying eight wires. Approximately twenty
recorders were in use during the major portion of the lightning
season.

In no case did we obtain record of more than two surges
during a single storm, and usually only one surge per storm was
recorded. It should be noted that in our case the klydonographs
were connected directly to the line, there being no line voltages
to contend with, so that when only one surge was recorded, it
means that during that storm no voltage in excess of 2000 volts
was obtained on the line. The results also show that the surges
produced by lightning are either unidirectional or highly damped
oscillatory surges. Our data also agree with the conelusion given
in the papers that lightning arresters do not protect the line
against flashovers, even at relatively short distances from the
arrester. For example, in one case six recorders were placed on a
line wire within 1000 ft. of the protector. The first recorder,
located at the arrester, showed no evidence of potential. The
second recorder, located only 66 ft. from the protector, indicated
a voltage of approximately 8000. The third recorder, located
994 1. from the protector, showed voltage above the range of
the instrument, and the fifth recorder, located 700 ft. from the
protector, flashed over between the electrode and the ground
plate.

Our data, however, do not support the conclusion that the
clouds which produced surges are always of negative polarity,
resulting in positive induced voltages or negative direct-stroke
voltages. None of the telephone wires under test was directly
hit by lightning during the period of observation. Nevertheless,
extremely high surges of both positive and negative polarity
were recorded. Both the positive and negative surges were of
relatively steep wave fronts, which also does not support the
conclusion that the surges from positive lightning strokes are
slow, of the order of 0.01 sec. A summary of our results shows
that five storms produced positive surges and three storms
produced negative surges, while three other storms showed
positive and negative surges. These last surges we have attrib-
uted to discharges between clouds, rather than hetween cloud
and earth. Even in these cases, voltages induced were well
above the range of the instrument.

As pointed out before, many high-voltage surges were ob-
tained on the telephone line. However, these surges were
of extremely short duration, and in no case, even where the
recorders flashed over only a short distance from the protectors,
did these surges cause any damage to telephone cables, or
permanently ground telephone arresters, as usually occurs
from lower voltages imposed on telephone lines either by indue-
tion from, or momentary accidental contact with, electric
light and power circuits. While in the latter cases the voltage
may be applied for only 0.1 see., still, this time is so much longer
than the period of application of the lightning potentials that
the effects are more severe even though the maximum voltages
reached are substantially smaller than the lightning voltages.

Fig. 8, in the paper by Messrs. C'ox, MeAuley and Huggins,
gives a diagram of connections for lightning-arrester lests.
This diagram shows the klydonograph connected to the same
ground as the lightning arresters. With this connection, the
klydonograph merely records the drop in potential across the
lightning arrestor, and not the potential of the line to ground.
During heavy discharges the potential of the protector ground
connection may bhe many volts above true earth. In order to
obtain a record of the effectiveness of prolection at a given
loeation, it is necessary to connect the ground plate of the
klydonograph to an independent ground.

R. W. Atkinson: Mossrs. Cox, McAuley and HMHuggins in
their paper state that transient voltages are a rare and unim-
portant cause of cable failure. These mny of eourse he com-
paratively rare without being comparatively unimportant.
Lven a fow failuves per hundred miles per year fov a given eause
ave ovidently a matter of great eoncern to operating companies.
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The writer sharae what he bollsves s & genors) agrepment in
the industry with the opigdon exprewsed by ihgse authars, that
tranatent voltages pre not o major cayse uf eable failure,  How-
vy, baihy of these papers throw a great deal of light on the Pact,
whieh has bean known that o gertaiv nyinber of enble failures
have reaylted from trunsient voltages, particularly trom piusual
transiont volinges.  For inslsngs, itis shown it these pupers, that
oertain types of bransionts are of selutively low frequeney sush
that they teavel with substantistly sustained penks tiroughout
the system, It is also pointed out that some of these are of e
sane sharaster and thus materially more havrmful thun a sipgle
impulse.  Pprohably the most direet applicstion of this i in
ocunuection with the testing after installation with alternuting
ourrent whiesh fortunately is now becomiug a thing of the past

Thus, while a transient voltage of g given number of vimes the
operating voltage may be only slightly or not at all dertruetive
a transient of the suime number of times a test voltage may he
vary destructive.

There is an effect of even comparativelv small over-voltage
trausients whieh is usually overlooked, but which, as has heen
pointed out previously, may well be of importagiee. The shape
of the eurve of power tactor versus voltage of a cable is differcnt
depending upen the direction of the cyele, that is depending
upon whether the voltage is heing raised or lowered. 'To what-
ever extent this chunge of power factor with voltage is a measure
of ionization of air spaces witlun the cable, thissimply means that
the amount of ionization at a given voltage depends on the
previous history, and is greater if the cable has been subjected
previously tc a higher voltage. The action of a transient volt-
age has been likened to a trigger, wlich releases the energv from
the normal operating voltage in such a way that its effect may b
as severe as would be a steadily maintained operating voltage
of cunsiderably higher magnitude.

Published reeords show not only that there are individual
instances where cable failures have been directly traceable to
transient voltages but information is published in at least une
instance concerning a system where a changs with respect to the
amount of transient voltages existing, produced an mmportant
effect on the number of eable failures experienced.

1 wish to emphasize that transient voltages are important in
connection with cable operation, and that it will be very valuable
to eontinue to ohtain information as to the transient conditions
in various systems go that these may he evaluated in terms of
what might be termed an equivalent steadyv operating voltage.
Where a system is exposed to such transient voltages, it is
obviously just as important to make the apparatus on it capahle
of meeting any transients which cannot be prevented, as it ig
important to have the apparatus and cable meet the steady
operating condition.

Yet one more word as to a specific instance where the data
shown by these authors explain that cable may be subjeected to
damaging transient voltages. |f a cable insulated for relatively
low voltage is connected to an overhead line insulated for con-
siderably higher voltage, it is obvious that lightning potentials
sustained by the cable may in this case he especially destruetive

F. W. Peek: The klydonograph is of special interest to
me because it affords further means of checking conclusions
regarding lightning which 1 arrived at several years ago. [ am
going to tell you a little about my work to show how well it is in
agreement in the most ilportant respects with the results of
Messrs. Cox, McAuley, Huggins and Lee and Foust.

Several vears ago | undertook to determine, if possible, the
order of the voltage and other characteristics of lightning, the
gradients produced, ete.; the magnitude and character of light-
ning on transmission lines; the strength of apparatus and line
insulators when subjected to lightning voltages; and the value
of the ground wire and other protective apparatus. With such
information it is possible to make lines that are immune from
lightning. Whether or not immunity is secured is, to a great
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prlont, i econotple problesm Thi re wlts of Yy Ihvestigation
have already besn given to the Tnatititte = Asftur aa | kiviw 1
waa the first titne that catimatos of the sotual valuse of Jightaing
vollages oh transmibssion lines wore over sl The rules for

procdetorminttg ghtathg soltages and the lighining strength of
insulators, elo, are ulte mine | will givie a biftef symmary of
my cancluston

The vollage of o lightuinig flash s of the geder of 1O, (NN (),
the current 80,000 amperes and the snorgy 4 hir The maxi
i grsaliont @ 1O kv U (G380 kv o T'he disshisrges aro
wsually non-osallutory and tien take placo b s few
Nierosseonids

Lightnang disturbances on transmisasion lines ure gonerally atoep

sl it

waves of n few nnerosee. durntion thoygh the lower voliage
disturbuasees ay be of tumger durgton. The juduocsd voltags
inereases directly with the hoght of the conduclor 1 1s found

by multiplying the npparent gradient by the height of the line,
bat is limited hy the lghitning flashi-over voltage of the jnsulntor
Thus V gah @h. When ks the height an feet, ¢is ths
gradiont in volts and @ 1= & factor dopending upon how rupidly
the olond dircharges.  is the apparent grudient T'he wipxi-

munm possible gradient s JRLOM0 - volts it 330,000 v olt
meter).  This value can usually apply only in ease of o direet
sLroka In practise, hecause of the time required to dischargo

the cloud, ¢ 15 usually less than 50,000, A voltage wave 15
redueed in a few miles by corona lasses.  After the wave s waell
ander way the voltage is also reduced to one-half becsusy part
of the energy becomes magnetic. The lightning flash-over volt

age of insulators und the strength of insulation is always highe

than the 60-cvele values An insulator flash-over eurve made
by artificial lightning haz been checked to 1,800,000 volts hy
natural lightning with good agreement,

The ground wire, by cutting hghtming voltages in half, has the
effect of inervasing the line insulation and at the same time
reducing the stress on apparatus. 1t must be properly installed.

I a line is over-insuluted, apparatus failures may result af
proteetive gaps or arresters are not used

Reasons that more trouble is not expericuced are that maost
high voltages aoriginate at some distiance from the station, and a
large number of induced voltages are from slowly discharging
clouds.

By comparing the lightuing strength of apparatus and insu-
lators with possible lightning voltages the probability of futlures
and outages can be estimated.  Whether a line is made immune
or not 18 i queslion of economics

It ean he seen that my conclusions agree. in most respects,
very well with the conclusions arrived at in these papers.

I was particularly interested in the value of 1800 kv, given
by Lee and IFoust for the lightning tlashover voltage of a 14-
unit insulator string as nieasured by klyvdonographs on an actual
line. [Estimates were made of the maximum possible and usual
highest lightning voltages for sueh a line, and are given in Table
Finmy paper’.  ‘Theinsulitors are-over vatues are given as 1800,
For conductors 40 1t. Ingh the maximum possible voltage is given
as 4000 fev. and the usual highest 2000 kv, without ground wires.
Either of these values is high ¢nough to cause insulation Hash-

over. The maximmn voltage would he limited to 1800 kv. by
the insulator.  This is the value actually nieasured by Lee and
Foust.  The values in Table | were made long hefore such a line

had been built.  Table I also shows the effectiveness of a ground
wire on such a line.

H. B. Vincent: | want to ask a few questions of Messrs.
Cox, McaAuley and Huggins on their paper. In the duata sub-
mitted were the lines in all cases energized, or were there any

8. . \W. Peek, Jr.. Liguing and Other Tronsients on Transmission
Lines, TranNsacrions, AL KD 1924, Vol 43, page 1205, Lightning,
Journal Franklin Institute, Feb. 1925,

7. K. WL Peek. e Laghtning (A Study of Lightning Iteds and Cages
with Special Itefecrence to the Protection of Oil Tanks), A. 1. E. E. Joun-
NaL, December, 1926.
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cases where the records were taken of the lightning voltage
while the line was not energized?

There is no mention made of any so-called eontrol devices in
connection with the insulators, which might or might not affect
the flashovers? Referring to their Table I, in case No. 2, which
is a 140-kv. line, thev recorded 2 flashovers with a voltage over
10 times normal, and on another line of the same kv. they had
15. Now, did the first line only have 2 and not 15 because there
were fewer lightning storms, or were the insulators installed
with some eontrol device which presumably decreased the pos-
sihility of flashovers? If such records were kept, I am wonder-
ing whether it would throw any further light on the question
of flashovers. [ am not questioning the value of the klydono-
graph, which is beautifully shown and recorded. But, inasmuch
as the cause is tied in with the effect, (the effect being the flash-
over of the insulators), I simply question whether anything has
heen lost sight of in not mentioning the matter of control devices.

The operating man is also interested in the amount of damage
that is done, as much as he is in whether the voltage is ten times
or twenty times normal. I am wondering whether the data
could not be amplified to show the effect a little more clearly,
in arddition to the cause.

R. G. Hooke: The Public Service Electric and Gas Company
of New Jersey, with which I happen to he associated, have heen
using the klydonograph for nearly three years, and I want to
amplify a little the data that have heen given; particularly that
in the paper by Messrs. Cox. McAuley and Huggins. In their
Table V. they give the relation hetween causes of surges and
magnitudes.

I compared this roughly with our own reeords, because it is
given as the average that might he expected on any one system,
and | wanted to see how nearly our system lined up w ith that
average. | found that the percentages due to different causes
were rather interesting in that we had only ahout half as many
surges resulting from switching at the klydonograph station,
whereas we had twice as many as they give caused by switching
at other points in the system. From that table also it appeared
that we had an unusually high percentage of surges of the larger
magnitudes. This is brought out particularly, perhaps, in their
Table VI.

I would eall attention to their remarks that, “On one particular
system the surges identified with short circuits were considerahly
higher than the average, For instance, this system accounted
for 26 of the 32 oseillatory surges of 2.6 times normal voltage
and over. Its only apparent difference from the other systems,
all of which were gronnded solidly or through a low resistance, is
the presence of a 75-ohm resistor in the neutral ground.” They
also say that “The highest voltage recorded was 4.6 times normal.
Only ten surges or 0.4 per cent of the total were over four times
normal. Of these, six were on one cahle-and-open-wire system,
where certain contributory operating conditions prevailed.”

The system referred to, happens to be that operated by
Public Service Electric and (Gas Company in what we call our
Southern Division. We have in Trenton approximately 10 mi.
of 26-kv. cable, connected through ahout 32 mi. of open wire,
160 a ecable network in Camden. Tn the latter city there are
ahonut 20 more mi. of 26-kv. cable, ineluding ties with the Phila-
delphia Kleetrie Company. | am going to give the detuils of two
or three of the higher surges in this area because I think they
arc of particular interest.

We have recorded about 500 surges there in two years; 4.6
per cent of these have been between three and four times nor-
mal and 1.4 per cont have heen above four times normal.  The
highest was 4.7 times normal,  That highest surge was caused by
a cable failure in Trenton. A report was received at our office
that o cable was smoking,  Wae sent a man out to investigate, hut
before he eould get there the eable failed.  Simultaneously,
we lost o cable in Camden not far from the klydonograph loeation.
T'he disturbanee, therofore, onginated in Tronton and traveled
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some 40 mi. to cause trouble at the other end of the system.
This. however, is the only case in our records of a failure which
may have resulted from a high surge. On the contrary, with one
exception, all of the higher over-potentials appear to have heen
the result of cable breakdowns rather than their cause. The
basis for this statement is the fact that insulation failures
frequently are not accompanied by surges, but the surges, when
they do oceur, are always coincident with faults. This means
that if we eliminate the cable faults, we shall practically eliminate
the high voltages, as is brought out in the paper.

The one exception that I mentioned is interesting. It was
a surge of 4.6 times normal and was the result of an aceidental
relay operation. A line was tripped out which happened to be
carrying a fairly heavy load, together with the synchronizing
power hetween our system and Philadelphia. We have no satis-
factory explanation for the resulting surge. Similar switching
operations are quite frequently performed. We often separate
from Philadelphia intentionally and we never have had any such
cecurrence on any other cecasion.

We have also had a klydonograph located in another trans-
mission system containing something like 135 mi. of open wire
and 51 mi. of cable. This system was operated for a good many
months with a solidly grounded neutral, but it has now heen in
service for about six or eight months with a 75-ohm resistance
in the neutral. At the time we e¢hanged the operating con dition,
we made some fairly extensive ground tests with different neutral
resistances; we tried 75 ohms, 150 ohms, and 300 ohms, throwing
grounds directly on the system. The objeet of these tests was
not to see what surges we would get, but to try out the funetioning
of our relays. The surges which oceurred, however, are very
interesting.

While operating with a solidly grounded neutral, three tran-
sients of ahove four times normal were recorded due to the
deenergizing of low-capacity equipment in the substation where
the klydonograph was located. Surges of this nature are men-
tioned by the authors and since they are of very short duration,
they are not considered to be important. They are, therefore,
excluded from the following table which gives the results obtained
with the different neutral resistances. Southern Division data
are included for ecamparison.

Southern

Central Div. Div.
Neutral resistance, ohms. . . . 0 75 | 150 300 75
Number of surges recorded . .| 240 | 115 9 15 498

Per cent from 1 to 1.9 times|
normal voltage. ...... ...

.| 84.6 75.6 55.5 46.7 84.
Per cent from 2 to 2.9 times|

[,

nopmal. .« cul. . llaaadibl 15.4 21.8 44 .5 46.7 9.5
Per cent from 3 to 3.9 times

NOTTRAL. = boven-p - raffl]" i 0 2.6 0 6.7 4.6
Per cent from 4 to 4.9 times|

normal.............. 0 0 0 0 1.4

These figures indicate very clearly that the higher the resistance
in the neutral, the greater will ke the percentage of surges of
the higher magnitudes. Under no conditions, however, have
transionts in exeess of four times normal oceurred in the Central
Division.

Comparing this with the data obhtained in the Southern
Division, as indieated in the table, it appears that nearly twice
as high a percentage of surges hetween three and four times
normal have been rocorded in Camden on the 75-ohm resistor,
and that seven, or 1.4 per cent of the total, have heen above
four times normal, whereas there was none of this magnitude
in the Central Division. Obvionsly, there is some difference
hetween these two transmission systems and the high surges on
one eannobl he explained on the basis of the neutral vesistor.
1t happens that at numerous points in the Southern part of
New Jersoy, the soil is dry wnd sandy and we find it dillienlt
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to ubtain Jow-reaistanss grounds al our etaiions and sybstations
Binoo the high surges whieh bave atourrgd sepin, B genhoral,
to be due 1o fauls in eertain arand, whila faulis in other parts
of the sysiom cause much leas voliags disturbance, we arp of
the opinion that the gronnd resistanes at the point of fuult is
of partionlar impartanes.  1n fuot, it i3 of mare importanse than
the reaistanep which we find ju neo iry to use in the neytral in
order to keep an friendly terms with the ‘Pelephone company
whose linez parnHel eertain of our transmission oirenits

To summarize, then, with different neutral resistances, we liave
found that the highor the resistance the niore surgoes might b
expected of magnitudes of between two and three tunes normal
but there is very little likelihoad of any transients of abave four
times nornal cecurring even with 300 ohms in the ground con-
neotion unless there are other eayses either in the constants of
the sysiem or in the ground resistance at the point of faunlt
In connection with this general diseussion, it is of interest that
10 one case an areing ground in a eable joint cauvsed surpes of
less than 2 times normal for a period of about 30 he., the figures
being obtained intermittently until complete failure finully
developed.

In studying our particular problem, namely the high surges
which occur in our Southern Division, we are now planning
to install three or four more klydonographs in the area, attempt-
ing to find out whence the surges come and whither they travel
We have only had one instrument in that whole system thus far.
We have, however, carried on some cooperative work with the
Philadelphia Fleotric Company. They installed a klydonograph
on their side of the Delaware River about 4Y mi. from our
klydonograph station. We found that for a surge to be recorded
simultaneously at both places it must be over two times normal
on one side or the other. Attenuation amounted to about 45
per cent in the 4 25-mi. cable tie. We think that is very interes
ing because with the klydonograph at one point if we get such
an attenuation we don’t know very much about what the sSurges
may be elsewhere. However, in spite of the surges which we
have—and I think they have been as serious as any company
has experienced—we tend to disagree with those who charge
cable breakdowns to high-voltage transients. We feel that the
cable which we are now able to buy, in view of the voltages which
it stands on test, should be almost entirely unaffected by surges
up to four or even five times normal. I don’t see any way to
draw definite conclusions on this point, but it would be very
interesting if some manufacturing company could conduet tests
to determine the effect of transient voltages on eable insulation.

J. H. Cox: In the development of the klvdonograph, we
found the probable error of a record to be about =+ 15 per cent,
with a possible error of about 30 per cent. It is encouraging
to note that the Messrs. Lee and Foust check this value.

There are two prineipal points in which the authors’ procedure
has differed from ours. They have used two oppositely con-
nected electrodes for each connection, and they have used a
different form of potentiometer for connection to lines. The
use of two oppositely connected electrodes has certain advantages
as pointed out by the authors and it is to be commended under
certain conditions. Its principal advantage is that it gives a
positive measure of the maximum voltage when the potential is a
damped oscillation and the initial impulse is negative. There
Is also some advantage in having a positive figure for a negative
surge, but it must not be inferred that the negative figures are
entirely useless. The hiding of the small negative figures hy
the normal voltage band in the single-element instrument, can he
prevented, if desired, by setting the potentiometers to elim-
inate the normal voltage band. In any ecase, negative records
above 2}4 times normal will be detected and it is question-
able if surges on transmission lines below this value are very
important. The advantages of the double connected arrange-
ment are gained at the sacrifice of certain others. The instru-
ment has a higher electrostatic capacity and hence imposes a
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maler burden ob the neesesnry rlostrontatio potettivmeter,
{1

5hh-h at hest ha Jiow enpacity itself [t makos 8 mgre {3

v urrangenent both hii installation nnd in oparation ae |g

et | i
aliminates the possibility of the mu““ oleotrode {nstrument
With the Inherent iunceurnsy of spring elecks, having the
records of Uhre tepmibals o1 one lilm makes the time reéord

mtiesh pore complote A doublys electrode arrmngennnt was oop.
fdered when the fiest ity pe klydonograph was dosigned,
but 1t was dissarded nt thet thinein favar of vur l’""‘"n_l Brrafigo.
mrent However, the method ta be preferrad for n partioylar test
is deternnned by adiodual opiaion und the nnture of the test.

Whtle the authors hunve gons Lo greator velinsinent in the
instrument they have chosen the opposite trend in the poten.
Homelers used of 1 string of suspension insulators
potentionicter was suggested for approximate work by
Cox and Legg 10 their paper on puge 869 in the 1920 T'haxg
ortons, AL E When thie klydonograph was first developed
this form of potentiometer was investignted by Mr. Poters and
wnsatisfactors . The scheme works well as Jong
remain constuni, and as long as the insy.
lators are diev, or wet and elewn, but when the insulators be-
come slightly ity und get wet, as is ievitable in service, the
leakage conductunce disturbs the ratio.  This can he readily
geen by a compurison of the electrostatie eapaeitios involved.
The eapacity of the singly connected film-type klydonograph
s about & nucro-microfarads per terminal. [ have been (old
that the capacity of the doubly conneeted klydonograph is
23 micro-mcrofarud Ity greater cupucity is due to the fact
thut 1t hus two terminals and a ground sheet connected to
one of thet The capaeity of a single 10-in. insulator disk
is about 2 cro-tnerofurads, which value is divided by the
nunher of neolators 1o series. [t is easy to see that a vari-
able leukage path in parallel with a eupaceity which is smaller
than the conneeted instrument will seriously disturb the ratio.
As mentioned the authors, this disturbanee should be less
for impulsive appheations than for the normal frequency.

The autho ntion the effeet of a change in the lengths
of the lead e Thisis inevitable where sueh small eapacities
wre iuvolved.  In an actual test it is often difficult to keep the
lengths of the leads down to 5 1. Altogether, the most desirable
form of potentivmeter is that having the highest capacity.
At best thisis none too high.  The eapacity of a 6 ft. ring of 2-in.
iron pipe mounted 12 in. above a ground plate is from 100 to
200 miero-microfarads.

We have recently made use of condenser bushings as poten-
tiometers. The klvdonograph is connected from one of the
condenser steps to ground.  This seheme gives excellent results.
The arrangement is not subjeet to as many variable leakage
paths as the others. Furtherinore these paths are not as im-
portant since the capacity across which the klydonograph is
connected is from 250 to 800 micro-microfarads. No ealibration
in the field is necessary as the bushing ean be designed for a
definite ratio and this ratio remains fixed.

H. L. communicated after adjournment): The
following data as to the magnitude of voltage surges experienced
whf)n switching high-voltage 66-kv.) cable cireuits may be
of interest.

The circuit was as follows:

No. 1 Breaker Connecting 11-kv. generating plant bus to
30.000-kv-a. transformer bank stepping up to 66 kv.

No. 2 Breaker Connecting high-tension side of transformer
bank to 66-kv. cable cireuit.

No. 3 Breaker- ‘Connecting 66-kv. cable to low-tension side
of 6(‘)-1.\\& 132-kv. transformer bank. Length of cable eircuit
81y mi. 3 single-conduetor 500,000 eir. mil. cables 30/32-in.
paper insulation 9 /(4 lead, spaced vertically 614-in. eenters.

No. 4 Breaker Cunnecting high-tension side of bank to

Tlies une
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discarded n
as the surroumcding

Wallau

132-kv. 40 three-phase circuit 47 mi. long.
Tests were made at no load.
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The magnitudes of the over-voltage surges were obtained
from oscillograph records.

CLOSING BREAKERS

C, indicates breaker closed before test
0, indicates breaker open before test
X indicates breaker closing under test

Max. over-volt-
| ages on 66-
| | kv. cable,
3 | 4 | per cent

Breaker number

I
|
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62.
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*66-kv. neutral ground open at far end.

OPENING BREAKERS
C, indicates breaker closed before test
O, indicates breaker open before test
X indicates breaker opening under test

[Maximum over-
Breaker number | over-voltages
-— | on 66-kv. cable,
' | per cent
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| 1 37.0

*66-kv. neutral ground open at far end.

The maximum over-voltages obtained were for both closing and opening
operations when the first 66-kv. breaker (No. 2) was actuated. For the
closing operation the highest surge obtained when the 132-kv. bank had
been previously closed on the cable circuit through the No. 3 breaker. thus
simultaneously energizing hoth the cable circuit and the transformer bank.
For the opening operation the next highest surge resulted when deenergiz-
ing the cable circuit only.

A. L. Atherton (communicated after adjournment): We
who deal with lightning arresters have what is perhaps the most
indefinite problem in the electrical industry today. Although it
is recognized that the results secured thus far do not cover all
conditions and are not extensive enough to justify the drawing
of final conclusions, there are several points of vital impertance
to the lightning-arrester question which warrant notice.

(a) First of these is the amazingly small number of times a
lightning arrester is called upon to operate in a season. In the
old days, when electrolytic lightning arresters were generally
used, the manufacturers’ recommendations for setting of the
series gaps were rather indefinite, it being left to the user to
adjust the gaps so that the arrester operated frequently but not
too frequently. It was general practise to set the gaps so that
the arresters operated quite often. The customer had invested
some money and wished to have some visible evidence that
he had bought something. It was not infrequently the case
that these arresters would operale many times in a single storm
and possibly several hundred times in a year. Observe now the
date of Table 1V, keeping in mind that voltages less than double
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normal line-to-line voltage, which corresponds to 314 times
normal voltage to ground, are not in the dangerous class and do
not require an arrester operation. It is to be presumed that
the only times when the arrester would be required to operate,
would be for those voltage values greater than 3.5 times normal
for which a flashover did not occur along the line. The total
number of these is less than two per year per location. If we
include those cases when the line insulators flashover, the
total number of voltages in excess of 3.5 times normal is less
than 6 per year per location. Even including all cases of flash-
over, to consider the condition of line insulation so greatly
inereased heyond present practise as to eliminate flashover, the
total is less than 18 per year per location. Thisisa very startling
reduction below the previous conception of how many times an
arrester should operate in a season.

These figures are averages for all voltages and the weight of
data lies at the higher voltages. The variation with voltage
will be touched on later.

(b) Along this same line is another point almost equally
startling. For years we have considered that it 1s desirable to
provide as short a path as possible between lines to take care of
switching transients. It appears clear from the information
available here that switching transients are practically negli-
gible. Wherever the length of line involved is appreeiable, the
voltage is low, and in general the voltages in excess of the value
314 times normal voltage to ground for which an arrester opera-
tion might appear to be required, occur on very short lines and
therefore are practically negligible because of short duration.
The funection of a lightning arrester is definitely the protection
against lightning voltages.

(¢) All of this arouses renewed interest in the time-honored
question as to whether arresters are required on the higher
voltage systems, and if not, where the dividing line can be
placed. From the data given, it is clearly evident that voltages
dangerous to the insulation of any apparatus at present made or
contemplated for commercial use may readily be induced in the
line conductors, providing the cireuit is located in a territory
where lightning conditions are at all severe. It appears that
the magnitude of voltage which reaches a station is determined
in general by the flashover value of line insulation. Insula-
tors flashover even on lines for the very highest voltages. One
way to look at this question then is that the need for lightning
arresters is dependent on the ratio between insulation strength
of the apparatus and flashover of the line insulators both pre-
sumably under the same conditions of transient voltage. Con-
sidered on this basis, the line insulators probably offer the
same order of protection to terminal apparatus throughout the
voltage range and, if this line of thought is correct and complete,
lightning arresters are as necessary at the higher voltages as at
the lower.

To get a further idea as to the relative need for protection in
the various voltage classes, and to try to take into account the
number of overvoltages pér year which was neglected in the
line of thought we just followed, we may total the data of Table
Iby voltage classes as follows:

|Surges per station per year!

Without With and |[Without flash-
flashover without flash-| over, 3.5 times
System 3.5 times over, 3.5 normal and
—_— | — normal times normal | above plas all
No. Voltage | and above and over with flashover
26 and 27 6.6-13.2 | 0 6 29
20 to 25 22-23 5 8 23
9 to 19 4466 2 8 18
1t08 100-220 1 3 | 13

In this summary, fractional values are given as the next
higher whole number.
There may be indications of a slight trend toward higher
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figures for the lower voltoges, but there is no indieation that
the figures nre of o different order of magnitude. On thi
busis, the need for nrvesters seems to bo abont the same For
all voltages, neglooting nny differences tlrere may be in faetors
of rufoty of apparatus insnlation and relative nuportunce of
serial continuily,

Assuming, for the moment, that the need is oqual, we Jnust
not take this to menn that the justification for the use of present
day arvesters is equal for all voltages.  Justifieation for use
still depends on economics and the cost per kv. of present-dny
arrosters inerenses very rapidly with voltage in the highar ranges.

To get the correet idea from these thoughts, we must keep
m mind that experience with and without lightning arresters
at the middle voltage elasses, 33 or 25 kv. and down, has cleurly

Vor7aGs

Frg. 2

demonstrated that good service cannot- be rendered without
lightning arresters if the cireuit is in a loeation where lightning
1s prevalent.

We must also keep in mind that we cannot draw definite
and final conclusions at this time. The data are not nearly
complete enough to eliminate the possibility of large errors.
It is interesting however to note the trend of opinion as the
information accumulates.

(d) One further point in this eonnection hearing particularly
on the question of line insulator flashover and the measurement

) VoLTrce AT wwick Fissmover Occoes
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Fic. 3

of transient voltages which I should like to stress is the rather
general present practise of referring to ‘‘Impulse Flashover
Value” for insulators or insulation. It seems to me that this
1s a very dangerous practise. When we say impulse flash-
over voltage, we give the definite impression that there is one
such voltage value for any particular piece of insulation. This
is not the case. The impulse flashover voltage may be any-
thing between the 60-cycle flashover voltage value and some
value very close to infinite dependent on the duration of the
application. If we apply a million volts to a path. and flash-
over occurs after one microsecond, it is evident that we can
prevent flashover not only by reducing the voltage value but
also by reducing the time. A curve something like that shown
in the accompanying Fig. 2, doubtless exists. It is difficult to see
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how we e justily speaking of wuchi noeurve by one vollage
vitluo and it is very susy Lo soe low ateh o loese praclise may got
us into mideonception nnd futire trouble

Vor exminple, it we determing the " Tmpubio Flashover Volt
ape’’ for w string of sulator by nwpplyime o rupidly insromsing
voltage wnd nuuwsuring the voltnge al the flashover by menns
of a sphere gap or klydonograpl, wo mensurae the voltuge vaine
indientod in Rig. 3, herowith.  Weget the smine kind of value ax a
maximum by klvdonograph tests in servieo at the time of flu h
over. When the klvdonegraph says O Limes norial voltage for a
Hushover, the indueod voltage may huve hosn on the way to 100
times normal wlhion the fashover stopped it Hwe refer to thi
kind of valne as the “impulse flashover voltage,” we give the
improssion that lower voltage vatoe: will not cause flashover,
Suppose, howoever, that a transient voltage nppears which never
reaches this erest value bnt persists for some mieroseconds. 11
is entirely possible that such a transient will enuse flashover,
and if transient voltages on transmission circuits may be of
appreciable duration, sueh as 10 to 20 microseconds, as is likely,
this voltage value may bo very mueh helow ““the impulse flash-
over voltage’ ahove referred to. 1t is not unlikely that some of
the flushovers with relatively low recorded voltages may be
explained in this way

There is a growing interest in the proper proportioning of
line insulation, apparatus insulation, and protective equip-
ment to make the design of systems consistent ag a whole. Tt we
base sueh system design on a single voltage value, as the tendency
now is, we are liable to he in error.  Even if we could assume
that a test, as in Mig. 3, gives one point of the curve of IFig.
2, we would still have no assurance that this ecurve would have
the same shape for varicus kinds of insulation, and when we
are dealing with sueh widely different things as air flashover
around insulators and dielectric puncture under oil in trans-
formers, the difference is not likely to he negligible.

The manufacturers have been asked to give impulse Hash-
over voltages for various kinds ol apparatus and line insula-
tion, particularly when applications are to be made on the
very high-vcltage systems in lightning territories. Such state-
ments are meaningless and can only lead to misunderstandings
and disagreements. Let us learn from past engineering experi-
ence that inaccuracies of speech are dangerous and adopt precise
terms in this matter as we have had to in others. If we must
specify a value for impulse flashover voltages, let us specify
also the duration of this voltage or better vet, a eurve of time
against voltage.

V. E. Goodwin (communicated after adjournment): 1
fully agree with the comments of Mr. Atherton and wish to
emphasize the importance of a proper understanding of the
term “impulse flashover” or “"impulse failure’” of apparatus.
It is, for instance, common practise to speak of insulators as
having a definite flashover or of the impulse strength of an
insulated structure such as a transformer. The flashover of an
insulator may be taken as illustrative, although this discussion
applies equally well to the puncture of insulation or to other
apparatus subjected to the action of transient phenomena.

Whether or not a given insulator will flash over depends on
both the voltage and the time of application. The lower the volt-
age applied, the longer the time of application to cause failure.
This means that the body of the wave is important since the flash-
over may oceur after the wave front has passed. On the other
hand, if the voltage rises to a high enough value the insulator
will flash over on the wave front, thus preventing further rise
in voltage.

When stating that a piece of apparatus has a certain impulse
flashover, it is necessary to specify the wave used in determining
this value and state whether the arcover oceurs on the front, or
if after the front has passed how long a time elapsed before the
arcover took place.

The terms “‘time lag’ and “‘impulse ratio” are open to the same




June 1927

criticism as the term “‘impulse strength.”  Time lag as ordinarily
understood is an indefinite term since the wave is not specified
and the lapsed time may involve a simultaneous voltage increase,
asin the front of the wave or it may be a constant or decrease in
voltage as in the body or tail of the wave.

One method of measuring time lags is to apply various over-
voltages above that which this specimen will withstand continu-
ously, and determine the times required in each case to cause
hreakdown. For this method to be satisfactory, the potential
must rise to its maximum value in a time short compared to that
required to cause hreakdown. Until the cathode-ray oscillo-
graph became available, this method could not be used for it
was not possible to determine the time relations satisfactorily.

The other and more common method for measuring time lag is
to determine the time required for the breakdown to occur on a
steep wave front after the potential has reached a value which
it could withstand if continuously applied. With this method,
the exact wave front must be known and several points taken.
Comparison of curves of these two methods for determining time
lag will show quite different results.

The term “‘impulse ratio” does not have a definite valie unless
the impulse applied to the test specimen is prescribed and
it is known that the breakdown occurred on the wave front and
not after the voltage has reached its maximum value.

The terms ‘“‘impulse strength, time lag, and impulse ratio”
have come to have a variety of meanings and are terms which the
Institute might well define to prevent confusion.

H. H. Plumb (communicated after adjournment): Mr. Cox
has brought out some interesting data in his first paragraph
under FExperimental Data, applying to lightning discharges.
His deductions appear to be somewhat in conflict with other
conclusions in the paper, and I wish to submit a different deduc-
tion which will harmonize the conclusions.

That there are surprisingly few discharges indicated by the
klvdonograph during a thunder storm, and the figures showing
positive, supports the deduction that only negatively charged
clouds discharge with sufficient severity and swiftness to make a
record on the klvdonograph. The few negative Lichtenberg
figures recorded may have been direct strokes in every case.
The evidence thus analyzed shows that in a thunder storm, many
discharges take place, from both positively and negatively
charged clouds; the discharges from positive clouds are relatively
slow and fail to register on the klydonograph; the negatively
c¢harged clouds are discharged swiftly and with severity, and these
usually register, with a positive Lichtenberg figure if by induced
or bound charge, but negative if by a direct hit on the line.
This view is in complete accord with Dr. Simpson’s theory and
Dr. Norinder’s results.

J. H. Cox and P. H. McAuley: Mr. McEachron has objected
to certain of our conclusions as somewhat premature with
present available data. It should be obvious that the inherent
variations in the physical conditions under whieh lightning
oecurs are reflected in any data obtalined, and that the reliability
of the conclusions is relative to the amount of data from which
they are drawn. Moreover, deductions from data of this nature
are invariably influenced, to a certain extent, by individual
experience. Several of the discussions illustrate this point.
T'o make a paper complete, however, results must he summarized
and conclusions indicated. As Mr. Peek has pointed out, the
magnitude of an induced surge is influenced by the rate of dis-
charge of the cloud and is less than the product ¢ h. Thus,
although gradients as high as 100 kv. per ft. (330 kv. per meter)
are reached near the earth’s surface, it is entirely possible that
surges high enough to flash over 220-kv. insulation seldom
are induced. [Purthermore, these higher gradients are present
only in the viecinity of the lightning stroke. The division of
an instantaneously released charge into two traveling waves,
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each with a surge voltage of one-half that of the initial voltage,
is one of the most elementary laws of wave propagation and was
not neglected by the authors. The reduction referred to was
from more than 1000 kv. to about 150 kv. This indicates a
rapid attenuation in spite of & maximum initial reduction factor
of one-half.

Mr. Schirmer has reported some results which appear to
conflict with Simpson’s theory of lightning. These, however,
are not so inconsistent when it is remembered that the voltages
measured on telephone lines are low compared to those on power
lines. Mr. Schirmer has some interesting data which show that
the drop across the protector ground on telephone cireuits is
relatively high. The drop across power-line lightning-arrester
grounds has not been investigated, but tests on this are now
being started.

Mpr. Vincent has asked some questions regarding test eon-
ditions which may have affected the results. In some cases
the lines were not energized during lightning storms. This did
not appear to influence the results very greatly. The only
influences of having the line energized are that terminal con-
ditions are different, and that the net surge voltage to ground
becomes the sum of the instantaneous applied voltage and the
surge potential. Lines 2 and 3 in Table I were of similar con-
struction, neither being equipped with control devices. The
difference in the number of surges over ten times normal was
due to difference in the lightning encountered. The only claims
made for flashover control devices are that they increase the
flashover voltage of the line, and therefore higher surge voltages
should be recorded on lines so equipped. In our experience with
the klydonograph, however, we were unable to detect this
difference.

Mr. Plumb has made certain comments regarding the first
paragraph under Ezperimental Data in the paper Transmission
Line Voltage Surges. 'This paragraph merely includes a number
of statements regarding the data recorded and what these indicate
at first sicht. The conclusions stated by Mr. Plumb are dis-
cussed in the remainder of Part II of the paper. For instance,
it is explained that positively charged clouds discharge too slowly
to cause surges on transmission lines and that the surges ex-
perienced, hoth induced and direet, are caused by negatively
charged clouds.

E. S. Lee and C. M. Foust: Several phases of the work on
Lichtenberg figure measurements of surge voltages have been
touched upon during the discussion, particularly by Mr. Cox,
and we wish to add a few remarks relating to the points raised.

Regarding the use of the positive Lichtenberg figures to record
all surges whether of positive or negative polarity, it is felt that
this practise is advantageous for three reasons:

1. Because negative surge voltages up to approximately 2.5
times normal give negative Lichtenberg figures upon a directly
connected recorder which are entirely obscured by the normal
line-voltage band, and the interpretation of negative figures
somewhat above this value may be uncertain.

2. Because negative Lichtenberg figure sizes are dependent
upon the rate of voltage rise to a mueh greater degree than the
positive figures.

3. Because the availability of both figures for all high-voltage
surges permits a more accurate determination of the nature of the
surge produeing the figures.

We do not consider the limitation of the two-recorder type of
instrument to a single-phase instrument to be a disadvantage,
since the certainty of the result obtained is greater. 'The use of
the three-electrode type of instrument as a three-phase instru-
ment requires that the conditions be arranged so that there is no
interference hetween electrodes.

We have investigated both insulator and electrostatic-potenti-
ometer methods of connecting the instrument to the transinission
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line and have neod the ineylatop-pate nlinnwle? meilud fof sovoral
Teas0us, among which are the fullowing

I Availahility of normal line insulatgr unite, ease of tustalin.
tlon agd small sfiacre faled

2 Rayuisite safoty I gssured by the yee of an jusulstor-
putentiometsr siring having & preator nuitdr of units {han poes
ma line insiladon

L Al measurements nre nade aerose a portion of the auraial
ling inaylation,

4. Laburatory (eals have pot demonstrated 1hat the eleotro.
statis-potontiouisier method may he relied upon for any grealer
degrvs of aconuraey than the fasulator-string method.

While there is sonsiderable svidense to auppert the sontenijon
that for tloyele voltages the distribution over a string of lnsula-
tors may vary with conditions, sueli a8 indicated by the decroass
in fashover under wet conditious, there also appears o by con-
siderable evidonve which indientes that ilis change in distribution
does not take plave where the applied voltages are of very stoup
wave frunt.  This seswms reasonable becayse of the mueh larger
charging ourront present with verv steep waves and the sonse-
quent uniniportance of the low surfaso-leakage ourrent. Dala
have been published which indieate that for steep waves the lash-
overs wet and dry do not differ greatly. Our laboratory test
on insulator strings of various lengths seem to bear this out
Using a wave front of about two microseconds the distribution
of voltage across the individual anits of a string of six insulators
was found to be independent of the magnitude of the voltage and
similar to the 6U-cvele distribution. These investigations
cheok our ratio results on various insulator strings at 60 c¢veles
and impulse voltage, und indicate that our ratio of line voltage
to instrument voltage will be constant and identiea) both wet
and dry on impulse voltages, and dry on 60 oycles.

The 60-cyele ratio with the string wet will vary somewhat due
to the increase in surface-leakage currents. The use of the
electrostatio potentiometer, however, does not seem to rectify
this coadition because the rings are still necessarily supported
by poreelain insulators, again supplying surface-leakage paths
which tend to disturb the normal frequeney distribution. As
regards the high eapucitance of the electrustatie potentivmeter,
this inay be a disadvantage since the higher the capacitance, the
greater the distortion of the surge voltuge from nornul.

Mention has beeh made of the lead effect shown in Fig. 24 of
the paper in connection with the insulator-string potentiometer.
The results shown on this graph were, however, not obtained upon
an insulator string but on an electrostatie potentiorneter. Whil
this potentiometer did not have the eapacitance of some of thos
which have heen used in practise, the results obtained do demon-
strate a characteristic whieh will be obtained in any type of
capucitunce voltage-dividing arrangement used. [n  such
devices, connecting leads should always be as short as possible
Therefore, Mr. Cox's statement **.\ltogether the most desirable
form of potentiometer is that having the highest capacity”
must necessarly be modified, siuce recognition must be given
to the faet that high-capacitance potentiometers distort the line
transient.

PAPERS ON GRAPHICAL DETERMINATION OF
MAGNETIC FIELDS
(StevensoN anxp PArk, JonxsoN AND GREEN, WiEBEMAN)
New Yourk, N. Y., FEpruary 8, 1927

C. H. Linder: Any simple experimental method of magunetic
field plotting is very useful in connection with & mathematical
investigation of flux distribution. Theaceompanying Figs. 1 to 9
demonstrate the efficacy of the iron-filing method for determining
the general form of a magnetic field.

DIBCURKION AT WINTEN CO
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I'his is a four-pole induction wowr with Use rulor reiaoved and Le
stator windings excitod with throe-phase curnonte for o parieylar iastant
of balaneod opcration  1'he 1100 Aligs are alignod Lo indicste (he*e polos
of the stator windig  Uhe tuft of the Allngs around the clrcyisferconm
of the stator is due to the proscoce of the stator tesids

-

Ko 2

The caleulation of slot reactance is usually nuade on Uhe assumption thal s
horizontal clement of curreut in the siot produces no flux betwosn e
vlement and the bottom of the siot T'he only Huy producad by the horl
zontal vlemont of curreut must vross the slot above the element sssuming
no saturation I3 these threo cases the current is coufitesd to a hurizontal
copper strip Intense magnetic Held exists above the element
bulow no fleld is indicatsd by the Hlings

L}

Fre.. 3

whervas

The strip of currens carrying copper along the side of the slot in the right
hand fligure reprosents. after a inavner, the current in the fleld winding of a
salient pole machine.  The flux ndicated by the iron Hlings is equivalent
to the field pole leakage flux.  Evidently, the flux donsity increasw from
2ero 4t the bottom of the slot 10 a mauximwum at the top of the current ele-
ment. The eenter and loft hund vxpusures have no practical application
but mercly indicate flux distributions with the current element in two
positions,
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Fic. 4

By superposing the magnetic fields produced by a current carrying
conductor located at a number of positions in the slot, the resultant mag-
netic field due to a current carrying armature coil can he obtajned. Super-
position of fluxes is only allowable where saturation does not exist.

Fic. 5

A number of theoretical magnetic circuits have been studied, the nagnetic
field being plotted mathematically, graphically and experimentally. Such
a circuit of rectangular form is shown here. The coils on the perpendicular
legs are magnetized to send flux upward. TFull potential, therefore, exists
between the top and hottom horizontal arms. "This accounts for the large
amount of leakage flux in the perpendicular gap between the coils.

Pig. 6

This circuit is identical with No. 5 except for the air-gaps inserted in the
horizontal arms,
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Fia. 7

This issimilar to No. 6 except that the coils on the perpendicular ar
magnetized in the same direction; that is, with magnetomotive forces
adding. The resultant flux around the circuit is the sum of that which
would be produced by considering each coil alone, neglecting saturation.
The flux density in the gap is very great, indicated by the tufting of the flux
at the gaps.

ms are

Fia. 8

The air-gaps are situated unde: the excited coils. Before  this field
was photographed extreme difficulty was experienced in an attempt to
construct the field graphically. The difficulty was one of magnetomotive
force distribution.

bl S 1 e

Fia. 9

The stator and a portion of two ficld poles of a synchronous machine with
a (Ifth harmonic cosine of magnetomotive force impressed along the stator
periphery. The flux distribution shown is the result. This particular
circuit was employed in certain studics made in conjunction with the prep-
aration of the paper ‘‘Synchronous Machines—Part J”’ by Messrs. Doherty
and Nickle.
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C. M. Latfoons The graphioal meihod of 1Bapping eluotrio
and magnotie flelds has beon used by dosigning puginesrs for o
large number of years to determine the physivsl dimensions nnd
porformance oharnoteristios of alootrioal machines, In most
inglances, ug partioular offort was mudo to jngure ghat the fux
distribution satisfied al) of the theorstion! aonditions, yot very
teournto and reljable results weore oblained. This wus partioy.
larly true tn ealenlating the magnitude and shape of the o m. 1
waves of rotating eleotriond machinery.

Tt hus only besn during the lust two or three yoars thal special
soneiderstion has heen given to the problem of determining the
distribution of the magnetio fleld in the spage vocupied by and
adjnoent to the elestrie conduetors, with greater nceurscy und
refinement, by means of both mathematical and graphioal
methods of analysis. There can hardly be any guestion but that
the mathematioal method of analysis is the most rigorous and
scientifie, yot in most cases the gruphicnl method is simpler
and more convenient to use, and gives squally reliuble results.
1t is for this renson that our own efforts have been confined to the
use of the graphical method.

In Mr. Wicseman’s paper, the graphical determination of
magnetio fields has been applied to salient pole synchronous
machines for the case in which the magnetization is produced by
either the stator or rotor windings alone. The flux distribution
for these cases are also given in the paper on Additional Losses
tn Synchronous Machines, by Mr. Calvert and myself. 1t is
interesting to note that the results are essentially the same in the
two papers. We have also applied the graphical method of
determining magnetic fields to turbine-generators in connection
with studies on additional losses and leakage reactances. In
this conneection, the distribution of the magnetic field in the
following parts of the magnetic eircuit of a turbine generator
have been determined:

1. Air-gap space for the following load conditions:

a. No load with rotor excited to give normal voltage,
b. No load with the stator excited to give normal voltage,
c. Full load at power factors of zero, 80, and 100 per cent.

2. End-bell space under the same load conditions as for No. 1.

3. Rotor and stator core at no load with the rotor excited
to give normal voltage.

Part of these results are given in our paper on Additional
Losses tn Synchronous Machines. Some of the remaining cases
will be referred to in a diseussion by Mr. J. F. Calvert.

J. F. Calvert: Tn making flux plots, the greatest assistance
that one can have is another drawing of a similar field. If a
suflicient number of type cases ean be solved then the solution of

|
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1 7

Fic. 10—A1r-Gap anNp INTERPOLAR FLux For a TeN-PoLk
MacuiNg

any particular problem becomes quite easy. It is probable that
twenty or thirty of these reference solutions would cover practi-
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cally all of the special types of problems which could be found in
making the two dimensional figures for rotating apparatus.
In electrical machines the arrangement of the magnetomotive
forces and the iron surfaces are usually such as to render a
mathematieal solution either very difficult or in many cases

l |

I
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Fic. 14—FLuvx DistriButTioN Across A RECTANGULAR Sror
Wues THE Conpucror 1s 1IN Conrtact Wit THE IrON

wholly impossible at the present time. Therefore, it would seem
that a good procedure would be to project the work by graphical
solutions whieh should later he verified or corrected by mathe-
matical solutions whenever possible.

Somewhat recently we have been doing work along similar

T
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Fro. 15—FLux DistuisurioN Acnoss A RecraNaurnanr Stor
Wiuen Tar Conptuetor 18 NoT IN CoNtacr Wita THE Thon

lines to establish graphical solutions, but our work was done
primarily in conneetion with loss studies.  The theoretical basis
of our work is described in thoe tatter part of & paper on Additional
Losses of Synchronous Machines. Tixamples aro shown there of
the npplication of the theoreticsl principles for plotting fields in
the interpolar spaeco on saliont pole machines, and in the air-gap
and end-bell zones of non-saliont pole machines. In the latter
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solutions for non-salient pole machines, both the stator and the
rotor windings are assumed to be carrying currents.

In Figs. 10 to 15 accompanying this discussion are shown graphi-
cal solutions to some other magnetic problems of interest. In the
figures showing the flux distribution inside.of the damper bars
under steady conditions, the exact location of the kernel or center
is rather difficult. The location of this point makes a consider-
able difference in the appearance of the picture, but usually
makes very little difference in the total amount of flux and much
less difference in the flux turn interlinkages. Mathematical
solution, however, should locate these points beyond a doubt.

J. S. Woodward (contributed after adjournment): In
discussion of the paper by Messrs. Stevenson and Park, Mr.
J. F. Calvert presented two figures showing the flux distribution

oy _
aspEEn
Fic. 16

in a slot containing a conduector carrying current. The correct-
ness of these two flux plots presented was questioned, and Messrs.
Stevenson and Park asked me to caleculate the distributions
by the mathematical theory, outlined in their paper. The
result of such caleulation is shown in Figs. 16 and 17 herewith.

Fig. 16 shows the flux distribution in a slot where the copper
and iron are in contact with each other. Here, the calculations
show there are two kernels, or foci, of the lines of no work,
located in the lower corners of the slot.

Fig. 17 shows the flux distribution for the case of copper and
iron insulated from each other, and here, there is but one kernel

Fie. 17

localed on the vertical center line slightly above the bottom edge
of the copper.

In hoth cases the fux lines at any appreciable distance from
the kernel are very nearly (lat, and the lines of no work are nearly
vertical as thoy approach the hottom of the slot. Neuwr the
hottom, they turn sharply toward the kernel and are crowded
togother in the bottom of the slot. An enlarged view of the flux
in the bottom of the slot is shown in the accompanying Wigs. 18
and 19, which refer to Figs. 16 and 17, respectively. The sharp
eurvature of the lines of Aux and also of the lines of no work is
ol partieular intorest as it illustrates the general statement made
in Part 11 of the paper as to the aetion of these lines in the
vieinity of the kernel.

Tho two cases undor discussion are of intevest, as they bring up
the question of the loeation of the kernel.  In froe-hand plotting,
the location of this point is important as it furnishes a basis for
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drawing in the lines of no worlk. The location of the kernel is
determined by the boundary conditions of the copper.

In Fig. 16, were the slot of infinita depth and not partly closed
at the top, the flux would go straight across the copper and the
kernel would become the line at the bottom of the slot. If the
slot were open at the top and not of infinite depth, the flux would
be eoncave downward and there would be one lkernel located on
‘the vertical center line of the slot.

In Fig. 16, where the top of the slot is partially elosed, the flux
is concave upward, and this condition, carried to the hottom of
the slot, causes the flux leaving the sides of the slot near the

1. 18

bottom to enter the iron before reaching the vertical center line
and as a result there are two kernels, one in each lower corner of
the slot.

In Fig. 17, if the slot were not partially closed at the top there
would still be but one kernel, located on the vertical center line,
but this kernel would be farther from the bottom edge of the
copper than is the case in the figure. Partially closing the slot
causes the flux near the top of the slot to have a curvature that
is concave upward, thus tending to depress the kernel.

In Fig. 17, it may be observed that the curvature of the flux
lines reverses approximately at the line marked 100. JFrom
there down, the curvature is concave downward; hence the effect
of the insulation predominates and we have but one kernel,
located as shown. It is possible to ohtain two kernels in the
general case of a partially closed slot, when the conductor is
insulated from the iron, by making the insulation thinner or by

Fig. 19

making the depth of the slot smaller in comparision with the
width.

In locating the kernel from a plot made by the mathematical
formula, where the flux lines close to the kernel are very flat,
two considerations may be followed. First, the general location
of the kernel will be clearly indicated, as it is known to be in the
region of lowest flux density, the density at the kernel heing
zero. Secondly, the flux lines surround the kernel, and the
rate of change of flux, along any line passing through the kernel
will change from positive to negative as the kernel is passed.
Hence, by taking O 7/0 z = O for a value of (y) known to lie
near the kernel, the (z) coordinate of the kernel will be obtained
to a high degree of approximation. Then, taking O R/Qy = O
along this (z) coordinate will be determined to good accuracy.
The accuracy can be made as great as desired by repeating this
process.

Th. Lehmann (communicated after adjournment): By their
ingenious extension of Professor Rogowski’smethod of calculation
to interpolar fields, Messrs. Stevenson and Park have shown that
in certain cases the Fourier method has some advantages over the
method of conformal representation, even though the latter
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method can be used to solve Polsson’s equation, as has already
been shown by 14, 3. Christoflel'.

But I maintain that Messrs. Stevenson and Park have fur-
nished hy their work a very weleome chock on the graphical
method of determining lines of force. The result of this ecom-
parison is satistactory, and the same is true of the very cloverly
arranged experimental cheek by Messes. Johnson and Green,
which corroborates perfoetly the sketehes of the lines of force
plotted by Messrs. Wieseman and Shildneck.

The fact that it was possible for Mr. Wieseman to obtain by the
graphical method values which ebheek within 1 per cent with
Mr. Carter’s equation for air-gap reluctance of infinite teeth,
shows eloquently the great accuracy which can be obtained by
the graphical method if it is used methodically and with
judgment.

Further, the charts and funetional curves given in these
papers for air-gap reluctance, tooth harmoniecs, reactances, ote.,
will be of service to practical engineers. and will save them a
great deal of worlk, for which much eredit should he given to the
authors.

One might perhaps think that the assumption of infinite per-
meability in the iron would reduce somewhat the praectical use
of the sketches of lines of force given by the authors.

I am of the opinion that, in spite of this, these sketehes are
still interesting and valuable, even in the ecase where the poles
are saturated. for the following two reasons. First, the satura-
tion of the poles does not seem to have more than a slight in-
fluence on the interpolar flux for a given useful armature flux,
even though the hody of the pole ahsorbs as much as 30 per cent
of the total ampere-turns. Further, even if one desires to take
account of the influence of saturation, the sketches of the lines of
force for n = o canstill be used as a basis.

I will later show how, with the aid of a sketeh of lines of force
obtained on the assumption of infinite permeability. one can
deduce rigorously the aetual distribution of the field when the
eireuit is saturated.

The sketches of lines of foree given by the authors are, there-
fore, still of actual practieal interest, even when there is consider-
able saturation in the iron, and it has seemed worth while to me
to emphasize this fact.

J. F. H. Douglas: In one of the three papers a preference is
expressed for graphical methods and I wish to say that with this
new development of a means of treating the interior of copper,
locating the flux and lines of zero work in that way, we have per-
haps the most valuable contribution that has been made to the
subject for many years.

The test methods which I have used—narmely, the use of high-
resistance templates—are inadequate for such cases. Neverthe-
less, I cannot quite pass the matter without protesting that the
difficulty attached to making tests with templates is somewhat
exaggerated. It is a very speedy method, both for determining
total reactance and also for determining flux densities to any
point of the houndary.

I have used all three methods and templates, and I find the
labor with templates somewhat less than in the case of using
graphical distribution, and decidedly less than that using the
funetions of complex variable.

I do not think that the possibilities of the funetions of complex
variable, however, have been fully appreciated. Generally the
writers feel it incumbent to evaluate the whole field of force.
Where problems of boundary densities are concerned, which alone
would be of interest in loss caleulations, and where problems of the
total reactance or permeance of the field is in question, then
there is a very neat way of handling Sehwartz’s and Christophel’s
theorem, which I don’t recall having seen in print. That is a
method of graphical integration around the boundary.

1. E. B. Christoffel. Annali di Mathematica, 1867, ser. I1, Vol. I, fasc. 1°,
p. 89.
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Schwartz’s and Christophel’s theorem is a very simple matter of
formulating, provided the boundaries are straight line boundaries,
but extremely difficult to integrate, except for the simplest
cases. Nevertheless, on the boundary, the functions are wholly
real and a graphical integration is easily possible.

I ask Mr. Wieseman one or two specific questions. I should
like, either now or in the written closure, information as to
whether Fig. 2 checks my 1915 work? and whether Fig. 3 checks?
my 1924 work.?

I should like also to make one or two detailed comments.
In Mr. Wieseman’'s paper is the statement: “‘If the number of
teeth spanned by a pole varies, a certain amount of flux pulsa-
tion is necessary.”’

There is one shape of pole which will avoid all pulsations when
used with armatures of any amount of slotting and every amount
of slotting; namely that pole shape which gives a perfect sine
wave on the equivalent armature circuit. Sucha punching could
be used with any amount of slotting opposite, without pulsation.
The proof of this proposition was given in the appendix of the
paper read by Douglas and Kane in Chicago two years this com-
ing June.

A rough calculation of Mr. Wieseman’s coefficient as A ¢ 1
and as A D 1 for complete range of pole pitches, air-gaps and
pole-face curvatures used seems to lie within the range of 40 to
60 per cent. It seems that the problem of obtaining extremely
high pull-out torque (I mean pull-out torques greatly in excess
of present ratings) is not vet possible without a radical change of
pole design.

It may be that there are some particular combinations of pole
piteh, air-gap and pole curvature which will give smaller ratios of
the transverse coefficient, but it should now he clear that in order
to develop extremely sturdy synchronous motors, it is needful
that the ratios of A ¢1 to A d1 should be brought very much less.

Vladimir Karapetoff: (communicated after adjournment):
The mathematical treatment in Appendix C may be given also in
the language of vector analysis. While the authors are justified
in using ordinary partial derivatives, so as to make the theory
comprehensible to a larger circle of engineers, yet, with an ever
increasing interest in vector analysis among younger engineers
and physicists, the alternative abbreviated treatment, added
helow, may not, for the sake of completeness, he out of place.
Several elementary works on vector analysis are now available,
so that the exposition is given without proofs or definitions. The
great advantage of this new ‘‘short-hand” language is that no
axes of coordinates are used (crutches or scaffolding, as some
vector analysis enthusiasts eall them), and the quantities con-
cerned are dealt with directly in their magnitude and direction in
space, thus bringing out more clearly the physical relationships.

By the definition of vector potential

H= -9V XR (1)
According to the magnetie-circuitation law
4mi =V XH 2)
Substituting H from (1) in (2), gives
—47i =V X (Vv XR) (3)

Sinee the vector potential is defined through its curl only,
an additional condition may be imposed; namely, that R is a
solenoidal vector (Vv . & = 0).

Hence

UX(@WXR) =V (V.R) -~ R(V.V)

— V2R (4)
Consequently, Eq. (3) hecomes
4mi = VR 3)

which 1s identical with Fq. (30) in the paper, v? being the
Laplacian operator. If, in Eq. (2), ¥ were expressed in

2. Polential Gradienl and Flux Density, by J. F. 1. Douglas and . W.
Kane, Trans, A1 K. T, 1024, p. 982,

3. The Iteluctance of Some Irregular Magnelic Fields, by J. F. H. Douglas,
Trans, AL I K, 19156, p. 1067,
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rational units, the factor 4 T would be entirely absent from the
equations, thus still further simplifying the result.

In a two-dimensional field, aeccording to Eq. (1), if the
component of H in a certain direction is zero, R must be constant
in the perpendicular direction. This follows direetly from the
defirfition of the curl as a line integral. Consequently, the
equation of a line of force is R = const.

At a point in the two-dimensional field, consider the direction
nin which R varies most rapidly. We then have from Eq. (1),
for the absolute value of H:

H=0R/On (6)
so that

dR=Hdn @)
This result indicates that an increment of R is equal to the flux
hetween two lines of force to which the two values of R refer;
Eq. (33) in the paper.

R. W. Wieseman: Perhaps the most interesting, as well as
the most important, application of graphical flux plotting at the
present time is the calculation of the quadrature synchronous
reactance of a salient-pole machine. As a matter of fact, the
value of the quadrature synchronous reactance can be pre-
determined only by a field plot. This quadrature synchronous
reactance is one of the several coefficients which appear in the
paper Synchronous Machines. Part I1, 19206, by Messrs. Doherty
and Nickle. :

In a polyphase machine, the armature currents produce a
sine wave of flux whieh travels in synchronism with the poles.
When the armature m. m.f. axis coincides with the pole axis
(for example, at zero power factor), the flux which the armature
currents tend to produce is much more than the armature flux
when the armature m. m. f. axis is in quadrature with the pole.
Thus, the direct synchronous reactance is more than quadrature
synchronous reactance.

Let the normal fundamental flux per pole = ¢ and let the nor-
mal armature currents produce a flux ¢, in the quadrature axis.

Let the fundamental of this armature flux = ¢4

Let X;, equal the armature leakage reactance (e xpressed as a
decimal fraction) in the quadrature axis.

@
Then the quadrature synchronous reactance X, = (Zl + Xig
The values of ¢, as well as many other coefficients, are given in

this paper.

With reference to the Laffoon and Calvert discussion: I note
that they also prefer the graphical method of obtaining the flux
distribution and the flux distribution coefficients for design

~calculations.

Mr. Douglas stated that the templet method is very speedy,
and that the labor involved with templets is somewhat less
than in the case of using the graphical method. There are a
few simple cases of magnetic-flux distribution where the templet
method can be used to advantage, especially in illustrating flux
fringing to students. When, however, the flux distribution is to
be obtained in the many different magnetic parts of dynamo
machinery, I prefer the graphical method, and I have found that
the results obtained by this method are quite accurate.

Mr. Douglas requested information as to whether Figs. 2
and 3 checked his work. In Mr. Douglas’ 1915 paper, the ratio
of the slot width to the tooth width is very muech larger than is
used in Fig. 2 of my paper. C(onsequently, no check can be
made. Fig. 6 in the article by Messrs. Douglas and Kane, in
1924, practically chiecks my [Fig. 3.

Mr. Douglas stated that the flux pulsations can be avoided
with armatures having any number ol teeth, if the pole gives a
perfeel sine wave of flux on the equivalent armature eircuit.

Salient-pole machines practically never have perfeet sine flux
waves and, therefore, this method of eliminating flux pulsations
cannot he used.
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A. R. Stevensons  Messrs. Laffoon wnd Calvert ave yight in
snying that the graphionl method is the most gonconient one for
uso in the everyday designing of oleotrigal wohinery, hut the
mathemation! method js of importance in tho proparation of
the 20 or 30 typical flux plots which Mr. Ctalvert mentionod s
being of great assistaneo in sketohing similur flolds.  Although
these Lypical (tux plots oan ho determined to any degroe of we-
ouraoy by the graphical method, in some eases it takes a groat
deal of experimental sketehing before the gonoral ontline of the
distribution ean be dotormined; whoreas, in such cases, Lho
mathomatical method will sometimes £1Ve 1 11016 nocurate answoer
with less work, in less time.

The best articles on graphical plotting are contained in the
long series of articles by Lohmann, mentioned in the bibliography
of our paper. He ecarried the graphical method of plotting
mueh farther than we did, ineluding in the problom the saturation
in the iron. [t anyone desires to study the graphical method
further, he could not do better than to refer to Lehmann’s work.

Mr. Calvert, in his discussion, has submitted six pietures of
flux distributions sketehed hy the graphical method. The two
showing the flux distribution in a square bar in a square slot
did not look quite right to us. They are sulticiently accurate for
all practical purposes; but we do not agree with the location of
the kernels, and Mr. Woodward has submitting a discussion in
which he shows the flux distribution in these same square bavs
in square slots, as determined by the mathematical method
deseribed in our paper.

Professor Douglas’ discussion is of speeial interest because of
the articles he has already published on this subject, especially
with regard to the templet method of determining flux distribu-
tion and also hecause of his remarks about the use of the theory
of functions of a complex variable in eonncction with these
problems. The valuable work of Dr. Carter in this conneetion
is well known, and is especially interesting beeause of the recent
publication of another paper in whieh he applies the method
to many new distributions which had not beenattempted hefove.*
The application of the Sehwarz and Christoffel transformation is
very diffieult when it is necessary to integrate around more than
four angles, and the suggestion by Professor Douglas of a graphi-
cal method of integration should be of great assistance in the
application of the theory of functions of a complex variable
to these problems.

The authors are very grateful to Dr. Lehmann for emphasizing
that their sketches of magnetic lines of force are of actual practi-
cal value, in spite of the fact that saturation was neglected.
Tle article by E. B. Christoffel, which he mentions, we think will
be a valuable addition to the bibliography, although his discus-
sion came in so late that we have not had a chance yet to look
it up. The use of conformal representation for the solution of
Poisson’s equation has been done by St. Venat in the solution of
the torsion of rods; see, for example, Love's “Theory of Llas-
ticity.” Herr M. Strutt, in the Archiv fur Elektrotechnik,
April 7, 1927, has applied this method to the approximate solution
of the case of a current-carrying rectangular iron conductor
of constant (high) permeability.

Mr. E. E. Johnson: While the iron-filing method gives
excellent indications of the form of the magnetic field, the field
plots so determined must not be interpreted too strictly as re-
gards field intensities. When making the iron-filing dis-
tributions, the filings, which are preferably of cast iron, are first
distributed on some suitahle plain surface, such as white paper.
The m. m. fs. are then applied and the whole structure is gently
tapped to allow the filings to take their proper conformations.

In the process of tapping, the iron filings in the near vicinity
of highly magnetized iron surfaces have a tendency to skip
along the paper and gather in clusters on those surfaces. Also,
even in uniform magnetic fields of high intensity the filings cluster

4. *The Magnetic Field of the Dynamo-Electric Machine,”” The

I nstitution of Electrical Engineers, Vol. 64, No. 359, November, 1926,
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This olustoring leaves froo opon spiweos,

topother in siring
npoerlicinl pxamination,

from whieh 1t night b

that the flux density is low ab these poin
Mr, Green and boaro very greateful for the comments of Mr.

Laffoon and Mr. Calvert 'he oxperimoental moethod which we
hivve usead For detormining the eld distribation ynsido of current

CArrying regiont is nol whway s vonvenent although thero inay be
eusos where it might with profit, bo employud.  Tho method wis
used in the particulio ease of the nltornator flold poles us u choel
upon the worl whieh Mr. Stovenszon and Mr. Parlke did in thoir
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TESTS ON OIL CIRCUIT BREAKERS
SrouN anp Sr. Cram
New Youk Y., Fesnuany 10, 1927

J. D, HHliards  'The management of the American Guas and
lectric Company, and othier compantes allied v making the
tests, showed real courage in permitting repeated and severd
short eircuits to be thrown on the system,—short eircuits of
groater magnitude than any to which high-voltage systemn had
hitherto becen intentionatly subjocted, —and they doeserve the
thanks ol the vlectrical profession.  "T'hoe operating and construc-
tion departinents also deserve eredit for their efforts in carrying
out the testing program in an efficiont and oxpeditious manner.

In eonsenting to the publication of the tull details without
reserve of the Canton tests made by Messrs. Sporn and St.
Clair, the tiencral Eleetrie Company has tauken the stand that
it believes that the engineers of Lhe power companies of the
country should he fully informed regarding circuit-breaker
operation. 'T'he General Llectric Company's engineers realize
the valuc of field tests as supplementing the tests made in its
testing laborstory; they realize that the only test wlieh abso-
lutely determines the interrupting capacity of an oil eireuit
breaker is the test made repeated!y at the full rated capacity,
both in current and voltage, and thev realize also that the only
thing proved by such a test is the interrupting eapacity of the
breaker upon that particular system and under the particular
conditions existing at the time the test was made; that if the test
had been made upon another system at the same voltage and
current interrupted, results might have been entirely different.
The latter remark is not “theovrizing,” hut is based upon years
of experience in eircutt-breaker testing and is a fact,

In their paper, the authors have drawn certain conelusions
which seemed logical (o them; they have assumed that because
to them, a breaker performed satisfactlorily, at part rated current
or part rated voltage, it would perform satisfactorily at its full
rating.  Such a conelusion is illogical and is, in a large number of
cases, contrary to the facts. A brealer may interrupt more than
its rated kv-a. at a voltage below its maximum rating, and be
blown to pleces at a small part of its kkv-a. rating at its maximum
voltage rating. Many tests have proved the truth of this latter
statement and have repeatedly proved it at the first shot of the
higher voltage. The explanation is simple. The excessive cur-
rent at the lower voltage produces a strong electromagnetic
blowout effect which instantly ruptures the eireuit, while at the
higher voltage and much smaller current, the blowout effect is
weak, the arc hangs, producing a continuous generation of gas
which almost instantly blows off the tank. It is my belief that
in reporting tests upon oil circuit breakers, all authors should
stick to ohserved facts in the tests, that speculation is almost
sure to mislead and may do a great deal of harm by giving
confidence in apparatus which is in fact not the reliable piece it
is assumed to be. The immediately proceeding remarks are
general and not intended to apply to any particular breaker or
malke of breaker. It isa statement based on conclusions drawn
from ohserving many tests.

It is not thought necessary to make extended explanations on

the happenings in the case of the K-136-B breaker, except to say
that the causes of the trouble are known, the remedy has been
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applied to our full satisfaction and the tests have proved that the
explosion-chamber breaker is all we ever claimed it to be.

The tests upon General Electric Com pany’s breakers confirmed
the empirical formula upon which the interrupting-capacity
rating is based, they confirmed our observations as to the burn-
ing of the arcing contacts in our own testing laboratory and it
was this latter experience which influenced us to consent to
the making of the full number of shots, (26 and 30 respectively),
without an examination of contaets until the end of the tests.
The tests confirmed also our laboratory tests for oil throw, as not
a drop of oil was thrown from any tank during any shot on the
K-39-B brealker and the final test on the K-136-B breaker. In
short, except for the very slight burning of the arcing contacts,
there was nothing to indicate that the brealkers had undergone a
test.

Evidently, through an oversight, a misstatement of fact appears
in the test of the Reyrolle breaker. I refer to the statement
“FTor some unknown reason the short circuit lasted only 214
cycles, etc.” As a matter of fact the reason was known at the
time of testing and is previously explained as being due to the
latch on the breaker not holding. The same thing had happened
at previous shots. I believe it is due to the General Electric
Company, whose generator and testing organization was used to
make the tests that this statement of fact be made.

Since the data are given for the Brown Boveri and General
Electrie K-39-B and K-136-B brealers, it is possible to make in a
way a comparison between them and since Prof. Dvcke recorded
the Brown Boveri tests, we shall take his records on the K-39-B
and K-136-B breakers.

l Brown Boveri | General Electric

! K-39-B | K-136-B

|
Rating of breaker...... 1,500,000 kv-a. | 1,250,000 kv-a. l 750,000 Lkv-a.

at 150,000-volt | at 132,000-volt | at 132,000-volt

Break in series......... 10 ! 2-explosion 2-explosion
| chamber chamber

Total number of shots |

R0 X SRR ] 26 | 26 l 30
Maximum load inter- |

rupted.............. 70,000 kv-a. 826,000 kv-a. I 617,000 kv-a.

| (est) I l

Percentage of rated |

interrupting capacity

interrupted. . ........ | 46.6 i 65.8 ' 81
Ratio max. line voltage

before shot, to rated

voltage (per cent).. . | 89.5 | 100 | 104.5
Half cycles of arc at |

2800 to 2900 amperes 13 min. to 17

| max.

Half cycles of arc at l

3380 to 3610 amperes 11 min. to 15

max.

Half cycles of arc at

2280 to 2600 amperes 12.5 min. to 17

| max.

Oilthrow.............. | some \ none none
Contacts inspected and |

dressed during tests. . | yes | no no
New oil used during tests yes no no
Signs of burning of any

part of breaker other |

than arcing contacts. yes no no

While no statement is made as to the speed of operation or
are lengths in the Brown Boveri breaker, it is believed from the
arc duration that each of the ten ares was not substantially
shorter than each of the two ares in the General Electric K-39-B
breaker and in any event each of the two arcs of the General
Electric K-39-B breaker had a shorter arc duration than each of
the ten arcs of the Brown Boveri breaker. No conclusions are
drawn from the above faets. I shall state, however, that the
above observations agree with test results obtained in our testing
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laboratory on a breaker of similar design. I believe it should be
stated that the observations and conclusions in reference to
the General Electric Company breakers as stated in the paper
are those of the authors, and do not necessarily express the
opinions of the General Electric engineers.

Electrical engineers should understand that in testing oil
cireuit breakers they are dealing with very erratic phenomena
and because of this fact should be slow in drawing coneclusions
from any series of tests or generally applying such conelusions.

The information gained by means of its present testing genera~
tor has been so valuable to the General Electric Company that
it is building, and will have in operation in early summer, the
largest testing generator in existence; a generator that will have
a sustained short-cireuit capacity for eircuit-breaker interrupt-
ing tests of over 500,000 kv-a., three-phase, with provision for
the addition of units of equal or larger capacity as they may be
required. The new laboratory will be equipped to test breakers
of all voltages and currents and to observe and record phenomena
taking place during interruption.

The interruption of a given number of volt-amperes by the
breaker—for example 100,000 kv-a.—does not necessarily
impose the same stresses as result from the interruption of the
same kv-a. at other times at the same point on the system, at
other points on the system or on different systems. In other
words, volt-amperes are not equally “hot” at all times and
places, due to a number of causes. It seems probable that this
difference in the difficulty of interruption depends largely upon
the magnitude of the voltage “kick” at the end of each half
wave of are, and upon the speed at which each half wave of this
transient voltage is built up. The need for making many tests
on a device and making them under the most severe operating
conditions is clearly indicated.

To give a concrete illustration of what may be expected, 1
shall cite one particular test in which the length of arc drawn in
the same brealer operating with the same kind of oil, at the same
speed, on the same system—but a different part thereof —at
the same voltage and current interrupted, consistently gave an
arc nearly three times as long in one case as obtained in the other.
In one case, the breaker was safe; in the other, it was severely
stressed and if the break distance had not been large, it would
have been blown up.

The Canton tests were very valuable in determining interrupt-
ing constants on that particular system and upon the existing
conditions, but the “duty’ was light as measured by other tests
under other conditions. Certainly there are few, if any, other
places in the world where so much power is available at 132,000
volts. In concluding my discussion, however, I wish to empha~
size again the importance of conservation in drawing con-
clusions from one set of tests on a given breaker. Until experi-
ence is gained under conditions giving a vicious recovery voltage
“Idek,” oneis very likely to label a breaker safe which, as a matter
of fact, is far from being so.

J. B. MacNeill: Looking over the data on the several makes
of breakers given for the 132,000-volt tests, the thing that
strikes one is that the duration of arcing time is comparable for
all designs. For instance, with the 150-kv. Brown Boveri
breaker, the average test voltage, (so-called, in the paper),—
that is, the system voltage prior to the short circuit,—for all
the tests is 134,700 volts; the average duration of arcing in the
breaker is 1414 half-cyeles or 714 cyecles on a 60-cycle circuit.
In other words, the breaker handled approximately 18,600 volts
per cycle of arcing.

Now, turning to the final set of tests on the General Eleetri®
136-B breaker, (135-kv.), the average test voltage of 139,000
volts was somewhat higher, the average time of arcing was 1614
half-cycles on 60 cycles, or, the breaker handled 16,800 volts per
cycle of arcing.

On the KO 39-B, rated at 132,000 volts, the average test
voltage was 132,000 volts and the average time of arcing 13.3.



622

half-cyeles. This breaker handled voltage at the average rate of
20,000 volts per cycle of arcing.

So we have those three values for comparison; 18,600 volts per
cyele, 16,800 volts per evele, and 20,000 volis per cycle. They
are all of the same order of magnitude. What are the relative
dissipations of energy in the two tvpes of hreaker? Personally,
until I saw the paper, I had expected to see considerably less
duration of arcing on the 10-break breaker. While the data on
volts handled per evele are not conelusive regarding the operation
of the breaker; in fact, the breaker with 10 breaks made a very
successful test, but, looking forward to higher powers, the ques-
tlon naturally arises whether the dissipation of energy on 10
breaks isn't considerably greater than on 2 breaks. The indi-
cation from these tests is that 2 breaks will handle voltage
about as fast as 10 hreaks. Possibly these comparisons don’t
represent the ultimate development to which the two types may
lead, but that is the eonclusion that I draw from the data
submitted here.

The length of the ares in the breakers may vary and the dissi-
pation of energy may not be five times in one case what it is in
the other. The length of are, I believe, was given for the General
Electric tests but not for the Brown Boveri tests.

Another thing to which I invite attention is this: These tests
are quite interesting from the point of view of the tvpe of short
circuit placed on the system. Some of the short circuits were
grounded and some were made with the short circuit ungrounded.
Most data that have been accumulated on previous tests on other
voltages has indicated that ungrounded short circuits hang on
longer. You get instantaneous conditions in the brealer when
one pole has come to a zero of current whereby that pole may be
subjected to as high as 87 per cent of line voltage. If the short
circuit and the source of power are grounded, that particular
pole that is open first cannot be subjected regularly to more than
58 per cent of line voltage. Consequently, we have been led to
expect longer durations of arcing, with short circuits ungrounded
than with short cireuits grounded. This is the first series of tests
of any magnitude that I have seen in which the indieations seem
to be that an ungrounded short circuit is no more severe than a
grounded short eircuit.

Referring to Table V, we see that certain of the tests, (56 to 63).
were made with the system ungrounded, and that they were made
with different kv-a’s ranging from 460,000 to 625,000 arc kv-a.
The average duration of arcing on these tests is 16.7 cyeles.
Referring, now, to similar tests made on grounded short cirecuits,
tests (32 to 53), the duration of arc is 15.4 on the same voltages,
134,000 kv-a.

The conclusion I should draw from this would be that at this
voltage there is not much difference between a grounded and an
ungrounded short circuit. This is of particular interest to the
operating people at this time because of the discussions that bave
arisen as to the application of hreakers on grounded-neutral
systems. Several of the large systems have installed great
quantities of apparatus for 220-kv. service, using 187-kv. ap-
paratus. So far they have gotten away with it but there.has
been a great deal of discussion as to whether they were justified
in buying under-rated apparatus. This is the first actual test
information brought forward that indicates practically no differ-
ence between the two types of short circuit. If this data can be
substantiated by further data, it would seem that the operator’s
practise of using undervoltage apparatus would be pretty well
justified and that special apparatus was hardly necessary.

G. A. Burnham: It is possible to draw an entirely erroneous
conelusion from witnessing the moving picture of an oil eircuit
breaker test.

The film of the 6600-volt test on one of our competitor’s
breakers showed a breaker tested to destruetion. ‘In n}aking a
judgment on this breaker’s ability, one should bealj in mind tha
this pieture showed the oil cireuit breaker undergoing a test at a

value far above its rating,
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With reference 1o Mr. Hilliard's eomments on testing, we
feel very much as he does. Apparently their vast experience
in testing has led them to the conclusion that the variables in
cireuit-brealker operation are so greatl that a test on a particular
circuit breaker at one place perhaps does not lead to a general
eonclusion as to how well that brealer may operate under other
conditions. [rom this, we are led to helieve that when com-
parison tests are {o be made, (particularly on oil cireuit breakers
in which so nwueh difficulty is encountered in arriving at analvtical
results), the test should be made in the same place; as near at
the same time as possible; with the same system setup; and,
if possible, the tests be run under what might he called a “master
supervisor.” It is obvious that exaetly the same instruments
should he used to record the results.

In making eomparison hetween the Brown Boveri breaker and
the General Electric Co.’s breaker in the 132,000-volt class, it
is perhaps, as Mr. Hilliard has said, impossible to draw a con-
clusion without giving the most careful analytical study. The
Brown Boveri breaker 1 believe handled all energy that could
be imposed upon it at the time by the American Gas & Electrie
Co.’s system. It may have had slightly less duty, according
to records, than the General Electric Co.'s brealker; neverthe-
less, we do not know how mueh more the Brown Boveri breaker
would have handled had it heen given the opportunity to display
its ability. It apparently operated without sign of distress, and
no doubt would have handled considerably more energv.. Both
Mr. MaeXNeill and Mr. Hilliard have referred to the fact that
the duration of arcing was about the same in both breakers.
Both gentlemen have therefore concluded that the are length
per arc in the Brown Boveri breaker was as great as the are
length per are in the General Electriec Co.’s breaker. From
these statements, it would be a logical deduction to assume
that the Brown Boveri breaker would have five times the total
length of are and for that reason would probably generate greater
destructive forces. Such a conelusion would be incorrect
as it rests upon the false premise that the speed of the moving
elements was the same. The fact is that the moving element
of the Brown Boveri breaker is slower and caleulation shows that
the total sum or actual ave length for the Brown Boveri 10 breaks
is almost exactly equal to the total sum or actual are length in
the General Electric Co.’'s 2 breaks. Furthermore, were Mr.
Hilliard’s assumptions eorreet, it is evident that the 10-break
breaker would have to be built enormously stronger than the 2-
break breaker. Analysis of facts will show that this older design
of Brown Boveri hreaker, suceessful as it was, was not of so
heavy construction as the General Electriec Co.’s breaker.

We believe this special test confirms the very satisfactory
actual service results which have been had for some vears in the
United States with these multiple-break oil eireuit breakers.
It is our opinion that the multiple-break principle gives a more
efficient handling of the are resulting in less gas evolution, and
less evolution results in lower pressures or destructive effects.

Philip Sporn: Mr. Hilliard stated in his discussion that a
breaker performing satisfactorily at a low value of current may
not perform satisfactorily at the maximuin rating. There could
be, of course, no argument on this point. What we should like
to point out is that the engineer who tests his breaker and
finds that it is satisfactory even at half rating is on safer ground
than the one who makes no test at all.

Mr. Hilliard further stated that it is dangerous 1o speculaie
regarding the ability of a breaker to perform on the higher
voltage from results obtained on a lower voltage. With this,
again, we are in agreement. On the other hand, if a breaker
is going to be used at other than its rated voltage, it should he
tested at that voltage as that is the only way of finding out
whether it ean actually perform satisfactorily under those
conditions.

Another statement made by Mr. Hilliard was that the test
showed that the explosion chamber is all that it was claimed
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to bw, Heie, again, wo sgrve The ceplodopchamber pmembly
10 ere 2 thext 7t wis elaimed to he

In commection with the table in whieh were chown o parte
e twtwoon Brown Bover asd Cleasrsl Fleetrie Company
trvakors, staiomeni wes mpde thal the Brown Boveri hevnket
had the ol in i1 changed vhereas the (roneral Fletrie Compafty
hod o hamge  We choudd hke to punt out that thia ~hange
m the smme of the Rrown Hovers hreaker was made on epe pols
wnly . moo rhanges whalorver having twen mnde on the othe? two
poden  Thers was s o staterwal made %o the offert that sortie
Yuraetn westred om thw Brosn Boven bevaker Here, again.
wo shembd like 1o puimt out m feirnes (o the Hevwn Roveri
( omnpmn; that the burning fn gees<tom wia & dight amount of
Adarnng om s tarrer that vas marde 9p 6 the fiedd. out of miearia
tommght 1 8 boal shap  No trvmble of any kind wae stporsnesd
on sni of thee mmtenisl that onginally e cupphed with the
[ 2 Y T

Vr MarNesB hae ravred the qaestion ac lo whether, 1a view
of the it of areing iwing praciseally the same tn the case of
ihe (wporal Fleetrre as 1 the Brown Roven breaker, this would
ot 1ndeente that the relarice rate of dysipation of snengy was
e ‘s as greal m the General blertrwe breaker as in the Brown
Ry barvadier We do pot we that the teets have shown this
The tart of the matier » that the Brown Boveri hreaker was
phey senlly lighiter than the ¢ temera) Pisetine hreaker. The ahove
enrdalis rmerdered may trt lend to Mr MaeNell's conclusions.

Amrtbwr prmet heoaght mel hy Mr MarNeill was the fact
1hat gwevwms tn owr tests 1L had heen genersily helieved that
wtgroanded shogt  irewits  lasted evmaderably Jonget then
@revamadodd et riveurts, whetvas apparently 1 our teets thia was
st the sam |t mems 1o ae that there vere Bot enough data
ot aned on thic prant to SArTaat any enaclusions, nor do we
we that thue throws suy monrinace hght oo the application of
ohat we torm 197-kv bevakers on ZX00N-volt systems. For
e Ihrng 1R 8 el MaRY caawe the treakers that were setually
spmdved bl cloaranevs and leogth of stroke equivalent to Z20000-
skt wriwe bat bushings for 187 (000-volt servies Suech a
pmew o apparaies s of v, underrated, but 1t esrtainly s
oA o siraght INT -k preer of apgarates and the dats which we
ba o presented do pt we hebeve, throw very mueh light on the
ods rembaint s o inadviabality of surh practise

s Rurnham has bhevmght up o faet in regard to the Revrulle
trsghor and mwdrm partures of the teets whieh were shown,
{1 will Ve revalled 1hat crmewiralde fire and emoke eneuerd w hen
the bevaber cxphoderd  We helpve o was definntely porinted
ot im Tatde [] that tn the teet where the hrembker exploded,
v tarte o he davaker artually opened & shart cireuit of V22.000)-
bra o B shut carwunt fil gwr comi tn evesen of 1ta gnaran teed
ratise  The roenlting (wrveers was enomgh to wreeh the breaker
tank 11 vosld appear that Iritle sl somid be experied under
reh ssmdiiinone

(baw pmare pramt 10 ovaneetwm with the Cantom lesta we
shoigi) bke te; bhrymg ot Parther and that 1e that, in all, we placed
s tbitg hie ) ohwrt erronite sm thee oy ctorn *ithermt .Wﬁ‘t"
the odighteet Anmagr Wiske @ may o he devirahle in
ot 14, tent S 05 otetn tr, wehk dhwrl sfrenite defimitaly, 8t the
adsess Uoms 78 10 ®ed] Uy hoerw that the sy etesm W an Aevigned and
srmantiod 1hat 11 can withotand thess trials when # may he
valicd ypem v Sithetand thewm ®rthowt dangsy ol evetything
twoaking koss W beng e 1At s grte MAY PRt on & prIwe?
wr saee 68 by sommddial 1hal ths o) e b s built that it san stand
ot voder hous and can crmns mt of Ahe chewrt srreni nnharmed
cosuygh fue the partveaies mina jertnm that aa te afleetod by 1
1t mearne o ue sl worh & knerelevige 1o basund to help (s mornle
o ot cquegling crgenisaiveh thet the oo thew Lhinge are foarerd
(e meuos Likaly 51 s theat Uy will be handied prgmriy when Lhoy
Qo woeuf,
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5. . Sugmovers:  Retovring to Fig. 3. is which data ar> given
for & GID-s ot winditgg, ons baz per oo, the fend os &4 100 per
eeal kv-a. ix ofightly avire than IO pey cont of the full-kod loma.
Rederriog o P, & in which dato ore given for & ZEO-enls
oioding. 2eml ddvs per dot, the ked low st 100 per eont kv-a
is spproximstely 3m~ﬂdmfuw Jevan,

W. §. Duwsens | with to comment ob the met bewl of mencat
iagt Snmws hy the calorimetrie method. 1 puldiched an artiele of
thin suhpet in the Grweral Klertrie  Recire, Polwusty 193
Mesarn lLafloos snd Calvert have inid particalar sirees on the
staok methnd. 1t ja one means of memsuring the voleme of air
dischary, bul if one refers to the papst pablished by Harelay
and Senith, (Jewrnal | K. 8. London Vel 37. April 1919, be
will ind that they ainp sxperimeated with the stack methed and
tound that the distrbution of alf velocity serves the seetion wes
very aneven, varyiag from |57 ft. per minaie to 1453 fx. per
mingte [t wpe necessary to inseft soveral traye of sxpanded
fmotal as baflles hefors sven appreximale dteirihgtion was
wearsd. They eolerted the anemometer fof messuring the
velocity

My experiments werp commenced over eight years agn We
divided the disrharge area into 100 or more reetaggular seetions
and messured the veloeity of each ssction with a manomstet o
hook gage  These results (se Fig. 3 6. E. Review, article nere
very drenurnging. as the readings varied from 0.00 in. of water
to & maximam of 0 154 in., eorresponding to velocities of 15 ft
per seeond and 26.3 ft. per seeond. We found also that all sorts
of whirls and distortions oeeutred in the discharge pipes, even to
an oeeadonal indication of pegative flow, These were cuerected
by plaring a large womien eross near the inlet end of the pipe,
haying an axial length of abaut twice the pipe diameter,

Anothet great difficulty was in averaging the temperatures ol
the inlet and outlet air.  The wempsratures of the mlet air wers
often inflienced hy the presence of adpcent steam ppes and
turbine parts. and at times the variatich of temperature actoss
the inlet was greater than the difference hetween the average
inlet and outlet temperatures, Rpecial eleetrioal resistance
thermometers were used to average the temperatires of inlet and
outlet air, the resistance w ires hetng wound on wooden crireRrme,
w distributed and spaced as to give a true average of the wr
temperatare  An improverpent over the method of attempting to
mensire sl the ordinary gencrator outlet was to place thervon a
tung straight pipe of soitable seelion, on the end of which was o
apweially ehnpedd, ealihrated ortfiee. giralar to thal dearrited by
Mr. [affoon  This redised the area of the outlet sufficlently to
hring the discharge veloeity ap tn abous 400D ar NN fv per mun
correspuntding to an airt pressare of from 1 te 1.5 in. of water
Propsriv arranged, these orifiees give, by s =ngle reeding
oheerved at the center, fhe actual accuraie air veleeny to
within | per ewn?

Ry neing eiectrie resistance thermameters Qving irue Average
temperatures, and by lneerting electnie hesters, and a third
rearatanine thetmameter heyond the electeie hoales, very salls-
factory resulta were dhtained, but the sk -grage roudings were
Logprel anentisfaciory  When this metleml b yeed, it i not neees
aary to make allowanng for the varyiig haromestiie pressure of the
mir I ie particularty adeptable to turbine alternatars, weually
thers are two inleta and one discharge and the alr strvam o con-

1 chorshed like tes ask the agthars whether or pot, ik their upanien,
thie diserepancy egn he nisterially attriliited tu eithe? the mldy -
eurrent kme 1 the armatare winsdings or the pule-face kwa, or
herth*

i Al B R Mava, han 197 o 06
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fHned and gnided in sueh a wiy that all the air thut goes into Lhe
muchine can be measured

1 show in the ascompanying Wig. 1, n gonorator frame baving
two inlets and ono discharge. "T'he oviginal suggestion for this

avrangement. is due to NMr. ¥. M. Hobart.

Ts Average temperature (deg. o nt.) of inlet air
T, Average temperature (deg. cent.) of outlet air
H Watts energy supplied to eleetric heator
7, Average tomporature (dog. cent.) of air after leaving
heater
T — T,
Watts Loss = ] ———
’ Ty — T,
Waltts loss H

Cu. ft. air per min.* = — e —
0.585 (T'; — T) 0.585 (T'; — T)
Caution. From three to four hours are usually necessary for all
parts to attain steady temperature. Only about 30 min. are
necossary to produce steady temperatures in the electric heator.
If readings are recorded three or four tines per liour, it will be
observed that 7', inereases rapidly when eurrent is applied to the
heater. This is due to radiant energy and demands certain
precautions and corrections. The heater should be placed 4 to 5
ft. from T and exaetly midway between 7. and T5. In writing
theJexpression 7, — T, use the last reading hefore heater is

{; SR - ™
—,
R : 4 e EAﬂ .
N e —
< » it Ll o
i S
\ — N
* Y y i
] Y i b i
60000 0006006060000
T T2 71,
Py
\J
Heater (M)
of German Silver
R

Fic. 1

energized. In writing T; — 7', use the last reading with heater
applied. Measurable convection losses should be allowed for.

If the loss of the machine be calculated by these equations, we
are rid of all such disputes as correct barometric pressure, specific
heat and effect of moisture. My experience with two-pole
machines of note more than 6000-kw. rating is that the radiation
or convection losses amount to probably 3 or 4 per cent of the
total losses, which for machines of 1500 to 2000-kw. rating,
never exceeds 5 per cent of the rating of the machine, nor 4 per
cent for machines of 5000-kw. rating.

Mr. Laffoon’s paper has made a comparison between the losses,
particularly the additional losses observed when a machine is
being operated on short circuit and those observed when it is being
operated over-excited at zero power factor. It seems,[after all,
that while that comparison is interesting, it doesn’t tell us what
we want to know. What the manufacturer wishes to know and
what his customers wish to know is what is the ratio of the load
losses measured on short ecircuit to those measured while the

*Standard air at 29.92 in. Hg,. 15.5 deg. cent. (60 deg. fahr.)
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maching 15 oporsting wb normal voltage and power faclor in
aceordance with its rating?  "T'he fow data that [ have gathered
indieate that at times at lowst the losses under normal oporating
conditions are less than thoy are on short eirenit. I have not,
howoever, sonfirmed that sulficiently to lay it down as a rule.

K. E. Johnsons Rofur to Fig. 20 of tho paper by Nessis.
Laffoon and Calvert. The distribution of the oud-holl lenknge
Hlux is throe-dimonsional, and | raise the question as to whether a
field plot inado on the basis of a two-dimonsional distribution, s
wag dono in g, 20, holds strictly. It inny he that the results
obtained from this field plot made on the hasis of a two-dimen-
sional distribution aro solfieiontly aceurato for the particular cuse
in question, although, in general, this is not necessurily true.
1t will he noted that all the areas in the plot of Fig. 20 are curvi-
lincar squares; whereas, on the outer houndaries, they should
perhaps not hoe so, considering that the actual flux distribution
thers is threc-dimensional.

P. L. Alger: Tho two conclusions that | draw from the paper
are: (L) That the ncthod of measuring the tolal losses by means
of the rise of air through the machine is not yot developed to the
point where it can be called convenient; and (2) that the extra
losses duc to the armature leakage flux are not large in machines
of the typc deseribed.  This latter conclusion is not general, as it
is evident that very markedly different losses will he obtained
with different types of end construction. For example, if a
chain-type armature winding had been used, the end losses
would have been very mueh greater.

The most interesting thing about the paper to me is the
temperature-rise method used by the authors to determine the
separate losses in different parts of the machine. [t seems to be
quite feasible to determine the initial rate of temperature rise of
each part separately, and, from this and the known heat capaeity
of that part, to determine the segregated losses. We have made
some experiments along this line, and have found one of the
principal difficulties to be the variation in the rate of heat
generation in different parts of the same element of the machine.
For instanee, the losses in the clamping fingers are localized near
the end, and the rate of rise of the tip of the finger is, therefore,
much greater than that of the baek. It requires considerable
care to deeide on what is the average rate of rise of each part
from a relatively small number of temperature readings.

I should like to ask the authors whether they consider that the
average rale of temperature rise of one tooth in the end packet of
laminations, for example, can be determined with reasonable
accuracy by using only two thermocouples.

E. H. Freiburghouse: The authors of the paper have
favored the stack method for determining the stray-load losses of
the generator. It has also been our practise at Schenectady to
use that method in measuring the stray-load losses of large turbo-
generalors.

I should like to ask the authors whether they have ever applied
a baffle-type mixer in the discharge air to get uniformity of
temperatures?

I am somewhat surprised to notice the comparison for genera-
tors 2 and 3, as to stray-load losses. Generator No. 2 (see
Table 1) had stator end plates of magnetic material, whereas in
generator No. 3, which I assume is the same generator or one of
the same rating at least, they used a non-magnetic ring for
clamping the core. By Table I and by the ecurves in Figs. 4 and
3, I find that the load loss is even higher for the machine which
had the non-magnetic end ring. This is somewhat of a surprise
tome. We have made many experimments on model generators of
the turbine type, in which we applied different materials for the
end rings, even using wood to determine what the limit would be
in the elimination of the loss. Based on our investigation I
believe that the load loss ought to be less in the case of the
generator which has the non-magnetic end ring.

Mr. Alger referred to the influence of the rings on the rotor.
We have found by the application of non-magnetic end rings
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on the rotor that the temperatures of the end structure of the
stator were higher with the generator running on open circuit
than they were with magnetic end rings, whereas on short cireuit
and normal load conditions, the losses were higher with the
magnetic end ring. The temperatures in the end structure on
short cireuit were considerably reduced by the use of the non-
magnetic rings on the rotor.

Fig. 20 indicates that losses should be obtained in the end
plate. We see that the flux passes over into the end plates and
is localized most intensely nearest the air-gap. I question
whether the application of the magnetic end ring gave less loss
than the non-magnetic ring.

W. H. Colburn: The purpose of my discussion is to empha-
size the importance, from the standpoint of the user of the
machine, of a foreknowledge of stray-load losses in general in all
machines. For example, let us consider a particular instance of a
synchronous converter used in a substation. Assuming certain
values for cost of power and of generating and transmission
plant tied up by the losses of the machine, we arrive at the
conclusion that a gain of efficiency of 0.1 per cent in that equip-
ment is worth about 45 cents per kw. This means that the
user could afford to pay for a converter rated at 3000 kw. some-
thing like $1350 additional for the machine that would save that
0.1 per cent.

I will illustrate how apparently neglected items may run up in
value. The analysis of, a certain equipment which had a
blower used with it indicated that the more efficient equipment
could be justified on the basis of the capitalized efficiency.
We then began to investigate the fan and found that the manu-
facturer had applied it without consideration of actual air and
power requirements, so that the halance was thrown to the
other equipment.

The same condition exists in connection with consideration
of these stray-load losses. We know that it is a very difficult
thing to predict them, as the Institute has recognized in its
Standards of many years, where you find it repeatedly stated
that no definite value could be placed on them. Recently the
Standards Committee has asked that 1 per cent of the rating of
the machine he added for these stray-load losses.

It is almost useless in the present state of the art to go into
a discussion of the results of calculations of and tests for stray-
load losses, because they are fraught with many difficulties, but
some of these seem to indicate that 1 per cent may he quite wide
of the mark. Tn some cases it seems that these stray-load losses
are in the neighhorhood of 0.5 per cent and in other cases they
may run up to nearly 2 per cent. If this is the case, it is almost
useless for the user to attempt to capitalize guaranteed efficiency.

I think these tests which the authors have made are very fine
records to have. They are needed to check our design, but I
think that it is even more important that we extend these tests
to all conditions in and classes of machinery, and that we draw
from our tests some indication of how we can attack these proh-
lems in advance of construction in order to predict accurately the
values of these stray-load losses. Only then can the user of the
machine determine whether he is actually getting what he is
paying for. ’

F. D. Newbury: 'The fact that we have this paper indicates
the desire on the part of manufacturers to know more ahout
them. 1 am quite sure that that desire has long been present
with other manufacturers.

The purpose of the present discussion I think is to estahlish,
for the benefit of the Institute Standards Committee, a relation
between tha actual and measurable stray losses in a-¢. machines,
and particularly of the turbine type. We can only measure these
Josses under no-load conditions at short cireuit or at full voltage
and zero power factor.  As Mr. Dawson pointed out, the thing
of real interest is the ratio of the measurable losses under these
conditions and the actual losses under full voltage and current
and high power factor. That is a part of the problem still 1o be
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studied, and I am quite sure work that is going on will throw
light on that interesting point.

The previous speaker referred to a 1 per cent value of the stray
losses. The Standards Committee included that value in the
1925 edition for d-c. machines and not a-c. machines. The
Institute Standards for 14 years, at least, have ineluded the full
short-circuit losses as load losses for polyphase a-C. machines.
The correctness of that practise has been pretty well established
for salient-pole machines but it is still to be established for the
cylindrical-rotor turbine-type machines. I think opinion is
tending toward acceptance of the short-circuit loss for eylindrical
rotors also. 3

C. M. Laffoon and J. F. Calvert: In reply to the discus-
sion by Mr. I. H. Summers: When a standard turbine-generator
frame of a given rating is wound with a one-conductor-per-slot
type of winding so as to obtain unusually low voltages, it is
generally found that the additional losses are greater than for the
two-conductor-per-slot type of winding. With the one-con-
ductor-per-siot type of winding, the current per slot and the
magnitude of the harmonies in the armature magnetomotive
force are larger than for the more favorable two-conduector-per-
slot winding. It is our opinion that these factors are responsible
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Figc. 2—PreEssure DisTRipuTiON OVER AIRSTACK OUTLET

for the relatively larger eddy-current losses in the rotor pole face
and other iron parts which are within the range of the pulsating
fields. Both calculated values of the eddy-current losses and the
measured temperature of the armature copper indicate that only
a small part of the inerease in additional loss occurs in the
armature winding.

Tn reply to the discussion by Mr. W, H. Dawson: In the type
of calorimeter test which he deseribed in which a heater was used
on the outlet of the machine, the heater is essentially a
calorimeter-type volume meter, and as such probably introduces
all the difficulties which are outlined in the paper. It was indi-
cated in the paper that this method required (1) either uniform



626

velocities for at least three sections in the ajr stream, or (2) a vers
complicated system for obtaining the mean ternperalures of the
intake and diseharge sections of the heat sources (hoth the
maechine and the volumo meter); while the use of the stack with
the enlorimeter test requives uniform air veloeitios al one less
section in the air stream than does the heater or calorimeter-ty pe
volume meter. On the basis of results from a large number of
tests, it is our conclusion that uniform velocities at soyoral
sections in the air stream are inherent requirements in eanlorimeter
tosts of this sort, and that the stack rather than increasing the
diffieulty, simplifiesit. Referenceto Fig. 2 herewith will show that
sufficiently uniform veloeities were established over the outlet of
the stack. The maximum variation in veloeity pressure head
from the average value is 12 per coent; hence the maximum
variation in veloeity from the mean value is approximately 6 per
cent, (neglecting the one low point in the corner).

In the tests described in the paper, eare was taken to avoid
the conveetion of heat to the inlet air from transformers, steam
pipes, leads, and other sources, so that practically uniform intake
air temperatures were maintained. The possible errors due to
the existing variations in temperatures and velocities in the
intakes were checked on generator No. 5, and found to be a small
fraction of one per cent.

The measurements of barometric pressures is a comparatively
simple matter, and introduces no serious difficulty in the use of
the stack volume meter. Since the variations in the specific
heat of air with changes in temperature, pressure, and moisture
content are known, corrections ean be made if desired; but it did
not appear that this difference was of sufficient importance to
consider.

The fact that the ealorimeter tests and electrical input readings
were in agreement for a number of ‘‘no-load” 100 per cent power-
factor tests at different voltages, is a satisfactory confirmation of
both the volume-meter and air-rise measurements, because both
these latter two readings could not be in error by just the right
amount in each ease, and because the electrical readings of input
at 100 per cent power factor can be taken as quite reliable.

In reply to the diseussion by Mr. E. E. Johnson: The deter-
mination of the end-bell flux field on the basis of a two-
dimensional distribution as shown in Fig. 20 of the paper, does
not hold strictly, but to consider it as a three-dimensional field,
tremendously complicates the already difficult problem of field
mapping. Fig. 20 checked the filing photograph very closely in
the parts of the field where the flux density is greatest, but
deviated somewhat where the density was small. Since the
density decreased very rapidly toward the outer edge of the end
winding, the errors introduced in either loss or reactance calcula-
tions on the hasis of the two-dimensional field must be small
with this type of winding and end bell.

In reply to the discussion by Mr. P. L. Alger: While the
additional losses are not a large percentage of the total losses in
many machines, yet in large machines they represent a direct loss
to the customer and a limitation to the manufacturer of very
considerable importance. Unfortunately, sufficient data were
not obtained to tell how many temperature detectors would he
necessary to determine the losses from time-temperature curves
for the various parts of the machine. It appears, however, that
flux mapping can be used to indicate the hest location for these
detectors, and the safest method would he to locate a rather
large number on various radial lines throughout the machine.
Then, if it could be shown during the first tests that some couples
need not be read, they could he abandoned for later readings.

In reply to discussion by Mr. E. H. Freiburghouse: Before the
air discharge stack was built, a model stack was tested under
conditions which were intended to give distributions of hoth
temperature and pressure with wider variations than those which
would be found at the outlet from the machine. In the tests with
models, two types of baffles, as well as a sereen, were used in the
air stream just preceding the entrance to the stack. The
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bafilles, or air mixers, Jdid nol give sullicient improvement to
warrant their application.  The seroen gave considerable im-
provement in exireme cases, but was not usod, |).(!('-ll,llHl) of the
undesirable losgs of head, and consequont change in air volume
from that existing under normal operating conditions.  Tlad the
tests on the actual machine shown the desirability of hetter
distributions, undoubtedly, it would have heoun necessary to
introdueo a sercen, and perhaps sorme Lorm of baffle in Lhe air
strean at the entrance to |tho staelk. ‘ .
The tests on gencrators Nos. 2 and 3 were made to determine
the effect of stator end-plate material on the magnitude of the
additional losses. 'The same machine was used in both cases:
magnotie plates were used on No. 2 and non-magnetic plates were
used on generator No. 3. The total values of the additional
losses of these two generators were very small and it appears
evident from the end-plate temperatures that only a very small
portion of the additional losses actually occurred in the end
plates. Ilence, it is impossible 1o draw any definite conelusions
from the tests on these two machines in regard to the influence of
magnetie and non-magnetice stator end plates on the additional

losses of the machines.

CONSTANT-CURRENT REGULATING TRANSFORMER
CHARACTERISTICS!
Louts axp ALBaucH
New York, N. Y., FEsruany 8, 1927

E. D. Treanor: The authors’ eriticism of the eonventional
method of stating the characteristies of eonstant-current trans-
formers is possibly justified in that this method was indefinite
and allowed the possibility of misinterpretation by the purchaser
and of negleet by the manufacturer. The assumption that the
losses remain essentiallv constant at all loads was of course
known to be not strietly accurate, hut the method was of long
standing and thought to be satisfactorv for transfornmers which
were usually operated near full load or on taps which approximate
full-load conditions. 1t was a eonvenient assumption hecause
it simplified and reduced the costs of tests and gave accurate
results at the point of usual loading.

Tt seems to me that the most important point in the paper is
the viewpoint that there is sufficient use of such transformers at
quite low loads to justify more attention to light-load losses,
as it is suggested that hetter characterisies mayv even Justify
increased cost if they eannot bhe obtained without it. On this
basis the suggestions for improvement made hy the authors and
other possible methods should of course be studied to determine
whether they are feasible economically on transformers which
are now in somewhat limited use. It would seem quite difficult
to prove that it is economical to operate constant-current trans-
former at half load or less even at the assumption that the losses
remain constant.

Where the general data of the company with whiech I am
affiliated have lieen made on the so-called theoretical basts, this
has been very plainly stated, but in order to avoid any possi-
bility of ¢onfusion such data will in the future he placed on the
basis of input-output measurements and it will be shown where
the data is based on normal windings and where on taps.

One other point is suggested as a possible danger from increas-
ing light-load losses, that is, high temperature in coils or core
structure.  These transformers have not as yet heen specifically
covered by standardization rules of the Institute. Temperature
limits, of course, should he considered with reference to the partic-
ular apparatus involved and the location of the heated portions
with respeet to insulation. Until such rules are laid down, the
best guides would seem to b general information on other
apparatus and experience on particular transformers. The
maximum temperature reported at extremely low loads, while

1. A.I.E. E. JourxaL, May, 1927, p. 421,
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undesirably high, should not be injurious to the transformers
which have been carefully designed to keep organic material
from exposure to points of maximum temperature on metallie
parts. The temperatures shown are not generally representative
of modern designs.

There should be no difficulty in covering desired characteristies
in losses and temperature by specifications so definite that no
confusion can arise. Ilowever, when operating conditions
compel the use of econstant-current transformers at so much less
than their normal load that the taps provided will not give
reasonable charaeteristics, it would seem that the economical
thing would he to provide transformers of a proper rating even
if the larger transformer has the same losses at all loads.

J. B. Gibbs: It is well known that constant-current regulat-
ing transformers depend for their operation on the leakage
flux Fetween coils. This knowledge has enabled us to design
and tuild regulators which operate satisfactorily and even to
predict with good accuracy the reluctance of the average path
which the magnetic leakage flux must follow. It has remained,
however, for the authors of this paper to make a detailed study
of the path of the leakage flux and of its effect on the regulator
operation.

The ampere-turns in the winding of a constant-current regula-
tor, or of anv other transformer for that matter, cause a difference
in magnetic potential retween different parts of the iron circuit.
This in turn eauses a leakage flux to pass from one part to the
other through the air space between the coils. The amount of
this leakage flux depends upon the ampere-turns which produce it
and on the length and area of the average path w hieh it must
traverse. If a constant-current regulator is to go to short
eircuit without an increase in secondary current, the designer
must make the total leakage flux when the coils are at their
position of maximum separation as great as the total flux in-
duced in the regulator. The leakage leaves from the central
core of the regulator in every direction, and quite a large part of
it leaves in a direction perpendicular to the plane of the lamina-
tions. This part. of course, must pass directly through the outer
laminations and it sets up considerable losses. The losses
naturally depend upon the amount of iron affected, that is,
upon the distance hetween the primary and secondary coil,
and they are greater, as the authors have pointed out, under
no-load condition. Under eertain conditions, the temperature
of the iron may be relatively high. especially under the no-load
condition. The highest temperatures are usually confined to
small parts of the iron, though, and it should he pointed out that
the coils of this type of transformer are not wound on the iron,
they are wound on a heavy insulating tube, and this is further
wparated from the iron by an air space. [ never have heard
of a case of damage to the coils on account of the temperature of
the iron.  In faet, all our tests seem to indicate that although
the iron at eertain points may become hot, the wire nearest Lo
that iron is relatively cool. As to the coils themselves, the
temperature test on such regulators is usually mnade with the
swwcondary coil short-cireuited and full voltage applicd to the
primary, which is the worst condition, as this paper shows.
Sa that if the temperature test shows the coils at a safe tempera-
ture, vou may be reaconably sure that the operating condition
will show them at a «till lower temperature. The authors'
remarks about temperature as applied to commaercial constant-
eurrent regulators seem to me eathor unduly alarming,

The most desirable operating eondition, as every one recog-
nizes, in with full load on the regrulator.  This resalis in the high-
ext efMiciency and the highest power factor. The present paper
hawr wlso that it resylts in the lowest tamperature.  All these
three fuctors operste in the same direetion.  Sometimes 1he
condition of the tircuits demands that the regulator be operated
at e than full load.  If thisis done, efficieney and power (aetor
nre sacrificod to s eortain extent and the temperature is ingropsed
ahove what it might be, hut it is not inereased to a poiot where
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a good commercial regulator will be endangered. either in opera-
tion or in life.

W. B. Kouwenhoven: As Messrs, Louis and Albaugh show,
the losses are mainly caused by the leakage flux. This leakage
flux will naturally produce a high temperature in the iron, but
it is a surprise to me that the temperature of the secondary wind-
ing should be as high as shown by the authors. I should like
to know how the temperature of this winding was measured.
Owing to the small current in the secondary, the size of the con-
ductor is relatively small and [ should expect that the eddy
currents set up in this conductor by the leakage flux would be
small.

A. F. Hamdi: During the summer of 1925 we were testing
some constant-current transformers and it had been our habit
to use the overall method for getting efficiency, We did not use
the acecpted A. I. E. E. methad, which means calculating the
efficiency from the losses. The A. I. E. E. rules apply specifically
to constant-potential transformers and were not suited for this
purpose; and the paper and also the previous speakers have
pointed out why those rules do not cover constant-current
transformers. We hope that in the future revision of the stand-
ards, this thing will be taken care of.

In our tests the errors in efficiency were not quite as much as
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pointed out by the authors, namely, in Fig. U of the paper we
find ahout a 10 per cent difference at 25 per cent load. In our
tests we found diserepancies of about 115 to 5 per cent in various
transformers. The transformers we tested were oil-cooled,
10-kv-a. modern transformers.

I should like to ask the actual magnitude of the stray-load
losses. In our ease we found that the total losses varied by less
than 20 per cent, whereas the stray-load losses themselves varied
by over 100 per cent; in other words, they were about 100 watts
at full load and went up to ahout 225 watts at light load.

1 should like to discuss an empirical method which we have
used for efficieney caleulations, whieh appavontly gives very good
results.  On a test of six transformers, wo have heen able to come
withih battar than L per eent of the overall method.

One thing, of course, to he kept in mind is that the entire
coro of the constant-encrent transformer i not exeited to the samme
flux density.

In the new method we have assumed, arbitrarily, that one-half
of the core is excited to a flux density eorresponding te the pri-
mary voltage, while the other half is exeitoed to a fux denxity
corresponding to the seeondary voltage.  The total core loss at
any load ean therefors bae obiained from the aceompanying
Tig. 1, which represonts core losses at varions voltages with open
eirenited seeondary.  Fig, 2 represents the total core losses ob-
trined from Fig. 1, lollowing the ahove assumption.
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Talding for instance the case of full Jond, the core loss is 95
watts, made up of 72 watts (half the core loss ocourring wlb
primary voltage—2300 volls) and 23 watts (hall the core loss
occurring at full load secondary voltage—1335 volt ). Similarly
at no load, the core loss is taken to he only 72 watts, as there i:
practically no voltage across the short-oircuited secondary.

The next thing to ealeulate is the stray-load loss. This can
be ohtained from theshort-eircuited impedance test madowith the
two extreme positions of the coils: first with the eoils locked elose
together and second with the coils away from cach other as far
as possible, corresponding to the rull-load and the no-load posi-
tions respectivoly.

From the two values of losses so measured we obtain the stra)
load losses by subtracting the d-c. I2 R losses involved and also
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the core losses which are obtained from Fig. 1. This last step
is essential hecause contrary to the case of constant-potential
transformers considerable voltage is necessary to perform a short-
cireult test on constant-current transformers.

The two values of stray-load losses so obtained are plotted in
Fig. 3. The straight line joining them gives the stray-load losses
at various loads, if we assume that the coil displacement is a
straight-line function of the load. This assumption is really
fair, because the stray-load losses actually vary as the curve
in dotted line superimposed on the straight line in Fig. 3.

The total losses of the transformer can therefore be obtained
by adding to the d-c. I?> R losses (constant for all loads) the
core losses as ohtained from Fig. 2 and the stray-load losses as
obtained from Fig. 3.

The efficiency is then calculated in the usual manner.

H. C. Louis and A. Albaugh: The question of loading
constant-current transformers is a very serious one, especially
when eircuits are growing. In this case, it is necessary to provide
certain spare capacity in the transformers. This capacity, of
course, will vary with the assumed ultimate size of the circuit.
So that to prepare for the final condition, transformers of ap-
parently excessive size are often used.

Another reason is that when station-type transformers are
used, it is highly advantageous to have them all of the same size
thereby providing tlie greatest standardization and flexibility.
Some of the circuits for these transformers will, therefore, be
more heavily loaded than others.

Regardless of the loading of these transformers, it is important
that their characteristics be thoroughly understood by operators
and designers and the main object of this paper is to present the
most important of these characteristies.

Mr. Treanor mentioned that the temperatures shown in the
curves are not generally representative of modern designs.
The temperatures shown are fairly representative of the latest
design station-type air-cooled constant-current transformers.
However, oil-cooled transformers have lower temperature due to
the presence of the ccoling oil.

The advantage of taps on constant-current transformers is
questionable. Some of our tests show that although operating
on a lower capacity tap. the transformers do not have a higher
efficiency than when operating at the same load on the full-
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eapacity tap. At light loads on the low-sapacily tap, losses
woro foind to he aetualty higher than oa the full-rating sonnaee.
tion. "The main advantage of the tap s the slightly higher
powar fuetor obtninod

Mr. Gibbs mentions that tompaerature tosts are nsually mnde
with the socondary coils short-cirenitod and full primary voltugo
applied.  Undor theso conditions, tho temperature rike will b o
maximin, but considorahlo eare mmst be taken in these tosls to
locate the hottest parts, especially in oil-eonoled transforiner
The hot-spot tempoeratures of thote transformers may he ruffi-
ciently high to causo studging and for this reason, should be
located.

Dr. Kouwenhovon's question about tha temperature rise in the
coils, is an interesting one.  Undoubtedly, the great amount of
leakago flux eauses cddy-current losses in the coppor conductor
which will vary somewhat with the load and thus affect the tem-
peratures. However, the copper temperature variation noted
was mainly due to radiation and convection of heat from the
iron core. 'I'he temperature of the coils on the transformers
tested were measured by means of thermometers and thermo-
couples applied directly to the coils. Temperatures by rise of
resistance measurements were taken but as these gave only the
average temperatures and not the maximum temperatures,
they were not used in the paper.

In reference to the losses, we have made some atlemnpts to
segregate them but the results were not very satisfactory. The
stray-load losses at full load on 50-kw. air-cooled station-type
transformers amount Lo approxmately 400 watts out of a total
loss of about 1800 watts, while at short eireuit, the stray-load
losses amount 1o 2400 watis out of a total of 3500 watts. Of
course, we are not certain of these values and do not put much
dependence in themi. They were worked up only in order that
we might reach some conclusion for the apparent increase in
losses of the transformer with decreased load.

Discussion at Kansas City
Meeting

ELECTRIC WELDING OF PIPES!
Taxcou~
Kaixsas Ciry, Mo., MagrcH 18, 1927

H. R. Park: 1 should like to supplement Mr. Linecoln’s
paper by outlining the field for electric arc welded pipe in the
petroleum industry with special regard to oil and gas transmis-
sion lines and mention some of the factors which must be con-
sidered when are-welded pipe is used for this duty.

Mr. Lincoln’s paper discusses are-welded pipe in competition
with riveted and lock-bar pipe. The pipe manufactured by these
processes is usually 20 in. in diameter and larger, while the
majority of pipe used by the petroleum industry for cross-
country lines varies from 6 in. up to 20 in. Inasmuch as the pipe
in the smaller sizes is not handled in the same way as the larger
sizes in the field, the problems involved in its use will be some-
what different. There are several factors whieh must be con-
sidered in laying an oil or gas transmission line. These factors
are pipe delivery, tightness, strength, difficulties met in laying
the line and in repairing leaks and cost.

Usually speed is a big factor in laying an oil or gas transmission
line and it follows that early deliveries of pipe are very necessary
At the present time there are comparatively few manufacturing
concerns which are in a position to manufacture are-welded pipe
and deliveries of any large quantity are somewhat uncertain.
As the use of arc-welded pipe beecomes more general, however,

more plants will be equipped to manufacture it and this difficulty
will be overcome.

1. A. L E. E. JournaL, June 1927, p. 593.
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It is very important that an oil or gas transmission line have
as low a leakage rate as is possible. It issurprising how much gas
can leak through a small hole; for instance, a vessel having a shell
thickness of 1.4 in. maintained at a pressure of 100 lb., will leak
through a 1/16-in. diameter hole about 3,000,000 cu. ft. of gas per
year. It is evident from this that pin holes in the longitudinal
seam of are-welded pipe can cause an enormous leakage in 50
or 100 mi. of line. We now have gas pipe lines in service with
acetylene-welded joints; that is, ordinary mill pipe with
acetylene-welded girth seams which show a loss of 50,000 cu. ft.
per year per mile of 3-in. line. If arc-welded pipe is to compete
with mill pipe laid with acetylene-welded girth joints, the
leakage rate must be as good as that with the acetylene joints.

It is not the practise to use expansion joints in oil or gas lines
but to take care of the expansion and contraction by laying the
line in the diteh in loops which give considerable slack. It is also
the practise to make the pipe conform to the topography of the
ground traversed which means that the pipe must be bent.
These bends are made cold. It is essential in making bends that
shev be made between the girth welds in order that an emergency
sleeve can be placed on the weld in case it develops a leak while
in service. Are-welded pipe is now being made in joints varying
from 5 ft. to 14 ft. which are welded into longer sections and
shipped to the field and with these short joints it becomes
difficult to make the field bends between the welds. This
diffieulty can be overcome somewhat by devising a different
method of rolling the sheets which will permit the manufacture of
longer joints. It is my understanding that an organization in the
Mid-Continent field, which is contemplating the manufacture of
arc-welded pipe, is working on this problem and expects to ke
able to manufacture arc-welded pipe in 30-ft. joints.

Among the lines laid last year by the Empire Companies was a
22 14-mi. section of 16-in. gas line. Mill pipe with a 45-deg. bevel
on the ends of the joints for acetylene girth welds in the field,
was used. It was decided to weld 7 mi. of this line by the electric
arc method as an experiment and in order to check the work done
in the field we cut approximately 100 welds from the line and had
them tested. The electric welds showed approximately 5000 lb.
higher in tensile strength than the acetylene welds and also
showed better elongation and ductility. In direct contrast to
this, we found a great many broken welds made by the electric
arc method while none of the acetylene welds failed. After
testing the line carefully and removing all of the defective welds,
the line was put into operation and has given very satisfactory
service. From our own experience and the experience of others
who have electric arc-welded pipe lines, we have decided that
an electric-are hutt-welded girth joint made in the field is not
entirely satisfactory for an oil and gas transmission line.
Although satisfactory welds can be made as indicated by the
fact that the section of line welded by the electric are method is
now operating satisfactorily, it is also evident from the fact that
we found so many broken welds when the line was tested that the
possibility of getting poor welds is 100 great and the number of
replacements is excessive. KFrom all the information which we
are able to gather, it appears that a satisfacltory arc-welded girth
joint can be made if a slip joint is used. The slip joint may be
made by having alternate joints of such size that they will slip
one within the other or they can be made by belling one end of
each joint of pipe. While either of these joints is the same insofar
as the welding operation itself is concerned, it appears that the
bell joint has the advantage in that it is easier to put an emer-
gency sleeve on this joint than on the straight slip joint. Either
of these joints will present some difficulties in assembling the line
in the field for welding in that it will he more or less difficult to
slip one joint within the other after the pipe has been handled
roughly and the ends have heen battered or dented even slightly;
however, I believe that these difficulties can he overcome and
this type of joint can he used satisfactorily.

Mr. Lincoln’s paper mentions using a lighter weight pipe in
larger sizes and with reduced pressures. 'This is satisfactory
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within certain limits; however, when a light weight pipe is made
in diameters of 18 in. or over, it becomes very difficult to bend
the pipe in the field. '

In regard to the cost of arc-welded pipe, we had occasion to
estimate a line of considerable length made from mill pipe and
also from arc-welded pipe and we anticipated the arc-welded
pipe to be cheaper by approximately 45 per cent. I have talked
to several men in California who have had some experience in the
manufacture and laying of lines fabricated by the electric arc
method and they have found the are-welded pipe to be approxi-
mately 30 per cent cheaper than mill pipe.

There is no doubt that arc-welded pipe has a great field in the
petroleum industry. It is making considerable headway in
California and has recently drawn considerable attention in the
Mid-Continent. I have mentioned some of the difficulties which
will be met when arc-welded pipe is used for oil and gas trans-
mission lines, and no doubt additional difficulties will be met
when more lines are put into service. I believe, however, that
with the proper amount of thought and study the difficulties can
be overcome and the use of are-welded pipe for oil and gas trans-
mission lines will become widespread.

W. L. Warner: Welding of .pipe lines has been practised °
extensively for a number of years in the petroleum and gas fields
of this country. Welding for this work has consisted of jolning
the ends of pipe sections in the field where the diameter of the
pipe did not generally exceed 18 in. The pipe sections joined
have heen of the seamless or roll-welded type from 20 to 40 ft. in
length.

The welding of penstocks and hydraulic pipe lines is a recent
development as riveting has been exclusively used for this work
in the past. About a year ago a 22-mi. hydraulic pipe line was
completed by the Western Pipe and Steel Company for the city
of Vallejo, California. This pipe was 22 and 24 in. in diameter
and was fabricated from flat plate in the shop in 20-ft. lengths
two of which were joined together to make a 40-ft. length. The
field joints were made by a butt weld using the electric arc.
The longitudinal joints were automatically arc-welded in the
shop and gas-engine-driven welding sets were used for welding
the field joints. The plate thickness was 3/16 and 4 in.

The pipe line discussed by Mr. Lincoln is probably the largest
built so far on which are welding has been used for making the
side seams and Mr. Lincoln certainly deserves credit for his
promotion of the welding art in this field of application. There
is indeed nothing impossible in the application of welding to steel
work of this kind provided the necessary machinery for handling
the pipe efficiently is available. With present practises there is
evidently a limit to the diameter and length of pipe sections which
can be successfullv fabricated and safely handled after fabrica-
tion. Undoubtedly, however, continued use of the welding
process for this work will develop new machinery, new methods
and new technique, which will revolutionize the pipe industry.
Asisindicated in the paper under discussion the specifications for
the Mokelumne project were written to cover a certain type of
welding machine to the exclusion of any other Lype. Such a
specification does not appear fair to the welding industry.

It specifications are to be prepared for welding work it would
be mueh better if those specifications were prepared to cover the
product to be used and the acceptance tests to which that pro-
duct is to be subjected rather than to diseriminate against certain
types of apparatus.

Tt is interesting to note the tests called for in the specifications
given. They are evidently quite severe and sufficient for the
work in question and although the test stress in the steel is
slightly over two-thirds the elastic limit of the material it is
evidently high enough to hring out any defects in the welded
joint. The test pressure advocated by the American Welding
Society for unfired pressure vessels is three times the working
pressure which would put a test stress in the steel of 24,000 1h.
persq. in.  There is also some opinion that this test stress should
be increased 1o the elastic limit of the steel for final acceptance.
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Under “lnboratory tests’ it Is stated that “the test specirens
out fraam the sampls welds shall withstand being bent pald
through 00 dep. ete, without serious fractyre.”’ 14 might
he considered that, serious fraoture is o velalive torm only, ot least
it s very indefinite.  Ordinarily goy fracture at all where
pressure is eonverned ix serious and it wopld uppenr dosiruble
that more dofinite explanation of what is mennt by serious fruee
ture should be piven.

The standard cold-bend test for welds as adopted by the
\merican Welding Society is muaoeh more severe than that out-
linod in the paper under diseussion. . Tn the bend test as outlined
by My. Lincoln ample opportunity is given for the hending of the
specinen to take place in the steel plate instead of in the weld
With the Ameriean Welding Society tast the bending is confined
to the weld motal and the stecl immediately adjacent to the weld.
14 is, therefore, more a test of the weld than of the base mtal.
The writer has made bending tests on automatically metsl arc-
welded specimens of lo-ipn. plute welded at a speed of 5 in. per
minute in the manner outlinoed in the specitications which we are
discussing and these specimens have under those conditions been
bent cold through 180 deg. without a crack. In those cases,
however, the specimens have bent so that about 75 per cent of
the bond oceurred in the plate and 25 per cent in the weld itself,

The elaim is made “that possibly no other method of manu-
facturing large pipe now known could pass the specifications for
test as outlined in these specilications.” This statement seems
rather broad in view ol present-day welding experience.

For making the field joints the method of expanded lapped
Juinls as suggested will be a suecessful method for welding on
pipes of this size. 'The butt type of joint on pipes over 24 in.
in diameter will undoubtedly cause trouble from expansion and
contraction. This bell and spigot method will also assist in
lining up the pipe sectiouns.

J. F. Lincoln: There is one reason and one reason only for
automatie welding of pipe for pipe lines and that is that tight
joints and tight pipe can be made cheaper in that way than by
any other known process. Experience has already shown that
the pipe itself is superior in the larger diameters to that made by
loek bar and rivets, which have been the previous methods.

Experience has also shown that the result is equal (as far as
tightness is concerned) to the tube-mill pipe. The addition of
the welding of the field joints is merely one more step forward in
reducing the cost and increasing the efficiency of pipe lines
compared to the previous methods using screw joints, couplings or
riveted joints. There is no manufacturing difficulty in making
pipe of practically any length, diameter, of practically plate
thickness and analysis. There is no manufacturing difficulty
also in making this more economiecally than by any other method
now in use. The future use of this process will depend on two
things:

First: Whether the other pipe-making processes can be
perfected so that the economic advantage of welded pipe will
disappear.

Second: How long it will take the pipe users to take advantage
of its economies.

Mr. Parks’ diseussion regarding difficulty in the welding of
field joints by the butt-welding process is merely one of the
growing pains which any new process must go through. 1
believe that Mr. Parks’ company, it it had the same job to do
again, could do it without the breaking of a single joint and it
would seem to me that the trouble which they had on these 8 mi.
would he a very small price to pay for the valuable experience for
future work that this line gave them.

The company which Mr. Warner represents undoubtedly can
and does manufacture equipment which will do this work with
entire success. In fact, I believe that the Vallejo pipe line
(which antedated the Mokelumne pipe line by a year or two),
was made exclusively with the equipment manufactured by
Mr. Warner's company, and undoubtedly Mr. Warner’s com-
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pany oould jainafaetyre cguipent which would bave sy
fully accomplizhed the muking of the Mokeluwemne Biver ln
Totuotly the swme thing coold De wudd of hinnd woldod, riveted
loek-har, and tibe-null pipe

Phore was one reason and ome renson only for manufeetaring
this pipe with the proce that wis tsiedd wnd thiat was the fact
that it wus i poud dead more ceononien to do itin that way than
n any othor known way

T, Warner also diseusses cather fully the mgtter of hending
and the tests whish were ot on Chis prrbiculiny prpes 1L s rather
difficult, however, Toe e at Chis e to amder tivid thes reason for
the bhending of wadded Jornt i a pipe ling,

For a good many yeurs wis have heen suecossfully usime loelk-har
pipe and riveted pipe with entirely sutisfustory rosults exeopt
insofar as cconomy is concerned, nnd Durn not at the present time
advised as to just how a riveted or Jock-har joint ean be bent
through 180 deg. without sulficient doterioration so that it
utitity in a pipe line is largely removed. | cannot s therefors,
that the bending of the joint or the making of a joint whieh will
bond, assumes such tremendousty  turge  proportions,  te o
perfectly sate, however, to say that the apparatus manufactured
by Mr. Warnor’s conpany will make a wolded joint which will
hend through 180 deg.  Further, it is just as true that the welds
made by any other welding equipment on the markot can he so
construeted that bends through 180 deg. in the metal iself ean be
made

Regarding the matter of tests, Mr. Warner stresses the point
that the actual tests used are np to two-thirds of the elastie himit
of the plate. As a matter of faet there were a number of the
joints which in the specificd test went heyond the clastic limit
ufficiently so that the joints themselves had to bo rejected he-
cause of their expansion hevond their normal sizes. 1) myself
witnessed onc joint in whieh the diameter was increased over 3
in. because of the metal being stressed beyond the elastie limit
at the time of testing.

CURRENT ANALYSIS IN CIRCUITS CONTAINING
A RESISTANCE MODULATOR'

IMANDY)
Mo, Manen 17, 1927

R. M. Kerchner: [t seems to me that some of Mr. Grandy's
statements, while not incorrect, may be a little misteading, while
some assumptions are made that exaggerate the poor qualities of
the transmitter.

Kaxsas Ciry

The statement that the current output wave is an inverse
function of the exeiting wave, while | think it is true, is, however,
likely to give a wrong physical conception. Physically, the
qualitative results of the exciting wave are similar to those of the
outputl wave, that is. when the exciting wave has a high value the
output wave has also a high value and similarly with low values.
From his statement we might get the idea that if the output wave
is an inverse funetion of the exciting wave, the output wave is
small when the exciting wave is large, and vice versa. Tech-
nically, however, Mr. Grandy's statenent. | think, is eorrect.

| disagree, however, with the statement that distortion is due
to the fact that the pressure-resistance relation of the carbon-
granule transmitter is not linear. It is by assuming that this
relation is linear that the results tend to magnify the distortion
due the output current being an inverse function of the exeiting
wave. As a matlter of fact, it the pressure-resistance relation
were a rectangular hyperbola and there were no resistance out-
side of that in the transmitter, the output wave would be a true
image of the exciting wave, mechanical distortion neglected.
This is shown as follows.

Let p be the pressure on the diaphragm at any time.

1. A.I.E.E.JounnaL, May, 1927, p. 426,
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Jt p, be the pressure about which the pressure variation

O3S,
;cording to the assumption r p = ¢

r = —
P
,suming a sinusoidal exciting wave the pressure would be
: P, + p, sin 8 where p, is the modulating pressure.
Isnce

C (%
T 4 - P, + posin @
m
s B E (P, + posin 6) E P, .
— = ———— sin @
! r C C - Do

Lh shows the output wave to be of the same form as the
¢xing wave if the pressure resistance relation is a rectangular
yrhola, hence not linear. That the relation is actually a curve
of 1e same general trend as a rectangular hyperbola, namely,
c@ave upward, can be seen by a consideration of the limits of
ti-esistanee as the pressure is O and become infinite.

#ually, however, distortion will also exist with such a re-
lat n since the whole curve is shifted upward by an amount
dé'nding on the constant resistance in the circuit of the trans-

1er. Under these conditions it ean be shown that the eur-
a1 wave due to a sinusoidal exciting wave would be

E(Po + posin)
R:P,+ R:posing + C

ish on aceount of the second term in the denominator will not
1 a pure sine wave.

rom this it ean be seen that the ideal condition would he to
142 the pressure-resistance relation of the transmitter follow the
ajof a rectangular hyperbola, with no resistance in the exterior

1it instead of a linear relation as Mr. Grandy implies. This,

lieve, explains in part the fact that the distortion actually

ized is not as great as might be suspected from simply an

E
R,+ R, +reos?d

apysis of the expression given in Mr.
"¥ndy’s paper.

‘he eonelusgion that might be inferred from this discussion is
i\ a transmitter that varies the e. m. f. in the eircuit would lend
i1lf more readily to produetion of distortionless output waves.
['s suggests that the magneto transmitter operates on a
mciple that underlies distortionless reproduction of diaphragm
vwiations.

« S. Grandy: Commenting on Mr. Kerchner’s discussion;
| original statement. that the current wave in the output
fuit is an inverse function of the exeiting wave, is misleading
fot wrong. It was intended to state that the current wave is
:anverse funetion of the modulating resistance.

linear pressure-resistance relation was assumed to be ideal

thause any other relation would mean the introduetion of
h monies into the variations of the modulating resistance so that
f stance change would not he a copy of the exciting wave.
¥. Kerchner has shown that if a rectangular hyperbolic pres-
ve-resistance relation could be reabized, an instrument, in an
hyothetieal case, eould be made to produce an output current
4ve that would be a true image of the exciting wave and that
th a pressure-resistance law would permit the building of
#truments that would presumably materially reduce distortion.

t is thought probable that for every combination of eireuit
at rmodulator constants there exists a law of pressurc-resistance
aimge that would produee distortionless reproduction of the
adting cause or nt least, permit a reproduction with a minimnum
odistortion. Upon the lincar assumption a diminution factor
vu defined an that factor which gives the relative magnitude of
@b succeeding  harmonio relative to the preceding.  Dis
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tortionless reproduction would be attained if the diminut'ion
factor was made zero. Referring to Fig. 4, such a situation
would be approached if R, the resistance of the output circuit,
was made very large in proportion to the modulating resistance r.
This is the econdition under which the carbon radio microphong
operates as its output is impressed upon a vacuum-tube .c1rcu1t
of very high impedance. Thus the linear pressure-resistance
relation becomes the perfeet relation for that particular combina~
tion of modulator and circuit constants. As the carbon miecro-
phone gives very excellent results from the quality standpoeint
and as such results depend upon a linear relation it is thought
that the pressure-resistance law for carbon must not depart very
far from the linear form. It is true as Mr. Kerchner points out
that at limiting conditions the law for carbon must depart from
the linear form, but for pressures actually used, limiting condi-
tions are not likely to be eneountered. The pressures involved
are of a very low order of magnitude. The writer has had other
evidence that, while not at all conclusive, was strongly suggestive
of the linear relation for carbon.

A magneto type, or a condenser type of modulator is very
desirable from the quality standpoint. As pointed out in the
first paragraph of the paper, such an instrument modulates
current supplied to it by voltage changes in the cireuit making
the modulated product a direet function of the modulating
change. However, it is impossible to get enough energy from the
exciting cause into such an instrument to produce modulated
currents of a magnitude that can be used in most applications.
On the other hand the earbon instrument acts as a modulator and
a very large amplifier at the same time.

CARRIER-CURRENT SELECTOR SUPERVISORY
EQUIPMENT!

(STEWART AND WHITNEY)
Kansas City, Mo., Marcr 17, 1927

R. J. Wensley: There are many applications for remote
control of power apparatus where the distance is such that con-
trol eonductors beecome prohibitively expensive. Such applica-
tions are usually in conneetion with high-voltage systems where
induetive interference would be severe should control ecircuits
he econstructed along the transmission right-of-way. The
Alabama Power Company solved such a problem in a very
ingenious manner. They have an extensive 110-kv., “H”-type
wooden-pole transmission system. Their southern loop is to be
sectionalized at intervals of about 15 mi. by motor-operated
disconnecting switches. As there are several hundred miles of
this loop, the construction of separate control cireuits would have
been very expensive.

The standard practise of the Alabama Power Company is to
install two ground wires on the tops of the two poles of the “H"
frame. These wires serve as statie guards and as return circuits
for the ground relays. In addition, these wires are now used
for the supervisory control of the section switches.

To enable their use, insulators were installed and all direct
ground connections were removed. Transformers were in-
stalled at each section switch with center taps on the primary
windings, these taps being grounded. The eontrol is effected by
impulses of 500-cyele and 650-cyele energy.

The control equipment is an adaptation of the Westinghouse
audible system. Motor-generator sets provide the two fre-
quencies,  The impulses are originated by an ordinary auto-
matic tolephone dial.

Selection 18 obtained by dialing impulses of one frequency
Answering signals are received by audible signals originated by n
huzzer at the distanl point which ehecks both the station callad
and the device seleeted. Operation is obtained by application of
the seeond frequeney by means of the contrel key on the dis-
patelier's cabinet.

1. A. 1. K. E. JounnaL, June 1927, p. 688,
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The impulses of the two froquencies are reecived on tuned
relays. These relays are tuned to resonance by condeusers in
series with thoir coils and will not operate unless the frequency
is within about 50 eyeles of the point of resonance. Thoe selective
equipment is operated by a loeal 12-volt battery. This same
battery is used for tltie motor of the diseonnecting switch,

The batteries are to be charged at certain central locations and
distributed by trucks at regular intervals. An experimental
installation for trickle charging from the drainage current in the
ground connection of the iransformer primary is now heing tried.
This involves a special transformer and a Reetox rectifier. It
suecessful, this method will eliminate the handting of hatteries.
The receiving equipment illustrated is located in a substation
but at most of the locations there is no station and the equipment

is housed in an outdoor steel switechhouse converted for the
purpose.

All eontrol eonnections to the ground wires are made through
transformers.  Spark-gaps on both primary and secondar;
guard against actual erosses between the ground wires and the
110-kv. lines. A series relay short cireuits the transformer pri-
mary when the current exceeds its safe rating.

ILLUMINATION ITEMS

By Committee on Produection and Applieation of Light
THE ROXY THEATER*

To describe in a few words the complete electrical
equipment of the Roxy Theater in New York, of which
an important part lies in the lighting, borders on the
impossible. The master showman—Roxy—uses elec-
tricity everywhere to make his house a real “Cathedral
of the motion picture.”

Four street services, two a-c. and two d-c., supply the
electrical energy. Twenty-three meters are connected
to record an anticipated load of 2500 kw. Two reasons
make this large number of meters necessary: (1)
different rates apply for lighting, signs, general power
and refrigerating power, and (2) the difficulty of testing
d-c. meters of over 800-ampere capacity. The d-c.
service is three-wire, 240-120-volt; the a-c., 208-volt,
four-wire, three-phase with 120 volts between each
main and neutral. There are no ties within the building
to connect the services, with the single exception of the
projector booth which is connected to both d-c. services.

The stage switchboard of over 200 control units,
under the direction of the conductor, controls the
general lighting, the stage lighting and the organ and
orchestra lift. Another switchboard, under the man-
ager’s direction, controls the exterior lighting and the
interior lighting not within the sphere of influence of the
stage.

The lighting equipment shows to what an extent
lighting may be used to beautify a building. As one
approaches the theater, the high-intensity marquee
lighting, the street lighting units which have concealed
floodlights directed on the building, and the advertising
signs make an irresistible attraction. In the ticket
lobby and in the grand foyer the lighting intensity is
gradually reduced, preparing the visitor for the dark
interior of the main auditorium. The type and location

*The eommittee is indebted to Harry Alexander, Inc., New
York, for data ineluded in this article.
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of lighting equipment carry out the general Spanish
architectural motive of the theater. In the foyer and
the surrounding stairways the visitor encounters the
last pendant fixtures, the whole auditorium being
illuminated by cove lighting, with a few floodlights to
get the maximum beauty from the gold decorations and
to break up dark corners produced by the cove lighting.

The stage lighting equipment is of the latest type.
Practically the whole load of 780 kw. is on dimmers.
Ordinary resistance dimmers, which, on account of space
limitations, are not regularly used to control more than
2000 walts, are used Lo some extent, but the majority of
stage lights are controlled by a new type of reactance
dimmers, each capable of handling 15,000 watts.
The enormous saving of space is apparent.

All the stage circuits are remote controlled, using
direct current to energize the control coils. The
contactors, reactors and resistances are situated in the
basement directly below the control board. Some idea
of the number of circuits may be gained from the
statement that the a-c. fuse panel has 600 circuits and
the d-c. panel, 200. The stage control board is of the
pre-set type; two absolutely independent set-ups may
be made, and, for some ordinary lighting effects, three
set-ups.

One of the biggest pieces of electrical equipment is
the air conditioning apparatus. The apparatus con-
sists of washers, dehumidifiers, and refrigerators which
change and condition the air in the building every three
minutes. The refrigerators use a total of 600 h. p., the
spray pumps, 60 h. p. and the ventilating fans, 50 h. p.

Both the orchestra and the organ console platform
can be raised at wil by the conductor, from a pit 12 ft.
below the auditorium floor level by means of electrically
operated elevating screws.

Many other motors are in use for other services such
as the organ, the curtain, elevators, stage props and the
like. The total connected power load is 1600 h. p-,
distributed over 60 motors.

LIGHTING RESEARCH PROBLEMS

The Illuminating Engineering Society Committee on
Research has published a list of fifty lighting research
problems suitable for investigation by Engineers or
Engineering students and seventeen problems for
Scientists or Science students. The list appears in the
Transactions of the I. E. S., February 1927, pp. 190-194.1
The Committee points out that work has been done on
all the subjects listed. In many cases the work is
satisfactory so far as it goes, but the problems are so
ramified and far reaching that valuable contributions
may still be made.

This list should be of great value to those who are

called upon to advise students with regard to suitable
theses subjects.

1. Complete information may be secured from the Trans-
actions referred to above, or from the IMuminating Engineering
Society, 29 West 39th Street, New York City.
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Excellent Technical and Entertainment
Programs for Summer Convention

An extensive and varied technical program and very enjoyable
recreational features will contribute to make the coming Summer
Convention one of the most successful of the Institute’s history.
This convention will be held in Detroit, Michigan, with head-
quarters at the Book-Cadillac Hotel, June 20-24.

Power stations, transmission-line operation, cable joints, re-
lays, control circuits, television, communication, ares, corona,
dielectries, rectifiers, electrical units and eleetrie traction will be
among the subjects covered in the technical papers. A com-
plete schedule of events is given in the accompanying program.

Electric traction engineers will be specially interested in the
papers on catenary construction which will be presented Friday
morning, June 24.

“The Nature of the Electric Are” will be the subject of an
address given on Tuesday evening by Professor Karl T. Compton
of Princeton University, who is president of the American
Physical Society.

TELEVISION SYMPOSIUM AND DEMONSTRATION

A specially interesting event will be the symposium on
Television led by Dr. Herbert E. Ives of the Bell Telephone
Laboratories, Ine. Dr. Ives was instrumental in developing the
equipment for the recent test by which Secretary Hoover,
while speaking in Washington, was seen and heard by an audience
in New York City. This event is scheduled for Thursday
morning, June 23.

Following the symposium, there will be operating demonstra~
tions of television equipment arranged at convenient hours.

INSTITUTE AND RELATED ACTIVITIES
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CONFERENCE OF SECTION AND BRANCH DELEGATES

Conferences of Section delegates and Branch Counselors wi.ll
be held on the first day of the meeting, Monday, June 20. This
entire day will be devoted to discussions of affairs of interest to
the Institute Sections and Branches. All members interested
are welcome to attend.

InspeEcTION TRIPS

Detroit is unusually well supplied with points of engineer‘ing
and industrial interest as well as recreational opportunities.
Its industry includes power generation, manufacturing qnd
shipping. It is the world's largest automobile-manufacturing
center. One of the most modern electrically operated railroads
belonging to the Ford Motor Company, centers there. The
Detroit Edison Company’s plants and system are among the
greatest in the country.

Trips will be made to power plants, substations, automobile
plants, steel mills, brass foundries, airplane factories and other
interesting places.

PRESIDENT'S RECEPTION AND DANCE

On Tuesday evening will come the reception of the President of
the Institute and this will be followed by dancing in a ballroom of
the Book-Cadillac hotel.

CoNVENTION DINNER

On Wednesday evening, June 22, will be held the convention
dinner at which a number of interesting addresses will be made.
Alex Dow, President of the Detroit Edison Company, will
preside as Chairman of this meeting and C. F. Hirschfeld, Chief
of Research, the Detroit Edison Company, will be toastmaster.
Addresses will be made by W. B. Stout, President of the Stout
Metal Airplane Division of the Ford Motor Company, on some
phase of commereial aviation; by C. M. Newcomb on ‘‘The
Psychclogy of Laughter” and by an official of an automobile
company on the automobile industry.

ENTERTAINMENT AND SPORTS

Golf and tennis tournaments will be played in competition for
the Mershon cups offered for these two sports. There will be
opportunities also for other sports such as boating and bathing.

A moonlight boat ride with dancing and vaudeville enter-
tainment will be taken on Thursday evening on the steamer
Tashmoo which will run up the Detroit River and into Lake
Ste. Claire.

One of the world’s largest municipal parks, Belle Isle, set with
woods in their natural state, equipped with lakes and canals,
casinos and boat clubs, js within twenty minutes of convention
headquarters. Immediately across the Detroit river and reached
by means of electric train through under-the-river tubes or by
ferry boat, lies the Dominion of Canada. One of Ontario’s
points of interest, located but a few miles from Detroit, is Jack
Miner's famous bird paradise, where flock wild birds of every
sort. Windsor, also, has two of North America’s greatest horse-
racing tracks, Kenilworth and the Jockey Club.

LapiEs ENTERTAINMENT

Complete plans have been made for the entertainment of the
ladies. On Monday afternoon, June 20, there will be a reception,
entertainment and tea for the ladies, at the Women's City Club.
On Tuesday, there will be touring of the Grosse Pointe and Belle
Isle districts and drives, with lunch at the Detroit Yacht Club,
swimming for those who wish it in the elub’s outdoor lagoons, and
tables of bridge.

Wednesday morning will be open for shopping and other tours,
and in the afternoon the ladies may accompany the members of
the Institute on their railroad ride and inspection of the beautiful
Trenton Channel district and the Trenton Channel station of the
Detroit Edison Company.

The ladies will visit the Bloomfield Hills Country Club and the
famous park-like Booth estates Thursday morning, with luncheon
at the Detroit Golf Club and a matinee at the Jessie Bonstelle
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playhouse, a most unique theatre. Friday will be opon, all day,
for touring, pienicking, shopping and the like.
StEAMER TRiP FoLLowing CONVENTION

An event whigh may be enjoyed by those who attend the
Convention is the lake steamer trip which may be taken starting
on Saturday, June 25, the day after the convention closes.
This will be a three-day trip starting from Detroit, June 25,
touching at Mackinae Island and at Parry Sound in Georgian
Bay, and returning to Detroit, Tuesday, June 28.

All members who are interested in this trip are requested to
write to Institute headquarters, New York.

The trip will be made on two of the larger steamers traveling
the Great Lakes. Trom Detroit to Mackinae, a steamer of the
Detroit and Cleveland Navigation Company will be used. From
Mackinae through Georgian Bay and back to Detroit the trip
will be made on a steamer of the Chicago, Duluth and Georgian
Bay Transit Company. The following is the schedule of this
trip:

Lv. Detroit Sat.
Ar. Mackinae Sun. 8:15a. m.
Lv. Mackinac  Sun. 4:30 p.m. C. D. & G. B.

Ar. Parry Sound Mon. 10:00 a. m.

Lv. Parry Sound Mon. 11:30 a. m.

Ar. Detroit Tues. 9:30 a. m.

The cost of this round trip will be $42.50 or $45.50, including
meals and berth. Two passengers must sbare each stateroom.
The lower rate includes transportation on Deck C of the C. D.
and G. B. Steamer, while the higher rate includes transportation
on Deck D-E.

Those who desire may continue on a steamer from Detroit to
Cleveland or Buffalo; also, it will be possible to go from Detroit
through Mackinac to Chicago, omitting the return trip from
Mackinae through Georgian Bay to Detroit.

REecIsTER IN ADVaxcE

1:30 p. m. D. & C.

All who plan to attend the convention are requested to register
in advance by means of the registration card which accompany-
led the announcement sent to members by mail.

Immediately on arriving in Detroit members and guests should
visit the registration desk to obtain badges and to register for
the dinner, sports and entertainment events in which they will
participate.

HoteL REservaTiONS

Requests for hotel accomodations should be made in advance
on the “Information Collector Card” also mailed to members.
Requests should be sent to J. W. Bishop, chairman of the hotel
subcommittee, at the Detroit Edison Company, 2000 Second
Avenue, Detroit, Mich. Hotel preferences, room requirements,
ete. should be indicated.

This subcommittee will make the reservations with the hotels
and members will be notified of the arrangements made. In case
all rooms have been taken at the hotel of prior choice, reservations
will be made according to the second choice or third choice.
Hotel rates are given in the fcllowing table.

DETROIT HOTELS
Showing room rates per day without meals

| Single Double
\ |

No. of | Without With | Without With

Rooms| Bath Bath Bath  Bath

Book-Cadillac Hotel. .. ... ... 1200 | .. $3.50 | .. $6.00
4.00 7.00

Barlum Hotel............... 810 2.50 l 4.00
Detroit Leland Hotel. .. ... .. 700 3.00 | " 4.50
Fort Shelby Hotel........... 393 $2.50 3.00 ' 83.50 4.50
Fort Wayne Hotel........... 300 2.50 | .. 3.50
Hotel Statler............... 1000 3.00 [ 5.00
Hotel Tuller................ 800 2.50 5.00
Savoy Hotel................ 750 y: 2.50 5 4.00
Webster Hall (Stag)......... | 766 2.00 3.00 4.00 5.00
Wolverine Hotel.. ........ ... ! 500 2.50 5.00
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Srrcian RaiLroan Rartes

Special railroad rates under the certificate plun' will be availahl
to members and guests who attend t %le convention.  Under g,
plan each person must get & cern.h(-zue from hl's local
agent when purchasing a one-way 'tl('ket to Detroit. _Pl'esenh,
tion of this certificate at (:onvt?ntlon llendquart;ers will entig
the passenger to half-rate fare for the return trip by tl}e same
route providing 260 ccﬂrttﬁcatcs are ])7'(‘8(’7!(8(.1 at the convention,

Aembers should advise their local tx‘cket agents of they
intention to attend the A. I. . E. convention and should ask fgr
certificates. Tickets must be pur('lu.xsed not more than 4 fixed
number of davs prior to the convention and vthe return trip myg
be started from Detroit not later than W ednesday, Jupe %
Return tickets purchased at reduced r.ate's may not be used op
certain limited trains. Details relative to dates and othe
matters should be obtained from ticket agents.

Immediately on arriving at Detroit certificates should be
presented to the endorsing officer at convention headquarters,

Are Visitors SHouLp GET CERTIFICATES

Evervone should obtain a certificate except those who come from
the extreme West who can take advantage of the Summe
tourist rates as mentioned in the following paragraph. Failure
to get certificate may deprive others coming long distances o
considerable saving.

Toturist RaTES FOR WESTERN MEMBERS

Summer tourist tickets on a lower basis than regularcertificate.
plan fares will be in effeect from Arizona, British Columbia,
California. Idaho, Nevada, Oregon and Washington. Thes
tickets will be on sale from May 22 with a return limit of October
31, 1927.

COMMITTEES

-\ large group of committee members is working very effectively
to make this meeting a success. Thev are headed by the follow-
ing general committee:

GENERAL CoNVENTION COMMITTEE

Alex Dow, Chairman, G.B. MeceCabe, Vice-Chairman,
: Publicity:

A. MacLachlan, Chairman

Harold Cole, Vice-Chairman
Registration:

F. H. Riddle, Chairman

T. N. Lacy, Vice-Chairman
Transportation:

C. Kittredge, Chairman

C. G. Winslow, Vice-Chairman
Sections:

H. B. Smith

Ent il
G. H. Roosevelt, Chairman
L. Braisted, Viee-Chairman
F' .
A. C. Marshall, Chairman
A. A Mever, Viee-Chairman
Hotel:

J. W. Bishop, Chairman

F. R. Jennings,Vice-Chairman
Local Trip

E. L. Bailey, Chairman

F. L. Snyder, Viee-Chairman
Meetings and Papers:

E. B. Meyer, Chairman

A. H. Lovell, Vice-Chairman
Out-of-Detroit Members

B. G. Jamieson

Student Branches:
C. E. Magnusson

J. H. Foote G. E. Lewis

PROGRAM FOR SUMMER CONVENTION DETROIT JUNE 20-2¢*
Moxbpay, June 20

9:00 a. m. Registration

10:00a. m. and 2:00 P. m. Section and Branch Delegates
Conference
8:30 p. m. Informal Dancing
TvuEspay, June 21

9:00 a. m. Registration

10:00 a. m. Mayor’s Address
President’s Address

_—

*Copies of the bapers on this program may be obtained by request
them from Institute headquarters.
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10:30 a. m.

2:00 p. m.

8:00 p. m.

9:30 p. m.

9:30 a. m.

1:30 p. m.
2:00 p. m.

6:45 p. m.

10:00 a. m.

TECHNICAL SESSION

Holtwood Steam Plant, Design and Operation in
Coordination with Water Power, F. A. Allner,
Penn. Water and Power Co.

Auziliary Power at Richmond Station, J. W.
Anderson, Philadelphia Electric Co., and A. C.
Monteith, Westinghouse Electric & Mfg. Co.

Recent Investigations of Transmission-Line Opera-
tion, J. G. Hemstreet, Consumers Power Co.

Ground-Relay Protection for Transmission Systems,
B. M. Jones and G. B. Dodds, Duquesne Light
Co.

Directional Ground-Relay Protection, J. B. Breisky,
Westinghouse Electric & Mfg. Co., G. W. King,
Consumers Power Co., and J. R. North, Com-
monwealth Power Corp.

Golf and Tennis Tournaments

Inspection Trips

Lecture—‘“The Physical Nature of the Electrie
Are,” by Dr. K. T. Compton, Princeton Uni-
versity, President American Physical Society

President’s Reception and Dance

WEDNESDAY, JUNE 22

Presentation of Technical Committee Reports in
two sessions, A and B

SessioN A

. J.B. Whitehead,Chairman
. Vladimir Karapetoff,
Chairman
Education . .P. M. Lincoln, Chairman
Standards _ J. F. Meyer, Chairman
Instruments and Measurements A. E. Knowlton,Chairman
Communiecation . . H. P. Charlesworth,
Chairman

Research .
Electrophysics

Production and Application of
Light . . . . . P.S. Millar, Chairman
Electrical Machinery . . . . . H. M. Hobart, Chairman

SessioN B

Power Generation .W. S. Gorsuch, Chairman

Power Transmission and Distri-
bution . .Philip Torchio, Chairman

Protective Devices . F. L. Hunt

Applications to Iron and Steel
Production . o _A. G. Pierce, Chairman

Applications to Mining Work . W. H. Lesser, Chairman

Applications to Marine Work . G. A. Pierce, Chairman

Transportation . J. V. B. Duer, Chairman

Eleetric Welding J. C. Lincoln, Chairman

Electrochemistry and Electro-
metallurgy . . G. W. Vinal, Chairman

Trip to Trenton Channel Power Station

Golf and Tennis Tournaments

Trips

Convention Dinner

Addresses as follows:

W. B. Stout, President of the Stout Metal Airplane
Division, Ford Motor Co., will speak on Commer-
cial Aviation

C. M. Newcomh,—*“The Psychology of Laughter”

An official of an automobile company will speak on
the automohile industry

Tuunrspay, JUNE 23
Two Technical Sessions A and B

SEssION A

Printing Telegraphs on Non-Loaded Ocean Cables,
Herbert Angel, Western Union Telegraph Co.
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1:30 p. m.
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A Non-Rotary Regenerative Telegraph Repealer,
A. F. Connery, Postal Telegraph Co.

Electrical Reproduction from Phonograph Records,
E. W. Kellogg, General Electric Co.

Symposium on Television, led by Dr. Herbert E. Ives,
Bell Telephone Laboratories, Inec.

Operating demonstrations of television equipment
will be made following the symposium at con-
venient hours.

SesstoN B

(This session will be adjourned in time to allow
those who desire to attend the symposium on
Television scheduled under Session A.)

High-Voltage Multiple-Conductor Joints, Thomas F.
Peterson, Brooklyn Edison Co.

Use of High-Frequency Currents for Control, C. A.
Boddie, Westinghouse Electric & Mfg. Co.

Electromagnetic Waves Guided by Parallel Wires,
S. A. Levin, National Electric Light Association

The International Electrical Units, B. C. Crittenden,
Bureau of Standards

Golf and Tennis Tournaments

Inspection Trips

Boat Ride and Dance

Fripay, JUNE 24
Two Technical Sessions A and B
SesstoN A

An Investigation of Corona Loss, E. C. Starr and
W. L. Lloyd, General Electric Co.

Law of Corona and Dielectric Strength, F. W. Peek,
Jr., General Electric Co.

Puncture Voltage as a Precision Measurement,
V. Bush and P. H. Moon, Massachusetts In-
stitute of Technology

The Electrical Resistivity of Insulating Materials,
H. L. Curtis, Bureau of Standards

Electric Strength of Solid and Liquid Dielectrics,
Wm. A. Del Mar, Habirshaw Cable and Wire
Corp., W. F. Davidson, Brooklyn Edison Co.,
R. H. Marvin, Johns Hopkins University

Mercury Arc Rectifier Phenomena, D. C. Prince,
General Electric Co.

Session B

Current Collection from an Overhead Contact System
Applied to Railroad Operation, S. M. Viele,
Pennsylvania Railroad

Catenary Design for Overhead Contact. Systems,
H. F. Brown, New York, New Haven and Hart-

ford Railroad

Catenary Construction for Chicago Terminal Electrifi-
cation of Illinois Central Ratlroad, J. S. Thorp,
Illinois Central Railroad Co.

Collection of Current from Overhead Contact Wires,
R. E. Wade and J. J. Linebaugh, General
Electric Co.

Railway Inclined-Catenary Standardized Design,
0. M. Jorstad, Westinghouse Electric & Mfg. Co.

SaturpAY, JUNE 24
Lake Trip to Mackinac Island and Georgian Bay

Northeastern District’s Fourth Meeting

Proves Very Successful

A most successful regional meeting was held in Pittsfield,
Mags., May 25-28, under the direction of the Northeastern

Distriel of the Institute.

This fourth regional meeting of the

distriet has not been surpassed for the quality of ils program and
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the perfection of its management. Approximdtely 550 mombers
and guests, including many ladies, were present.

Six technical sessions eomprising forty papers were held,
including one session devoted to proeseniation of nino student
papers. There was also a delightful e¢hain of less serious events
with a reception and dance, inspection and sightseeing trips,
a convention dinner with several noted speakers a musical
entertainment,—a piano recital and lecture,~—card playing, teas
and golf.

The meeting closed too late to publish a full account in this
issne of the Journay, but fuller details will be given in the July
issue.

Plans for Pacific Coast Convention
IN DEL MONTE, SEPTEMBER 13-16

Alveady a program of particular interest has heen arranged
rather definitely for the coming Pacific Coast Convention,
which will be held in Del Monte, Cal., September 13-16.

Among the subjects which will be discussed in the technieal
papers are the following: 220-Kv. system design, stability of
220-kv. lines, oscillograph recording of surges, carrier-current
communication on power lines, long-distance communication,
trunk lines in metropolitan areas, the sphere-gap voltmeter and
protection of oil tanks against lightning.

More complete information on the program will he published
in laterissue of the JoURNAL.

Report of Committee of Tellers on

Election of Officers

To the President,
American Institute of Electrical Engineers

DEAr Sir:

This committee has carefully canvassed the ballots cast for
officers for the year 1927-1928. The result is as follows:
Total number of ballot envelopes received....... ... ..
Rejected on account of bearing no identifying name on

outer envelope, according to Art. VI, See. 34, of the

Comnstitution. . ............... .. ... ... . ... ... 53
Rejected on account of voter being in arrears for dues

for year ending May 1, 1927, as provided in the

Constitutionand By-laws. .. ............... .. .. ..
Rejected on account of ballot not being enclosed in

inner envelope, or being improperly marked, or on

account of inner envelope or ballot bearing an identi-
fying name according to Art. VI, Sec. 24, of the

Constitution..................... .. .. ..........
Rejected on account of having reached the Secretary’s

office after May 1, according to Art. VI, See. 34, of

the Constitution. . ............................. 18
BlankBallots.................. ... ... .......... 39

4840

118

Leaving asvalidballots. . ......................... 4499
These 4499 valid ballots were counted, and the result is shown

as follows:
For PRESIDENT

Banecroft Gherardi................ ... .. ... ... ... .. ... 4383
IBlans s ehat el a e = A a e g2 SR, B ENEEEs h = o o e DIEE Al S e 116
For ViceE-PRESIDENTS

Disirict
No. 2. Middle Eastern
I I, BeaVETrE sents = ne oo« & Alhr pas Z4ms el » 4367
Blank. .. ... 132
No. 4. Southern
C. O. Bickelhaupt........................ 4357
TEMAT I o oo U G RO K © CainGl © O S 142
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No. 6. North Central
O, J. Ierguson. ... 4357
Blank 142
No. 8. Pacific
E. IR. Northmore 4363
Blank 136
No. 10. Canada
A. BB. Coopor. 43606
Blank 133
For ManaGrns
I*. (' Nanker 4435
IT. P. Liversidge 4438
E. B. Meyer 4432
Blank. . 162
For TREASURER
George A. Hamilton 4411

Blank. .. ... .. ... ... ... 88
Respectfully submitted,

Enxxest HorLcomBE, Chairinan J. T. WELLs
('narres DD, LINDRIDGE LeELanD F. StonE
W. E. Coover CHARLES S. DEMAREST
Commiltee of Tellers.
Date May 17, 1927.

Board of Directors’ Report for the Year
Ending April 30, 1927

The annual report of the Board of Directors of the American
Institute oi Electrical Engineers was presented at the annual
business meeting of the Institute held in New York Friday even-
ing, May 20).

This report consists of a brief summary of the prineipal
activities of the Institute during the year, including abstracts
of various reports submitted by officers and committees, covering
their respective branches of work. The more important matters
referred to in the report have been, or will he, covered in a much
more detailed form in the Jovrxar, and therefore the report
will not be published in full here; but any member of the Institute
may obtain a pamphlet copy upon application to the National
Secretary.

The total membership of the Institute on April 30 was 18,344,
a net increase of 186.

The activity of the Sections and Branches during the year
and the growth in the number of these organizations, also in the
number of meetings held by them and in the aggregate atten-
dance, are shown in the following statement

| For Fiscal Year Ending

April 30 : April 30 | April 30 | April 30
1921 | 1928 | 1925 1927
SECTIONS | |
Number of Sections. | 42 46 ) 49 52
Number of Section | i
meetings held. . . . . ' 303 344 336 | 431
Total Attendance....| 37,823 | 46,672 ‘ 49,029 60,708
BRANCHES | i
Number of Branches . | 65 68 | 82 | 95
Number of Branch| 1
meetings held. . . . . 443 ’ 503 548 842
Total Attendance....| 21,629 26,893 27,603 | 42.650

The Finance Committee’s report, together with the general
balance sheet and detailed financial statements of the public
accountants who audited the Institute’s books, is included in the
report.
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Bancroft Gherardi
President-Elect of the A. L. E. E.

Bancroft Gherardi, vice-president and chief engineer,
American Telephone & Telegraph Company, New York City,
has been elected President of the American Institute of Electrical
Engineers for the year beginning August 1, 1927, as announced
in the report of the Committee of Tellers, published elsewhere in
this issue.

President-elect Gherardi was born in San Francisco, Calif.,
April 6, 1873. He was graduated with the degree of B. 8. from
the Polytechnic Insti-

National Eleetric Light Association and Bell 'I‘elep.hone System
and of its Engineering Subcommittee, and is chairman of the
American Committee on Inductive Coordination.

A. L E. E. Directors’ Meeting

The meeting of the Board of Directors of the Institute'a called
for New York on Friday, May 20, 1927, was adjourned
and continued in Pitts~

tute of Brooklyn in
1891, and from Cornell
University with the de-
gree of M. E. in 1893
and degree of M. M. E.
in 1894.

Mr. Gherardi en-
tered the employ of the
New York Telephone
Company in 1895 and
in 1899 was made traf-
fic engineer of that
Company. In 1901 he
became chief engineer
of the New York and
New Jersey Telephone
Company, serving in
that capacity until
1906, when he wasmade
assistant chief engi-
neer of the New York
Telephone Company
and New York and
New Jersey Telephone
Company. In 1907 he
was appointed equip-
ment engineer of the
American  Telephone
and Telegraph Com-
pany, and in 1909 en-
gineer of plant, in
which  capacity he
served until 1918, when
he was appointed act-
ing chief engineer and
and shortly thereafter,
chief engineer. In

field, Mass., on Thurs-
day morning, May 26,
during the Regional
Convention of Distriet
No. 1.

Those present at one
or both sessions were:
President C. C. Ches-
ney, Pittsfield, Mass.-—
Vice-Presidents H. M.
Hobart, Schenectady,
N.Y.;George L.Knight,
Brooklyn, N.Y.—Man-
agers H. C. Don Carlos,
Toronto, Ont., E. B.
Merriam, Schenectady,
N.Y.—National Secre-
tary F. L. Hutchinson,
New York City. Pres-
ent by invitation: Dr.
C. H. Sharp, President,
U. 8. National Com-
mittee of the Inter-
national Electrotech-
nical Commission;
Dr. William McClellan,
Chairman, Subeom-
mittee on Reorganiza-
tion of the TU. 8.
National Committee of
the I. E. C.

The minutes of the
Directors’ meeting of
April 8, 1927, were
approved.

A report was pre-

April 1920, he became
vice- president and
chief engineer of the
American Telephone and Telegraph Company.
Mr. Gherardi’s activities with the American Institute of
Electrical lingineers are as follows: Associate 1895; Fellow 1912;
Manager 1905-8—1914-16; Vice-President 1908-10. He has
gerved upon various committees, including the Edison Medal,
Telephony and Telegraphy, Papers, I'inance, Membership,
Organization of Technical Committees, Constitutional Revision,
and Research. He represents the Institute on the U. S. National
Committee of the International Electrotechnical Commission and
the Board of Trustees of the United Engincering Society. At the
present time, Mr. Gherardi is President of the United KEngineer-
ing Society and a member of the Engineering Foundation Board.
He is also a member of the American Society of Mechanical
Engineers, New York Electrical Society, and the Iranklin
Institute. Heis a member of the Joint General Committee of the

Bancrort GHERARDI

sented of a meeting of
the Board of xami-
ners held May 16, 1927.
Upon the recommend-
ation of the Board of lixaminers, the following actions were taken
upon pending applications: 104 Students were ordered enrolled;
201 applicants were admitted to the grade of Associate; 5
applicants were elected to the grade of Member; 22 applicants
were transferred to the grade of Member; 7 applicants were
transferred to the grade of Fellow.

The Board ratified the approval by the Ifinance Committee for
payment, of monthly bills amounting to $28,522.40.

Upon application, and as provided in Article 1V, Section 22,
of the Constitution, the Board voted that the following members
be made “Members for Life” by exemption from future annual
dues: D. L. Davis (on membership list 38 years) and Alex. B.
Simpson (on membership list 36 years).

The Secretary reported 1623 members delinquent in the
payment of dues for the fiscal year ending April 30, 1927 (1508
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Associates, 108 Members, and 7 Fellows), and was directed to
remove these names from the mailing list, placing on a ‘“‘sus-
pended’ list, and to employ the usual means of collecting the dues
and restoring the members to the active membership list.

Theannualreport of the Board of Directors to the membership,
as prepared under the direction of the National Secretary, was
presented and approved.

The annual report of the National Treasurer was presented,
accepted, and ordered filed.

The annual reports of the general standing committees of the
Institute (exclusive of the reports of the technjcal committees,
which will be presented at the annual Summer Convention in
June) were presented and ordered filed for future reference.
Abstracts of these reports were incorporated in the Board of
Directors’ report.

In accordance with Section 37 of the Constitution, the Board
considered the appointment of the National Secretary for the
administrative year beginning August 1, 1927, and National
Secretary F. L. Hutchinson was reappointed.

The Committee on Award of Institute Prizes reported the
awards of prizes for the year 1926. (The committee’s report is
published elsewhere in this issue.)

Mr. Edward D. Adams was appointed to represent the Insti-
tute, in cooperation with other engineering organizations, at the
500th apniversary of the founding of the University of Louvain,
to be celebrated at Louvain, Belgium, June 28-29, 1927.

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

Thirtieth Annual Meeting of A. S. T. M.

The American Society for Testing Materials will hold its
thirtieth annual meeting June 20-24, 1927, at French Lick, Ind.
The sessions will open Monday, June 21-—(the preceding day being
given over to registration and committee meetings)—and will
include the following subjects: Wrought iron, cast iron, mag-
netic testing, testing and nomenclature, petroleum products,
insulating materials and preservative coatings, corrosion
endurance testing and wear testing of metals, non-ferrous
metals and metallography, clay and concrete products and
building stone, cement, lime and gypsum, road materials and
waterproofing. Tennis and golf tournaments will furnish
recreation, beside the informal dance and smoker which
will be a part of the convention program. The Edgar Marburg
Lecture will be delivered Wednesday, June 22d, at 4 p. m.

Annual Meeting and New York Section
Meeting May 20, 1927

The annual business meeting of the Institute was held at the
Engineering Societies Building, New York, on Friday evening,
May 20, 1927. Viece-President H. M. Hobart presiding, ealled
upon National Secretary Hutchinson, who presented in abstract
the annual report of the Board of Directors, printed copies of
which had been distributed to members in attendance. (This
report is referred to elsewhere in this issue).

The report of the Committee of Tellers on the election of
officers of the Institute was then presented by Mr. Hutchinson,
and, in accordance therewith, Vice-President Hobart declared
the election of the following officers, whose terms will begin on
August 1, 1927:
PRESIDENT: Bancroft Gherardi, New York, N. Y.
Vice-President, A. T. & T. Co.

ViCE-PRESIDENTS:

Dastrict No. 2 J. L. Beaver, Bethlehem, Pa., Professor,
Electrieal Engineering, Lehigh University.
District No. 4 C. O. Bichelhaupt, Atlanta, Ga., Viee-

President, Southern Bell Tel. & Tel. Co.

0. J. Ferguson, Lincoln, Nebr., Dean,
College of Engineering, University of
Nebraska.

District No. 6
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E. R. Northmore, Los Angeles, Cal., Supt.
Electric Distribution, Los Angeles Gas
& Elec. Corp.

A. B. Cooper, Toronto, Ont., General
Manager, Ferranti Electric Limited.

District No. 8

District No. 10

MANAGERS:
F. C. Hanker, E. Pittsburgh, Pa., Mgr.
Control Station Engg., Westinghouse
Elee. & Mfg. Co.
H. P. Liversidge, Philadelphia, Pa., Vice-
President & General Manager, Philadel-
phia Electrie Co.
E. B. Meyer, Newark, N. J., Chief Engineer,
Publie Service Produection Co.
NATIONAL
TREASURER: George A. Hamilton, Elizabeth, N. J.

Electrical Engineer (Retired).

These officers, together with the following hold-over officers,
will constitute the Board of Directors for the next administrative
year, beginning August 1: C. C. Chesney, Pittsfield, Mass;
M. I. Pupin, New York, N. Y.; H. M. Hobart, Schenectady,
N. Y.; B. G. Jameson, Chicago, Ill.; G. L. Knight, Brooklyn,
N. Y.; H. H. Schoolfield, Portland, Ore.; A. E. Bettis, Kansas
City, Mo.; J. B. Whitehead, Baltimore, Md.; J. M. Bryant,
Austin, Texas; E. B. Merriam, Schenectady, N. Y.; M. N.
Fowler, Chicago, IlI.; H. A. Kidder, New York, N. Y.; E. C.
Stone, Pittsburgh, Pa.; I. E. Moultrop, Boston, Mass.; H. C.
Don Carlos, Toronto, Ont.; F. J. Chesterman, Pittsburgh, Pa.;

Vice-President Hobart then called upon E. B. Meyer, Chair-
man of the New York Section to preside during the remainder of
the meeting which was held jointly with the Institute of Radio
Engineers and was under the auspices of the New York Section.
Chairman Meyer after a few preliminary remarks introduced the
speaker of the evening, Dr. Herbert E. Ives, Bell Telephone
Laboratories, who gave a talk on ‘‘Television.” The talk was
illustrated with lantern slides and moving pictures, the latter
covering the events in connection with the recent New York-
Washington demonstration of television. By courtesy of the
Bell Telephone Laboratories, arrangements had been made for
interested members to visit the laboratories and see a demon-
stration of television. The attendance numbered about 750.

Institute Prizes Awarded for 1926

At the May meeting of the Board of Directors of the Institute.,
the Committee on Award of Institute Prizes reported the
following awards of national prizes for papers presented dur-
ing the year 1926:

Best Paper Prize

Awarded to F. M. Farmer, New York, for his paper Tests of
Paper-Insulated, High-Tension Cable, presented at the Madison
Regional Meeting, May 7, 1926.

Honorable Mention given to paper by William G. Baker and
Chester W. Rice, Schenectady, N. Y., entitled Refraction of
Short Radio Waves in the Upper Atmosphere, presented at
Midwinter Convention, New York, February 9, 1926.

First Paper Prize

Awarded to Othmar K. Marti, Camden, N. J., for his paper
Steel Enclosed Power Rectifiers, presented at the Niagara Falls
Regional Meeting, May 27, 1926.

Honorable Mention given to paper by C. F. Hanson, Yonkers,
N. Y., entitled Accuracy Required in the Measurement of Dielectric
Power Factor in Impregnated Paper-Insulated Cables, presented
at the Niagara Falls Regional Meeting, May 26, 1926.

Best Regional Paper Prize

Awarded to F. M. Farmer, New York, for his paper Tests of
Paper-Insulated, High-Tension Cable, bresented at Madison
Regional Meeting, May 7, 1926.
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Honorable Mention given to paper by Lloyd Espenschied,
New York, entitled Radio Broadcast Coverage of Cily Areas,
presented at New York Regional Meeting, November 12, 1926.

Best Branch Paper Prize

Awarded to R. A. Schaefer, for his paper 4 Study of Trans-
verse Armalure Reaction in Synchronous Machines by Means of a
Second Machine with an Adjustable Stalor, presented at meeting of
Marquette University Branch, December 30, 1926.

Honorable Mention given to paper by D. O. Bergey, E. E.
Kearns, and C. W. Leihy, of the Oregon State College Branch,
entitled The Effect of Three- Phase-Transformer Connections on
Induced Harmonics, presented at Portland Section meeting,
April 9, 1926.

Doctor Coolidge Honored

Dr. W. D. Coolidge, assistant director of the research labora-
tory of the General Electric Company, has been honored by the
Franklin Institute and the American College of Radiology.
Both honors, with gold medals, were received May 18, one in the
afternoon in Philadelphia and the other in the evening at
Washington.

The award by the Franklin Institute was the Louis Edward
Levy gold medal, for Doctor Coolidge’s paper on “The Produc-
tion of High-Voltage Cathode Rays Outside the Generating
Tube,” read about a year ago;and the other award, by the
American College of Radiology, was made “‘in recognition of his
contribution to radiology and the science of medicine.”” At
the time this latter medal was presented, Dr. Coolidge was made
a fellow of the society. This was the first award of the gold
medal by the American College of Radiology.
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Report on Standards for Storage Batteries

Available

A revision of Section 36 of the A. I. E. E. Standards .for
Stdrage Batteries has been in course of development for some time
and is now available for criticism and suggestion before final
adoption. Copies of this pamphlet may be obtained without
charge by writing to H. E. Farrer, Secretary, A. I. E. E. Stand-
ards Committee, 33 West 39th St., New York, N. Y.

Standards in the revised section apply to storage batteries of
the lead-acid and of the nickel-iron alkaline types, in large or
small sizes and for either stationary or portable service. The
report consists of definitions grouped under the following heads:
(Classification; construction; capacity; voltage; charging and dis-
charging; efficiency; temperature; rating.

General Electric Appoints Engineering
Council

In conformity with the action of the board of directors of the
General Electric Company, an engineering council has been
appointed. The counecil ineludes Messrs. E. W. Rice, Jr,
honorary chairman (ex-officio); E. W. Allen, chairman; Elihu
Thomson, A. C. Davis, W. R. Whitney, W. L. R. Emmet,
C. C. Chesney and C. E. Eveleth.

The purpose of the engineering council, says the announcement
by president Gerard Swope, is to advise with the vice-president
in charge of engineering on the various problems that arise
from time to time, and as to the direction and scope of the
engineering and scientific work. The council may invite other
engineers to meet with it, and at such times may give them the
status of regular members.

s un nunm 0

I

American Engineering Council

UNITED STATES PATENT OFFICE PROCEDURE
BY
L. W. WarLace*

In October, 1924, the Committee on Patent Office Procedure,
appointed by Mr. Hubert Work, Secretary of the Department of
the Interior, began to function. The Secretary, in a statement
to the committee, said, “A very useful purpose may be served by

this committee of prominent patent attorneys, representatives of -

industrial organizations and the engineering profession, in
making a thorough review of the Patent Office, with a view of
simplifying the methods of procedure and expediting the handling
of applications for patents.”

When the Patent Office was transferred to the Department of
Commerce in 1925, the Secretary of Commerce added two
engineers o the committee and instructed the committee to
continue its work. In April, 1926, a searching, comprehensive
and constructive report was submitted to Herbert IIoover,
Secretary of Commerce. This report represented a great deal of
painstaking work by the members of the committee and a
number of engineers loaned to the committee by various agencies
as staff men. A subcommittee, composed of management engi-
neers assisted by the engineering staff, made a thorough engi-
neering study of the equipment, layout, and internal procedure
of the Patent Office. A corresponding analysis was made of the
leggal and legislative phases of the situation’ by subcommittees
largely composed of attorneys. These subcommittees consulted
with many attorneys in public and private life. The resulting
report contained 108 specific recommendations, designed to
facilitate and improve the work of the Patent Office, and to
simplify and clarify the legal aspects of the patent system.

*Kxecutive Secretary, American Engineering Council.

Few reports have been so widely accepted, or fallen into such
sympathetic hands and immediate application. The Hon. Thomas
E. Robertson, Commissioner of Patents, and his associates, as
soon as the report was placed in their hands, began earnestly to
apply the recommendations. As a consequence, remarkable
progress has been made in many and varied directions. It is the
purpose of this article to enumerate some of the major steps of
progress, which are due almost entirely to the energy, enthusiasm,
and farsightedness of Commissioner Robertson and his associates.

The basic and fundamental recommendation of the Committee
was that the Patent Office above all things required a modern,
adequate, and properly designed new building and equipment.
It was realized that marked improvement in the service rendered
to American agriculture, industry, and commerce would not be
attained under the housing and equipment conditions now ob-
taining. It has been definitely decided that an entire wing of
the new Department of Commerce Building will be allotted to the
Patent Office. In these new quarters the Patent Office will have
more square feet of floor space than now. Not only this, but the
ares will be much better adapted to the purpose than with the
present building. Until the new building is ready, additional
space will be obtained in other buildings adjacent to the Patent
Office building.

By virtue of the Department of the Interior releasing some of
the space it was using in the Patent Office Building, a rearrange-
ment of the filing cases has been made possible. This rearrange-
ment with the addition of a number of new steel filing cases, has
greatly simplified the storing of patent prints. Not only this,
but they are better protected from fire hazard, more easily
assorted and placed in and withdrawn from the files thusfacilitat-
ing the work of the office. It wasrecommended that the present
method of filing material in the examiners rooms be replaced by
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la confliance with reconuiendations of the cominitie ut the
lasy session of Congress, the atatutes ware rovised iy 0 number of
importany drestions. It has beon said by thess sompetent to
Judpge thai the revisiuns made were more construotive and
halpful thau any legislation passed ju the last quarter of a ovn-
tury ralating to the patent system, Among the revisjiogs author-
ized hy Congress were the following:

1. The filing fee has been inoreascd by $1.00 for enoh oluim
flled iu exoess of twenty and the final fee has hesn inorassed by
$1.00 for eaoh olaim allowed in exeess of twenty

The commitiee found thut the privilege of sybmitting an
unlimited number of eclaims was being grossly ubused.
Muny applieations  obtained fur more olalins  than nec
essury, enormously inereasing the work of the office and re-
sulting in no particular benefit to anvone. The commitiee
endeavored to limit such abuse by charging a nominal amount
for vach elaim applied for and each olaim granted above twanty.
Incidentally, this will add econsiderahle revenue which will
permit the employment of more examiners, something badly
needed.

To expedite the work, decrease the inequities and contribute to
the genural usefulness of the patent system, the committee made
the following recommendations which have been enacted into
law, that:

Applications must be amended within six months instead of
one year and renewals must be made within one year instead of
two.

That the length of time allowed for appeals be reduced from
one year to six months. As appeals_ weigh heavily in point of
time and cost, one appeal wilhfn the Patent Office has
been abolished so that an appeal from the Examiners or
from the lixaminer of Interferences goes directly to a
Board of Appeals consisting of the Commissioner, two Assis-
tant Conmussioners, and Examiners-in-Chief, three of whom
shall constitute a quorum. A sixth member of the Exami-
ners-in-Chief has been supplied. The foregoing makes it
possible tfor two Boards of Appeal to sit at the same time. This,
with the elimination of one appeal in the Patent Office will greatly
facilitate the handling of appeal cases. Heretofore appeals "out-
side of the Patent Office eould be made to the Court of Appeals,
and a Bill in equity could afterwards be filed under Section 4915
of the Revised statutes. Now either of these courses may be
followed, but not both. This means that only one appeal can
now he made outside of the Patent Office.

Improved service is bheing rendered to patentees and patent
lawyers by the following rules which have been established within
the office:

1. All patents in the Publi¢ Search Room are being checked,
and missing patents placed in the files at a cost of about $20,000.
2. 1t is now provided that elaiins are renumbered at the time of
allowance instead of each time a change i1s made. 3. Photostat
copies of the drawings in each application are made and placed on
file at the time the application isreceived. 4. 1{isnow permissible
to use original drawings in re-issue applications. 5. A
sufficient numher of hard copies for trademarks has been
provided and facilities have heen increased so that orders
for soft copies of patents and trade-marks are often delivered
the same day received and not later than the second day.
Copies are promptly supplied to the examiners and all delays
avoided.

Increased appropriations have made possible (a) greatly
improved service of the mail room and materially reduced
delays; (b) upon the recommendation of the committee,
Junior Assistant and Associate Examiners are now paid the
average of their grade and an increase in salary will be available
for present examiners after July first. (One of the great dif-
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floultdos Is the largn labar turnuver nmong the exasulinom largnly
due 10 the low salarios pald for the bigh ty e of men roquired)

Asoording to the Comimiseioner of Patents, other impertant
improvaments resprivpended by the Censimities on Patent
Oftios Procidure have ot offosted.  Among then are the fol
lowing:  (a) T'he cov plete reorgnnigation of the lesue Divisien to
ohamee the Bow of work snd the arrapigement of filee (h) The
Prude Mark Division has been wholly roorganized ty garey out the
resorimendution with renpoct to the routing of the work, (o)
Tt was found in uny instances the divisions wers not Jadd out
and the squipment placed to canform to the nutural and most
praoticable flow of the work Soversl of the divislons were
specially studisd from s point of view und recomppsidutions
made ns to the clinnges nos It s gratifyving that such
changes ure baing nuwle insofur as preseat conditions will porinit
1t is anticipated thet this feature will e adegquately provided
for 1u the new hutlding ) The usual preamble of printed
patonts has bheen omitted, saving from $8000 o 10,000 u vear
(@) Assignments are recordesd by the photostat method, saving a
number of clerks and reducing the tune for recording from 52 to
15 duys. (1) The Curd Indexes for Assignments bave been
completed and have proved the Liggest e of saving aeeom-
plishud.  (g) Adequate stenovgraphic service has heen provided
for all examiners, obviating the writing of decimons in long-
hand. () The work of the Application Division hus been
reorganized so as to procced with the work in small lots 1n u
steady flow, instead of in large batches whieh resulted in ulter-
nately a peak and a trough of work,

{tas apparent from the foregoing thut many ehunges are tuking
place in the Patent Office, showing that it is now, und will
continue to render an increasingly nnproved serviee.  An instru-
ment of such value to American agriceulture, commerce and
industry requires a continuing thoughtful, sympuathetic and
active support.  There are many other things needing eorreetion
before the Patent Oftice will be able to meet the legitimate
doemands heing made upon it.  Tn a large degree u full measure of
accomplishiment cannot be realized through the devoted and
intelligent efforts of the Commissioner and his staflf alone. The
changes required must come through the action, interest and
work of those in agriculture, commerce and industry, vitally
interested in, concerned with and affected by the Patent systein.
The Commissioner and his associates have the will tv do, as
exermnplified hy their work, and manifested by the following
expression, which appeared in the Commissivner’s report 1o the
Secretary of Commeree under date of June 30, 1926.

*The Report of the Secretary’s Committee is being studied to
make use of various other suggestions contained in it to increase
the efficiency of the oftice. Ln fact, the report will be of immense
value. At this time, | desire to express the appreciation of the
officers of this bureau to the committee, which was corposed of
men of wide experience in patent, engineering, and industrial
problems.  Although its members were busy men of affairs,
they came again and again to Washington and gave generously
of their time aud made a most exhaustive study of the Patent
Office and its needs. 1 recommend that the report be printed."

mLrV

PAN AMERICAN CONFERENCE URGES STANDARDIZATION

Dean Dexter S. Kimball, President of Ameriean Engineering
Council and Past-President of the American Society of
Mechanical Engineers, opened the conference by calling atten-
tion to the simplification movement in the industries of the
United States, especially the work being carried on by the
Department of Commerce.

Other addresses at the opening session were delivered by
Assistant Secretary of Commerce, J. Walter Drake, who de-
clared that uniform classifications and descriptions of goods must
be applied to remove the obstacles to international business.
E. A. Canalizo, President of the New York (ocoa Exchange was
elected permanent president.
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C. E. Skinner, Chairman of the American Engineering Stand-
ards Committee, spoke on simplifications and standardization
programs, poinling out that wherever they were used, they had
the primary objectives of eliminating waste. Mr. Skinner said:

It matters not whether one is buying hats, shoes, radio sets,
electric motors, axle steel, machine screws, paving bricks,
chinaware or incandescent lamps, a better and cheaper product
is usually secured if that product is one of 2 simplified line
made to conform to a reasonable standard and produced in large
quantity.

“Tt would be helpful to our standardization agencies in the
Untied States to know what classes of materials and produets
covered by our national recognized standard specifications would
be most useful translated into Spanish for use in the South
American Republies.”

During the three-day conference, under the direction of the
Inter American High Commission, ten resolutions embodying
specifiec recommendations relative to Pan American standardiza-
tion activities were adopted and it was decided to establish a
permanent commission of standards comprising the commercial
attaches of the Latin American Embassies and Legations in
Washington.

The next conference will be held in Cuba in 1930.

Bureau of Standards Year Book for 1927

The Standards Year Book represents an effort to present an
adequate description of the diversification and ramification of the
standardization movement that have elapsed throughout the
world since the establishment of the National Bureau of
Standards. It contains outlines of the activities and accom-
plishments of not only this bureau and other agencies of the
Federal Government and the states and municipalities, but also
of the American societies and associations of which standardiza-
tion is an important activity. Deseriptions and illustrations are
presented of all the fundamental national standards of the
United States, and outlines of the various foreign national and
the several international standardizing agencies.

The issue is Bureau of Standards Miscellaneous Publications
No. 77, and can be obtained from the Superintendent of Docu-
ments, Government Printing Office, Washington, D. C., at
$1.00 per copy.

Electrophysics Committee
COOPERATE WITH AMERICAN PHYSICAL SOCIETY

Upon the recommendation of Professor V. Karapetoff, chair-
man of the Committee on Electrophysies. the American Physical
Society, was recently invited to designate two of its members
to act as ‘‘liaison representatives” of that society upon the
Electrophysies Committee.

The invitation has been accepted, and President Compton
of the American Physical Society has designated as these repre-
sentatives, Professor W. F. G. Swann, of Yale University, and
Professor A. P. Wills, of Columbia University.

1t is hoped that this action will result in some coordination of
of the work carried on by the Institute’s Committee on Electro-
physics and the American Physical Society.

National

Museum of Engineering and

Industry

The National Museum of Engineering and Industry held its
third annual meeting at its headquarters in the Kngineering
Societies Building, 29 West 39th Street, New York City, on
Thursday afternoon, April 28th, at 4 o’clock.

Preliminary to the meecting the members tendered a luncheon
at the adjoining Kngineers Club to the Presidents and Secretaries
of the following Societies who were represented on its Board of
Trustees: The American Society of Civil Engineers, The Ameri-
can Institute of Mining and Moetallurgical Engineers, The
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American Society of Mechanical Engineers, The American
Institute of Electrical Engineers, The United Engineering
Society, The Engineering Foundation, The Engineers Club,
The American Enginering Council, The Society for the Pro-
motion of Engineering Education, The American Chemical
Society, and The American Association for the Advancement of
Science.

The Smithsonian Institution of Washington, D. C., of which
the National Museum of Engineering and Industry will be a
part, and the Museum of the Peaceful Arts of New York City,
were also represented. The following Trustees were elected:
L. P. Alford, B. C. Batcheller, George M. Bond, Nicholas F.
Brady, Eriesson F. Bushnell, Fred H. Colvin, F. A. Halsey,
Thomas T. Hoopes, Prof: D. C. Jackson, Joseph Keller, Fred R.
Low, H. P. Merriam, H. F. J. Porter, Dr. M. 1. Pupin, Dr.
Elmer A. Sperry, Kirby“Thomas, F. A. Waldron.

Mr. Thomas Ewing, former Commissioner of Patents, is
president, and Mr. Harrison W. Craver, Director, United En-
gineering Societies Library, secretary.

French Chemical Combine Proposed

A combination representing all of the principal French chemical
industries has been officially confirmed to the Department of
Commerce. A permanent industrial chemical committee will
act as the directing organization of this union and will control it
along the lines adopted by the French steel industry. It will
also be effective in tying this union in with the German and
English combinations already in existence.

PERSONAL MENTION

Hersert . LINDNER, transmission engineer for the Wis-
consin Telephone Company, Milwaukee, Wis., has been trans-
ferred to the Bell Telepbone Laboratories, New York, N.Y.

WaLTER S. FInLaY, Jr., who has been serving the American
Water Works and Eleetric Company, New York, N. Y., in the
capacity of vice-president, has been elected president of the
West Penn Electric Company, with offices at Pittsburgh, Pa.

Jack B. SiLvErRMAN, formerly with the Louisville Gas and
Electric Company, Louisville, Ky., has removed to Cincinnati,
Ohio, where be will be connected with the Columbia Engineering
and Management Corporation. '

CuesTerR W. Rice, who has been engaged in development
work in the research laboratory of the General Electric Company,
has been named assistant to E. W. Allen, vice-president in charge
of engineering. Mr. Rice will give special attention to new
developments.

C. C. CuesNEY has been transferred from the managership
of the Pittsfield Works of the General Electric Company, and,
since May 25th, pursuant to the action of Board of Directors,
has been vice-president of the company and chairman of the
manufacturing committee.

I*. W. Pegx, who has been .consulting engineer in the trans-
former department of the General Electric Company and in
charge of the high-voltage laboratory, has been named engineer to
succeed Mr. W. S. Moody, in general charge of the transformer
engineering department. s

W. L. HoLLapaY has been transferred from the Dallas office of
the General Eleetric Company, where he was serving the com-
pany as refrigerator specialist, to be distriet representative for
its newly established electric refrigeration department in Los
Angeles.

Ernest C. Morse, has been appointed to take charge of the
Section of New Uses which has been formed by the Cotton-
Textile Institute, Inc., New York, N. Y. This section will work
in close cooperation with the Departments of Agriculture and
Commerce in Washington.
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AN Wannen, who has boen serving the Woest Tonn Works of
the General Kleotrie Compuoy ws mapaging engineor, has re
turned to Japan to continue his work of conrulting enpineer for
the Shibaura  Eagineering Works, Ltd., Teurwei Works,
Tsurumimaokhi, Runaguwaken, Japaw.

J. P, Avexanven, manager of the New Haven Offico of the
Waostinghouse Blootrie & Mfg. Clo., has been Boston manager in
charge of all New YXngland sales and service for the company.
Mr. Alexander has worked up to his present position Iroin enroll-
ment in an apprentice course with the company’s Kast Pittsburgh
oftice alter his graduation from Lafayette College in 1907.

Parvenr H. Cuala, former professor of physies at Mercer
University, Macon, Ga., and inventor of the electromagnetic
radio amplilier which recently attracted considerable attention,
is now associated with the Premier Laboratory Company, New
York, N. Y., in the capacity ol research physicist.  Doector
Craig has only recently joined the Institute.

Wirniam S. H. HamintoN, who has been in the Railway Dept.
of the General Electric Company, has been transferred to the
New York Oifice of the company, in the capacity of electrifica-
tion specialist for the New York District. Mr. Hamilton was
one ol the General Electric Company’s representatives in the
field when the initial installation of the C. M. & St. P. Railway
was put into operation.

J. Inving ErLman, district engineer of the Florida Light &
Power Company, Miami, Fla., entered the employ of W. N.
Matthews Corporation, St. Louis, Mo., on the Ist of May,
reporting to its New York distriect manager for Connecticut, New
York State, New Jersey, Delaware and Pennsylvania east of
Harrisburg. Mr. Ellman was previously special engineer on
distribution and construction for the Westchester Lighting
Company, and electrical engineer for the Queensboro Gas &
Electric Company.

NicuoLas StanL, who has been a Fellow of the Institute since
1913, on May 1st became first vice-president in charge of operations
of the United Public Service Company, with headquarters at
Chicago. This company serves about 90 communities in
Indiana, Ohio, Arkansas and North and South Dakota. Mnr.
Stahl, who has made a life study of power-plant operation and has
contributed many articles and papers to the technieal press, is
vice-chairman of the Engineering National Section of the
N. E. L. A, as well as present councilor and past chairman of
its Prime Movers Committee and member of its Eleetric
Apparatus Committee, past chairman and member of the
Institute’s Power Generation Committee and a member of the
Committee on Fuel Specification and subecommittee on Care of
Pressure Vessels in Service of the A. S. M. E. Boiler Code
Committee.

Obituary

George Eisenhauer, electrical engineer for the Erie Railroad
Co., and an Associate of the Institute since 1912, died February
14th. Mr. Eisenhauer was a native of New Yorl City and since
his school days has been associated with the Erie Railroad
Company in the varying capacities of telegrapher, signal in-
spector, chief electrical inspector, and acting electrical engineer.
He was born December 21, 1870, and has accomplished his tech-
nical success by practical experience with only a ecommon school
education, followed by a correspondence course and home study.

Archie L. Lewis, electrician, Latourette-Fical, died at St.
Francis Hospital in San Francisco, February 8, 1927. Mr.
Lewis was born in Portland, Ore., in 1892, and his early electrical
work was in the ecity of Spokane with local engineering com-
panies. In 1909 he removed to Seattle, but a year later went to
the Electric Construction Co., in Vancouver. He was next with
the Utah Light and Power Co., Ogden, Utah, returning the
following vear to the Coast, where he remained until the time

of his death.
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Henry H. Curtla, late tromsurer of the €& 1 Tleatric Works,
Sprimghicld, Ma and Fellow of the tastitute, disd suddonly

pril 21, 1927, in the H8th yeur of his wygn Mr, Curtiv wan
born at Bowdinham, Muine. Most of hix enrly life was xpout
in Jowa, but ho cume enst again in 1880 and hag bson associatod
with the eleetricn] industry ever sinee.  JTo 1891 he joined the
Thomson Houston lestric Compuny of Lyan, Mass., but left
them a year lator to identify himself with the Mather Fleotrio
Company, Manchestor (1. From 1893 10 1900 he was with
the Davis Lleetric Mfg. Co., at Springfiold, Muass,  Shortly
alter this he hecmine interested in the manufacturs of sleestrical
apparatus, and in 1914 organized the €' & P. Eleetrie Works,
Tne., which ho owned and managed up to the time of his death.

Abel L. Brownrigd, patent solicitor for ¥ish, Wichurdson &
Neave, New York, N. Y., and Associate of the Tnstitute, died
April 9, 1927 of appendiciti Born in Slayton, Minnesota,
April 24, 1882, Mr. Brownrigg spent two years in the engineering
university of Minnesota, following it by a course in luw at
Georgetown University, Washington, 1). C., from which he ob-
tained his degrees of L. L. 3. and M. I>. .. I{e was the Assistant
Examiner in the Eleetrieal Division ol the United States Patent
Office from May 1910 to Sept. 1915 when he established his
patent law practise in New York.

George Ross Green, engineer of station engineering for the
Philadelphia Electric Company, died April 23, 1927 at I’hila~
delphia. Mlr. Green was graduated from the University of Penn-
sylvania, Dept. of Mechanical Engineering, with the elass of
1884. e then spent two years in machine shop practise and
for nearly four and a half years was engineer for the Spiral
Weld Tube Co. In this work he spent a year in Germany.
He was also one of the assistants in mechanical engineering for the
World’s Columbia Exposition, Chicago. Just prior to going with
the Philadelphia Eleetric Company, he was seeretary and
treasurer for the American Electric Meter Co. for three years.

Beverly B. Tucker, hydraulic engineer, of the Power Corpora-
tion of New York, Watertown, N. Y., and Associate of the
Institute since 1908, died suddenly May 1927. Ile was horn in
Allenburg, Ont., November 4,1880, and won his B. A. Sc. at the
University of Toronto. Two years were spent by him with the
Canada Tin Plate & Sheet Steel Co. of Morrisburg and for a
short time he was identificd with the New York & Ontario
Power Company, Waddington, N. Y.

George L. Hedges, of the Hedges-Lineoln Iron Works,
Lincoln, Nebr., died Mareh 21, 1927. Mr. Hedges was born
May 23, 1885 and was a native of Linecoln, Neh. During 1906,
he taught mechanical drawing and deseriptive geometry at the
University of Nebraska, and from 1907 to 1909, was assistant
superintendent of the grounds, building and equipment for the
University. For that period he also made complete design and
drawings for the 12-in. equatorial telescope finished at the
University shops. For three months from February 1909
he was designer for the Cleveland Crane and Engineering Co.,
at Wickliffe, Ohio, but was compelled to abandon this work
because of ill health. After a year's recuperative period he he-
came engineer for the Kelman Electric & Mfg. Co., Los Angeles,
Calif., in complete charge of the engineering and design work,
whieh position he held for several vears.

Frank E. Field, telephone engineer, Bell Telephone Lahora-
tories, Inc., Somerville, N. J., died April 14, 1927. He was born
in Somerville, N. J., and after graduating from the Somerville
High School, he attended Rutgers College, New Brunswick,
from which in 1913 he obtained the degree of B. S. in Electrical
Engineering. From 1913 to 1914 he was Teaching Fellow at
Pennsylvania State College and received a degree in Electrical
Engineering. He then became an instructor in Eleetrical
Engineering at the Pennsylvania State College and did econ-
siderable research work with Professor Markle. Mr. Field
joined the Institute in 1914 as an Associate but was transferred
to the grade of Member in 1921.
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which he was associated, conscientious in his opinions, and

Paul T. Kamerer, Superintendent of the meter division of .
which always

the West Penn Power Company, Connellsville, Pa., and an possessed of a determination in his conclu519ns
Associate of the Institute since 1909, died of pneumonia on April  received consideration and respeet of his associates.
20, 1927. Mr. Kamerer was born at Greenshurg, Pa., April 28, -
1883. . He attended the Greensburg High School and fol]ovsfu.d Addresses Wanted
this with a course at the Pennsylvania State College, from which ) )
he graduated in 1906 with his degree in Electrical Engineering. A list of members whose mail has been returned by the postal
He then took an apprentice Course with the Westinghouse Elec- Authorities is given below, together with the addresses as they
tric & Mfg. Co., at East Pittsburgh and at the Newark Works, now appear on the Institute records. Any member knowing the
subsequently becoming an instrument expert in erecting work. presen't address of any of these r}'lembers 1s: requested to communi-
Louis C. Brooks, Chairman of Committee on Applications to cate with the Secretary at 33 W e§t 39th St., New York.
Marine Work for two years, (1924-1926), and a member of that All members are urged to notlfy the Instl.tute Headquarters
Committee since 1918—also a member of Committee on promptly of any changes in mailing or business address, thus
Meetings and Papers for one year—died suddenly on April 18th, relieving the member of needless annoyance and also assuring !;he
at his home, Groton, Mass. MTr. Brooks' life was devoted largely prompt delivery of Institute mail, the accuracy of our mailing
to electricity as applied to Marine work. Born at Brighton, records,‘and the elimination of unnecessary expense for postage
Michigan, June 4th, 1874, he was graduated from Michigan and clerical work.
State College in 1892 with the degree of B. S., and E. E.in 1908. J. H. Ashbaugh, 6744 Penn Ave., Pittsburgh, Pa.
Until 1899, he was associated with the General Electric Company, John H. Barr, Box A. A. Stone & Webster Ine., Peoria, Il1.
Schenectady, N. Y. Then entered the Government employ in  Ransom H. Beman, 1621 Kensington Blvd., Ft. Wayne, Ind.
the Superintending Constructor’s Office at Newport News in H. A. Blenden, 4559 Wichita Ave., St. Louis, Mo.
connection with construction of the Battleships “Kearsage’® E.P. Bryant, 1421 Ridge Way, Los Angeles, Calif.
and “Kentucky”, the first of Naval vessels to use the three-wire, Claude Cole, 3313 5th Ave., Pittsburgh, Pa.
two-voltage system. For one year he left Marine work, and was Adam C. Cook, 5842 Patterson Ave., Chieago, 111
with the Brown Hoisting Machinery Company, Cleveland, Ohio, J. E. Cowart, 55 Hanson Place, Brooklyn, N. Y.
returning to the marine work in the Government employ as A.J. Evans, 466 63rd St., Brooklyn, N. Y.
expert electrical aide at Cramp’s Shipyard in Philadelphia in Wm. Farger, 1211 Harvard Ave., Seattle, Wash.
1902. He was master electrician of the Boston Navy Yard, Cale R. Gough, Albion Elee. Co., Albion, 1.
1905-1910, then returned to the General Electric Company, F.J.Nankivell, N. Y. & Q. Elec. Lt. & Pr. Co., Flushing, N. Y.
Schenectady, N. Y., as commercial engineer in the Industrial Arthur B. Newell, 315 Marlborough Rd. Brooklyn, N.Y.
Control Department. From 1918 to 1926 he was electrical Arnold J. Oliver, 4300 Euelid Ave., Cleveland, Ohio.
engineer for Bethlehem Shipbuilding Corporation, Ltd., at H. J. Olson, Western Elec. Co., 655 Planter Bldg., St. Louis, Mo.
Bethlehem, Pa., and Quincy, Mass., from which he resigned to Marvin D. Parks, Westinghouse Club, Wilkinsburgh, Pa.
take up work in the country, hoping to regain his failing health. Ed. G. 8. Pryor, 1100 Alaska Bldg., Cleveland, Ohio.
While at Bethlehem, Pa., Mr. Brooks was instrumental in M. C. Ray, 313 Illuminating Bldg., Cleveland, Ohio.
the organization of the Lehigh Valley Branch of the A. I. E. E., F.J. Rudershausen, 35 W. 34th St., Bayonne, N. J.
of which he was the first chairman. He was active in the F. Scalamandre, 156 Mt. Prospeet St., Newark, N. J.
preparation of the volume published by the Institute, Recom- W.H.Schrank, 246-5th Ave., New York, N. Y.
mended Practice for Electrical Imslallations on Shiphoard, the FEarl C. Snow, 1435 S. 2nd St., Louisville, Ky.
first comprehensive set of Rules ever published for that class V. W. Villamena, 111 Roosevelt Ave., Corona, L.I,N. Y.
of electrical work. 1. B. Watkins, 336 ‘D’ St., N. W., Ardmore, Okla.
Mr. Brooks was an exemplary character, had a fine personality, ~R.J. Wise, 119 Oglethorpe Ave., Atlanta, Ga.
and made friends readily. Energetic in every movement with Benj. U. Young, Cheyenne Fuel & Pr. Co. Cheyenne, Wyo.
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Past Section Meetings
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SECTION MEETINGS Connecticut
Akron Getting Production in Outside Plant Construction, by T. N.
Power-Faclor Problems, by Frank Wallene. January 14. At- Bradshaw, Southern New Ingland Telephone Co. Dus-
tendance 35. trated by slides. April 19. Attendance 115.
Inspection trip to the High-Voltage Experimental Station of the Denver

Ohio Insulator Co., where a demonstration was conducted,
showing methods of preventing flashovers on transmission
lines; supplemented by a lecture by A. O. Austin, Chief

Lest We Forget, by J. J. Cooper, Mountain Eleectrie Co. The
speaker brought out the history of and pioneering in publie

Kngineer. Joint meeting with Cleveland Section. April utilities in Colorado. Luncheon Meeting. January 11.
21.  Attendance 450. Attendance 40.
Boston Engineering Lducalion, by Prof. H. 8. Evans, University of
3 . X i Colorado. Illustrated. Luncheon Meceting. Marech 22.
I ruhlcm/’; Arw}z)n{/};frz/m Il:u lfi(:cp(/wwn un;l Interconnection of Power Attondance 60.
Systems, by I ." lanker, Westinghouse Klectric & Mfg. Co.  Electrification of the Pueblo St Vor 1 o i
Ilustrated with slides. April 27. Attendance 115. (;gl(,mdo [«‘fuel and 1,-(mS(~.c;,l HI/\or;l{ci?,z{)).y lAt{;'m‘ﬂ,'.‘lgg“ES,th'

Chicago

Corrier Current and Other Vacuum-Tube Applicelions, by T . i
Johnson, Jr., and T. A. E. Belt, Genelra,l Eleci,ri(f-y()o: Radio and PPower Transmission by Radio, by Dr. Phillips Thomas,

Joint meeting with Klectrical Section, W. 8. E. : Westinghouse Electric & Mfg. Co. Demonstrated. April
Attendance 275. A0 E. May 2. 21.  Attendance 200.
Cleveland Fort Wayne
High-Voltage [nvestigations, by A. O. Austin, Ohio Tnsulator Co.  Atr-Craft Devclo; rigadi 5. Qi
e 8, . in, ; : - dopment, by Brigadier-General W. K. Gillmore,
(See April 21 meeting Akron Section). April 21. At- Asst. Chiof of U. S. Air Corps. Illustrated with slides.

tendance 450. April 28.  Attendance 8h.
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Automatic T'rasn Conirol, by W H, Reishard, Ooneral Wadiw
Signal Co. April 22,  Attendanoe 40.

KRansas City
The Self-Storting Synehronovs Motor and lis Applicgltions, by
S I Mortensen, Allis Chatmers Ay, ( April 18
Attendango 27,

Lehigh Valley
Traveling Waves on T'ransmiswion Lines, by A, R. Miller, Lehigh
University, and

The Principles of Mechanieal Telephony, by H. (oldsmith,
N. Y. Telephone Co. Mpoting preceded by a dinner
March 25.  Attondance R0.

Los Angeles
Modern Magnetic Materials, by T. D, Yensen, California Institute
of Technology, and

Mugneli(: Analysis, by B. W. Creim, Bureau of Power and Light.
April 5. Attendance 65.

Modern Tendoncies in Distribution, by C. A. Heinze, Bureau of
PPower und Light, and

Probl: ms of Rocent Origin tn {hstribution, by N. B. Hinson, So.
California Mdison Co. May 3. Attendance 102.
Louisville

Trolley Contact Signalling for Electric Railways, by C. . Nachod,
Nachod and U. S. Signal Co.  April 13.  Attondance 48.

Lynn

Inspection trip to Mystic Iron Works.

tendance 200).

Inspection trip to the new Ford Assembly Plant at Somerville.
Muareh 10.  Attendance 200,

Annual Banquet. A talk on China was given by Tchyi fsieh,
Mareh 26.  Attendance 250,

Inspection trip to Lynn Gas and Electrie Co.
tendance 50.

Electric Drive for Automobiles, by H. S. Baldwin, General Eleetric
Co. IMustrated with slides. April 27, Attendance 75.

Minnesota

January 15. At-

April 16.  At-

Engineering Education—From the Standpoint of the Employer,
by W. 1. Meese, Western Kleetrie Co., and

Engincering Education—From the Standpoint of the Educator, by
O. M. Leland, University of Minnesota. Joint meeting
with A.S. M. I, A S.C.E,N.C.E. A and S.P. E. k.
April 5. Attendance 102.

Niagara Frontier

Inspection trip to the Charles R. Huntley Station of the Buffalo
General Electric Co. A deseription, illustrated by slides,
was given by H. M. Cushing, Chief Engineer. April 22.
Attendance 86.

Philadelphia

An Electrical Combustion-Control System for Steam-Boiler Fur-
naces, by 1. M. Stein, Leeds and Northrup Co. Illustrated
with slides. May 9. Attendance 118.

Pittsburgh

Development of Execulive and Administrative Ability, by S. J.
Chesterman, Bell Telephone Co. of Pa. The following
officers were elected: Chairman, W. C. Goodwin; Secretary-
Treasurer, H. E. Dyehe. May 10. Attendance 400.

Pittsfield

Inspeection trip to the High-Voltage Laboratory of the General
Eleetric Co. January 29. Attendance 860.

Inspection trip to the Hartford Light Company Plant.
19. Attendance 140.

April

Portland

Recent Development in Oil, by O. F. Stafford, University of
Oregon. April 22. Attendance 80.

Providence

The Wonders of Light, by Prof. F. N. Tompkins, Brown Uni-
versity. The following officers were elected: Chairman,
F. N. Tompkins; Viee-Chairman, A. E. Watson; Secretary-
Treasurer, F. W. Smith. April 15. Attendance 105.

Iy RELAY'FED ACTIVITIER

dournnl A. 1. K. B

Hodhester
dals, by Dr. Augunt
Mrandards,  Jolat meeting with [ 1t
of Awmerlea und Hocliostor Fuginesrlng
4. Attendajoe 112
Telephone Traflic Problems
phone Corp. April 1

Hand, llurean of
5., Optieal Roeloty
docioty.  March

Pyese- Blectrie (

. W. Vielwry, Roclioster T'ole
ttenidanoe 24
St. Louis

Muoeting.  The following offfesrs were eleotod Chair
Woolstun Viee-Chrisman, 12 Potior; Socre.
12 Van Houten.,  April 20, Attendanece

Busine
mnaan, L, |
tary-I'reasurer, |
2

San Franciseo

New Developrents in A-C. Rotating Machines, and 1igh-Voltage
Underground Cuable, by J. ¥ Bpuase, Goneral Eleotrie Co.
Hlustrated with shdes A\ dinner preseded the moecting,
March I8 Attendanecs 130,

Modern Doodopments sn Motor and Control A pplications, b
.1, Jwnes, Westinghouse Eleetrie & Mfyg, Co. April &
Attendance 65

Schencotady

Spectroscopee Pecdection, by 1A NMillikan, California Tnstitute

of Technology. April 200 Attendanece 500,

Spring Smoker.  April 20, Attendanee 300.

Scattle
Motor and Control Applications, by 1. D, Jumes, Waestinghouse
Klectrie & Mfg. Co. April 19, Attendance 120.
Spokane
Inspection Trip to Autoinatic ‘Telephone Bxchange of the Home
Telophone & Tolegraph Co. April 12, Attendance 72.
Springfield

Bakelite, by 1., V. Quigley, Balolite Corp.

dance 41

ApriJ 18. Atten-
Syracuse
Power-System Stabdity, by A P. I*ugill, Westinghouse Klectrie &
Mrtg. Co. April 11, Attendance 216.
Toledo

Inspection trip to the Ohio 1Bell Telephone Co.
Attendance 54.

April 15.

Toronto
High-Tension nderground Cables, by 1). M. Simons, Standard
Underground Cable ('o. April 8. Attendance 74.
Mechanical Analogy of Transmission-Line Characteristics, by
R.C. Burgvall, Westingliouse Klectric & Mfg. Co. April
22, Attendance 250.
Utah
Diesel Engines from the Purchuser's Viewpoint, by V. A, Stout,
Itenry R. Worthington Co., and
Air Blast and Mechanical Iuspection in Diesel Engines, by V. L.
Moleer, Western Machinery Co.  April 22.  Attendance 75.
New Developments in X-Rays, by 1. J. Nicholes;
The Vitaphone, by N. R. Anderson;
Super Power, by W. 8. Righy;
Power Factor of Fynn-Weichsel Motor, by V. S. Thomander and
0. C. Hayeocl, and
Muagic, by B. S. Greval.

April 25 Attendance 50).

Vancouver

Hydro-Elcctri'c Developments of the East Kootenay Power Co., by
M. L. Wade, General Supt. April 5. Attendance 90.

Washington

Greenland, by G. P. Putman. INustrated with moving pictures.
Joint meeting with Washingion Society of IEngineers and
other afliliated engineering societies. April 6. Atten-
dance 60U,

Noonday Luncheon. A talk was given by Wm. Tyler Page,
Clerk of the U. 8. {{ouse of Representatives, on the proposed
bi-centennial to be held in Washington, 1. C., in 1932.
April 12, Attendance 15.

Electric Houschold Rifrigeration, by H. 1. Wallace, General
Motors Corp. Ilustrated with siides and motion pictures.
The following officers were elected : Chairman, M. G. Lloyd;
Vice-Chairman, FEdward Kerschner; Secretary-Treasurer,
H. K. Bradley. May 10. Attendance 94,
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NEBRASKA SECTION HAS STUDENT PROGRAM
The Nebraska Section entertained the juniors, seniors, and
faculty members in electrical engineering at the University of
Nebraska during the entire day and evening of May 10, 1927.
The following program was followed, all parts being in Omaha:
Inspection, Omaha and Council Bluffs Street Railway power
piant. Nebraska Power Co. plant.
Luncheon at Nebraska Power Co. plant.
Section.
Inspection, American Smelting and Refining Co. plant.
western Bell Telephone Co. building.
Dinner at University Club. Guests of Nebraska Section.
Student Program:
L. H. Hobson (senior) presiding.
Piano solo and violin duets by students.
Remarks by Dean O. J. Ferguson.
Properties of Iron Wire, H. H. Brown (senior).
Vocal and banjo solos by students.
Private Ownership of Public Utilities, J. P. Gillilan (senior).
Tenor solo, H. H. Brown (senior).
The Engineering College at the University of Nebraska,
A. A Little (senior).
Popular numbers by student quartet.

The Section officers considered this one of the most successful
meetings ever held by the Nebraska Section. The evening
program was received with much enthusiasm by the local
engineers, and offered an excellent opportunity to renew ac-
quaintanceships with the faculty members and to meet the
juniors and seniors. This type of meeting probably will be held
each year.

e .

Guests of Nebraska

North-

JOINT SECTION AND BRANCH MEETING AT
CORVALLIS, OREGON

A joint meeting of the Portland Section and the Oregon
Agricultural College Branch was held at Corvallis on May 7,
1927.

Vice-President Schoolfield presented the Best Branch Paper
Prize for District No. 9 for 1926 to H. E. Rhoads and C. H.
Bjorquist. An account of this award and an abridgment of the
prize winning paper, entitled The Influence of Line Voltage
Upon Induction Motor Characteristics, were published on pages
398-99 of the JourNaLfor April 1927.

The following papers were presented by students and were
discussed by both students and Portland engineers:

Effect of Insulalion Resistance on the Characteristics of an
Artificial Line, by O. C. Doty, V. E. Rinehart, and W. C. Wing.

A New Type of Rectifier, by N. M. Mekeel.

Alternating Current Transients in Incandescent Lamps, by
F. D. Crowther and R. L. Earnhart.

The attendance was about 100, and the meeting was considered
very successful in all respects.

JOINT SECTION AND BRANCH MEETING AT
UNIVERSITY OF UTAl

The annual joint meeting of the Utah Section and University of
Utah Branch was held in Salt Lake City on April 28, 1927, and
the following program was presented by students:

New Developments in X-Rays, F. J. Nicholes.

The Vituphone, R. N. Anderson.

Super Power, W. S. Rigby.

Power Faclor of the Fynn-Weichsel Motor, V. S. Thomander
and Q. C. Hayeock.

The papers were very interesting to an audience of about 50
Institute members and enrolled students.

A. L E. E. Student Activities
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ELECTRICAL ENGINEERS’ PARTY AT UNIVERSITY OF
MINNESOTA

The Biennial Electrical Engineers’ Party at the University‘of
Minnesota was held on April 21-22. This form of entertain-
ment was adopted in 1913 to provide a social funetion strietly
electrical in theme and management. v

The attendance of the first night was limited to guests of the
faculty members and students, but for the second night, invita~
tions were issued through the newspapers to all friends of the
University and to the general public. The first parts of the
evenings were devoted to demonstrations and exhibits in the
laboratories, and the latter parts to dancing. Every effort was
made to create the atmosphere of a reception rather than that of
a show.

All regular laboratory equipment was used in the demonstra-
tion of the fundamentals of electrieity, and, in addition, a large
number of speeial exhibits were built especially for the occasion.
There were 80 exhibits, including many novel and interesting
stunts.

Among the outstanding features were high voltage demonstra-
tions, radio transmission of pietures, radio controlled car,
electric fountain, speech oscillograph, talking are, illumination,
high frequeney -lamp, fused quartz, photoelectric cell, and an
automatic telephone. 19 merchants and manufacturers assisted
in the preparations, and a number of manufacturers’ exhibits
were secured to show recent developments in the electrical
industry.

The Party aroused great interest in the whole University
community and in the Twin Cities. A capacity erowd, con-
servatively estimated at 1000 persons, attended each night.
J. H. DuBois, Secretary of the Branch was Manager.

THE TRANSMISSION OF MOTION PYICTURES BY RADIO
BY
JoserHa I. HELLER
STupENT, PoLYTECHNIC INSTITUTE OF BROOKLYN

An abridgment of a paper presented at the New York
Student Convention on April 8, 1927 for which the
author was awarded the prize of $256.00 in gold offered by
the New York Section.

Pictures are made up of countless minute elements of dif-
tferent shades of light. To make a clear-cut, distinguishable
picture, the individual elements need not be less than one
millimeter square.

The requirements for suecessful picture transmission are as
follows:

a. A method of breaking up a picture into minute elements.

b. A method of changing the variations in shade of these ele-
ments into a varying eleetric current.

¢. A method of propogating these current variations over the
necessary distance.

d. The receiving equipment, which must be eapable of ampli-
fying the received impulses to a very high degree.

e. A light eapable of passing from maximum brillianey to zero
brillianey many times a second.

f. A method of replacing the elements of the picture upon a
sereen, each element bearing the same relative position to the rest
of the picture as in the original picture.

The present methods of meeting these requirements are as
follows:

a.and b. The pieture is broken up into tiny elements by means
of rotating prisms, rotating mirrors, or a combination of hoth.
These elements are each in turn made to fall upon a light sensi-
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tive cell whioh converts the ehuuges in shade to chanpes of
cuirrent,

¢. The varying eurrent eontrols a eontinuous wave oscillator,
80 it's ontput varies oxactly as the eurront ehanges in the light
sensitive cell. 'The oseillator energy is then impressed upon a
suitable antenna which radiates the light impulses as . modu-
lated continuous wavo.

d. The receiving equipment consists of a tuner, rectilier,
and the apparatus necessary to amplify the impulses to a required
degroe.

o. The receiver output is impressed upon a lamp capable of
following the eurrent variations with an exaet variation in light.

f. The light pulsations are fod o an exaet duplicate of the
prisms or mirrors used to break up the picture—with this dit-
ference: the instrument replaces the elements in their original
position.

Methods of synchronizing.

Current impulse
Tuning fork
“Lightspots”
The different systems in use or under development
The Michaelson Transmitter
The Belin System
TheJenkins Apparatus

Applications:

1. Picturetransmission of publicevents

2. Entertainmentin the home

3. Possibilities for visual as well as audible transmission of
lectures, ete.

DIRECT-CURRENT TRANSMISSION CONSIDERATIONS!
SAMUEL W. MARSHALL, Jr.2
An abridgment of a paper for which the author was
awarded the Best Branch Paper Prize in Geographical
District No. 1 for 1926. A copy of the paper is on file at
Institute headquarters.

The many advances, along both mechanical and electrical lines
of development, during the last five years have made an analysis
of the considerations of direct current-transmission both interest-
ing and worthy of eareful thought. This paper contains some of
the most important technical and economic aspects of such an
investigation.

By adding one conductor to a single circuit three-phase line and
changing to direct current, the capacity can be increased to 175
percent (nearly) of its former value. When a new line is con-
structed for direct current, the cost of conductors and insulators is
about two-thirds of that for an alternating current line. The
comparative cost of towers is slightly greater than two-thirds, and
that of switches is about 75 per cent.

Power losses in the insulators of an alternating current line are
due to: the I2 R loss produced by leakage current; the ionization
of occluded gases within the dieleetric; the oscillatory move-
ment of the particles due to alternating charges; the 12 R Joss
due to charging current; and electrolysis of the dielectric. The
first two and the last are encountered in direct current
transmission.

Some operating engineers make the insulator strings one or
more units longer than is the general practise, in order to increase
the factor of safety. In direct current transmission, such addi-
tions are very beneficial because the stress per unit is uniform over
the entire length, while in alternating current transmission they
cause relatively small reductions in the duty of certain units in
the string.

The inductive reactance of a line causes almost no detrimental
effects upon its operating characteristics when direct current is

1. Presented at Student Convention, North Eastern District, Massa-

chusetts Institute of Technology, May 7, 1926. )
2. Graduate student in electrical engineering, Massachusetts Institute

of Technology. 1925-26.
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peed, but porforms u usofnl servige ig simoothing out the minor
surgos and transien Therefore u stoel-chiul copper conductor
is highly desirable for Jirset curront transmission.  I's indue-
tive renctanco is very high even at low frequoncies, and with
inerense in frequency, the reactance rises rapidly until the stoel
hoeomes saturated. The incrense in inductance, together with
the incronse in offeetive resistanco, would eause a marked
damping offcet upon any surges that might oceur.

In d-c. Lransmission, telophone interforence is largely elimi-
nated. and corona loss is less than when ulternating eurrent is
used.

The protective deviess on a d-¢. line wonld be those governed
by: (1) overload rolays, and (2) over-volingo relays.  The
switehing probably would be done by vacuum tubes and might
be arrangod to act instantaneously, or to open at such a rato
that the total resistance of the eircuit would be approximately
equal to the surge impedance of the line.

1t is assumed thatl a-e. genorating equipment would be used.
The most logical form of conversion apparatus is the two-olement
thermionic tube.

In sharp contrast to the comparatively simple problem of
converting alternating to direct current, the problem at the
reeeiving station presents many difliculties.  T'he most promis-
ing tyvpes of apparatus for converting direct eurrent at high
voltage to alternating current are the ‘“‘magnetron” and the
“transverter.”

(CONCLUSIONS

1. D-e. transmission of powers including 60,000 kw., from
source to concentrated load, may be considered econormically
feasible.

2. The
conversion.

3. Switching would be done best by tubes.

4. Voltage regulation would be excellent, and large syn-
chronous condensers could he eliminated.

5. D-e. transmission has good possibilities for superpower
projects on account of its stability and the absence of syn-
chronizing machinery.

6. The installation of new apparatus or the conversion of an
alternating current to a d-c. system would not involve radical
departures from present accepted practise, except in the matter of
switching, in which direet current has a distinet advantage.

The paper contains a number of curves, connection diagrams,
and references.

“magnetron’” offers the best possibilities for
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assistance of Mr. K. T. Bainbridge in checking the caleulations.

NORTH EASTERN DISTRICT AWARDS BEST BRANCH PAPER
PRIZE FOR 1926

The Committee on Awards of District No. 1 has awarded the
Best Branch Paper Prize for 1926 to Mr. Samuel W. Marshall, Jr.
for his paper entitled Direct-Current Transmission Considera-
trons, which was presented at the Student Convention of the
North Eastern District held at the Massachusetts Institute of
Technology on May 7, 1926. Mr. Marshall was at that time a
graduate student in electrical engineering at the Massachusetts
Institute of Technology.

The prize consists of $25.00 from the national treasury of the
Institute and a suitable certificate of award issued by the officers
of the District.

GENERAL ENGINEERING COUNCIL ORGANIZED AT
STANFORD UNIVERSITY

Officers of the Stanford University Branches of the A. S. C. E.,
A 1.LE.E,A S.M.E,, and A. I. M. E. organized a General Engi-
neering Council on April 13, 1927, and A. V. Pering, Chairman of
the Stanford Branch, A. 1. E. E., was elected Chairman.
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The membership of the Council is to include the chairmen,
vice-chairmen, and secretaries of the four Branches and a faculty
member elected by each Branch.

ELECTRICAL VAUDEVILLE AT LOUISIANA STATE UNIVERSITY

The Louisiana State University Branech held an Electrical
Vaudeville on April 21st. The program included thirty exhibits
and tricks covering a wide range of electrical and magnetic
phenomena as well as some of the laws of liquids, gases, ete.
Induction coils, electromagnets, and the principles of motor
operation were prominent in the program. In addition to being
entertained, the 380 who attended reeeived several surprises.

M. I. T. BRANCH DISTRIBUTES PROBLEM SOLUTIONS

During the present academic year, the Massachusetts Institute
of Technology Branch has been distributing each Friday, at cost,
mimeographed solutions of the home problems assigned during
the week just past to juniors and seniors in the Principles of
Electrical Engineering. The solutions are distributed just in
time for study before the weekly two hour examination. The
plan has the full support of the Department of Electrical Engi-
neering, and the problems are solved by members of the faculty.

BRANCH MEETINGS
Municipal University of Akron

Motion pictures, entitled respectively ‘‘The Building of New
York's Newest Subway’’ and ‘‘Portable Electricity,” were
shown. Questions on last subject answered by the Cleve-
land representative of the Edison Storage Battery Co.
April 8. Attendance 42.

Armour Institute of Technology
Business Meeting. April 21. Attendance 30.

Alabama Polytechnic Institute

Discussion by several members of some of their summer work,
and of other engineering subjects. Election of temporary
officers for duty at next meeting while the present officers
were on Senior inspection trip. March 31.  Attendanece 43.

The Relalion Between the Engineer and the Pure Scientist, hy
James Shirley, student;

Automatic T'rain Conlrol, by L. C. Yancey, student;

Life of Hugh Grant, by Comer Piercé, student;

How Congress Left Muscle Shoals, by J. K. Smith, student, and

Farm Electrification, by R. P. Morton, student. April 7.
Attendance 31.

Negro Readings, by Mrs. IFrazier, of Auburn.
Answers of lngineering Interest,
present. April 14. Attendance 43.

Business Meeting. The following officers were elected: Chair-
man, T. 8. Lyneh; Vice-Chairman, S. L. Hancock; Secretary-
Treasurer, P. K. Bandlin.  April 21. Attendance 46.

Business Meeting. April29. Attendance 36.

Questions and
by the entire group

University of Arkansas

The Radio Controlled Cuar, by Dick Ray. Mareh 30.
tendance 12.

Electrical (Grounds, hy Carroll Walsh, and
The Circle Diagram, by Joe Aeker. April 13. Attendance 15.
Batteries, by Joe Acker.  April 26.  Attendance 8.

Bucknell University
The Application of Electricily to Anthracite Coal Mining, by
Wilmon K. Buckncll, Kstimating Iingineer, Advice and
Maintenance Department, Reading Coal and Coke Co.
[Hustrated with slides.  April 13, Attendance 60.

Califarnia Institute of Technology

Operation of the Edison Big Creek System, by Carter Austin, stu-
dent.  April&.  Attendance 15.

At-

University of California
Business Meeting. March 30.  Attendance 27.

The Ingineers’ Outlook, by 1. S. Ready, President, Key System
Transit Co.  April 14.  Attendance 39.
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Carnegie Institute of Technology

Annual Banquet. Talks were given by Profs. W. R. Work and
B. C. Dennison, and R. H. Giles, Chairman-Elect. May 4.
Attendance 53.

Case School of Applied Science
Hazards of Static Electricity, by E. B. Crofts, student;
Charles Proteus Steinmetz, by H. H. White, student;

Recent Developments in the Electrifying of Railroads, by J. E.
Shiland, student; and

Marconi and Wireless Telegraphy, by F. R. Hippler, student.
April 2. Attendance 54.

Cyrus W. Field, and the Atlantic Cable, by W. C. Petersen;
Bell, and the Invention of the Telephone, by J. L. Wilcox, and

The Gas-Electric Bus, by E. W. Drexler. Appointment of Com-
mittees. April16. Attendance 56.

Theory, History and Probable Future of Airplanes, by L. C. Mel-

burn, Chief Engineer, Glenn L. Martin Co. April 20.
Attendance 25. .
Vacuum Tubes, by W. L. Cogger, General Electric Co. April 23.

Attendanece 53.

Report by G. J. Currie on his experiences at the Regional Meeting
and Conference of Counselors and Branch Chairmen at
Bethlehem, Pa. Discussion of a farewell party for the
Senior Electricals. April 30. Attendance 55.

Catholic University of America
Business Meeting. April21. Attendance 23.

Clemson Agricultural College

Recent Developments in Radio Photography and Television, by
M. A. Jones;
Application of Electric Drive to Conveyors, by J. H. Hardee, and

Current Engincering Topics of Interest, by H. 1. Sanders. April
21. Attendance 16.

University of Colorado

R. G. Lorraine, student, gave a demonstration of the oscillograph
and explained its applications. April 13. Attendance 35.

Some Phases of the Work at the Moffat Tunnel, by J. F. Cohig,
Chief Resident Engineer of the Moffat Tunnel. Slides.
Miniature model of a part of the tunnel used to show the
Lewis Cantilever beam [or placing mine timbering. Motion
pieture, entitled ‘‘The Story of Dynamite,” was also shown.
April 27. Attendance 80.

University of Denver

Electric Waves, by T. R. Cuykendall;

Principles of the Induction Motor, by L. L. Booth;

Phenomenal Welding, by G. K. Baker;

Optical Illusions, by Richard Hays, and

Description of Electrical Laboratories, by H. H. Henson. Motion
picture, entitled “‘Queen of the Waves,”” was shown. Dem-
onstrations of motors, generators, and other apparatus in
the laboratory. This meeting was held particularly for
parents and immediate friends of the engineering students.
Refreshments were served. April 22. Attendance 100.

Drexel Institute
Radio Sending and Receiving Circuits, by J. H. Broadbent;
Relay Circuits, by R. S. Kininger, Jr., and
Mechanical Construction and Delails, by G. H. Melson. These
talks dealt with plans for a radio controlled car for the

Spring engineering show. Plans and details for the show
were discussed and adopted. April 8. Attendance 28.

Duke University

Organization Meeting. The following officers were elected:
Chairman, Oren Long; Vice-Chairman, 0. T. Coleloughj;
Secretary-Treasurer, W. C. Rarnhardt, Jr. February 28.
Attendance 11.

Transatlaniic Radio Telephony, by Mr. Hardin, student. Read-
ing and discussion ol the proposed Constitution and By-
laws.  Discussion of future activities of the Branch. March
21.  Attendance 15.

Plat Rwer Dam and Power Plant, by D. M. Williams, Assistant
[ingineer. Nomination of Professor, W. J. Seeley as Coun-
selor. Aprit4. Attendance 36.

Motion picture of the Southern Power Company's Developments
was shown. May 2. Attendance 100.
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Busigess Moeting. yAplminl,l.nmnl. of Committee to prepare by-
laws and Program Committee. Number of regular meetings
to be two per month. = May 7. Attendance 17.

University of Florida

Construction and Design of Transformers, by H. 0. Stophens,

Genoral Tleetric Co. Ilustrated leoture. March 17
Attondance 12,

Motion picture ou Automatic Substation Operation was ex-

hibited. Mareh 22,  Attendance 15.
Business Meoting.  The following officers were electod: Chair-
man, W. 1. Johnson; Secretary-Treasurer, A. C. Dean;

Vico-Chairman, F. E. Wray, Counselor, Prof. J.

Weil.
May 2. Attendance 10. l

lowa State College

Motion picture, entitled “* Nature's Frozen ( redits,”” was shown.
April 7. Attendance 150.

Motion pieture, entitled *“‘From Coal to lilectricity,” was shown.
April 13, Attendance 31.

State University of lowa

Automatic Train Control, by J. S. Beck. March 2. Atten-
dance 28.

.Elecg;ic Illeat'[ng Applications in Metal Industries, by H. W.
ranks;

Resonance Control System for Streel Lighting, by M. B. Hurd, and

The Beam Method of Transmatting Radio Signals, by J. T'. Jones.
March 9. Attendance 36.

The Gaseous Conductor Lamp, by E. J. Flannagan, and

A New Type of Changeable Speed Molor, by F. L. Kline. April 6.
Attendance 32. .

The Use of the Electric Furnace in Melting Gray Iron, by K. 1.
Postel, and

Progress and Development of the Electric Light, by G. R. Parizek.
April 13.  Attendance 36.
Some of the Weak Points in Radio Receivers, by F. E. Sehneider;
A New Fire Extinguisher for Generators, by R. Weldy; and
Modern Manufacture of Large Power Transformers, by W. W.
Wertzbaugher. April 20. Attendance 36.
Kansas State College

Elements of Success in Engineering, by Prof. L. M. Jorgenson.
April 25. Attendance 73.

The Development of the Electron Theory of Maltler, by Prof. J. L.
Brenneman. May 9. Attendance 65.
University of Kansas

Behind the Pyramids, by Mr. Robinson, National Carbon Co.
Illustrated. The following officers were elected: Chairman,
Clair Williamson; Viece-Chairman, C. E. Miller; Secretary,
D. M. Black; Treasurer, E. MeDonald.y May 5. At-
tendance 80.

Lehigh University

Personal Reminiscences of Heaviside and Steinmetz, by Dr. Ernst
J. Berg, General Electric Co. April 22.  Attendance 45.

Lewis Institute
Business Meeting. April 19. Attendance 45.

Louisiana State University

Business Meeting. Discussion of plans for Electrical Vaudeville.
April 7. Attendance 16.

Electrical Vaudeville. See aceount in first part of Student
Activities section. April 21. Attendance 381.
Massachusetts Institute of Technology
Inspection trip to Kenmore, Back Bay and Copley Circle offices

of the New England Telephone and Telegraph Co. April
13. Attendance 60.
Michigan State College
Diesel-Electric Locomotive, by A. F. Southwick. Illustrated.

March 2. Attendance 24.

Merits of the Gas-Eleciric Bus, by F. Byrne, and

Synchronous Condensers, by T. A. Hoffmeyer. Decided that
delegate would be sent, if possible, to the joint meeting of
the University of Wisconsin, Marquette University and
Armour Tech. Branches, to be held in Chicago during the
early part of May. April 14. Attendance 34.

INSTITUTE AND RELATED ACTIVITIE

Journad AL TN 1.

Engincering School of Milwaukee

Some Considerations for Delermining Itates in Public Service,
by Joroph Havlick, Bngineering Accountant, the Mitwanlee
Mloctric Itnilwway & Light Co.  May 10, Atlendaneo 16.

Misstanippt A, and M. Collede

Power Pransformers, by J. 0. Btophens, Generul Blestrie Co.
March 25, Attondanoce 16,

Missouri School of Mines and Metallurdy

Automatic Substations in Kanses City, by Prof. I, If. Lovett;

Talking Motion Pictures, by Prol. 1. . ¥rame, and

Benefits Devived from A, 1. 1. 15 Meelings, by Mr. Berry. Arg.
pointmoent of committees.  T'ho meeting of tho A, 1. 1, 2,
at Kansas City, Mo., was discussed by Profs. Frame and
Lovett. April 13, Attendance 20.

University of Missouri

The Use of Eleetric Power on Farms, by W. G. Davis.
Attendance 25.

The Design of the Electric Scrublbing Mackine, by R. C. Ilase, auod

Electric ftate Structures, by V. L. Tiller. The following olficers
were elected: Chairman, C. K. Schooley; Vice-Chairman,
(i. L. Crow; Secrotary, W. RR. lolmes; Treasurer, I. R.
Rehagen. May 2. Attendance 35.

April 1.

Montana State College
Electvicity and the Steel ndustry, by . W. Jordan, Westinghouse
Electric and Mig. Co.  April 5. Attendance L61.

Problems Arising from the Interconnection and Ezpansion of
Power Systems, B. A. Blge. April 15. Attendance 176.
The Aurora and Radio, by C. \W. Reitsch, and

The Gascous Conductor Lamps, by €. T. Oberbauer. April 22
Attendance 166.
University of Nebraska
Inspection trip to plant of Lincoln Tel. & Tel. Co. Reflresh-

ments. Motion pictures. Announcements regarding Fngi-
neers' Week. April 13. Attendance 40.

University of Nevada

Business Meeting.
Attendance 19.

Motion picture, entitled ‘‘The Single Ridge-The Story of Wire
and Cable,” was shown bv Prof.” S. G. Palmer. The
following officers were elected: Chairman, Kenneth Knopf;
Viee-Chairman, Leslie Clover: Secretarv-Treasurer, Clark
Amens. April 21. Attendance 16.

Discussion of personnel records. April 4.

Newark College of Engineering

Gas-Electric Buses, by S. Cozza, student, and

Electricity in Maines, by A. Becker, student.
dance 22.

The Electronic Theory, by Prof. . N. Entwisle. Branch decided
to l)ul'pllase a motion pleture machine in eooperation with
A.C.S.and A\.S. M. E. Branches. May4. Attendance 32.

April 6. Atten-

University of New Hampshire
Oppor}unitfes Offered by the Telephone Company, by Mr. Appel,
New Iingland Tel. & Tel. Co. Marech 9. Attendance 4.

Electrification of the Chicago, Milwaukee and St. Paul Railroad,
by M. B. Smith, student, and

General Electric 110-Ton Gasoline-Electric Storage Battery Locomo-
tive, by C. L. Morreels, student. Mareh 16. Attendance 35.

A motion picture, entitled "From Coal to Eleetricity,” was
shown. April2. Attendance 41.

Telerision, by C. Spillaine, student, and
The Fynn-Weichsel Motor, by H. B.
Attendance 31.

Kohler Electric Light and Power Systems, by M. 13. Sargent,
student, and .

Magnetic Blovouls, by L. (.
Attendance 22.

Talking Motion Pictures, by W. P. Thurber, student;

Lightning Arresters, by J. . Stevens, student, and

New T'ypes of Railway Cars by T. C. Tappan, student, April 23.
Attendance 31.

RRose, student. April 9.

Simpson, student. April 16.
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College of the City of New York
Inspection trip to the Okonite Company Wire Plant at Passaic.
April19.  Attendance 6.

Motion picture, entitled ‘“The Wizardy of Wireless,’
hibited. April28. Attendance 53.
Inspection trip to the U. 8. 8. Colorado. May 6. Attendance
24.

s

was ex-

Inspection trip to the boiler works of the Babeock and Wileox

Company and Durant Motor Car Company plant. May 9.
Attendance 15.
University of Neorth Carolina
The Fundamental Circuit of Radio, by T. B. Smiley. April 14.

Attendance 22.

The Branch joined the William Cain Society in att}ending an
illustrated lecture by C. E. Waddell of Asheville, N. C.
April 28. Attendance 20.

University of Narth Dakota

Synchronous Condensers, by Mr. Johnston;

Gatineau Power Development I’roject, by Bair, and

Communication on Wavelengths Not in General Use, by Mr.
Houck. Aprilll. Attendance 24.

Business Meeting. Discussion of exhibits for Engineers’ Day.
May 2. Attendance32.

Business Meeting. The following officers were elected; Chair-
man, Alfred Botten; Vice-Chairman, George Renauld;
Secretary-Treasurer, Nels Anderson. May 9. Atten-
dance 17.

Ohio Naorthern University

Life of the Late 3. G. Lamme, Chief Engineer of the Westinghouse
Elec. & Mfg. Co. April 21. Attendance 20.

Chio State University

Railway Signaling, by C. R. Beall, Assistant Chief Engineer,
Union Switch and Signal Co. March 11, Attendance 60.

History of Lighting, by Prof. F. C. Caldwell, Counselor. The
following officers were elected: President, A. B. Crawford;
Vice-President, J. H. Hackenberg; Junior Chairman, R. H.
Spryv; Secretary-Treasurer, L. G. Stewart. April 7. At-
tendance 85.

Oklahoma A. and M. College

Water Resources of Oklahoma for Power and Irrigation, by E. R.
Pa;T’e, Assoc. Prof. of Elec. Engg., University of Oklahoma,
anc

Telephone Transmission and Prolection, by E. B. Jennings, KEn-
gineer. Southwestern Bell Telephone Co. Joint meeting
with Oklahoma Section. May 5. Attendance 61.

University of Oklahoma

What | Didn't Know When | Graduated, by V. A. Pendleton,
Asst. Distribution Manager, Oklahoma Gas and Eleciric
Cou. Discussion of plans for Branch basehall team. The
following offlicers were elected: Chairman, Dick Mason;
Vice-Chairman, LeRoy Moffett; Secretary, Sterl Harmon;
Treasurer, Elwood Kaiger. April 21. Attendance 24.

Oregon Agricultural College

Development and Applications of Electrical Controls, hy H. D.
James, Westinghouse Klee. & Mfg. Co. April 12. At-
tendance 36.

Pennsylvania State College

Motion picture, entitled **From Coal to Electricity,” was shown
April 27.  Attendance 45.

Purdue University

Superheterodynes  Thewr Practical Construction and Theory of
Operatron, by A 13, MeCullah, student, and

Electricuty Va. Steam in Motive Power, by A. L. Witheck, student.
April 19, Attendance 40,

Automatie Tele phone Sy<tema, by . V. Morris, Aiv Brake Labora-
tory. A practical demonstration was given with a mode!
system.  Mr. Anderson, of the C. M. & 8t. P. R. R. Co.,
discussed Lhe electrification of his eompany’s road and its
provad advantages.  The following officers were cloctod:
Chairman, 11, L. Lindstron; Viee-Chairman, L. R. Johnson:
Secretary, H. A, Hartley; Treasurer, W. P, Place. May I{t
Attendanes 46,

INSTITUTE AND RELATED ACTIVITIES
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Rensselaer Polytechnic Institute
A Few Aspects of Today's Public Ulility Economics, by Samuel
P’ergugon, l{resider]{t of the Hartford Elee. Lt. Co. and
Association of Edison Illuminating Companies. Dr. P. C.
Ricketts, Director of the Tnstitute, spoke on the progress of
electrical engineering since his undergraduate days. April
13. Attendance 130.

Rhode Island State College o
Business Meeting. The following officers were eJected: Chair-
man, . F. Easterbrooks; Vice-Chairman, W. G. Johnson;
Secretary, Charles Miller. April 6. Attendance 16. .
Electrification of the Virginian Railway, by Qhas. Wales, Westing-
house Elee. & Mfg. Co. Lantern slides. April 26. At-
tendance 23. )
Inspection trip to R. C. A. Radio Station at Marion, Mass.
April 27.  Attendance 12.

Rutgers University

Trip of Senior Class to Pittsfield, Mass., and Schenectady, N. Y.
The following officers were elected: President, N. A. Kiet;
Vice-President, J. Cost; Secretary-Treasurer, .J. E. Conover;
Recording Secretary, E. T. Wilson. May 9. Attendance 24.

University of Santa Clara

Business Meeting. Discussion of selection of paper to be pre-
sented by Branch at meeting at University of California
on April 29. March 29. Attendance 23.

South Dakota State School of Mines

Communication and Progress, by G. M. Bickley, Northwestern
Bell Telephone Co., and

Plant Engineering, by E. L. Yetter, Northwestern Bell Telephone
Co. April13. Attendance 28.

University of South Dakota
Business Meeting. April 27, Attendance 9.

University of Southern California

Preparing for a Betler Job by Being Active in Student Activities,
bv R. E. Rowley, Los Angeles Bureau of Power and Light.
March 30. Attendance 32.

Stanford University

Inspection trip to Marsh Radio Station of the Federal Telegraph
Co. Mareh5. Attendance 30.

Motors and Their Control, by H. D. James, Westinghouse Elee.
& Mfg. Co. April 6. Attendance 39.

Swarthmore College

History and Development of Hol Waler Heaters, by H. L.Long,

President, Kompalk Water Heater Co. April 11. At-
tendance 25.
Syracuse University

Hydraulic Development on Beaver River, by H. Ii. Slone. March
17. Attendance 22,

Electrification of Mezican Railroads, by M. C. Waters. March
24. Attendance 24.

Water Power Development in Canada, by N. W. Seiter. MNlarch

31. Attendance 24.

University of Texas

Transmassion of iclures by Wire, by A. P. Lancaster, Western
FElectric Co. March 9. Attendance 45.

Important Developments and Engineering Achievements of lhe
(feneral Fleelric Co., by John Liston, Technical Writer,
Publication Bureau, General Electric Co. Slides. March

15. Attendance 15.
Discussion of [larmonic Curves, by 1.. K. Brown, student. April
13. Attendance 19.

Virginia Military Institute
I"L’fl,y/”)"';Turls Progress «n Electrical Cominunicalion, by A. W.
riffith;
The Use of llectricity in the Mines, by S. C. Robinson;
Compulalion of the Unbulance Factor of a Three-I’hase Triangle,
by 1. Barkus, and

The Induction Lamp, by S. H. Franklin.

April L],
dance 18. G

Atten-
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Special Poatures of the Power System of the 1,
Erplostyes Plant ¢, by M. L. Waring;

The /-’ulim'o of the Standgrdization Movement, by C. 1°. Bowman,
e

The Raising of the S-1, by M. T
danoo 3.

8. Government

Doecker.  April 20, Atten

Washington State College

Electric Welding, by Mr _howunnason.  Joint moeeting with the
Tdaho Branch was diseussed. April 20.  Attendanco 25,

Washingdton University

Reporton A [ E. K. Student Convention, by . B. Nempster, and

Report of Smokec Committee, by C. C. Duncan. {Diseussion of
the Sm_okm' which is to he held April 11 at the lingineer's
Club of St. Louis.  April 7. Attendanco 30).

Chanqrs in the Posttion and Characler of the Engineering Profes-
ston, by 'W. A, Layman. Smoker. Motion pictures were
shown, including some taken on the campus and “'T'he

Queen of the Waves.” Refreshments. April (4. At-
tendanee 150,

University of Washington

Research, by B. \. Case, student, and Professor George Smitl.
Aprid 6. Attendance 15.

The Carrier Current Telephone System, by B. O. Bach, Pacitic
Tel. & Tel. Co. 'The tullowing ollicers were elected : Chair-
man, William Bolster; Secretary-T1reasurer, Arthur Peterson.
May 4. Attendance 27

INSTITUTE AND RELATED ACTIVITLHLS

Journnd AL KK

West Viedinka Undversity

Stroboscopic Methad af T'esting Walthour P/fh' ra, by 10 12 Sparkoes,
VMeter god ‘Transformer Speeilist, We tinghouny Plee, &

Mg Co. April 209 At nduneo H4
Automatic and Machiae Swiching V'elephone  Kechanges, by
B, Bradd and €01 Binm

Davin ang

KNDK A Brawdeastiny Stabsore of Pattshurgl, by W. |
A M. Kulo

National T'ube Works, hy W 1. Nuhler and James Criechi;

High-Tvnswon Testing Laboratory ot Trafford, by [. L. Snuth and
W W Rewd

The Colfas Power Plunt, by UG
Drilling Hole

i Lathan awd G UL Cornetl;

of a Polygon Cross-Section, by . 1t Long and

A. L. PoSehmoeichel
Springdale Power Plunt, by G, 18 Meintel and H. S, MctGowan;
and

The Westinghouse Manufacturing Plant, by K. 1), Stowart and
H. S Muller.  The papers presented were by seniors, the
subjects pertaining to the plunts and factories ispected
on the recent castern tour of graduating’ students.  Mayl6
\ttondance 37.

Worcester Polytechnic Institute

The 1-¢c. Nidle of Heary /let:i{)icutwn, by W.AD. Bearse, Geoneral
Eleetrie Co.  Slides.  February 25, Attendance 37.

Engineering Societies Library E

The library is a cooperative activily of the American Instilute of Elecirical Engineers, the American Society of
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan-

ical Engineers.
library of engineering and the allied sciences.
most of the important periodicals in its field.
ninth St., New York.

It is adminstered for these Founder Societies by the Uniled Engineering Society, as a public reference
It contains 160,000 volumes and pamphlets and receives currently
It is housed in the Engineering Societies Building, 29 West Thirly-

In order to place the resources of the Library at the disposal of those unable lo visil il in person, the Library s
prepared lo furnish lists of references o engineering subjects, copies or lranslations of articles, and similar assislance.

Charges sufficient to cover the cost of this work are made.

The Library maintains a collection of modern technical books which may be rented by members residing in North

America.

A rental of five cents a day, plus {ransportation, is charged.

The Drrector of the Library will gladly give information concerning charges for the various kinds of service to

those interested.
understand clearly what is desired.

In asking for information, letters should be made as definite as possible, so that the invesligator may

The library ts 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 APRIL 1-30, 1927

Unless otherwise specified, books in this list have been pre-
sented by the publishers. The Society does not assume re-
sponsibility for any statement made: these are taken from the
preface or the text of the hook.

All books listed may be eonsulted in the Engineering Societies
library.

DiE ALcHEMIE DEs GEBER.

By Ernst Darmstaedter. Berlin, Julius Springer, 1922,
202 pp., illus., 10 x 7 in., boards. 13,25r. m. (Gift of Author.)

At the end of the thirteenth or beginning of the fourteenth
centurv A. D., there appeared a manual of theoretical and
experimental chemistry which was so clear and econcise an
account of the general ehemieal practise of that time that it
influenced chemists for several centuries. This work, by an
unknown writer under the name of Geber, was long helieved to
be a translation of Arabian manuseripts of Gheber, an Arahian
alechemist of the eighth or ninth century, but that opinion is no
longer held.

Numerous editions were printed during the sixteenth century,
and an English translation appeared in 1678. These are all
searce, so this translation into German will be welcome to
students of the history of seience. Dr. Darmstaeder has trans-
lated the four books usually ascribed to Geber, with one of more
doubtful aseription, and has added a wealth of comment upon
the text, and a valuable glossary of a,l(-he_mlstlc terms. The
illustrations are taken from boolks of the period.

Staxparn WinNG rFor Brecrric Licut anp Powen.

By H. C. Cushing, Jr., N. Y., H. C. Cushing, Jr.
pp., illus,, diagrs., tables, 7 x4 in., fabrikoid. %3.0().

Although great ¢hanges cannot he expected in a work that is
republished each vear, the 1927 edition of this well-known
handbook contains a good deal of new material, particularly with
respect to house wiring and the lighting of dwellings and com-
mereial establishinents. The book remains a thoroughly satis-
factory manual of correct wiring practise, eomprehensive enough
to meet all usual requirements, and strietly in accordance with
the National Electrical Code.

1927, 496

BINFUHRUNG IN DIE ELIEKTRIZITATSLENRE.
By R. W. Poll. Berlin, Julius Springer, 1927.
illus., 10x7in. cloth. 13,80r. m.

A course of lectures upon electricity, intended to form parts of
an introductory course upon experimental physics for students of
science and engineering. The presentation has many interesting
features. The text is clear and logical, the experiments are well
chosen and elearly illustrated, and the subject is covered within
reasouable time.

256 pp.,

ErLecrric Powknr TRaxsMIssION.

By Alfred Still.  3rd edition. N. Y., MeGraw-Hill Book Co.,
1927, 412 pp.. illus., diagrs., tables. 9 x 6 in., cloth. $4.00.

A presentation ‘‘of the fundamental principles and scientific
laws which determine the correct design of power lines.” The
author discusses economic and mechanical principles, as well as
electrical ones, but does not consider practical details of con-




June 1927

struction, maintenance nor operation. The work is intended
primarily for the engineer in practise but is also adapted for use
as a college text.

ELectric Switce aND CoNTROLLING GEAR.

By Charles C. Garrard. 3d edition. Lond., Ernest Benn,
1927. 783 pp., illus., diagrs., tables, 10 x 6 in., cloth. 63 s.
(Gift of Author.)

The main objects of this handsome book are to classify electric
switch and controlling gear and to state the principles underlying
its design and construction.

The initial chapter is concerned with materials and methods of
manufacturing. Succeeding chapters are devoted to apparatus for
making and breaking circuits, for preventinga dangerous condition
of the current flowing, for regulating the amount of current and for
starting and controlling electircal machinery, to switchboards,
and to apparatus for protection against abnormal conditions.
The varieties of apparatus included in each of these groups are
explained and representative commercial examples are described.
~% This edition has been revised in the light of new standard
specifications and of recent developments in the art.

LecTures oN THEORETICAL PHYSICS, v. 1.
By H. A. Lorentz. Lond. & N. Y., Maemillan Co., 1927.

195 pp., 9 x 6in., cloth. $4.00.

The first of a series of volumes which will present the courses
of lectures which Professor Lorentz has delivered at the Univer-
sity of Leiden. Two of these courses, one upon “Ether theories
and { ether models,” delivered in 1901-1902, and one upon
“Kinetical problems,’ delivered in 1911-1912, are contained in
this first volume.

The first course describes the attempts of Stokes, Maxwell,
Kelvin and others to account for various phenomena, especially
electromagnetic ones, by means of speculations about the strue-
ture and properties of the ether. The second diseusses some
questions belonging partly to the domain of the kinetie theory
of gases and partly to that of the electron theory.

This translation of the lectures of the eminent physicist will
be welcomed by all students of theoretical physies.

NEnma Haxprook or Rapio Stanparps. 2nd edition, Mareh
1927. N. Y., National Electrical Manufacturers Associa~-
tion, 1927. 50 pp., diagrs.,9x 6 in., paper. $1.00.

The standards given here have the approval of a group o
manufacturers which has considered both commercial and
technical problems in formulating them. They deal with
questions of the construction of radio apparatus and with
methods of testing. The instructions cover a variety of matters
connected with transmitters, receivers, batteries and other
sources of power, and vacuum tubes.

Puysico-VHEMICAL GEOLOGY.
By R. H. Rastall. N. Y., Longmans, Green & Co., 1927.
248 pp., diagrs., 9 x 6in., cloth.  $6.00.

The purpose of this hook is to give in a connected form some
aceount of the application of modern theories of physical chem-
istry to geological problems. It is intended for readers with a
knowledge of geology and mineralogy.

The subjects treated include fusion and solidification,
isomorphism and solid solutions, polymorphism and inversions,
igneous rocks, mineral formation, metamorphism, rock weather-
ing, mineral deposits and colloids. The author aims to point
out a method of treatment that will prove useful in the precise
study of certain branches of geology which have hitherto lacked
precision in their statement.

PrincrrLes oF MERCURY Arc REcTIFIERS AND TuEIR CIRCUITS.

By David Chandler Prince and Francis Brooke Vogdes.
N. Y., McGraw-Ilill Book Co., 1927. 233 pp., illus.,, diagrs.,
tables, 9x 6in., cloth. $3.00.

This study of rectifiers is divided into two seections, dealing
respectively with rectifiers themselves, and with the circuits in
which they operate.  The first section opens with a chapter on
kenotron rectifiers, followed by another upon the tungar rectifier.
Mercury arc rectiliers are then taken up, and their construetion
theory and physical properties are discussed. '

The sccond part is devotled to presenting an accurate picture of
what oceurs in rectifier circuits.  The fundamental wave shapes
of rectifiers are discussed, together with the phenomena of
regulation and allied problems. The authors are connected with
the research laboratory of the General Isleciric Company.
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ProsLEMS oF MODERN PHYSICS.
By H. A. Lorentz. Bost. & N. Y., Ginn & Co., 1927.

8x6in., cloth. $3.60.

These lectures are a scholarly discussion of many important
questions confronting the physieist of today, by one of the
leading workers in that science. The propagation of light in
different media, the structure and mutual action .of atoms,
the ideas of the theory of quanta and their application to the
Zeeman effect, and the theory of relativity and its offect on the
fundamental laws of dynamies are among the subjects.

312 pp.,

RASCHLAUFENDE OLMASCHINEN.

By Otto Kehrer. Min. u. Ber., R. Oldenhourg, 1927. 111 pp.,
diagrs., plates, tables, 11 x 8 in., paper. 10.-r. m.

Presents the results of a thorough experimental and theoretical
study of a modern hot-bulb, high-speed oil engine, discusses the
behavior of high-speed Diesel engines of various designs and
concludes with a comparison of these with gas engines. The
investigation was made at the Munich Technical High Sehool.

Rerort, 1926-27, of the North Jersey Transit Commission.
Jersey City, 1927. 281 pp., illus., plates, diagrs., tables,
9 x 6 in., cloth. Price not quoted. (Gift of Glenn S. Reeves,
Ass’t Chief Engineer.)
_ This progress report of the Commission is chiefly devoted to two
important parts of its general plan. The engineering report,
which is confined to the question of commuter traffic between
New Jersey and New York City, presents various plans that have
been developed for connecting the rapid transit systems of New
York with the various railroads serving New Jersey, to care for
the three hundred thousand persons who travel back and forth
each day. The second report, upon financing, is of more than
local interest. It is an exhaustive study of methods for financing
great public improvements, including a valuable discussion of the
theory of benefit assessments. The author of this report, Mr.
P. H. Cornick, recommends that the proposed rapid transit
system be financed by public funds obtained through local
benefit assessments.

S. A.E. Haxppoox, March 1927.

Society of Automotive Engineers. N. Y., The Society, 1927.
Various paging, illus., diagrs., tables, 8 x 5in., fahrikoid. $5.00.

The Handbook contains the standards and recommended
practices of the Society of Automotive Kngineers, including the
modifications adopted since the previous publication in October,
1926. Sixteen revisions are recorded, four new standards are
given, and eight former practises are cancelled.

The recommendations cover the materials entering into the
construetion of internal ecombustion engines, automobiles, motor
boats and airplanes. Many of them have, of course, much wider
applicability than within the field of the Society, and the book
is in consequence a useful reference work to builders of maeckhinery
generally.

TreATISE ON THE MATHEMATICAL THEORY OF ELASTICITY.

By A. E. H. Love. 4th edition. Lond., Cambridge Uni-
versity Press; N. Y., Maemillan Co., 1927. 643 pp., 11 x 7 in.,
cloth. $13.50.

The fourth edition of this work, the classical treatise in the
English language, will be welcomed by mathematicians; for while
it does not present any marked changes from the second and
third editions, it has been revised and extended to cover the
researches published since 1914.

The most important additipns are concerned with the theory
of a rectangular plate, clampec at the edges and bent by pressure
applied to one face; the theory of the resistance of a very thin
plate to pressure; and the process by which stress-strain relations
are deduced from the molecular theory of a erystalline solid.
The theory of the equilibrium of a sphere has been simplified
and its application to geophysical problems made easier.

In addition to being a masterly exposition of the subject, the
book is noteworthy for its very complete set of references to the
original papers and memoirs dealing with the theory of elasticity.

Two LECTURES ON THE DEVELOPMENT AND PRESENT POSITION OF
CHEMICAL ANALYSIS BY KOMISSION SPECTRA.
By I*. Twyman. Lond., Adam Hilger [1927].
10x6in., cloth. 2s.8d.

These lectures deal with the history and development of
spectrum analysis. They trace the subjeet from its origin,

43 pp., illus.,

. deserihe modern apparatus, explain the production, observation

and photographing of speetra, and discuss the applications of
spetctrum analysis. The advantages of the method are pointed
out.
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Engineering Societies Employment Service

s RS ST T T PRI ERreepe—

] Under joint management of the national
with the Western Society of Engineers.

societies of Civil, Mining, Mcchanical and Flectrical lingineers cooperaling
T'he service is available only to their mendbership, and 13 mainlained as a coopera-

tive bureau by contributions from Lhe societies and their individual members who are directly benefited.

Offices:—38 West 39th Si., New York, N. Y., -
63 West Jackson Blv'de.,

V. V. Brown, Manager.

67 Post St., San Francisco, Calif., N. D). Cook, Manager. )
MEN AVAILABLE.—Brief announcements will be published without charge bul will not be repealed except wpon

requests received afler an tnlerval of one month.
period of three months and are renewable upon request.

EMPLOYMENT SERVICE, 33
the month.

Room 1786, Chicago, Ill., A. K. Krauser, Manager.

Names and records will remain tn the active files of the hureau for a
Notices for this Department should be addressed (o

West 39t Street, New York City, and should be received prior lo the 15th daey of

OPPORTUNITIES.—A Bulletin of engineering posilions avatlable is published weekly and is available to

members of the Societies concerned at a subscription rale of 838 per quarter, or $10 per annwm, payable in advance.
tions not filled prompily as a result of publication in the Bulletin ma

VOLUNTARY CONTRIBUTIONS.
inviled Lo cooperate with the Societies in the fi
placement, on the basis of $10 for all posttio

amounts in excess of $2000
The income contributed by

it is hoped, be sufficient nol only to ma

Posi-

y be announced herein, as formerly. .
~—Members oblaining positions through the medium of this service are
nancing of the work by nominal contributions made within thirty days after
ns paying a salary of $2000 or less per annum, §10 plus one per cent of all
per annum; temporary posilions (of one month or less) three per cent of lotal salary received.
the members, together with the finances appropriated by Lhe four socielies named above, will
tnlain, but to increase and extend the service.

REPLIES TO ANNOUNCEMEN TS8.— Replies to announcements published herein or in the Bulletin, shouid

be addressed to the key number indicated in
to the Employment Service as above.

Silled will not be forwarded.

POSITIONS OPEN

ELECTRICAL DESIGNER AND ENGI-
NEER, for large power company. Technical
graduate, five to ten years' experience laying out
substations and genecrating stations for large
utility companies. Must be good draftsman,
prepared to make finished drawings in pencil.
Apply by letter, giving full details, age, salary
desired, references and photograplh, also sample
of work. Opportunity. Location, Canada.
X-2544-C,

LARGE PUBLIC UTILITY in middle west
wants young electrical engineering graduate of
the class of 1925 or 1926 for investigation and
research work on underground cables, transmission
and distribution systems, and general central
station problems. Apply by letter, giving age,
education, experience, and enclose photogiaph.
X-2021-C-8,

PUBLIC UTILITY 1IN BRAZIL requires
experienced operating man as chief of hydro-
electric plant. Must have at least ten years'
experience in operating water power plants, a
part of time in responsible charge. Plant modern
and medium size. l.ocation healthy. Married
man preferred, and knowledge of Portuguese or
Spanish very desirable. Apply by letter giving
complete resumé of experience, references and
salary required. X-2487-C-S.

ELECTRICAL ENGINEER, having contract-
ing business experience wanted as partner. Reply
must state business experience and amount-of
capital he can invest. References asked and
given. Apply by letter. Location, New York
City. X-2624.

MANAGING EDITOR, thoroughly trained,
expert trade paper and merchandising man, with
theoretical and practical knowledge of radio.
Apply by letter giving full particulars. I.ocation
East. X-2583.

MEN AVAILABLE

ELECTRICAL ENGINEER, 24, single, B. S.
in E. E. 1924, with three years’ industrial exper-
ience, desires permanent position with consulting
firm or industrial organization. Location pre-
ferred, New York City or vicinity. B-8400.

EXPERIENCED OPERATOR for public
utility, desires a position operating where same
might lead to promotion to load dispatching.
Has had practical experience along this line.
Thoroughly experienced in the operating of the
entire plant on shift. Can furnish best of refer-
ences. Available after a reasonable notice.
C-2838.

each case, with a two cent stamp atlached for reforwarding, and forwarded

Replies received by the bureau after the positions to which they refer have been

ELECTRICAL ENGINEER. with successful
seventeen years’ record here and abroad. De-
velopment and research in advanced electro-
mechanical problems; automatic train control
safety devices for navigation, high voltagze recti
fication, low voltage technique. Couscicntious
good judgment, knowledge of langnagcs and
patent routine, M. E. and E: E. degrees. l.oca-
tion desired, New York City, unless olfer is very
interesting. A-165.

GRADUATE ELECTRICAL ENGINEER.
American, single, age 30, desires position as
electrical engineer in sugar factory or public
utility company, preferably in the Tropics.
Has had three years’ expericnce as electrical
engincer in charge of electrie plants and electrical
cquipment in large sugar factories in Porto Rico
and Santo Domingo. Speaks Spanishi. At pres-
ent employed, but desirous of securing better po-
sition. B-6778.

OPERATING ENGINEER. 30, married, fully
qualified engineer, with over fifteen years' actual
experience in the operation and maintenance of
electric light and power plants. Specially
trained in boilerhouse efticiency and fuel economy.
Location, anywhere. C-2694.

ELECTRICAL ENGINEERING GRAD-
UATE OF M. 1. T., with twenty months' varied
utility experience and recognized initiative and
executive ability, desires utility connection as
assistant to executive, or in new business depart-

ment. Prefers East, but will go anyvwhere.
C-803.
ASSISTANT TO EXECUTIVE, executive

experience, scientific mind, engineering knowledge
offered executive who demands exceptional
ability and exact results. Training; M. 1. 7.
five years in chemistry, mathematical physics,
mechanical engineering. Now emploved as
industrial engineer. Experience: reports, tech-
nical writing, design, shop. scientific, industrial
and financial research, systematizing, estimates
and costs on equipment, huildings, labor. Econ-
omist. B-9930.

YOUNG MAN desires position in the power
field with opportunity for advancement assured.
Graduate of school of recognized standing, and
considerable general practical experience. Single.
26 years of age. Available four to six weeks after
notification. Employed at present, but desires
change to the above. East or Southeast pre
ferred, though secondary consideration to op-
portunity. C-2940.

GRADUATE ELECTRICAL ENGINEER,
B. S. in E. E., four years' experience with trans-

formers, mostly in design.  Desires power sales

in the East, or engineering development, also
would teach, location heing inunaterial. 30
vears of age. married.  (-294.4.

ELECTRICAL ENGINEER. graduate of

Wisconsin 1920, seven years' experience in utility
engincering and operation.  Will consider sales
or commercial proposition in which engineering
training will be advantagcous. Work leading to
executive in public utility preferred. C-2943.

SUPERINTENDENT OF ELECTRICAL
CONSTRUCTION, 31. married. thoroughly

competent to take complete charge of large in-
stallations.  8ix vears' actual exp:rience on com-
mercial buildings, city schools, power plants and
signal stations. Would also consider plant
maintenance. Master License.  Available im-
mediately.  Location, New York City. B-9638.

ELECTRICAL-MECHANICAL ENGINEER,
technical graduate, 1924. 29, married, with four
years' electrical maintenance experience in steel
mills previous to graduating, ten months G. E.
test, and two years switehboard design and con-
trol layvout, desires change. Prefers industrial
control or maintenance engineering, also interested
in rescarch or design. Location, North Central

States. (C-2902.
ELECTRICAL ENGINEER, 32, married,
B. S. in E. E., 1920, fifteen months General

Electrical test. five years' teaching experience in
college and university, to complete work for M. S.
in E. E. this summer, Massachusetts Institute of
Technology. desires position as professor in
electrical ©ngineering, or connection with public
utility or manufacturing company. Location
preferred, United States. Available September

Ist. C-2906.
ELECTRICAL ENGINEER, available as
superintendent, manager or assistant, age 32.

Inured to hard work and responsibility and travel-
ing. Ten years direct practical steam. electrical
and shop. Last four vears in full charge, includ-
ing oflice, all details operation, reconstruction
and enlargement completed system in Tropics.

I'erformance in isolated situation on own
resources. B-5803.
DISTRIBUTION ENGINEER age, 27,

single, graduated in 1924, one and one half years'
experience on test with \Westinghouse, sixteen
months with a public utility. Desires position
with public utility as a distribution engineer with
wider field than at present. Available in two
weeks. C-790.

PRODUCTION ENGINEER OR MAN-
AGER, competent engineer and executive trained
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on production control, scheduling, machine
operations, equipment, budgeting, valuations,
costs, wage incentives, with technical and college
degrees and background of electrical and mechani-
cal engineering experience with eleven years’
constructive record of development, desires posi-
tion in Eastern States. Now engaged on
installing production control methods in large
organization. Age 32, married. B-9676.

GRADUATE ELECTRICAL DESIGNING
AND CONSTRUCTING ENGINEER, fifteen
vears’ experience light, power, distribution, trans-
formation, high and low tension work in con-
nection with railway stations and facilities, public
buildings, industrial plants. Location, Central
West, B-508-84.

ELECTRICAL AND MECHANICAL EN-
GINEER, technical graduate, fifteen years’
experience, twelve of which have been engineering
for large public utilities. Now employed in charge
of clectrical work for power plants and substations.
Has had transmission line and steam experience.
Desires responsible position requiring technical
and executive ability. B-5842.

ELECTRICAL ENGINEER, desires super-
visory position. Fifteen years electrical distribu-
tion, transmission, construction, maintenance,
engineering stores and materials, engineering
accounting, estimating appraisals, costs, organiza-
tion, ten years electrical installations estimating,
engineering power and illumination. Practical
with technical training. Handle men. B-5347.

MARINE ELECTRICAL ENGINEER, tech-
nical graduate E. E., thoroughly competent to
supervise installation of electrical equipment and
circuits aboard steamer or Diesel type vessels.
Able to get quick results and carry out with mini-
mum cost electrical repair jobs on large shops.
Has had a large amount of experience installing
both electric and oxy-acetylene plants and
operating welding departments. Able to get
up price estimates on either electrical or welding
jobs on short notice. Holds first assistant marine
engineer’s license, unlimited tonnage. A-2932.

INSTITUTE AND RELATED ACTIVITIES

ENGINEERING EXECUTIVE, ten years’
experience in factory and power plant construction
and installation of mechanical and electrical
equipment, five years operation, maintenance and
research work, four years contract and executive
engineering. Age. 39. Desires KEastern con-
nection, New York or vicinity. A-2280.

TECHNICAL GRADUATE, .B. 8. (E. E)),
and B. S. (M. E.), one year's teaching experience,
three years in electrical maintenance, four years
in A. C. and D. C. distribution work combined
with high tension cable testing and insulation
research on splices and compounds. Married.
Available onemonth. B-8886.

GRADUATE ELECTRICAL ENGINEER,
wishes to make connection with an electrical
firm, nine years maintenance, installation and
testing of electrical equipment. Locavion, New
York City or New Jersey. C-3006.

ELECTRICAL ENGINEER, graduate of high
grade technical school, sixteen years with large
electrical manufacturer, including apprentice
course, research and development work, materials
and process engineer, destgn and application of
control apparatus, desires operating or design
position, or situation in consulting engineering
firm. Location. Pacific Coast region or South
preferred, but not essential. C-2986.

ELECTRICAL ENGINEER, 33, with broad
technical education. Has had eight years of
signal and communication experience in many
different phases. Has had three and one-half
years' experience as supervisor in this line of
work. Would prefer position where ability to
supervise is an important factor. C-2982.

JUNIOR ELECTRICAL ENGINEER, 28,
single, receive B. Sc. degree in E. E. August 1,
1927. Inventive ability. Can handle men.
Open to any branch of electrical engineering ofTer-
ing a future. Location preferred, United States.
Available after August 15¢th. C-2862.

SALES ENGINEER, 32, married thorough
experience operation, maintenance power and
heating equipment. Exceptional record in sales
and sales direction with line of heating equipment.
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Desires connection as manufacturer’s sales repre-
sentative. B-7551.

ELECTRICAL ENGINEER, wishes position
with aggressive organization in the East. Twelve
years in all phases of utility and industrial power
generation and industrial and building distribu-
tion and lighting. Reports, design, purchase,
contracts, construction and test. Especially
suited for organization where varied experience
would be useful. C-2570.

ASSISTANT TO TRANSMISSION LINE
ENGINEER, college graduate, 28, married;
has three years’ experience in design of trans--
mission lines with regard to mechanical features:
and safety. Experience includes application of’
safety codes, design of structures, sag and tensior-
calculations, pole spotting, estimating, etc.
Employed at present. C-3033.

AGENTS REPRESENTATIVES

ENGINEER, well acquainted with important
industrial and export buyers in New York Metro-
politan District and environs and maintaining
own sales office now distributing bituminous coal,
is desirous of acquiring accounts from power
equipment or supply manufacturers suitable for
trade already developed. Highest class represen~
tation assured. B-6603.

ENGINEER, calling on master mechanics and
chief electricians in industrial plants, also contruc-
tion.and operating departments of power com-
panies, desires additional accounts. Office facili-
ties in San Francisco and at present covering
adjacent field with occasional visits to other points
on the Pacific Coast, with the intention of de-
veloping especially California business. B-7371.

ELECTRICAL ENGINEER, 29, single, grad-
uate University Washington, completed Generad
Elcetric Company test course and motor sales
training. Four years’ experience engineer in-
dustrial installations and technical sales, three
years radio. Desires to become manufacturer’s
agent Southern California for reputable engineer-
ing manufacturers. C-2998-5-C-29.

]

MEMBERSHIP—ApplicationS, Elections, Transfers, Etc.

ASSOCIATES ELECTED MAY 20, 1927

ANDERSON, OSCAR MANFORD, Junior Engi-
neer, Cutler-Hammer Mfg. Co., 12th & St.
Paul St., Milwaukee, Wis.

ANGEL, HERBERT, Telegraph Engineer, West-
ern Union Telegraph Co., 195 Broadway,
New York, N. Y.

ANGUS, D. GORDON, Engineer, Bell Telephone
Laboratories, Inc., 463 West St., New York;
res., Rockville Centre, N. Y.

ANKENEY, TFREDERICK NEWCOMER,
Chief Engineer, Philadelphia Area, Bell
Telephone Co. of Penn., 1835 Arch St.,
Philadelphia, Pa.

APPLEGATE, GEORGE MAcPHERSON, Engi-
neering Assistant, Bell Telephone Co. of
Penna., 416 7th Ave., Pittsburgh, Pa.

ARTHUR, E. S., Estimator, New York Edison
Co., 327 Rider Ave., New York, N. Y.; res.,
Stamford, Conn.

AUBY, LAWRENCE C., Assistant Distribution
Engineer, Illinois Power & Light Corporation,
500 Compton Bldg., 8t. Louis, Mo.

BHAMAN, RAM CHANDRA, Electrical Engi-
neer, Tata Iron & Steel Co., Litd., 10, B Road,
East, Jamshedpur, India.

BIRNIE, JOHN, Jan., Designer, Brooklyn Edison
Co., Pearl & Willoughby 8ts., Brooklyn,
N.Y.

*BLINN, EARL FRANKLIN, Graduate Stu-
dent, Educational Deptl., Westinghouse Elec.
& Mfg. Co., East Pittsburgh, Pa.; res., Wood-
bury, N. J.

BORNHOLZ, FRED. JAY, Substation Assistant,
Electrical Dept., Shanghai Municipal Coun-
cil, Shanghai, China,

BOYKIN, RALPH EUGENE, Tester, Brooklyn
Edison Co., 360 Pearl St., Brooklyn, N. Y.

BROWNE, VINCENT F., Electrical Instructor,
Boys Vocational School, Newark, N. J.; res.,
Long Island City, N. Y.

BRYDON, EARLE McKENZIE, Ficld Engineer,
Public Service Co. of Northern Illinois, 114
N. Qak Park Ave., Oak Park, Ill.

*BUCKLEY, CLIFTON L., Instructor, Dept. of
Electricity, High School, Trenton, N.J.

BUDDEKE, V. FRANK, Assistant Engineer,
Public Service Co. of Northern Illinois, 72
W. Adams St., Chicago, Ill.

BUSHBY, MERRITT, Assistant District Engi-
neer, Public Service Co. of Northern Illinois,
484 Schorie Ave., R-5, Joliet, 111.

BUTTOLPH, O. D., Equipment Engineer,
Western Electric Co., Kearny Works, Kearny,
N. J.

CALLAHAN, MARTIN EDWARD, Jr., Sales
Agent, General Electric Co., 200 8. Main St.,
Salt Lake City, Utah.

CAMPBELL, REGINALD MORTIMER, East-
ern District Manager, Sangamo Electric Co.,
50 Church St., New York, N. Y.

*CANNON, MALLORY KING, Jr., Engineer,
140 Appleton Ave., Pittsfleld, Mass.

CASWELL, RALPH WALDO, Field Engineer,
Public Service Co. of Northern Illinois, 114
N. Oak Park Ave., Oak Parlc, Ill.

CHALUPA, PAUL P., Load Inspector, Duquesne
Light Co., 435 6th Ave., Pittsburgh, Pa.
CHAMBERS, WILLIAM GREFFIS, Desk
Switchman, Bell Telephone Co. of Pa.,

1631 Arch St., Philadelphia, Pa.

CHEESEMAN, JOSEPH A., Engineer, Traffic
Dept., New York Telephone Co., 1060 Broad
St., Newark, N. J.

CHENEY, FREDERICK COLLINGWOOD,
Electrician, Stone & Webster, Havre de
Grace, Md.

CHITTY, WILLIAM C., Electrical Engineer,
Tidewater Oil Co., Bayonne, N. J.; for mai},
Alhambra, Calif.

CHRISTEN, VIRGIL E., Transfocmer Tester,
Moloney Electric Co., St. Louis; res., Fer-
guson, Mo.

COOPER, JAMES REGINALD, Electrica)
Engineer, Metropolitan Water Supply &
Sewage Board, Albert St., Brisbane, Queens-
land, Aust.

CORBY, DONALD K., Ficld Engineer, Public
Service Co. of Northern Illinois, 114 N. Qak
Park Ave., Oal Park, Ill.

CORNELIUS, HARRY ALLAN, Acting Assis-
tantt Electrical Engineer, Public Service Co.
of Northern Illinois, 72 W. Adams St.,
Chicago, Ill.

CORY, ABRAM ADKINS, Electrical Engineer,
Russian Reconstruction Farms, Inc., Village
Archangelskoye, Estato No. 4, Ter Dis$
Union of Socialist Soviet Republics.

00X, ROBERT CORSON, Distribution Dept.,
Sceranton Electric Co., Scranton, Pa,.
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""(KAR\!‘OV WILLTANM RUNEST, Jn., Yol
Phane Plant Man, Routhiorn Bell Pol. & Ted
Co 17 Mata N, Yaek, 8

DEACON, LIONEL 0AKLEY, Pastory Kgi
neer, fdnoosiy Metae Oa ad., 79 Siafarq
L, Taronte, O, Cag

DELLA QuRTE, Jonipi PARQUALE, Raalo
laboratary, monura Phanograph Cu.. 16 K
40th Sy, New York, N, \

DENNIR, JOIIN M., Hlovirical Knglneeriog
Depi., Publie Bervico Co. of Norediern 1.
suls, $10 Vau Buron Bi., Joloet, 14,

*DENVOE, JAy J., surveyur, Hoard of Pire
Underwritsss of Wi Puc ifle, Beavion 'O, Los
Ange'es, Qallr,

De WITT JOUN HiBBEITT Ju., Dosigning &
Building, 1tadio Tramsmittiug  Kauipment,
1812 18th Ave. 8, Nushville, Tenn

DICKEY, ALBERT WILLIAM Elecgeical Kngls
neor,  Westara  Undon Toleraph Co., 195
Broadway, New York, N Y

DICKEY, WILLI AM EARLE, Oty Rlectrical
Supecintondent, City of Reovolstoke, ity
Hull, Revelstoke. B. C., Cau.

EARLE, RAYMOND C. Rword fforeman,
Brookiyn Edison Co.. 360 Poar] St Brooklyn,

N. Y

EDDY, HAROLD 1., Assistant Engineer, Public
Service Co. of Northern Hlinois, 72 W. Adams
5¢., Chicago; ros., Evanston, Jil.

ENDRESS, GEORGE EDWIN, Inspector, 1’ub-
lic Serviee Co. of Northern Jlinois, 310 Van
Buren St Joliot 111,

EWART, WILLIAM E., l.oad Dispatwcher, Puget
Sound Power & Light Co., Electric Bldg.,
Seattle, W ash.

EWERT, HARRY WALTLER, Norihwestern
Mfy. Co., 480 Clinton St., Milwaukee, Wis

FERNANDES, JOSEPIL A.. General Foreman,
Brouklyn kdison Co., 14 Rockwell Place,
Brooklyn, N. Y.

FISHER, FRANK EMERSON, Assistant Dis-
tribution Engineer, Puget Sound Power &
Light Co., Electric Bldg.. 7th & Olive Sts.,
Seattle, Wash.

FLETCHER, BRIAN, Electrical Drafrsman,
New York Edison Co., First Ave. & 41st St.,
New York; res., Astoria, N. Y.

FLUELER, ALFRED K., Electrical Engineer,
Amerlcan Brown Boveri Electric Corporation,
Camden, N.J.

FONDA, BAYARD PINTARD, Electrical Engi-
neer, May Oil Burner Corporation, 3500 E.
Biddle St., Baltimore, Md.

FORT, TOMLINSON, Jr., Sales Engincer,
Westinghouse Elec. & Mfg. Co., Home
Savings Bank Bldg., Albany, N. Y.

FOSS, HALFDAN MARCUS, Engineer, Bell
Telephone Co. of Pa., 416 7th Ave., Pitts-
burgh, Pa.

FOUSER, JOHN R., Electrical Engineer, IPublic
Service Co, of Northern 1llinois, 310 Van
Buren St., Joliet, 111,

*FOX, CLAUDE ERNEST, Testing Dept.,
General Electric Co., Schenectady, N. Y.
FRANTZ. JESSE .DALE, Salesman, General
Electric Co., 701 Electric Bldg., Portland,

Ore.

FRASER, DONALD GORDON, Transmission
Tester, The Southern New England ‘l'ele-
phone Co., New liaven, Conn.

FRISCH., RICHARD A, Laboratory Helper,
Public Service Co. of Now Jersey, 21st St. &
Clinton Ave., Irvington; res., Roselund, N. J.

‘GALLO, CHARLES, Designer Engineer, Public
Service Electric & Gas Co., 80 Park Pluce,
Newark, N.J.

GEARY, WARREN J. D., Division Supt. of
Transmission, Pennsylvania Power & Light
Co., Northamipton, Pa.

*GIDEON, WILLARD INGELS, KEngineer,
Virginia Public Service Co., Alexandria; res.,
Clarendon, Va.

GIGER, WALTER A.. Project Engineer, Trac-
tion Division, American Brown-Boveri Elec-
tric Corp., Camden, N. J.
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GHIKDL, VIOTOR JOUN, Farcinan  Fleotrical
Malntenancs. (Fonoral Eloct gl ¢ rie Va
GUILDYORLD RAYMONID [ Piwte of
Hloctrical Apparatus, Westinghiouse Kl
Mg, Ou. Kast Pittsburgh  res
Orosk, I’

GUNKEL, HENKY 1t . Circuit Hreaher Koyl
i, Westinghouse Kloe. & Ny Co ast
Pittsburgh, res. Wilkimsburg, PPa

GUZZO, T,OUIR MICH A 6L, Fisld Foangriines Ro
Now Euglaud Telephons Co . 110 Albany
Ave., Hartford, Coun

HALBACH, KALPID M., Eksicleal Tosting

Northwostrn Mfg, Co., 450 Clinton 5t

Mlwaukes, Wis

HALL, HOWARD WESLEY, Laboratory 19eld

man, Penoesylvania Power & Light o
Huzloton Pa

HAROCUS, WILMOKE USTIIR, luginer
Pacific Telephone & Telugraph Co. 110 Now

Montgontory 86, Sau Francisco, Calif
*HARTAY, CLARKENCE K iehkl Pester &
Inspuctor, Duquesne Light Co o sih Flow
Duquesne Bldg.. Pittsburgh. 1’a
HARVEY, JAMES ORIAN, Elecirical Deafiing
& Design. Coast Counties Gas & 1Klectric Co
315 Montgomary 8t., 8an Franclsco, Calil
HOVEY, LINDSAY MANSUIt, Junior Knginecr

Winnipeg Electric Co..  Klectric  Hallway
Chambers, Winnipeg, AMan., Can
HUNTLEY, EDSON D \. C Kuyrinesring

Dept., General Eleetric Co
NY

HURD, OWEN W, AMeter Dept
Electric Co., Portland, Ore

Schenectady

Northwestern

HUTMIRE, LEDWARD I1EKNRY Student
403 East liroad St., Angola. Ind.

ILES, JOHN THOMAS, Plat lengineer, Bell
Telephone Co. of Pa., 416 7th Ave., Pitts

burgh, Pa

JACOBSEN, ROBERT CHRISTIAN, Englnee
Edison Electric lNluminating Co. of Brockton
42 Main 8t., Brockton, Mass.

JONES, IIARRY KENNETH, Telephone IEquip-

ment  Engineer, Western  Eloctric Co
Ilawthorne Station, Chicago. res., Oak
Park, 1h.

KEADY, THOMAS PAKENHAM, Test Dept
New York & Quecns Electric Light & Power
Co.. Central Station, Flushing, N. Y. for
mail, Paterson, N.J.

KEOGH, RAYMOND JAMES, Eloctrical S 1gi-
neer, Western Electric Qo..  Fawthorne
Station, Chicago, 11l.

KNOBLOCIL, ELMER 8., Electrical Contractor,
250 E. 26th 8t., Erie, Pa.

KOESTER, HENRY, Foreman of Meter & Test
Burcau, New York & Queens Electric Light
& Power Co.. 40-22 Lawrenco St., Flushing
N.Y.

KRAEHN. CLARENCE EDWIN, Switchboard
Specialist, General Electric Co., 120 Broad-
way, New York, N. Y.

KUNST, WALTER EUGENE., Substation
Operator, Public Service Co. of Northern
1ilinois, Substation No. 57, Forest Park,
1l

LAKE, LEO REUBEN, Chief Ilectrician,
Roundout Paper Mills, Inc., Napanoch, N Y .

*LARKINS, JAMES FRANCIS, Student Engi-
neer, New York Telephone Co., 140 West St.,
New York, N. Y.

LARSEN, 8. P., Salesman, Line Material Co.,
355 Everett St., Portland, Ore.

AND RELATED ACTIVITIE

Journal A 1. K. 1
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Chicago (0]

slelthkt, CLANENCY |
Maoe tethute ol Packpolay
Maes for mall, Now York, N Y

TAONG MARVEN, Holl Telephuns (g of |ia
12 & Lanbard Bta  ifhillasiedplitg, 129

LUNKEN EDWAKI JAM KR, Mufretation Operas

(Ureduate Mtwirnt
aintrklga,

tor  Couunottwealth Majisong Qo e W
Vedaine ML, Chifvago. 1]

MASUHARKKA, LOUIN ALIAY, Studesnt Ky
e Feot Dept, Gisivral Elartre Co
foris ’a

MUANDRESY JOUN RYLVICRTER Ju Al
tullon ‘leater . Itraklyn Edlaon o 14

Hochwell lace, Srooklyn N Y

SMOCANN FE EANT, Stwlent, Oregon [pstitute
of Ve hiniolo Portland Ore

NMeCTUKE, SJANMKES o Mothods  FKngitay
Weatern Ehwirie Co . Hawihorne Station

hicago res | Onh Park (1]
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von  Wilkinsbiurg, Pa
MANTYRIC, MARVIN VAUGHN
hief, Nountaln Htates vl &
101N Jackson 3L Helena Molt

ALCMASTER. DONALD ANDEINON Kl
aring Assistant, Bell ‘Pelophone Corapuny
of Pa s1d7th Ave., Pittshureh, 1%

MELARKEY WILLIAM EDWAKD. Auto-
Matic & Switehbowd Eagulpunent Specialist,
General  Klocirie Co., Rialto  Bidg., Ban
Francisco . rus. Qukiand, Calif

MERRITE, CHARLES I, Enginesr, Distribu-
tion & lustallation Dept., New York Rdison
Co. 130 K. 150h St., New York, N Y

MESSK, CIHTARLE THEODORK, Assistant
Engineer, Californda State Rallroad Com-
missfon.  State Bldg.. Civic Center, San
Francisco, Calif.

MEYER, OB L. G, Managor, Bloctric Sorvice
Dept., Washington County Operutive ey &
Poultry Association, Seattle, Wash.

MOORE, CHARLIES GILBERT, Salos KEngineer,
General Blectrie Co., 201 Falls 8t Nisgara
Falls, N Y

MOORE, LYLE MERTON, Engineering Assis-
tunt to Plant Englneer. Syracuse Lighting
Co., Inc., 431 Fulton 5t., Syracuse, N. Y

MOORK, PERCY WIHITTON, sSurvey Tracer,
Brooklyn isdison Co., 369 Pearl 5t., Brooklyn.,

‘Foll
Tl

Wire
Co

N Y
MORRIES, ROBERT RAPHEAL, Estimating
Bureau New York Edison Co., 130 . 156th

S, New York res., Brooklyn, N. Y

MORSE, ERNEST K. Student, Electrical Enyi-
noecring Dept. Tri-State College, Angola
ind,

NANFIA MANULEL ENTLIO, Director, Radlo
Service, Dominion Republie, Radio Station
Santo Domingo, Dominion Roepublic, Waest
Indics.

NICHOLSON, JOIIN [IENRY, Electrical Enyi-
neer, Mctiraw Eloetric Co., 1208 Harney St.,
Omaiaha, Nebr,

NIELSEN, WALTER SOMMER, Salesman,
Trans-Lux Day Light Picture Screen. Ine.,
247 Park Ave.. Now York; res.. Locust Valley,
Ny

NORLING., BERT 8., General Engineer, West-
inghouse Elec. & Mfy. Co., East Pittsburgh,
Pa.

NORTON, JOREI I CALVIN, Assistant Chief
Draftsimun, Pacltic Gas & Electric Co., 215
Market St., San Franeisco, Calif.

OLSEN. PETER, Electrical Designer, Thomas E.

Murray, 55 Duane St., New York, res.,
Brookiyn, N. Y.
OLSON, ARNIN GILBERT, Senior Field

Engincer, PPublic service Co. of Northern

Hiinois, 114 N. Qak Park Ave., Oak Park, 1}l
YOSSIN, JOSEPI SEBASTIAN, Power]Test,

General Klectric Co., Pittstield, Mass,
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PAFENBACH, WILLIAM MAXWELL. Elec-
trical Engineer, Westinghouse Elec. & Mfg.
Co.. 395 Liberty St.. Springfleld. Mass.

PALM. ALBIN FREDERICK, Traffic Manager,
Western Union Telegraph Co., 801 Clift
Bldg.. Salt Lake City, Utah

*PARK. CHAUNCEY M\I., Engineer, Mutual
Fire Prevention Bureau, 230 E. Ohio 8t.,
Chicago. I11.

PARKER, ANDREW LYDDLETON, Electrical
Operating Engineer, City of Fort Worth Light
Dept., City Hall, Fort Worth, Texas.

PATISTEAS, MICHAEL J. N, Electrical De-
signer, Stone & Webster, Inc., 147 Milk St.,
Boston. Mass.

PATTERSON. GEORGE HOWARD. Field
Engineer. Public Service Co. of Northern
Illinois, 114 N. Oak Park Ave., Oak Park, I11.

sPAYNE, ROY BERTON, Engineer. Automatic
Switchboard Dept., General Electric Co..
Schenectady. N. Y.

PERNICE, JOSEPH RODOLPH, 9401 40th
Road, Elmhurst, N. Y.

PHILLIPS, ALFRED EDWARD, Transmission
Line Engincer, Tata Power Supply Co.,
Tata’s Bungalows, Kalyau, Thana Dist.,
Bombay, India.

sPINEDA U, LUIS GUILLERMO, Electrical
Engineer, Venezuela Power Co., Maracaibo,
Venezuela. So. Amer.

sPIPPENGER, EDWARD EVERETT, Assis-
tant Engineer, Public Service Co. of North-
ern Illinois, 72 W. Adams St., Chicago; res.,
Qak Park, Il

sPLANK, GEORGE ADDISON, Field Engineer,
Contract Service Dept., General Electric Co.,
Schenectady, N. Y.; for mail, Independence,
Mo.

POWELL. ALBERT CECIL, Telephone Engi-
neer, Bell Telephone Laboratories, Inc.,
463 West St., New York, N. Y.

PRADHAN, GEPINATH KRISHNA, Mains
Superintendent, Baroda State's Power House,
Baroda, India.

*PRENTISS, G. D., Engineering, Cutler-Ham-
mer Mfg. Co., Milwaukee, Wis.

PROVAN, JOSEPH CHAPMAN, Chemical
Mixer, Eagnior Fibre Products Co., Detroit;
res., Highland Park, Mich,

RECTOR, CLINTON, Electrical Engineer,
Westinghouse Elec. & Mfg. Co., East Pitts-
burgh; res., Pittshurgh, Pa

REYNOLDS, SILAS SPRAGUE, Assistant
Engineer, New York Telephone Co., 140
West St., New York, N. Y.

RICHMAN, SAMUEL L., Asst. Designing
Engineer, Byllesby Engineering & Manage-
ment Corporation, 10th Fioor, Duquesne
Bldg., Pittshurgh; res., Wilkinsburg, Pa,

ROBINSON, CECIL AUBREY, Australian
General Electric Co., Ltd., 93 Clarence St.,
Sydney, N. 8. W, Aust.

ROSENGREN, WALTER JOHN, 8witchboard
Engincer, Western Electric Co., Kearny;
res., Jersey City, N. J.

RYAN, DAVID CHARLES, Electrician &
Power Repalirman, United Fruit Co., Bocas
del Toro, Panama.

RYDZEWSKI, JAMES M., Electrical Repair-
man, General Electric Co., Erie, Pa.

BADLER, CLARENCHK H., Student, Tri-State
Collcge, Angola, Ind

SALAMON, MARL ALLEN, Electrical Wxport,;
Supcervisor, General Electric Co., 120 Broad-
way, Now York, N. Y.

BABBCER, CLARKNCHE DeSALES, A. C.
Deslgn, Gencral Electric Co., 1 River Road,
Bchenectady, N. Y.

BAYWRIE, GORDON BARTLETT, Chiof Engl-
necr, Owen Dyneto Corporation. Park &
Wolf Bts., Byracuse, N. Y

BEELEY, KDWARD HTURGIS, Cable In-
spector, Purchasing Deopt., Brooklyn FKdlson
Co., 380 Pear) 8., Brooklyn, N. Y

INSTITUTE AND RELATED ACTIVITIES

SEIPLE, WILLIAM M., Division Superin-
tendent of Distribution, Pennsylvania Power
& Light Co.. 36 N. Main 8t., Wilkes-Barre,
Pa.

SHAFER, JAY EUGENE. Engincer. Bell
Telephone Laboratories, Inc.. 463 West St.,
New York, N. Y.;res., Hohoken. N. J.

SHAMBEAU, WILLIAM ROBERT. Proprietor,
Shambeau Radio Studio, 668 Algoma Blvd.,
Oshkosh, Wis.

*§HIRE, LEE E., Engineering Dept., Andian
National Corporation, Ltd., Cartagena. Co-
fombia, So. Amer.

SHOLS, WILLIAM THEODORE. Field Engi-
neer. Public Service Co. of Northern Illinois,
72 West Adams St., Chicago. I1l.

SMALL, FRED 1., Supt., Service Dept., North-
western Electric Co., Pittock Block. 10th &
Washington, Portland, Ore.

*SMITH, EARL JENNINGS, Assistant to
Electrical Engineer, M. E. Dept., American
Bridge Co., Ambridge, Pa.

SMITH, HERBERT RUDOLPH, Sidney City
Council. Sidney, Australia.

SMITH., JOSEPH 8., Engineering Inspector,
Brooklyn Edison Co., 360 Pearl St.. Brooklyn,
N.Y.

STAPLES, ELDEN IVAN, Electrical Engineer,
General Engincering Dept., Westinghouse
Elec. & Mfg. Co., East Pittsburgh, Pa.

*§TARR, STANLEY C., Transformer Engg.
Dept., General Electric Co., Fort Wayne,
Ind.

STAUFFER, HARRY R., Electrical Engineer,
Metropolitan Edison Co., Reading. Pa.
STECHER, MELVILLE VOLLMER, Telegraph

Supervisor, Western Union Telegraph Co.,

195 Broadway, New York, N. Y.: res,
Montclair, N..J.
STERN, ARTHOUR BUNTING, Mlachine

Switching Traffic Engineer, The Pacific
Tel. & Tel. Co., Seattle. Wash.

STEWART, CLYDE EMERY, Electrical Engi-
neer, General Elcctric Co., 1 River Road,
Schenectady, N. Y.

STEWART, DAVID O., Manufacturer's Agent,
619 Bank of Commerce Bldg.. S8t. Louis, Mo.

STONE, JOHN RAYMOND, Engineer, Bell
Telephone Laboratories, Inc., 463 West St..
New York, N.Y.;res., Orange, N..J.

*SWANK, LAWRENCE NATHAN, Assistant,
Engineering Dept., Elliott Co., Ridgway. Pa.

SYWULKA, VICTOR 8., Engineer. Cutler-
Hammer Mfg. Co., 12th & S8t. Paul Ave.
Milwaukee, Wis.

THEROUX, ADJUTOR HORMISDAS, Elec-
trician, Salisbury Jenny, Inc., 13 8. Main St.,
Providence, R. [.

THOMPSON, OSCAR BENJAMIN, Electrician,
Port of Seattle, Seattic, Wash.

THOWLESS, WALTER H., Elcctrical Engi-
neer, Barnet Leather Co., Little Falls, N. Y.

THRASHER, LAWRENCE R., Supt. of Dis-
tribution, Garden City lrrigation Power Co.,
Garden City, Kans.

TODD, FRANCIS C., Electrical Engineer, M. &
P. Ikngg. Dept., Westinghouse 1ilce. & Mfg.
Co., East Pittshurgh; res., Wilkinshurg, Pa.

TOWNSEND, . LEK, Sales Engincor, American
Brown Boveri Electric Corporation, Camden,
Nu Jis

*I'SOON, ZAU-LING, Graduate Student, West-
inghousce Elec, & Mfg. Co., 417 Center St.,
Wilkinsburg, 1’a.

TWISS, ROBERT H., Electrical lingineer,
General Electric Co., 1 River Road, Schenec-
tady, N. Y.

VANDERKODDE, WILLIAM FREDERICK,
Englneering Dopt., Public Serviee Co. of
Northern !llinols, Joliet. 111,

VAN peEr VOOR'T, TREDIRIEC LARENDON,
Teehnical Assistant, Eloctrleal ‘Testing 1.ab-
oratortes, BOth 8t. & ast Wnd Avoe.,, Now
York; res., Brooklyn, N. Y

VERMILLION, LEWIS SAFFORD. Swltch-
hoard Operator, Jast lant, Morchants
Tleat & Light, Co., Endianapolis, Ind

655

WALTERS, AUGUSTUS P., Superintendent of
Power Plant & Building, McCormick Co.,
414 Light St., Baltimore, Md.

WEBER, HOWARD HILL, Assistant Engineer,
Rome Wire Co., Rome N. Y.

WEJSS, ELMER F., Engineering Dept., The
Cutler-Hammer Mfg. Co., 12th & St. Paul
Ave.. Milwaukee, Wis

WELLS, JOHN, Electrical Engineer, Western
Electric Co., 48th & 22nd Sts., Hawthorne;
res., Riverside, Ill.

*WENDELL, EDWARD NELSON, Assistant
Engineer, Compania Telefonica Nacional de
Espana, Gran Via 5, Madrid, Spain.

WHITEHEAD, JOHN HERBERT, Trans-
former Engineer, Ferranti Ltd., Hollinwood;
res., Bacup, Lancashire, Eng.

*WHITMORE, PHILIP HARVEY, Field Engi-
neer, Public Service Co. of Northern Illinois,
911 Church St., Evanston, Ill.

WHITTINGHAM, CHARLES JOSEPH, Assis-
tant General Foreman, Meter Bureau,
Brooklyn Edison Co., 14 Rockwell Place,
Brooklyn; res., Bellmore, N. Y.

WILLIAMS, GILBERT J., District Engineer,
Connecticut Light & Power Co., 111 W.
Main 8t., Waterbury, Conn.

WILVERT, JACOB R., First-Class Lineman,
Public Service Electric & Gas Co., 17th &
Stevens Sts., Camden, N. J.

WINCHESTER, ROY LEO, Electrical Engi-

neer, Illinois Power & Light Corp., 500
Compton Bldg., St. Louis, Mo.
WRIGHT, RALPH BLANCHARD, Supt.,

Neon Dept., Electrical Products Corporation,
950 30th St., Oakland, Calif.

YARRILL, HERBERT GEORGE, Meter Dept.
Assistant, Ontario Hydro-Electric Commis-
sion, Ontario Power Plant, Niagara Falls,
Ont., Can.

ZIMMERMAN, GERARD GEORGE, Student,
Tri-State College, 201 West Park Ave.,
Angola, Ind.

Total 190.

+*Formerly enrolled students.

ASSOCIATES REELECTED

MAY 20, 1927
BLYE, PAUL W. Dept. of Development &
Research, American Tel. & Tel. Co., 195

Broadway, New York, N. Y.

CODE, FRANCIS LESLIE, Sales Engineer,
English Electric Co. of Canada, Ltd., 1210
Dominion Bank Bldg., Vancouver, B. C.,
Can.

COLE, FRED H., Vice-President, Pacific Elec.
Mfg. Co., 419 Chemical Bldg., St. Louis, Mo.

CONEWAY, CHARLES W,
Electric Co., 1 River Road,
N.Y.

ELWELL, FRED, Supt. of Power Plants,
British Columbia Electric Railway Co.,
425 Carroll St., Vancouver, B. C.

KELLOGG, RIJITIARD BELA. Assistant Engi-
neer, Pacific Gas & Electric Co., 245 Market
St., San I'ranclsco, Calif.

McKOWEN, FRANK LESLIKE, Electrical Engi-
neer, G. II. Langler & Co., Litd., C'onsolidated

Jr., General
Schenectady,

Bldgs., Harrison St., Johaunesburg, So.
Africa.

SLIMDP, JAMES E.. Sales Iingineer, J.ockc
Insulator Corp., 120 Broadway, Noew Yorlk,
N.Y.

SMITH, MORRIS BYINGTON, I'anel Sales

Engineor, Ovouse Ilinds Co., Syracuse, N. Y.

ASSOCIATES REINSTATED
MAY 20, 1927
BARROZO, RUBEM FERREIRA, Chiof ilec-
trician, Alto da Serra Coustruction, ‘T'he
Sao Paulo Tramway, Light & Power Qo.,
Litd., Calxa 'a,” Sao Paulo, Brazil, So.
Amer.
KRONXENBERG, IOMN ¥., Bandon, Ore.
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MEMPMIUS 0 BOCTRD
MAY 20, puar

OQUAMBERLIN, JOUN NELNBON, Oylside
Plant FEugtoeor, Tacitie Tel, & Tet (o, 140
Naw Maontgomery 8§, San Franeisco, Qalif

DUDLEY, WLILLIAM ALLEN Uolegraph Kngi.
neer, Westorn Unjon ‘Palograph Co.. 193
Brondvway. New York, N Y

MOLYMONT, HERTIKRY RWOBS, Chio! Klae
wical Enuineer, Xerry & Chaoce, T.ul, 580
Qanfideraion Life Bidg., Toronto, Ont.,
Can.

OGLE, GRORGE MILTON, Consulting Power
Lngineer, Gensral Kngineering & Manage-
ment Carporation, 165 Broadway, Now York
ros., Drookiyn, N. Y

WOODBURY, BTEPHEN ¥ Director of
Laboratories, Mason & Hamlin, 560 Harrison
Ave., Boston, Mass,

TRANSFERRED TO GRADE OF FELLOW
MAY 20, 1927
DOYLE. EDGAR D, Electrical Engineer, Loods
& Northrup Co.. Philadsliphia, Pa.

HOLCOMBE, ERNKEST §.. Electrical Con-
swruction  Engineer, Interborough Rupid

Transit Co., New York, N. Y.

KRUM, HOWARD L., Vice Presideat, Morkrum-
Kleinschmidt Corp., Chicago, 1.

MAXFIELD, JOSEPH P. Manager of Develop-
ment and Research, Victor Talking Machine
Co., Camden, N. J.

MEYER, EDWARD B., Chief Engineer, Public
Serviee Production Co., Newark, N, .}

OWENS, JAMES ., Director of Welding,
Newport News Shipbuilding & Dry Dock Co.,
Nowport News, Va.

WISENAN, ROBERT J., Research Engincer,
The Okonite Company and The Okonite-
Callender Cable Co., inc., Passaic, N. J.

TRANSFERRED TO GRADE OF MEMBER
MAY 20, 1927

ANDREWS, FRANCIS E., Engineer, Electrical
Transmission Design, Public Service Co. of
No. Illinois, Chicago, 111.

BENDER, LOUIS B., Signal Officer, 9th Corps
Area, U. 8. Army, The Presidio of San
Francisco, Calif.

BEUGLER, HUGH M., Consulting Engineer,
50 Market 8t., Poughkeepsie, N. Y.

BLOOMFIELD, JAMES M., Supt., Light and
Power Plant, Kamsack, Sask., Canada.

BOORZHINSKY, - NICHOLAS P., Electrical
Enginecer, Transformer Engg. Dept., General
Eiectric Co., Pittstield, Mass.

CUSHING, RICHARD W., Electrical Engineer,
Federal Power Commission, Washington
D.C.

FORMAN, ALEXANDER H., Professor and
Head of Department, West Virginia Univer-
sity, Morgantown, W. Va.

FRASER, WILLIAM W, Patent Attorney,
Mayer, Warfield & Watson, New York, N. Y.

GRAHAM, SINISON BURR, Engineering De-
partment, American Tel. & Tel. Co., New
York, N. Y.

GUILD, EARL 8., Electrical Engineer, Carleton
Mace Engg. Corp., Boston, Mass,

HARRISON, J K. M., Owner, larrison &
Company, Engineers, Philadelphia, Pa.

HERTZ, STANTON 8., Electrical Kngineer,
Copperweld Steel Co., New York, N. Y.

HOEPPNER, HENRY L., Assistant Electrical
Engineer, Byllesby Engg. & Management
Corp., Chicagzo, I11.

KUHLMANN, JOHN H., Assistant Professor of
Electrical Design, University of Minnesota,
Minneapolis, Minn.

LUTHER, BENJAMIN 8., Electrical KEngineer,
Stone & Webster, Inc., Boston, Mass.

MATTHEWS, THOMAS, Associate Professor of
Electrical Engineering, University of Iowa,
Iowa City, Iowa.

McNEILL, R. W., Electrical Engineer, Westing-
house E. &. M. Co., East Pittsburgh, Pa.

RTITUTE AND RELATED ACTIVITI

ol Pacilitice Nupor
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RECOMMENDED FOR MANSKFEN
The Board of Kxaminery, ut s weoting held
May 16, 1027, recormmoended i followlng
mesmbers for transfer to the grade of manbership

indicaved Ay objection  to Lhese  transfors
should be filed at vacs with the  Natioua
Secretary

To Grade af Fellow

BARRKRON, JACO ‘I Genoral Manager. Il

Dept., P'ublic Bervico Klectric & Gus Co
Newurk, N |

MATTHEWS, CLAUDE L., Viee President and
Troasurer, W. N. Matthews, Corp., St Louis
Mo

McCARTHY, J. B, Elee, Bum Tnrernational

Nickel Co. of Canada, Ontario. Canada
PEASLEE, W. . A, Genoersl NMaonig Baven
Radio Corporation, Newark, N J
TEMPLLN, JOHN R., Consulting lulee¢ 1ong
Christehurch, N. 7
To Grade of Member
BALL, FRANCIS L., Vico President
Gas & Bleetric Co., Boston, NMass
BALL, WILMOT C., Research Duept
Caliemler Cable Co., Inc.. Putvrso
BEAVERS, FRANKLIN J Distribution kn
gineer, Scranton Klectric Co., Scranton, Pa
BINNS, ARTHUR P, LElectrical Engineer
Hydro Llectrle Dept., Hobart, lasmania

Iiteltha

Ohkonite

CALLAND, O. C., Chiel tnspector, Ohiv in
sulator Co., Barberton, Ohlio.

CAMILLI Klectrical  Kugine General
Electric Co., Pittsileld, Mass

DAVID, BRUCK W Chief Engincer. Sterling

\Mfy. Co., Cleveland. Oliio.

DEWARS, ALLEN G., Supt. of Research
Northern States Power Co., St. Paul. Minn

DOHERTY, ROBERT E. Consulting Knuineo
General Electric Co., Schenectady, N

DONNELL, PHILLE 8., Dean of College of
Engg. and Professor of Klec. lKngg., Uni
versity of New Mexico, Albuquerque, New
Mexico.

DOUGLASS, FORREST Ilectrical  Enei
neer, Utilitics Power & Light Corp.. Chicago,
il

EARLY, RUPERT N., Development Engincer
Eleetric Machinery Mg, Co.. \Minneapolis
Minn.

EMORY, FRED D., Eleetrical lnuineer
fornia Oregon Power Co., Muediord, Orezon

FRISBY, ROGER L., Electrical kKngineer of
Stations, hansas City Power & Light Co .
Kansas City, Mo.

GOLL, WALTER SCOTT. Works Manager
General Eleetric Co., Fort Wayvne, Indiana

GRANFIELD, THOMNAS H., Engincer of Costs
and Practices, Northwestern liell Felephone
Co., Omaha, Nebraska.

GREEN, ADONIRAMN J. Electrical Engincer
General Electrie Co., Noewark, N )

HHANCOOCK, ROBERT E., Civil Bngineer Corps
U. 8. Navy, U. 8 Naval Station, Cavite, P |

HARRLNGTON, J. L.. Tclephone Kngincer
Chesapeake & PPotomac Telephone  Co.
Washington, D). C.

HARTMAN, GEORGE, Supt. Hydro Electrie
Plant. The International Nickel Co. of
Canada, Turbine, Ont., Canada.

KENT, WALTER, Electrical Enginecer. General
Electric Co., Fort Wayne, Indiana.

Culi

Jourenal A, I, B, B,

Loy, Wikl L, Asst 1o Gopsilting Engineer,
G al Kloetein Co | Plttalild, MMags
LAOACK I RALPA U, Klseteical  Eneioog,

Casplor - H{ammer M, Oo., Mlwsukes, Wis
LUNKFORD, ROBSILT f.., Power Kquipmess
Developront  Kaginser, Vel Lakoratoring,
New York
MAICEE P HEM AL I Ohiof Kngineor iy charga
ot Dendgn and Condtraction, Ameriean Brgwa
Boverl Elee Corp . Gamden, N J
AT LU Aanintant  Kogluaer,
Pelsphone o, of P Fhilads!phila, Pa
AHCKEY . BRUCKE Q. Do O Kngg. Dept,
Cionaral I8hseirie Co., Schonestady, N Y.
MILLIREN . ITONMPITREY S, Chief Baglnoor,
AMoutraal Light Huat & Power Oonsolidaiad,
Montreal, Clanadia
MOULTON, JAMES 8., Ast. 0 Kxoegtive
Fonglneor, san Joaquin light & Power Corp ;
Special Bngineer, Great Western Power Co
1resng, Callt
NORTH, CITARLICS, Klectrical Supt . City of
lanloops, Kamloops, B, C., Canada
FARRONT RIEGINALD C,, Munagoer for Bouth
Anerica toxeept  Brazll) Aetropolitan
Vickors Elecirical [€xport Co., Ltd., Busnos
Alres, Argentinag, So. America.
PUCHTSTRIN, ALBERT 17, Assistant Professor,
1Kl ngg. Doept., Ohio Btate University,
Colutubus, Ohio.

HHARVEY N., Assistant Chisf Kngineer
Southeastorn Underwriters  Association,
\tlanta, Ga.
RIS, KNISHSON G

Dept. Knge. Manager,
& \ifg Co.. Sharon, Pa.
CHUILLER, ALBERT A., Sales Kagincer and
NManager, St Louis Distriet, Holtzer-Cabot
IKlectric Co., Chicago, 1.
SKIBAST, FREDERICIK M.

Bali

'Y I

Asst. to Transformer
Westinghouse Klee.

Assoclate Professor

of Elee. Engeg., Rennsclaer  Polytechnic
Institute, froy, N. Y.

SERVOS, TREDERICK M., Chief Electrical
fneineer, ‘The Rio de Janeiro Tramway

Light and Power Co. Ltd., RRio de Janeiro,

Brazil, So. America.

SHAW HIENRY 8., Secretary and Chairman of
Directors, General Radio Co., Cambridge,
Nass

SIMPSON, SIDNEY, Consulting Engineer,
Messrs. Thomas Cook & Son, Hornby Rd.,
Bombay, tndia.

SMNITHL IRWIN R, Distribution Engineer,
Duquesne Light Co.. Pittsburgh, Pa.
SNMNUEUPH, WILLIAM F. Asst. Electrical Supt.,
Pacific Electrical Railway Co., Los Angeles.

Cualif

STANSEFIKLD, ARTHUR, Electrical Engineer,
Manchester  Corporation  Klectric  Dept..
Manchester, England.

STOCKWELL, FRANK CLIFFORD, Professor
of Klectrical Engineering, Stevens lnstitute
of Technology, Hoboken. N. J.

THALUEINIKER, ). J., Engineer, General Electric
Co., Cincinnati, Ohio.

THORNTON, GEORGE C., District Manager,
Waest Virginia IEngg. Co., Norton, Va.

TYSON, BDWIN ., Supt. of Meters, Penna.
Power & Light Co.. Hazleton, Pu.

UMANSKY. L. A., Electrical Engincer, General
Electrie Co., Schenectady, N. Y.

VILSTRUP, ASGER. Assistant Engineer, B. C.
Electrie Railway Co., Ltd., Vancouver, B. C.,
Canada.

WAGNER, EDWARID A, Managing Engineer,
Distribution  Transformer Dept., General
Elecuric Co., PPittsticld, Mass.

WARRING, ROYAL C., Return Oircuit Eo-
gineer. [Fastern Mass. Street Railway Co.,
Boston, Mass.

WOOD, JOSEPIL 1., Division Engineer, Condit
Electrical Mig. Corp., Boston, Mass.

WOODWARD, KDWARDJB., Power Represen-
lative, Public gService jKlec. & Gas Co.,
Camden, N. J.
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. YRIGHT. CHARLES A.. Electrical Engineer,
' | Research Laboratory, National Carbon Co.,
7] Cleveland. Ohio.
. /APP, LEON C., Engincer in charge Contract
] Service Dept.. Gencral Electric Co.. Fort
| | Wayne, Indiana.

APPLICATIONS FOR ELECTION

. Applications have been received by the Sec-
_ etary from the following candidates for election
. 0 membership in the Institute. Unless otherwise
ndicated, the applicant has applied for admis-
. jon as an Associate. 1f the applicant has applicd
. or direct admission to a higher trade than Asso-
siate, the grade follows immediately after the
~jame. Any member objecting to the election
»f any of these candidatos should so inform the
Secretary before June 30, 1027,

Androws, J. M., West Penn Power Co., Vander-
grift, Pa.

Barney. W. P.. Jr.. Chesapcake & Potomac
Telephone Co., Roanoke. Va

Barr, R. W.. Bucyrus Co.. 8. Milwaukee. Wis.

Bassett. A. J.. (Member), Brooklyn Edison Co..
Brooklyn, N. Y.

Beck. F. J.. BRell Telephone Laboratories, Ine..
New York, NO Y.

Beckwith. J. B.. Loulsville Gas & Elertric Co..
Louisville, Ky

Behl, .J. H., Reading Co.. Philadelphia. Pa

Bellingham. L. C.. Irvington Varnish & Insulator
Co., Irvington. N. J.

Bennett, R. G.. General Elecuric Co.. Boston,
Mass.

Best. 1. \W.. El Paso Electrie Co.. El PPaso. Texas

Blake, C. D.. Edison Elee. Illuminating Co. of
Boston. Boston, Mass,

Boyle, G. J., Glen Alden Coal Co.. Scranton. Pa

Brady. R. W.. Commonwealth Edison Co..
Chicago, 111

Brown, C. R.. General Electric Co.. Scheueetady.
N.OY

Byles. F. A. (Member). General Electric Co..
Schenectady . N Y

'Calliera. A.. General Electric Co.. Schenectady.

NOY

Cameron, H. J.. General Electric Co.. Ft. Wayne.
Ind.

Carroll. A. L.. Brooklyn Edison Co.. New York
N.Y.

Carson, T. H., Western Union Telegraph Co..
Harrisburg, Pa.

Chamberlin, C. W.. Public Service Electric &
Gas Co.. Newark, N ..l

Church. R. A.. Puzet Sound lower & Light Co..
Seattle, Wash

Clarke, J. A., Jr.. (Member), Westinghouse Elec.
& Mfg. Co.. East Pittsburgh, Pa.

Coberg, K. C., 45 7th St.. Weehawken. \. J.

Creighton. H. C.. New York Edison Co.. Now
York.N.Y.

Curtis, P. V.. Van Rensselaer Hotel. New York,
N W

Davis, R. H., Westinghouse Elec. & Mfg. Co.,
East Pittsburgh, Pa.

Eipper, W. A.. Bell Telephone Co. of Pa. Phil-
adelphia. Pa.

Elg. E. G, Copperweld Steel Co., Chicago. HI.

Encke, L., N. Y.. N. H. & H. R. R. Co.. New
Haven, Conn.

Evans, H. W., Brooklyn Edison Co., Brooklyn,
N. Y,

Evans, J. C., Teacher. Washington High School,
Miami, Fla.

Evans, W. M., Chicago, Milwvaukee & St. Paul
Railway Co.. Tacoma. Wash.

Fein, M. E., New York Edison Co.. New York,
N.Y.

Feller, E. \W., Penn. Water & Power Co., Holt-
wood, Pa.

Fischer, L. O., 1749 Grand Concourse, New York,
N.Y.

Ford, W. 8., Drexel Institute. Philadelphia, Pa.
(Applicant for re-election).

Gearhart, S. R., Penn. Power & Light Co,,
Wilkes-Barre, Pa.

INSTITUTE AND RELATED ACTIVITIES

Geary. E. A.. Wm. Cramp & Sons 8. & E. B. Co..
Philadelphia, Pa.

Grissinger. G. G.. Westinghouse Elec. & Mfg. Co..
East Pittsburgh. Pa.

Haltigan, B. J.. New York Telephoune Co., New
York.N. Y.

Manva. J. N.. Robt.
Portland, Orve.

Hare. H. C. (Member), Cuban Telephone Co.,
Havana. Cuba

Hathaway, C. B.. Westinghouse Blec. & Mfxz. Co.,
East Pittsburgh, Pa.

Skoen Electric Works,

Hotlyday. H. R.. Philadelphia Electric Co..
Phtiadetphia. Pa.
Horibe. S.. international Geuneral Electric Co..

Schenectady. N Y.

Huddleston. J. L., The Obio Power Co., New-
comerstown, Ohio

Kaufmann, F. W, Westinghouse Elec. & Mz
Co.. East Pittsburgh. Pa.

Kehoe, J. J.. Jr.. General Electric Co.. Schenec-
tady. N Y

Kelliher, T. N,
Paterson. N.J

Kennedy. A. R.. Westinghouse Elee. & Mfg. Co.,
East Plrtsburgh, Pa

hont. V.. City Light Dept.. Tacoma. Wash

Kumwmer. M. T.. Pnblle Service Electric & Gas
Co., Newark, N . J

Kurman, N. A.. (Member), Herald Electric Co
ine.. New York. N .Y

lake, A, F., (Fellow). Lake Manufacturing Co..
Inc., Oakland. Calif.

Lamberger, FE. .. Westinghouse Elee
Co.. Bast Pittsbureh. Pa

Lanning, H. R.. Light Dept.. City of Seattle
Nisqually Plant, Le Grande. Wash

la Zan. 1. C.. (\Miss), Simplex Wire & Cable Co.,
Cleveland. Ohio

1 IR. E.. General Eleetrie Co.. Tacoma. Wash

laestie. J. O Metropolitan Edison Co.. Reading.
Pa

Life. . G.. Westorn Union Telegraph Co
York. N.Y

Litapary, W I

lorenz. A M
Detroit, Mich

Marconi. . W, Jr.. F. Wiliam Marconi Radio
Service, Toronto, Ont, Can

Marino, R.. (Membwr). Bell Telephone Laborator-
fes, Inc.. New York, N Y

Marlowe. W0 . (Manber). Charles il. Tenney &
Co.. Boston. Mass

Marsh, H. H., Jr.. Duquesne Light Co.. Pitts-
burgh, Pa

AteGill, €. W.. Edison Electri¢ lHluminating Co..
Boston. Mass

AMellwain, H. AL
delphia. Pa.

MeNitt, D, P.. Dept. of Public Utllities, City of
S8t. Louis, 8t. Louis, Mo.

Neltett, P, M., Mountain Park Collieries. Ltd..
Mountain Park, Alberta, Can.

Methfessel, H., With Ercning World, New York.
NoY

Miller, 8. O.. Mine & Smelter Supply Co., El
Paso. Texas

Minor. H. H.. Sam Joaquin Light & Power Corp..
Fresno, Calif.

Mistersky. F. R..
Detroit, Mich.

Moflitt. G. E.. The Okonite-Callender Cable Co.,
Inc.. Paterson. N.J.

Moore. R. J.. Bell Telephone Co. of Pa., Phila-
delphia, Pa.

Morgan, J. A.. Carnegie Steel Co.. Braddock, Pa.

Munson. P. B.. (Member), Westinghouse Elec.
& Mfg. Co.. Tacoma, Wash.

Murphy, E.. Puget Sound Power & Light Co.’
Seattle, Wash.

Nason, F. L.. Westinghouse Elec. & Mfg. Co..
Boston, Mass.

Newcomb, C. D.. British Columbia Electric
Railway Co.. Ltd.. Vancouver, B. C.

Nierlich, G.. E. Frederics, lnc.. New York, N. Y.

O'Kelly, F. C., General Electric Co.. Denver,
Colo.

Okonite-Callender Cable Co..

& Mg,

New

553 Hanson Place. Brookiyn, N. Y.
ublic Lighting Commission,

& Tel. Co.. Phila-

\uauotic Tel

Detroit Municipal Plang,

657

Parsons, J. 8.. Westinghouse Elec. & Mfg. Co.,
East Pittsburgh. Pa.

Peddicord. W. E.. Westinghouse Klec. & Mfg. Co..
East Pittsburch, Pa.

Petee, F. H., Simplex Wire & QCable Co., Jackson-
ville, Fla.

Petorsen. P. I.. Cutler-Hammor Mfg. Co.. Mil-
waukee, Wis.

Pickeuns, 3. M., Westinghouse Elec. & Mfg. Co.,
East Pittsburgh, Pa.

Pooley, R. M., George Weiderman & Co., New
York,N. Y.

Reid. C.. Puget Sound Power & Light Co., Seattle,

Wash.

Relsiz. C. F., Niagara Falls Power Co.. Niagara
Falls. N. Y.

Reiter. I P.. 1117 No. Comimonwealth Ave.,
Los Angeles. Calif.

Ritter. E. A.. 10728 112th St., Richmond Hill,

N Y.

Robbins, W. I... Puget Sound Power & Light Co..
Seattle, Wash.

Rollins, N. A. (Member), Commonwealth Edison
Co., Chicago. Il

Sawyer. L. A.. 726 Pennington
N Je
( Applicant for re-election.)

Qchaber. R. F.. Detroit fastitute of Technology,
Duetroit. Mich

Schwarz. E., General Electric Co.. Schenectady.

8t.. Elizabeth,

N.Y.

Scott, W. F.. New York Telepbone Co.. Newark,
N.J

Seymour. C.. Penn. Power & Light Co., Ashley,
Pa

Sherwood. H. B.. Trafce Signal Eagr., City of
Seattie. Scattle. Wash.

Simmons, W, K., Missouri Power & Light Co.,
Clinton. Mo.

Smith, W. W.. New York Telephone To.. Newark.
N.J

Stewart. D, M., Westingbhouse Elee. & Mg, Co..
East Pittsburgh. Pa.

Sundius. H. W.. The Southern Now England
Trelephone Co.. New Haven, Conn.

sweeney. E. J.. 372 Cleveland Ave., N., St. Paul.
Mian.

Sylvester. W. V.,
Seattle, Wash.
Appticant for re-election.)

Taylor. J. 1., Johns Hopkins University, Balti-
more. Md.

Thomson, W. H., Detroit Edison Co., Dotroit,
Mich.

Toivonen, E. 0., Wireless Specialty Co., Boston,
Mass.

Trudgian. W.." Westinghouse Elec. & Mfg. Co.,
Denver, Colo.

Urner. M. J., The Potomac Edlson Co., Frederick,
Md.

Valentine. C. E., Westinghouse Elec. & Mfg. Co.,
East Pititsburgh. Pa.

Vihbard. E. L., (Member). Bell Telephone Labora-
tories, Inc.. New York, N. Y.

Volgovskoy, B. V.. Union Gas & Electric Co.,
Cincinnati, Ohio

Weber, A. J., Elecuric Steel
Portland, Ore.

Welford. O. C.. Westinghouse Elec. & Mfg. Co.,
East Pittsburgh, Pa.

West, D. C., (Member). Westinghouse Elec. &
Mfg. Co., East Pittsburgh, Pa.

Whitworth, W. E.. Bell Telephone Laboratories,
Inc.. New York, N. Y.

Wilde. O. A., Sun Shipbuilding & Dry Dock Co.,
Chester, Pa.

Wilson. D., Electrical Draftsman, San Francisco,
Calif.

Wilson, L. A., (Member), Ohio Brass Co., New
York, N. Y.

Wits, E. T.. Phoenix Ttility Co., Miami, Fla.

Total 123.

Telephone Div., City Light,

& Foundry Co.,

Foreign
Barratt, S. E., Metropolitan-Vickers Australian
Pty., Ltd., Auburn, N. S. W, Aust.
George, C. F., Corporation of Madras, Park Town,
Madras, S. India
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Tamb, ®. .., Municipn) Counegll, Mydnoy, N.8.W.,
Aust.,

Marshall, TF. K.,
Bombay, Indin

Patel, N. N., (Moember), Victorin Jubllve Tech-
meal Tnst., Bombay, India

Raghnvan, V.'T. 8., Corporation of Indla, Madras,
Indin

Richardson, R. G., New Zealand Cooperative
Dadry Ass'n.,, Hamilton, N. %.

Wigley, 1. D. H., B. B. OO, [. Railway, 3ombay,
India

Klectrlcal Contractor, fort,

Yamamoto, k., Nippin Deuryoku K. K., Osaka,
Japan
Total 9.

STUDENTS ENROLLED

Albach, Carl R., Rensselaer Polytechnic Institute

Amens, . Clark, University of Nevada

Appleton, Scott 8., University of Now Hampshire

Bagnall, Vernon B., University of Wisconsin

Barker, Robert W., University of Washington

Bateman, Ivan L., University of Southern
California

Bayles, Elmer L., University of I{ansas

Beclkwith, Raymond J., Brown University

Benson, Stanley K., Rensselacr Polytechnic
Institute

Bigelow, Paul W., Rensselaer Polytechnic
Institute

Blaney, Arthur C., Pennsylvania State College

Brooks, Charles E., Yale University

Burger, Jerome, University of Illinois

Campbell, George E., New York University

Carter, Edward H., University of Louisville

Castro, Francisco, University of Notre Dame

Coutant, Edward R., Rensselaer Polytechnic
Institute

Crawley, Willard B., Brown University

Darragh, James B., Jr., University of Washington

Doi, Minari, University of Washington

Eagles, Horace W., University of North Carolina

Eastwood, D. Ross, University of Toronto

Eigelbach, Charles L., Washington and Lee Uni-

versity
Erdreich, Norbert, College of the City of New
York

Fagan, Daniel J., University of Nebraska

INSTITUTE AND RELATED ACTIVITIES

I'folliott, Churies ., Roeossoluer Folytechnic
l1astiguce

Gagor, Weank M., Ll Pennsybvania State Colloge

Calante, Quirtno, College of the City ol Nuw Yurk

Ginsberg, David, Oolloge of the Olty of New York

Gomez, Vieonto {., Untversiey of Notre Dame

Green, G. Gavner, Stanford Univaersity

Grogory, . Anderson, Oase School of Applied
Sclence

Waloy, Galo 3., Washlngton & Yo Univorsity

Ualler, George L., Pennsylvanla State Collogo

Hatch, Osborne | Unlversity of Southern
California
Hellriegel, Herman 1[.,, Washington and oo

Untivorsity .

Hill, Harold J., Case School of Applied Sclence

Tiill, Leslie W., Ohio Northern University

Horn, rling, University of Washington

Ingalls, Clyde E., Rensselaer Polylechnle [nstitute

Jones, Weston C., Missouri School of NMines &
Mesallurgy

Kelly, William T., Jr., Yale University

Kilhelter, Lawrence [)., Ohio Northern Univorsity

Killoran, J. L., University of Toronto

King, Marion R.. Lewis Institute

Knapp, Ralph T., Rensselaer Polytechnic Inst.

Knight, Benjamin P., Jr., Washingtion amnd Lee
University

Lanken, Nicolas, University of Washington

Moak, Frank C., Rensselaer Polytechnic Institute

Moore, Wilhern T., Missouri School of Mines &
Metallurgy

Motl, Laurence I'., University of Wisconsin

Alott, Edward E., Mass. Institute of Techuology

Murphy, William J., Mass. Institute of Tech.

Murray. C. Francis, Iowa State College

Myers, Burton L., University of Detroit

Nicholson, Rufus A., Jr., University of Texas

Norberg, Hans A., University of Minnesota

Nowack, David C., University of Wisconsin

Oatley, Henry C., Rhode [sland State College

O’Dowd, James L., Mass. Institute of Technology

Olson, Richard P., So. Dakota State College of
AL & DML Arts

Ostermeier, Russell L., University of Illinois

Owens, Herbert D., Ohio State University

P'a,ge, H. C., Missouri sSchool of Mines & Metal-
lurgy

Journal AL T 11,

Payne, Lostor 16, Nass. Tnstitutas of ‘Cochnology

Polkoy, 1Gdwin, Unlversity of Dotrolt

Poturas, dward J., Mass, Enstitate of Tochnology

IPoltocle, Jolin 1, Unlvarsivy of Michigan

Porter, Murrlee O, Jr., Unlvorsity of Louisvllle

Praty, Kdward Y. Mass, Fastloate of Toehnology

Prohn, Victor N, Univorslty of Minposota

Purdy, Donaid, Reasseloor Polytuchnic (nstitute

Reed, CHitord 1., Bucknel Universivy

Rolly, Vincont 15, Now York Unlvorsity

Rock, Willtam 7., University of Colorado

Rollman, WHilam 1., Missour] School of Mlnos &
Noetidlurgy

RRoss, 16, Hart, California Institute of Technology

Russoll, John B, Jr., Mass, lnstitute of Toech.

Sandore, George B, RRhode Tsland State Collego

Sorieri, Michacl A, New York Unlvoersity

Speor, Paul 13, Unlversity of Minneapolls

Stahl, Choster 1., University of 1llinols

Stainback, Willian 12, North Garollna State

Collego

Stoughiton, George V., Rensselaer Polytechnic
Institute

Swankor, Wilfred O., Case School of Applied

Sclence
Tavior, Alton D)., Rensseluer Polytechnic Institute

Tharpe, William 1L., Alabama Polytechnic Tnst.
Tokunaga Tadashi, University of British
Columbia

Toriello, Joseph A.. University of Notre Dame

Torple, John #., New York University

Tweet, Noel T., University of Wisconsin

Umlang. Emil E., Texas A. & M. College

Van Sciver, LeRoy F., Missouri 8chool of Mines &
Metallurgy

Ver Planck, Dennistoun W., Mass. Institute of
Technology .

Wagner, Dale R., Bucknell University

Wailcs, Ronald )., University of Washington

Wilcox, Brock I3., University of Toronto

Williams, K. Eugene, University of Idaho

Willman, Richiard C., University of Washington

Wine, Chester C., Washington and Lee University

Wooley, M. Claire, Ohio Northern University

Woolscy, Robert H., University of 1llinois

Worthen, Charles E., Mass. Institute of Tech.

Wright, Frederick 8., University of North
Carolina

Total 104.
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Officers A. 1. E. E. 1926-1927

PRESIDENT
(Term expires July 31, 1927)
C. C. CHESNEY
JUNIOR PAST PRESIDENTS
(Term expires July 31, 1927) (Term expires July 31, 1928)
FARLEY OSGOOD M. I. PUPIN
VICE-PRESIDENTS
(Terms expire July 31, 1927) (Terms expire July 31, 1928)
P. M. DOWNING (District No. 8) H. M. HOBART (District No. 1)
HERBERT S. SANDS (District No. 6) B. G. JA MIESON (District No. 5)
W. E. MITCHELL (District No. 4 GEORGEL. KNIGHT (District No. 3)
ARTHUR G. PIERCE (DistrictNo.2) H. H. SCHOOLFIELD (District No. 9)
W. P. DOBSON (District No. 10) A. E. BETTIS (District No. 7)
MANAGERS

(Terms expire July 31, 1927) (Terms expire July 31, 1929)

W. M. McCONAHEY

W. K. VANDERPOEL

H. P. CHARLESWORTH
(Terms expire July 31, 1928)

JOHN B. WHITEHEAD

J. M. BRYANT

E. B. MERRIAM

NATIONAL TREASURER

M. M. FOWLER
H. A. KIDDER
E. C. STONE

(Terms expire July 31, 1930)

1. E. MOULTROP
H. C. DON CARLOS
F. J. CHESTERMAN

NATIONAL SECRETARY

(Terms expire July 31, 1927)

GEORGE A. HAMILTON

HONORARY SECRETARY
RALPH W. POPE

F. L. HUTCHINSON

GENERAL COUNSEL

PARKER & AARON

30 Broad Street, New York

PAST PRESIDENTS—1884-1926

*NorvIN GREEN, 1884-5-6.
*FRANKLIN L. Porg, 1886-7.

*T, COMMERFORD MARTIN, 1887-8.

Epwarp WESTON, 1888-9.
ELiHu THoMSON, 1889-90.
*WILLIAM A, ANTHONY, 1890-91.

*ALEXANDER GRAHAM BELL, 1891-2.

FrRANK JULIAN SPrAGUE, 1892-3.
*EpwiN J. HousToN, 1893-4-3.

*HeNry G. STOTT, 1907-8.
Louts A. FErRGUSON, 1908-9.
Lewis B. StiLLweLL, 1909-10.
DugaLp C. Jackson, 1910-11.
GanNo Dunn, 1911-12.

RaLpu D. MERsSHON, 1912-13.
C. 0. MaILLoux, 1913-14.
PauL M. LincoLN, 1914-15.
Joun J. Carty, 1915-16.

H. W. Buck, 1916-17.

E. W. RICE, Jr., 1917-18.
CoMFORT A. ApaMms, 1918-19.
CALVERT TowNLEY, 1919-20.
A. W. BERRESFORD, 1920-21.
WiLLiam McCLELLAN, 1921-22.
BioN J. ArRNOLD, 1903-4. Frank B. JEwrTT, 1922-23.
Joun W. LiEB, 1904-5. Harris J. Ryan, 1923-4.
*SCHUVLER SKAATS WHEELER, 1905-6. FARLEY OsGoop, 1924-25.
*SAMUEL SHELDON, 1906-7. M. I. Purin, 1925-26.
*Deceased.

*Lours DuNcaN, 1895-6-7.
*Francis Bacon Crocker, 1897-8.
A. E. KENNELLY, 1898-1900.
*CarL HERING, 1900-1.

*CHARLES P. STEINMETZ, 1901-2
CHaRrLES F. ScorT, 1902-3.

LOCAL HONORARY SECRETARIES

T.J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A.

H. W. Flashman, Aus. Westinghouse Elec. Co. Ltd., Cathcart House,
11 Castlereagh St., Sydney, N. 8. W., Australia.

Carroll M. Mauseau, Caixa Postal No. 571, Rio de Janeiro, Brazil, S. A.

Charles le Maistre, 28 Victoria St., London, S. W. 1, England.

A. S. Garfield, 45 Bd. Beausejour, Paris 16 E. France.

F. W. Willis, Tata Power Companies, Bombay House, Bombay, India.

Guido Semenza, 39 Via Monte Napoleone, Milan, Italy.

P. H. Powell, Canterbury College, Christchurch, New Zealand.

Axel F. Enstrom, 24a Grefturegatan, Stockholm, Sweden.

W. Elsdon-Dew, P. O. Box 4563, Johannesburg, Transvaal, Africa.

A. I. E. E. Committees
GENERAL STANDING COMMITTEES

EXECUTIVE COMMITTEE
C. C. Chesney, Chairman, General Electric Co., Pittsficld, Mass.
H. P. Charlesworth, G. A. Hamilton, G. L. Knight,
W. P. Dobson, H. A. Kidder, I. E. Moultrop.
FINANCE COMMITTEE
H.'A. Kidder, Chairman, 600 W. 59th St., New York, N. Y.
H. P. Charlesworth, G. L. Knight.

MEETINGS AND PAPERS COMMITTEE

E. B. Meyer, Chairman, 80 Park Place, Newark, N. J.
E. H. Hubert, Sccretary, 33 W. 39th St., New York, N. Y.
E. E. F. Creighton, L. W. W. Morrow, Harold B. Smith.
J. E. Macdonald, F. D. Newbury, C. E. Skinner,

F. W. Peek, Jr.,
Chairman of Committee on Coordination of Institute Activities, ex-officio.
Chairmen of technical committees, ex-officio.

INSTITUTE AND RELATED ACTIVITIES 659

PUBLICATION COM MITTEE
L. F. Morehouse, Chairman, 195 Broadway, New York, N. Y.
F. L. Hutchinson, Donald McNicol, 1. E. Moultrop.
E. B. Meyer.
COMMITTEE ON COORDINATION OF INSTITUTE ACTIVITIES
Farley Osgood, Chairman, 31 Nassau Street, New York, N. Y.
F. L. Hutchinson, E. B. Meyer, W. I. Slichter,
H. A. Kidder, L. F. Morehouse, Harold B. Smith.
BOARD OF EXAMINERS
Erich Hausmann, Chairman, Polytechnic Institute, Brooklyn, N. Y.
H. C. Don Carlos Harold Goodwin, Jr., L. W. W. Morrow,

H. W. Drake, S. P. Grace, N. L. Pgllard,
E. H. Everit, F. V. Magalhaes, W. 1. Slichter,
F. M. Farmer, A. E. Waller,

SECTIONS COM MITTEE

Harold B. Smith, Chairman, Worcester Polytechnic Institute, Worcester, Mass.
H. H. Henline, W. B. Kouwenhoven, Herbert S. Sands.

C. E. Magnusson,
Chairmen of Sections, ex-officio.

COMMITTEE ON STUDENT BRANCHES

C. E. Magnusson, Chairman, University of Washington, Seattle, Wash.
J. M. Bryant, Charles F. Scott, W. H. Timbie.

Harold B. Smith,
Student Branch Counselors, ex-oficio

MEMBERSHIP COMMITTE

L. S. O'Roark, Chairman, 463 West St., New York, N. Y.

R. B. Bonney J. J. Frank L. M. Moyer
A. B. Cooper F. R. George I. M. Stein
H. E. Cox G. S. Morris C. V. Woolsey

S. H. Mortensen
Chairmen of Section Membership Committees ex-officio.
HEADQUARTERS COMMITTEE
G. L. Knight, Chairman, Pearl & Willoughby Sts., Brooklyn, N. Y.
F. L. Hutchinson, H. A. Kidder.

LAW COMMITTEE
W. I. Slichter, Chairman, Columbia University, New York, N. Y.
H. H. Barnes, Jr., E. B. Merriam, Charles A. Terry.
R. F. Schuchardt,

PUBLIC POLICY COMMITTEE
Gano Dunn, Chairman, 43 Exchange Place, New York, N. Y.
H. W. Buck, John W. Lieb, M. I. Pupin,
F. B. Jewett. William McClellan, Harris J. Ryan.

STANDARDS COMMITTEE
J. Franklin Meyer, Chairman, Bureau of Standards, Washington, D. C..
H. E. Farrer, Secretary, 33 W. 39th St., New York.

H. A. Kidder, H. S. Osborne, C. E. Skinner,

A. M. MacCutcheon, F. L. Rhodes. W. 1. Slichter,

F. D. Newbury, L. T. Robinson, R. H. Tapscott.
Ex Officio

Chairmen of Working Committees.
Chairmen of delegations on other standardizing bodies.
President of U. S. National Committee of I. E. C.

EDISON MEDAL COMMITTEE
Appointed by the President for lerm of five years.
(Terms expire July 31, 1927)
F. A. Scheffler, W.R. Whitney.
(Terms expire July 31, 1928)

Gano Dunn, Chairman,

C. C. Chesney, Robert A. Millikan, M. I. Pupin.
(Terms expire July 31, 1929)
N. A. Carle, W.C. L. Eglin, Jotin W. Lieb.

(Terms expire July 31, 1930)

Samuel Insull, Ralph D. Mershon.
(Terms expire July 31, 1931)
John W. Howell, L. F. Morehouse, David B. Rushmore.
Elected by the Board of Directors from ils own membership for term of two years.
(Terms expire July 31, 1927)

Farley Osgood, A. G. Pierce.
(Terms expire July 31, 1928)

H. A. Kidder, G. L. Knight.

Ex-Officio
C. C. Chesney, President, George A. Hamilton, National Treasurer,
F. L. Hutchinson, National Secretary.

COMMITTEE ON CODE OF PRINCIPLES OF PROFESSIONAL CONDUCT
John W. Licb, Chairman, 124 E. 16th St., New York, N. Y.
A. H. Babcock, R. D. Mershon, Harris J. Ryan,
G. Faccioli, L. F. Morehouse, C. E. Skinner.
COMMITTEE ON AWARD OF INSTITUTE PRIZES
E. B. Meyer, Chairman, 80 Park Place, Newark, N. J.
L. F. Morchouse, John B. Whitehead.
COMMITTEE ON AWARD OF COLUMBIA UNIVERSITY SCHOLARSHIPS
W. 1. Slichter, Chairman, Columbia University, New York, N. Y.
Francis Blossom, II. C. Carpenter.

George Gibbs,

W. P. Dobson,

B. G. Jamieson,
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COMMITTEE ON SAFETY CODES

John Price Jackson, Chairman, N. Y. Edison Co., 130 E. 15th St.,New York, N. Y.

F. A. Barron, H. B. Gear, Farley Osgood,
Philander Betts, P.J. Howe, George Quinan,
W. J. Canada, L. C. Ilsley, Joseph Sachs,

R. N. Conwell, M. G. Lloyd, H. R. Sargent,

J. V. B. Duer, Ernest Lunn, W. H. Sawyer,

J. C. Forsyth, Wills Maclachlan, M. L. Sindeband,
R. C. Fryer, J. C. Martin, Paul Spencer,

D. H. Gage, J. E. Moore, H. S. Warren.

R. W. E. Moore,
SPECIAL COMMITTEES
LICENSING OF ENGINEERS

Francis Blossom, Chairman, Sanderson & Porter, 52 William St., New York, N. Y.

H. W. Buck, Gano Dunn,

L. E. Imlay,
TECHNICAL ACTIVITIES
A. G. Pierce, Chairman, 1239 Guardian Building, Cleveland, Ohio
H. P. Charlesworth, H. M. Hobart, E. C. Stone
H. A. Kidder, J. B. Whitehead.

E. W. Rice, Jr.

ADVISORY COMMITTEE TO THE MUSEUMS OF THE PEACEFUL ARTS

J. P. Jackson, Chairman, 130 E. 15th St., New York, N. Y.
Randolph H. Nexsen, George K. Thompson.

TECHNICAL COMMITTEES

COMMUNICATION
H. P. Charlesworth, Chairman, 195 Broadway, New York, N. Y.
F. L. Baer, D. H. Gage, F. A. Raymond,
L. W. Chubb, S. P. Grace, Chester W. Rice,
J. L. Clarke, P.J. Howe, J. K. Roosevelt,
Charles E. Davies, F. H. Kroger, H. A. Shepard
H. W. Drake, Ray H. Manson, T. F. Skirrow,
Major P. W. Evans, R. D. Parker, E. B. Tuttle,
R. D. Evans, H. S. Phelps, K. L. Wilkinson,
E. H. Everit, Lt.Commdr. B.B.Ralston, F. A. Wolff,
L. F. Fuller, C. A. Wright

EDUCATION

P. M. Lincoln, Chairman, Franklin Hall, Comell University, Ithaca, N. Y.

R.E. Doherty, Vice- Chaxrman Schenectady. N.Y

C. A. Adams, J. P. Jackson, Harold B. Smith,

Edward Bennett, John Mills, R. W. Sorensen,

Nelson J. Darling, H. H. Norris, J. B. Whitehead,

W. C. L. Elgin, Harold Pender, W. R. Whitney,
W. L. Robh, W. E. Wickenden.

ELECTRICAL MACHINERY

H. M. Hobart, Chairman, General Electric Co., Schenectady, N. Y.

J. C. Parker, Vice-Chairman, Brooklyn, N. Y.

E. B. Paxton, Secretary, General Electric Co., Schenectady, N. Y.

C. A. Adams, G. H. Garcelon, 0. K. Marti,

P. L. Alger, C. M. Gilt V. M. Montsinger,

B. F. Bailey, Harold Goodwin C. A. Mudge

B. L. Barns, J. L. Hamilton F. D. Newbury,

B. A. Behrend, W. E. Haseltine L. C. Nichols,

C. O. Bergstrom R. A. Hentz, N. L. Pollard,

A. C. Bunker, C. F. Hirshfeld, C. H. Sanderson

James Burke, B. G. Jamieson, R. F. Schuchardt,

W. M.. Dann, J. A. Johnson, A. Still,

L.L. Elden, V. Karapetoff, E. C. Stone

G. Faccioli, A. H. Kehoe, R. H. Tapscott

C. J. Fechheimer, P. M. Lincoln, R. B. Williamson.

W.]J. Foster, A. M. MacCutcheon, H. L. Zabriskie

ELECTRIC WELDING
J. C. Lincoln, Chairman, Coit Road & Kirby Avenue, Cleveland, Ohio

C. A. Adams, Alexander Churchward, Ernest Lunn,

P. P. Alexander, 0. H. Eschholz, J. W. Owens,

C. W. Bates, F. M. Farmer, William Spraragen

Ernest Bauer, H. M. Hobart, H. W. Tobey,

A. M. Candy, C. J. Holslag, Ernest Wanamaker,
C. L. Ipsen,

ELECTROCHEMISTRY AND ELECTROMETALLURGY
G. W. Vinal, Chairman, Bureau of Standards, Washington, D. C.
Lawrence Addicks, Safford K. Colby, Magnus Unger,
A. N. Anderson, F. A.J. Fitzgerald, J. B. Whitehead,
T. C. Atchison, Walter E. Holland, J. L. Woodbridge,
Farley G. Clark, F. A. Lidbury, J. L. McK. Yardley.
C. G. Schluederberg,

ELECTROPHYSICS
V. Karapetoff, Chairman, Cornell University, Ithaca, N.Y.
Carl Kinsley, Secretary, 22 Lynwood Road, Scarsdale, N. Y.
Oliver E. Buckley, W. B. Kouwenhoven, Chester W. Rice,
V. Bush, K. B. McEachron, J. Slepian,
J. F. H. Douglas, R. A. Millikan, Harold B. Smith,
Charles Fortescue, J. H. Morecroft, Irving B. Smith
Carl Kinsley J. B. Whitehead.

INSTRUMENTS AND MEASUREMENTS

A. E. Knowlton, Chairman, Dunham Laborgatory, Yale University,

New Haven, Conn.
E. D. Doyle, Vice-Chairman, New York, N. Y.

0. J. Bliss, C. F. Hanson. L. T. Robinson,
Perry A. Borden, W. B. Kouwenhoven, E. J. Rutan, .
W. M. Bradshaw, P. M. Lincoln, B. W. St. Clair,
H. B. Brooks, W. M. McConahey, G. A. Sawin,

J. R. Craighead, Wm. J. Mowbray, I. B. Smith,
Melville Eastham, H. A. Perkins, H. M. Turner,
W. M. Goodwin, Jr., R. T. Pierce, Roy Wilkins.

APPLICATIONS TO IRON AND STEEL PRODUCTION

A.G. Pierce, Chairman, 1239 Guardian Building, Cleveland, Ohio

A. C. Bunker, S. L. Henderson, J. W. Speer,

A. C. Cummins, R. H. Keil, G. E. Stoltz,

F. B. Crasby, W. C. Kennedy, T. S. Towle,

J. H. Hall. A. G. Place, J. D. Wright.
F. O. Schnure,

PRODUCTION AND APPLICATION OF LIGHT
P. S. Millar, Chairman, Electrical Testing Laboratories, 80th St. &
East End Ave., New York

W. T. Blackwell, G. C. Hall, F. H. Murphy,

J. M. Bryant, L. A. Hawkins, F. A. Rogers,

I. R. Cravath, H. H. Higbie, B. E. Shackeiford,
W. T. Dempsey, C. L. Kinsloe, C.]J. Stahl,

A. S. McAllister, G. H. Stickney.

George S. Merrill,
APPLICATIONS TO MARINE WORK

William Esty,

G. A. Pierce, Chairman, Wm Cramp & Sons S. & E. B. Co., Philadelphia, Pa.

R. A. Beekman, Vice-Chairman, Schenectady, N. Y.

Commdr. C. S. Gillette, A. Kennedy, Jr., R.L Witham.
E. M. Glasgow, Commdr. M. A. Libbey, H. M. Southgate,
H.F. Harvey, Jr., 1. B. Lunsford, W. E. Thau,
Wm. Hetherington, Jr., E. B. Merriam, C. P. Turner,

H. L. Hibbard, I. H. Osborne, A. E. Waller,

J. S. Jones, William H. Reed, J. L. Wilson,

APPLICATIONS TO MINING WORK
W. H. Lesser, Chairman, Madeira Hill & Co., Frackville, Pa.
M. C. Benedict, Carl Lee, W.[F. Schwedes,

F. N. Bosson, John A. Malady, E. D. Stewart,
Graham Bright, Charles H. Matthews, F. L. Stone,

L. C. lisley, F. C. Nicholson, W. A. Thomas,
G. M. Kennedy, H.F. Pigg, E. B. Wagner,

R. L. Kingsland, L. L. Quigley, J. F. Wiggert,

A. B. Kiser, Herbert S. Sands, C. D. Woodward.
GENERAL POWER APPLICATIONS

A. M. MacCutcheon, Chairman, 1088 Ivanhoe Road, Cleveland, Ohio

E. W. Henderson, Secretary, 1088 Ivanhoe Road, Cleveland, O.

A. E. Arnold, H. D. James, H. W. Price,

D. H. Braymer, P. C. Jones, H. L. Smith,

R. C. Deale, A. C. Lanier, A. H. Stebbins,

C. W. Drake, W. S. Maddocks, E. C. Stone,

J. F. Gaskill, N. L. Mortensen, W. H. Timbie,

Clyde D. Gray, K. A. Pauly, F. M. Weller,

C. Francis Harding, D. M. Petty, W.C. Yates.

POWER GENERATION
W. 8. Gorsuch, Chairman, 600 . 539th S:., New York, N. Y.
J. T. Lawson, Vice-Chairman, Newark, N. J.

Vern E. Alden, H. A. Kidder, M. M. Samuels,
H. A. Barre, W. H. Lawrence, F. A. Scheffler,
E.T. Brandon, F. T. Leilich, R. F. Schuchardt,
N. E. Funk, James Lvman, Arthur R. Smith,
W. S. Gorsuch, W. E. Mitchell, Nicholas Stahl,

C. F. Hirshfeld,
Francis Hodgkinson,

I. E. Moultrop, B. Tikhonovitch,

W. M. White.
POWER TRANSMISSION AND DISTRIBUTION

Philip Torchio, Chairman, 124 E. 15th St., New York, N. Y.

P. H. Chase, Vice-Chairman, Philadelphia, Pa.

R. N. Conwell, Vice-Chairman, Newark, N. J.

R. H. Tapscott, Vice-Chairman, New Yo:k, N. Y.

R. W. Atkinson, L. L. Elden, C. R. Oliver,

A. O. Austin, R. D. Evans, F. W. Peek, Jr.,

F. G. Baum, F. M. Farmer, D. W. Roper,

R. D. Booth, C. L. Fortescue, C. E. Schwenger,

J. A. Brundige, C. D. Gray, A. E. Silver,

V. Bush, K. A. Hawley, M. L. Sindeband,

George F. Chellis, J. P. Jollyman, H. C. Sutton,

Wallace S. Clark, A. H. Kehoe, Percy H. Thomas,

Edith Clarke, C. H. Kraft, W. K. Vanderpoel,

John C. Damon, A. H. Lawton, Theodore Varney,

W. A. Del Mar, E. A. Loew, H.S. Warren,

Herbert H. Dewey, W. E. Meyer, R. J. C. Wood,
W. E. Mitchell
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PROTECTIVE DEVICES
F. L. Hunt, Chairman, Turners Falls Power & Electric Co., Greenfield, Mass.
H. R. Summerhayes, Vice-Chairman, Schenectady, N. Y.
E. A. Hester, Secretary, 435 Sixth Ave., Pittsburgh, Pa.
R

aymond Bailey, H. C. Louis, J. M. Oliver,
W. S. Edsall, W. B. Kirke, E. J. Rutan,
H. Halperir, K. B. McEachron, H. P. Sleeper,
F. C. Hanker, W. H. Millan, E. C. Stone,
J. Allen Johnson, L. J. Moore, A. H. Sweetnam,
M. G. Lloyd, A. Royal Wood.
RESEARCH

John B. Whitehead, Chairman, Johns Hopkins University, Baltimore, Md.
F. W. Peek, Jr., Vice-Chairman, Pittsfield, Mass.

Edward Bennett, B. Gherardi, E. W. Rice, Jr.,

V. Bush, V. Karapetoff, D. W. Roper,

E. H. Colpitts, A. E. Kennelly, Clayton H. Sharp,
E. E. F. Creighton, M. G. Lloyd, C. E. Skinner,

W. F. Davidson, C. E. Magnusson, Harold B. Smith,

W. A. Del Mar, Harold Pender, R. W. Sorensen.
TRANSPORTATION
J. V. B. Duer, Chairman, Pennsylvania Railroad, Altoona, Pa.
E. R. Hill H. A. Kidder, N. W. Storer,
W. K. Howe, John Murphy, W. M. Vandersluis
D. C. Jackson, W.S. Murray, Richard H. Wheeler.
W. B. Potter,

A. L. E. E. Representatives

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE
COUNCIL
M. 1. Pupin, John B. Taylor.

AMERICAN BUREAU OF WELDING
H. M. Hobart.

AMERICAN COMMITTEE ON ELECTROLYSIS

B. J. Arnold N. A. Carle, F. N. Waterman.
AMERICAN ENGINEERING COUNCIL ASSEMBLY

H. H. Barnes, Jr., H. M. Hobart, A. G. Pierce,

A. W. Berresford, F. L. Hutchinson, M. I. Pupin,

#C. C. Chesney, William McClellan, E. W. Rice, Jr.,

H. W. Eales, L. F. Morehouse,
*John H. Finney, I. . Moultrop,
*M. M. Fowler, *Parley Osgood,

*Members of Administrative Board

AMERICAN ENGINEERING STANDARDS COMMITTEE
H. M. Hobart, J. F. Meyer, C. E. Skinner,
H. S. Osborne, John C. Parker, L. T. Robinson, Alternates,

AMERICAN MARINE STANDARDS
COMMITTEE
R. A. Beekman,

AMERICAN YEAR BOOK, ADVISORY BOARD,

*Charles F. Scott,
*C. E. Skinner,
Calvert Townley,

INSTITUTE AND RELATED ACTIVITIES

661

ELIMINATION OF FATIGUE, COMMITTEE ON, SOCIETY OF
INDUSTRIAL ENGINEERS
C. Francis Harding

ENGINEERING FOUNDATION BOARD
Gano Dunn, L. B. Stillwell.

JOHN FRITZ MEDAL BOARD OF AWARD
Gano Dunn, M. 1. Pupin
Farley Osgood.

JOINT COMMITTEE ON WELDED RAIL JOINTS
D. D. Ewing, A. P. Way.

JOINT CONFERENCE COMMITTEE OF FOUNDER SOCIETIES
The Presidents and Secretaries, ex-officio.

LIBRARY BOARD OF UNITED ENGINEERING SOCIETY

C. C. Chesney

Edward D. Adams, F. L. Hutchinson, W. B. Jackson,
E. B. Craft, W. 1. Slichter.
NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL
COMMITTEE
J. P. Jackson
NATIONAL FIRE WASTE COUNCIL
John H. Finney, J. P. Jackson.

NATIONAL MUSEUM OF ENGINEERING AND INDUSTRY
BOARD OF TRUSTEES
Gano Dunn

NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION
John B. Whitehead Cary T. Hutchinson E. W. Rice, Jr.
F. L. Hutchinson, ex-officio,

NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF
A. S. S. E.—ENGINEERING SECTION
‘J. P. Jackson
THE NEWCOMEN SOCIETY
E. B. Craft

RADIO ADVISORY COMMITTEE, BUREAU OF STANDARDS
A. E. Kennelly
SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION
BOARD OF INVESTIGATION AND COORDINATION

Gano Dunn Frank B. Jewett.

U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL
ILLUMINATION COMMISSION

C. 0. Mailloux, Clayton H. Sharp.

WASHINGTON AWARD, COMMISSION OF
Charles F. Scott.

A. E. Kennelly,

L. A. Ferguson,

U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL
ELECTROTECHNICAL COMMISSION

Edward Caldwell C. A Adams, H. A. Kidd.er, (ex-officio) E. W. Rice, Jr.
C. C. Chesney, ex-officio, John W. Lieb. L. T. Robinson,
APPARATUS MAKERS AND USERS, COMMITTEE OF L. W. Chubb, F. V. Magalhaes, D. W. Roper,
NATIONAL RESEABCH COUNCIL W. A. Del Mar, C. 0. Mailloux, Charles F. Scott,
C. E. Skinner Gano Dunn, A. S. McAllister, C. H. Sharp,
BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY 15, Clemtel, Wil uiEeelen, o Dadtmas,
Bancroft Gherardi, G. L. Knight Calvert Townley. H. M, Hobart, USERRIE Ve rtaE Olikie ARty
D. C. Jackson, F. D. Newhury, John B. Taylor
CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND F. B. Jewett, H. S. Osborne, Elihu Thomson.
COMMITTEE A E. Kennelly. Farley Osgood, R. B. Williamson.
C. C. Chesney F. W. Peek.
LIST OF SECTIONS
Name Chairman Secretary Name Chairman Sccretary
Akron A. R. Holden H. L. Steinbach, Electrical Engi- Denver W. H. Edmunds R. B. Bonney, Teleﬁhone Blde.,
rgel{mg;b De t..A(lzvoodySir Tire P. O. Box 960, Denver, Colo.
ubber Co., Akron, Ohio Detroit-Ann Arb Harold . idd! i i
Atlanta C. E. Bennett W.GF. Oliver, Box 2211, Atlanta, etrolt-Ann Arber arold Cole F &..Rlsgffgit.c&ai?h?lon Porcelaiy
a. . . .
Baltimore W. B. Kouwenhoven R.B'P.lGreer. Madison St. Building, Ere F. A Tennant L.g'ieclg?ls' CefEtallBlctticiCos
altimorz, M S
' . Fort W . WL s i
Boston Hartley Rowe W.BH.t Co]ll\)/lurn. 39 Boylston St., or ayne P Merchant C'Fir?%wyzgnge?;aal it
oston ass. q : . ' N
. s i Indianapolis-Lafayett . B. Bail . A i '
Chicago K. A. Auty Wl}l}lligm Vlt’/lt;rtb, 1634 Peoples Gas CRRBIDIEEEEe. ) ey ¢ IndiaF;x?golA’ilsz.OIGndC.omellus Ave
St..%'hic;(é}c;l,gﬁf Ave. at Adams  fthaca R. F. Chamberlain G. F. Bason, ElectricalfEngineer-
Cincinnati W. P. Beattie L. J. Gregory, Union Gas & Elec- ir;}glagelf\}:..ycornell Univests
tric Co., Cincinnati, Ohio . . ! )
Cleveland H. L. Grant W. E. McFarland, 720 Hiumina- Kansas City R. I.. Baldwin S. M. De Camp, 510 Dwight
' ting Bldg., Cleveland, Ohio Bldg:, Kansas City, Me.
Columbus A. W. Janowitz E. A. Williams, 231 N. Fifth St., Lehigh Valley W. E. Lloyqd, Jr. G. W. Brooks, Pennsylvania

Columbus, Ohio

R. G. Warner, Yale Universit
10 Hillhouse Ave., New Hasvlez:
Conn.

Connecticut A. E. Knowlton

Power & Light Co., 8th
Hamilton Sts., Allentown, Pa.

. Cunningham L. C. Williams, H. W. Hellman
Bldg., Los Angeles, Calif.

Los Angeles R. E
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Minnesota
Nebraska

New York

Niagara Frontier
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Panama
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Portland, Ore.

Chairman
D. C. Jucksen, Jr

D, B, Smalley

K, J. Kallovaug

Carlos Magclas
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LIST OF SECTIONE

Secrotary

w (‘ Whits, Bouthern fell Tel,
Tal, C(? U-:ll::'xlrl: K;J.

cnga Skoglund, River Works, Gen.
eral RBleetrie Co., W Lynn. Mace
’J Hugt, 2 W, Mead au(dv

caktone, Y b
Madison, qu Soumal Kldy
G. Bolis Payan, Ave, Partples X0,

Geueral Anaya, Mexico D K.,
Mexico,

H.L.VanValkenberg R. C Lockett, Cytler-Mammer

8 B. Hood
C. W. Minard

E. B. Meyer

H. B. Alverson
E. R. Page

L. W. Parsons
Louis J. Costa

D. M. Simons

E. P. Gehrkens
J. C. Henkle

1fy Ca., Milwaukee, Wjs

M. I“ Todd, University of Minne-
uota anuupol}, Minn.
W. Kingsley, 1808 Telephone
Bldg Omaha, Nebr

O. B Blackwell American Tel

. Co., 105 Brosdway,

New York N.

A. W. Underhill, Jr 008 Lafayette
Bldg., Buﬂ'ulo N'Y

C. C. Stewart, Oklahoma Gas &
Electric Co., Normanp, Okla.

1. P. Mcllhenny, Box 413, Balboa
Heights, C. Z,

R. H. Silbert, 2301 Market St.,
Philadelphia, Pa

W. C. Goodwin, Westinghouse
Elec. & Mfg. Co., East Pitts-
burgh, Pa.

C. H. Kline, General Electric
Co., Pittsfield, Mass.

J. g Yates, Gasco Bldg., Portland,

Ban Frapciscoe
Saskatchowan

Schonectady

Seattle
Sharon
Southern Virginia

Spokane

Springfield, Maads.

Syracuse
Toledo

Toronto

Urbana

Utah

Vancouvers

-~ Contrnuod

Providence Edwin E. Nelson F. W. Smith, Blackstone Valley .

Gai & Electric Co., Pawtucket, Washington, D. C
Rochester Ear! C. Karker Wade H. Reichard, General R

Signal Co., Rochester, N. Y. Worcester
St. Louis L. F. Woolston L. P. Van Houten, 2670 Wushiny

ton Boulevard, St. Louis, Mo. Total 52

LIST OF BRANCHES

Name and Location Chairman

Akron, Municipal University of, Akron, Ohio ... ...... .. o Lee J. Shaffer
Alabama Polytechnic Institute, Auburn, Ala.. ... .. ...... ............. .. T Lynch
Alabama, University of, University, Ala................................ Sewel}l St. John

Arizona, University of, Tucson, Ariz. .. .......... ... ... .....J. W. Cruse
Arkansas, University of, Fayetteville, Ark............................... Carroll Walsh
Armour Institute of Technology, 3300 Federal St., Chicago, Ill....... ... .. M. T. Goetz

Brooklyn Polytechnic Institute, 99 Livingston St., Brooklyn, N. Y... .. ..
Bucknell University, Lewisburg, Pa....... ... .. ... ... ................
California Institute of Technology, Pasadena, Calif ........... ... ......_. .Thomas L. Gottier
California, University of, Berkeley, Calif............................... ....F. H. McCune
Carnegie Institute of Technology, Pittsburgh, Pa.......... ... ............ . J. R, Power

Case School of Applied Science, Cleveland,O. ... ................ .......G. J. Currie
Catholic University of America, Washington, D. C........ ... ... .. ... ... ...W. 8 Sparks
Cincinnati, University of, Cincinnati, O. ... ... ... ... .. ... ... ouerou.. C. W. Taylor
Clarkson College of Technology, Potsdam, N. Y .. ... ... ............. ...H. J. Myrback
Clemson Agricultural College, Clemson College, S. C..................... .. L. R. Miller
Colorado State Agricultural College, Ft. Collins, Colo.................... Harold Newsome

William Berger
.A. Fogelsanger

Colorado, University of, Boulder, Colo. . ............... ... o iiiue. ....A. D. Thomas
Cooper Union, New York, N. Y . ... ... i H. T. Wilhelm
Denver, University of, Denver, Colo.. . .. ... .. ... ... ... ... . .. ........... Harold Henson
Drexel Institute, Philadelphia, Pa. .. ... ... ... ... ... .. ... ... ... ... ... ... H. D. Baker
Duke University, Durham, N. C.. .. ... . i e Oren Long
Florida, University of, Gainesville, Fla. ... ... ... ... . ... ... ... .. ... ... W. Stanwix-Hav
Georgia School of Technology, Atlanta, Ga..... ... ... ..................... W. M. McGraw
Idaho, University of, Moscow, Idaho........... ... ... ... ... ... ... ........ J. W. Gartuin
Iowa State College, Ames, lowa. . ........ .. ... ... .. ... . i A. G. Baumgartner
Iowa, State University of, Iowa City, Iowa................................. Theo. VanLaw
Kansas State College, Manhattan, Kans. .. ... ... .. ... .. ................ A. M. Young
Kansas, University of, Lawrence, Kans............. .. ... ... ... ... ... .. ... Elmer Bayles
Kentucky, University of, Lexington, Ky............ ... ... ... ... ... ... R. W Spicer
Lafayette College, Easton, Pa. ... ... ... .. .. . .. ... .. .. . ... ..o i Herbert Heinrich
Lehigh University, Bethlehem, Pa.... ... ... ... ... ... .. ... . o0 . A. W. Staller
LewisiInstitute, Chicago, I1la s sedhspun: amet oo T4 BI85 THE a8l cnd- w20 bos James S. Howe
Louisiana State University, Baton Rouge, La.. ... ... .. ..... ... . ... ... .... K. J. Ozment
Maine, University of, Orono, Me.... ... ... . ... it P. E. Watson
Marquette University, 1200 Sycamore St., Milwaukee, Wis................ ... R. M. Franey
Massachusetts Institute of Technology, Cambridge, Mass................ .. .. Constantine Bary
Michigan State College, East Lansing.......... ... ... .. W. H. Bartels
Michigan, University of, Ann Arbor, Mich....... .. ... ... ... ... ... ... M. H. Nelson
Milwaukee, Engineering School of, 415 Marshall St.,, Milwaukee, Wis......... Joseph Havlick
Minnesota, University of, Minneapolis, Minn............ ... .. ... ... C. H. Burmeister
Mississippi Agricultural & Mechanical College, A. & M. College, Miss......... H. M. Alford
Missouri School of Mines and Metallurgy, Rolla, Mo........................ H. H. Brittingham
.. V. L. Tiller

Missouri, University of, Columbia, Mo............ ... ... ........

¢ halrnan
. 1 Cune
N I arket

. K. Doherty

C E. Mong
H. L. Cule
W. 8. Rodinan

Richard McKay
L. #. Curtis

C. E. Dorr
0. P. Rabbe

M. B. Hastings
T. Tykociner

B. C. }. Wheatluke

R. L. Hall

C. A. Robmsor

C. F. Houd

Secretary

S. K. Worthen

P. 2. Sandl

J. ML Card\\ell Jr

Audley Sharpe

W. H. Mann, Jr.
W. Schramm

Joseph Heller

J Johnson

Allan E. Capon

A. G. Monun

R. O. Perrine

R. C. Tuvlor

C. S. Daily. Jr.

W. C. Osterbrock

W. E. Turnbull

J. U. Wilson

Harold Groat

J. A Setter

E. T. Reynolds

Alex A. Ohlson

R. 8. Eininger, Jr.

W. C. Earnhardt

R. D. Ross

F. L. Kaestle

S. Blore

J. B. Cecil

E. J. Hartman

John Yost

Miss Lottye Young

C. D. McClanahan

Daniel Paul

J. Lloyd Dancy

O. D. Westerberg

E. P. Athens

R. F. Scott

E. T. Baldwin

E. A. Michelman

J. C. Phelps

H. R. Stevenson

W. H. Freisleben

J. H. DuBois

B. W. Robins

E. J. Gregory

J. L. Egbert
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T. C. McFarland
C. Dennison

H. B. Dates

‘T. J. MacKavanaugh

W. C. Osterbrock
A. R. Powers
S. R. Rhodes

W. C. DuVall
Norman L. Towle
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Counselor

Name and Location Chairman Secretary (Member of Faculty)
Montana State College, Bozeman, Mont...............cc.overiinneeieeiii... W. E. Pakala J. A. Thaler J. A. Thaler
Nebraska, University of, Lincoln, Neb.. ... ... ... ... ... ... ... o, H. H. Brown R. D. Reed F, W. Norris
Nevada, 'Univensity of, Reno, Nev..a. ufe 55«56 8 ddidts « s s de s om0 o Ha. . Kenneth Knnpf Clark Amens S. G. Palmer
Newark College of Engineering, 367 High St.,, Newarl, N. J................. H. G. Patton C. H. Clarendon, Jr. J. C. Pee:t
New Hampshire, University of, Durham, N. H.............................. T. C. Tappan F. W. Hussey L. W. Hitchcock
New York, College of the City of, New York, N. Y............ Lo 5.2 8 Nogely 9 Harold Wolf A. H. Rapport Harry Baum
New York University, University Heights, New York, N. Y ... .. ... .......... H. U. Hefty Henry Och J. Loring Arnold
North Carolina State College, Raleigh, N. C.......... .. ... ... ... ... ....... J. W. Fagan W. E. Mathews G. C. Cox
North Carolina, University of, Chapel Hill.............. ... .. 00 uuiurnnnn... H. E. Thompson, Jr. W. N. Michal P. H. Daggett
North Dakota, University of, Grand Forks, N. D................ ... ........ Alfred Batten Nels Anderson D. R. Jenkins
Northeastern University, 316 Huntington Ave., Boston, Mass................. W. P. Raffone John L. Clark W. L. Smith
Notre Dame, University of, Notre Dame, Ind............................... W. C. Davis C. H. Schamel J. A. Caparo
Ohio Northern University, Ada, Ohio......... ... .. ... .. M. W. Heft P. W. Wadsworth I. S. Campbell
Ohio State University, Columbus, O. ... ... ... ....... . ....oiiiuuiinio... A. B. Crawford I.. G. Stewart F. C. Caldwell
Ohio University, Athens, Ohio. ... ... ... . . . . i e Clarence Kelch Glen R. Smith A. A. Atkinson
Oklahoma A. & M. College, Stillwater, Okla...............c...0iinu.... B. Fonts J. Robertson Edwin Kurtz
Oklahoma, University of, Norman, Okla............ ... .. G. B. Brady H. C. Mitschrich F. G. Tappan
Oregon Agricultural College, Corvallis, Ore.. . ... .. .. ... ... . .. F. D. Crowther E. F. Reddy F. O. McMillan
Pennsylvania State College, State College, Pa .............................. F. F. Wilkins C. C. Huggler L. A. Doggett
Pennsylvania, Unpiversity of, Philadelphia............. ... .. ... ..., .. F. H. Riordan, Jr. W. H. Hamilton C. D. Fawecett
Pittsburgh, University of, Pittsburgh, Pa................ .. .00ouiuuunenn.n.. M. G. Jarrett D. P. Mitchell H. E. Dyche
Princeton University, Princeton, N. J.. .. .. . . .. i . John Reine J. M. Myers Malcolm MacLaren
Purdue University, Lafayette, Ind...... .. ... ... ..t H. L. Lindstrom H. A. Hartley A. N. Topping
Rensselaer Polytechnic Institute, Troy, N. Y......... .. ... ... ... .......... F. M. Sebast W. C. Michels F. M. Sebast
Rhode Island State College, Kingston, R. I......... ... ... ... .. ... ... G. A. Eddy C. F. Easterbrooks Wm. Anderson
Rose PolytechnicgInstitute, Terre Haute, Ind . . ............................. D. L. Fenner W. F. A. Hammerling C. C. Knipmeyer
Rutgers University, New Brunswick, N. J. ... .. ... .. ... ... i ... E. C. Siddons W. H. Bohlke F. F. Thompson
Santa Clara, U.tiversity of, Santa Clara, Calif..... ... ...................... Lloyd Whitwam W. P. Fisher D. W. Griswold
South Dakota State School of Mines, Rapid City, S. D.................... .. D. A. White Harold Eade J. O. Kammerman
South Dakota, University of, Vermillion, S. D.............covvuinnn ... Stanley Boegler L. E. Crowell B. B. Brackett
Southern Califoraia, University of, Los Angeles, Calif.................. ...... Gilbert Dunstan Osborne Hatch P. 8. Biegler
Stanford University, Stanford University, Calif......................... ... . A. V. Pering J. G. Sharp T. H. Morgan
Stevens Institute of Technology, Hoboken, N. J................... ... .. ... .. D. B. Wesstrom G. E. Witham Frank C. Stockwell
Swarthmore College, Swarthmore, Pa.................. ..o iuiee e . T. C. Lightfoot W. F. Denkhaus Lewis Fussell
Syracuse University, Syracuse, N. Y. ... ... . . .. .. o G. F. Kern T. P. Hall C. W. Henderson
Tennessee, University of, Knoxville, Tenn............................... ... F. N. Green B. M. Gallaher Charles A. Perkins
Texas, A. & M. College of, College Station, Texas ......................... C. A. Altenbern J. L. Pratt C. C. Yates
Texas, University of, Austin, TeX.............ouiurenr et A. L. Mayfield G. E. Schade J. A. Correll
Utah, University of, Salt Lake City, Utah....................... ... .. .. .. J. 1. Farrell M. L. Hoag J. F. Merrill
Virginia Military Institute, Lexington, Va.... .. ......... ... i .. R. P. Williamson M. L. Waring S. W. Anderson
Virginia Polytechnic Institute, Blacksburg, Va. .. ... ... ...... ... .. .. .. .. R. M. Hutcheson M. B. Coghbill Claudius Lee
Virginia, University_of, University, Va.......... ... .. ........ .. ... ... . .. R. C. Small H. M. Roth W. S. Rodman
Washington, State College of, Pullman, Wash................... .. ... ... .. Earl Munson C. E. Peterson R. D. Sloan
Washington University, St. Louis, Mo............................ ... .. ... .. R. L. Belshe J. G. Mazanec, Jr. H. G. Hake
Washington, University of,.Seattle, Wash..................... ... .. .. ... . C. M. Murray, Jr. Roy H. Crosby George S. Smith
Washington and Lee University, Lexington, Va.................... ... ... ... R. E. Kepler Bernard Yoepp R. W. Dickey
West Virginia University, Morgantown, W. Va ............. .. ... . ... .. .. 1. L. Smith P. E. Davis A. H. Forman
Wisconsin, University of, Madison, Wis........................ ... ... . . John Sargent Leonard Saari C. M. Jansky
Worcester Polytechnic Institute, Worcester, Mass................... ... ... . D. A. Calder C. H. Kauke H. A. Maxfield
Wyoming, University of, Laramie, Wyo.............................. ... . . John Hicks Edward Joslin, G. H. Sechrist
Yale University, New Haven, Conn............................ ... ... .. . . W. W. Parker J. W. Hinkley Charles F. Scott

Total 95
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NEW CATALOGUES AND OTHER PUBLICATIONS

Matled to vnieresied readers by tssuing companies

Distribution Transformers.—Bulletin 1688-B, 8 pp.  De-
seribes application of various forms of distribution and small
power transformers. Westinghouse Electric & Manufacturing
Company, East Pittsburgh, Pa.

Porcelain Insulators.—Catalog 27, 250 pp. A compre-
hensive description of a complete line of porcelain insulators
for all voltages. Locke Insulator Corporation, So. Charles &
Cromwell Streets, Baltimore, Md.

Underground Cable.—Bulletin 37, 8 pp. Deseribes Hazard
Loxsteel cable for underground installation without conduits.
This type of cable is somewhat lighter than double steel taped
parkway eable. Hazard “Manufacturing Company, Willkes-
Barre, Pa.

Pyrometers.—Bulletin 358, 40 pp., entitled “Pyrometer
Instruetion,” is intended as a guide to users of thermo-electric
pyrometers in securing the greatest efficiency and satisfaction.
The Bristol Company, Waterhury, Conn.

Air Compressors.—Bulletin, 140 pp., entitled “100 and 1
Ways to Save Money With Portable Air Compressors.” The
book contains three hundred illustrations and one hundred tables
of comparative cost figures. Ingersoll-Rand Company, 11
Broadway, New York.

Instruments.—Bulletin 1100, 12 pp. Describes new alter-
nating movement now embodied in Jewell sw itchboard instru-
ments, and several other distinctive and highly improved features
of insulation, assembly and construction. Jewell Eleetrical
Instrument Company, 1650 Walnut Street, Chicago, T1l.

Meters.—Bulletin 781, 24 pp., entitled “Coy Meters (Elec-
trical)””. Describes instruments used as a guide to efficient
boiler operation that have been developed as a result of years of
research and actual service conditions. The Leeds & Northrup
Company, 4901 Stenton Avenue, Philadelphia, Pa.

NOTES OF THE INDUSTRY

The Electric Controller and Manufacturing Company,
Cleveland, announces the appointment of the firm of J. B.
MeCarthy and W. P. Robinson as representatives in Canada.
Their offices are at 307 Reford Building, Toronto, and 808
Drummond Building, Montreal, Quebec. The Petroleum Elec-
tric Company, 217 East Archer Street, Tulsa, Oklahoma, have
been appointed representatives in Oklahoma and the Pan Handle
Distriet of Texas.

The W. N. Matthews Corporation, St. Louis, manufacturers
of electrical specialties and mechanical painting equipment,
announce that L. B. Graves, 91 So. 11th St., Minneapolis, will
represent them in certain sections of Nebraska and Iowa, and
that M. P. McClure with headquarters at 305 Seventh Ave.,
Pittsburgh, has been appointed district representative for part
of Pennsylvania, West Virginia & Ohio. A. Klement Hansen,
Jr., has been added to the engineering department. Mr. Hansen
was previously connected with MeClellan & Junkersfeld, of
New York.

The Western Electric Company announces that its sub-
sidiary, Electrical Research Produects, Inc., has taken over from
the Vitaphone Corporation the handling of the sale and commer-
cial relations of the equipment used in theatres for the reproduc-
tion of the Vitaphone. It will continue to operate from the Vita-
phone Company’s former headquarters in the Fisk Building,
57th Street and Broadway, New York.

The organization of a new manufacturing branch at its Haw-
thorne Works in Chicago, by -the Western Electric Company,
to be known as the Specialty Products Shop, is also announced.
Among its many functions are the building of microphones,
vitaphone parts, audiphones, telegraph and railroad signalling
apparatus, test sets and telephone heating coil elements.

Delta-Star Inaugurates Educational Plan.—According
{0 the Delta-Star Eleetric Company, (hicago, the many requests
by colleges for information regarding the new Delta-Star
750.000 volt testing lahoratory indicate that students desire a
better knowledge of the fundamentals of elecirieal testing. To
save time for all concerned, the company has inaugurated a way
of imparting this information by group method. The colleges
arrange to have the students, in charge of their professors, visit
the laboratory on a given date. 'The Della-Star engineers are
thus enabled to give the desired information, make tests and
such demonstrations as will be both interesting and informative

" to the students.

New Type of Electric Locomotive.—The Chicago, North
Shore & Milwaukee Railroad Company is obtaining two 65-
ton electric locomotives which will operate either from a trolley
or from the storage batteries which they carry and which, while
operating from the trolley, can charge their batteries through a
motor generator set. The flexibility of operation of the loco-
motives, the first of their type, will enahle them to switch cars
into industrial plants equipped with tracks but not trolley con-
nections. The absence of smoke, noise and noxious gases will
permit the locmotives to run into buildings where a steam loco-
motive would be ohjectionable.

The equipment of each locomotive includes four 200-horse
power motors and a storage hattery of 192 cells capable of de-
livering 260 kilowatt-hours on one charge. Operating on the
battery, the locomotive ecan haul 33 loaded freight ears 514 miles
at 12 miles an hour on one charge, or run light at maximum
speed of 37 miles per hour. The locomotives are being built by
the General Eleetric Company, and will be equipped with
storage batteries furnished by the Eleetric Storage Battery
Company.

Developments in Cramp Company, Philadelphia.—
The underlying companies of Cramp-Morris Industrials, Inc.,
which was formed recenily to take over the six subsidiaries of the
William Cramp & Sons Ship and Engine Building Company
when the parent company decided to discontinue shipbuilding,
have been extending their operations in the manufacture of
Diesel engines, castings, hydraulic and other machinery.
Several important contracts are being completed and new orders
have just been booked.

Work now under construction in the Philadelphia shops of the
1. P. Morris Corporation includes equipment for four large hydro-
electric installations asfollows: Two 29,000-horse power turbines
for the Nippon Electric Power Company, Komaki Plant, Japan;
two 31,100-horse power and one 25.600-horse power turbines for
the Carolina Power and Light Company, Norwood, North Caro-
lina; three 54,000-horse power turbines for the Susquehanna
Power Company, Conowingo, Maryland, and two 34,000-horse
power turbines for the Washington Water Power Company,
Chelan Development, Washington. '

New contracts awarded the I. P. Morris Corporation incjude
two 25.000-horse power hydraulic turbines for the Upper Tallassee
Development of the Alabama Power Company, and two turbines
of 2580 and 2680 horse power for the Raymondville and Nor-
wood Developments, respectively, of the Power Corporation of
New York.

The Pelton Water Wheel Company, another subsidiary, has
closed contracts for hydroelectric developments including two
30,000-horse power inpulse wheels to operate under a head of
2350 feet for the Feather River Power Company, one 56,000-
horse power impulse wheel to operate under a head of 2200 feet for
the Southern California Edison Company, one 17,500-horse power
Franeis turbine for the Northwestern Power and Light Company,
and three Francis turbines for the Pacific Gas & Electric
Company.
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The careful investor judges a
security by the history of its
performance.

in a half-century of continuous produc-
‘ tion, has spun out a record of perform-

ance that is unequalled in the history of
_insulated wires and cables. ‘

Kerite is a seasoned security.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Linebuilder

RINGING the comforts and the conveniences of modern

civilization to every community—greet the Line-builder.
At the head of each and every little group of these faithful
pioneers of electrical progress—greet the master Line-builder,
the foreman, the boss. And to this army of men ever watchful
for the last word in line construction is dedicated ‘“The Hub-
bard Linebuilder’’, carrying the monthly message of John
Lineman and up-to-the-minute data pertaining to every phase
of the Line-builders’ work.

THE Hardware makes The Line;
Hubbard makes THE Hardware.

Hubbard also issues ‘“The Linebuilder” to show how Hubbard
Pole Line Hardware and Peirce Construction Specialties can
make the line better. JIf you are not already on our mail-
ing list to receive “The Linebuilder,”
your name and address on the coupon
below will insure its delivery to you
monthly in the future without charge.

PITTSBURGH “ OAKLAND,CAL.“ CHICAGDO

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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A partial view of one hundred and six ‘‘automatics” operated by as many New Departure Ball Bearing equipped
General Electric motors. These have been in operation from 8 to 10 hours per day tor 20 months without adding
to the original lubricant placed in the bearing housings by the motor manufacturer at the time of assembly.
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HE advantages of New Departure Ball Bearings in electric motors are

known and have been proven—no guess work about it.

New Departure Ball Bearings sustain radial and thrust loads and maintain
uniform air gaps longer than any other type of anti-friction bearings.

New Departures do not wear measurably therefore never need adjustment.
They consume only a minimum amount of lubricant and require relubricating
only once in 9 to 12 months.

Motor rewinding and bearing replacement costs are greatly reduced, conse-

quently there is less loss of productive time caused by idle motors, men and
machines.
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The New Departure Manufacturing Company
Detroit BRISTOL, CONNECTICUT Chicago
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Two valuable treatises on the
application of New Departure Ball
Bearings to electric motors will
be sent on request. They are
“Cutting Your Costs’’ (non-tech-
nical) and ‘‘Booklet K’ (techni-
cal). Write for either or both now.
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TRANSFORMERS

FERRANTI, INC. LLFERRANTI, LTD. FERRANTI ELECTRIC
130 W. 42ND STREET HOLLINWOOD LIMITED
NEW YORK ENGLAND TORONTO, CANADA

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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Thirty-Five Years of
Sustained Confidence

Habirshaw success began and continues in the
making of good wire. For thirty-five years the
electrical industry has used Habirshaw cable and
wire. Habirshaw has grown with the industry,
not only meeting its needs with quality wire, but
contributing to its standards and progress. Upon
the sound foundation of a “quality first” policy
an engineering and manufacturing organization,
known for its dependability, has been solidly built.

.

HABIRSHAW CABLE AND WIRE CORPORATION

Main Office: 10 East 43rd Street, New York City Chicago Office: 500 South Clinton Street
Plaats: Yonkers, N. Y.—Bridgeport, Conn.—Nepperhan, N. T.

HABIRSHAW

PROVED BY THE TEST OF TIME

Paper Insulated Cable —Varnished Cambric Insulated Cable — Armored Cable— Rubber Insulated Cable

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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any voltage
any capacity
any duty
But one Quality
seemmiy _unexcelled

identified by this monogram.

ENERA]L 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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Testing transformer with one end permanently grounded

THIS 150,000-volt, 60-cycle indoor testing transformer
is oil-immersed, self-cooled, with one end perma-
nently grounded. It has an oil-filled high tension
bushing on one end of the secondary winding, the other
end being brought to a low tension terminal to be
grounded througha meter. By this means it is possible
to measure the high tension current in the secondary.

A voltmeter coil 1s usu-
ally provided in this trans-
former for indicating high i
tension voltage. Two types
of regulators can be used,
namely, auto transformer
switch type and the induc-
tion regulator.

This type of transformer
can be built in sizes from
5to 500 Kva with voltages
up t0 300,000. It issuitable

150,000 volt testing transformer
with one end grounced

for making dielectric tests
on cable, electrical ma-
chines, sheet insulation or
for any similar uses.

Here the same trans-
former is shown removed
from the case. The sec-
ondary winding consistsof a
series Of disc coils, insulated
" from each other by press-
board collars. The insula-

The transformer above removed HOP barriers hetween the

from its case high tension winding and

AMERICAN TRANSFORMER CO,,

the outside legs of the core are supported by a rugged
frame. This is attached to the top portion of the core.
Hence, the entire unit can be lifted out of the case with-
out disturbing the assembly of insulation. Additional
barriers are provided in the case to protect the exposed
portion of the high tension winding. These barriers are
well secured so that when the transformer is removed
the assembly is not disturbed.

Spherical sparK gap volt meter
for measuring high tension voltage

This device consists of two copper spheres rigidly
mounted on a convenient framework. The upper sphere
is stationary. The lower can be moved in a vertical
position. The pointer on the dial shownis attached to
the lower sphere shaft and its motion is proportional to
that of the lower sphere. Two scales are provided, one
in red, the other black.
The red scale is to be
used when the lower §
sphere is grounded, the
black scale when both
srheres are free. These
scales are calibrated in
kilovolts.

The complete device
can be mounted on
casters if desired. The
size of sphere and range
is given below. The same
type of mounting is used
on various size spheres
listed.

Diameter of Sphere Range in
in Millimeters Kilovolts
62.5 10-90
125 30-180
250 60-320
500 80-400
In this instrument we |

have provided a microme-
ter scale for indicating dis-
tance between spheres and
the reading on this scale
can be used with A.[.E. E.
standard tables for check- ¥
ing calibration of meter.
This check will only be
necessary occasionally,since
the meter calibration will not change.

The supporting framework is built of a high grade Cali-
fornia redwood which has high dielectric strength and does
not warp or split readily.

The 62.56 and 125 millimeter sizes will be mounted on
casters when required, :

Balletins 1020+], 1025-], 19304],
1035+], and 1040:] sliould be
in your files. Send for them.

176 Emmett Street
NEWARK, NEW JERSEY

Plcase mention the JOURNAL of the A. §. E. E. when writing to advertisers.
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Two 19,500-kv-a. G-E horizontal
Waterwheel-driven Generators

One of the seven 6667-kv-a.
110,000-volt G-E Transformers

G-E Main Switchboard, with
annunciator which indicates all
relay operations

Three of the FHK0-39 110,000-
volt Breakers

N H W N =

Three of the FH-206 Breakers

GENERAL

GENERAL ELECTRIC COMPANY, SCHENECTADY,

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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‘or the Northwest

The Baker River plant is the latest addition to the
generating equipment of the Puget Sound Power & Light
Company. This company supplies most of the commer-
cial power in the Puget Sound district of the State of
W ashington—more than 30,000 square miles—including
the cities of Seattle, Tacoma, Bellingham, and Everett.

The plant is laid out for a future addition of two units,
giving an ultimate capacity of 96,000 horse power.

The General Electric Company furnished the two 19,500
kv-a. generators, seven transformers, main switchboards,
both the high-tension and low-tension breakers, and
lightning arresters.

G-E representation in the Baker River plant exemplifies
the prominent position occupied by General Electric in
the equipment selected for modern stations, both hydro-
electric and steam.

100-6

ELEC

SALES OFFICES 1IN PRINCIPAL CITIES

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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“What is your attitude
regarding overload ?

% —)
/(?ep/ylhg o RHB.
- Re:Transformer Overloads

Prolonged heavy overloads shorten the life of a trans-
{ former because the insulation deteriorates when over-
| heated. Overloading is also inefficient. The copper loss
increases as the square of the load {see curve}, and good
transformer design balances the no-load and load losses

for most efficient operation at from

EREED 75% to 100% rated capacity.
g0 |—1 1
] 5/ | Many Kuhlman Transformers suc-
- | & cessfully carry heavy overloads for
g // short periods of time and even con-
= { ! tinuously — but we do not recom-
S CORE LOSS o .
= | ' mend this as general practice.
80 T .
Kuhlman Transformers have liberal
20 // | ratings and the coil ventilation is
20— i ; such that more coil surface is ex-
AT posed to. the oil, which keeps down
PER CENT LOAD

the coil gradient.

It is the policy of many engineers to anticipate their load
increases for a number of years. There are large utili-
ties that make a practice of purchasing banks of three
transformers large enough to carry present full load on
open delta.

This is one of a series of answers to important questions frequently _
asked us regarding transformer design, construction and operation.

N

/

KUHLMAN ELECTRIC CO., Bay City, Michigan

_Unit 2, Santa Fe Bldg. Minneapolis.....1004 Marquette Ave. Salt Lake City..134 West 2d South St.

e —2 igh and Barges Sts. Dallas..
i ng...411 Gleni Bldg. Denver...ccooeeeees 1843 Wazee St. New York . ......... 300 Madison Ave. San FranmcisCO........... Call Bldg.
..69-71 High St. Detroit ..3-260 Gen. Motors Bldg. Oklahoma City...... 1013 Braniff Bldg. Seatle 314 Seneca St.
380 Carolina St. Greensboro, N. C......333 S. Davie St. Omaha........... 727 W.O. W. Bldg. Toledo....or-.- 424 Spitzer Bldg.
844 Rush St. Indianapolis..202 Indiana Ter. Whse. Philadelphia.......... 1700 Walnut St. Washington...... 1328 New York Ave.
308 Union Trust Bldg. LosAngeles 316 American Bank Bldg. Pittsburgh..... 839 Oliver Bldg. N. W

627 Union Trust Bldg. Milwaukee......... 1031 Clybourn St. Saint Paul............... 1479 Blair St. York, Pa. .o 335 W. Market St.

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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TO SOLVE AN
INSULATING
PROBLEM

SPECIFY W7 e

N ND. 104

INSULATING COMPOUND SEMIFLUID

Hi Oh
Voltaoe
Insulatlno

Compounds

RRRRRRRRRRRRRRRRRRRRR

Flash Point, - 428deg.F.
int, - - 514 deg.F.
Pouring Temp. - 230deg.F.
o not heat above 300 deg. F.

AAAAAAAAAAAAAA

MINERALLAC FLECTRIC COMPANY

1045 Washington Boulevard
CHICAGO, ILL.

FOR
HIGH VOLTAGE

CABLE JOINTS

MINERALLAC

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers




12

ADVERTISING SKCTION

The new Locke Catalog— just off the
press—contains over 250 pages of useful
information for anyone who is in any way
concerned with high voltage transmission.

Since 1894, when Locke produced the
first wet process porcelain insulator,
Locke Engineers, with every facility for
research, have steadily improved both

LOCKE QUALITY

PORGCELA

Journal A. 1. 1. T,

material and design. The results of these
years of experience and research are em-
bodied in this new catalog.

Your name and address on a post card
to the Locke Insulator Corporation, Bal-
timore, Maryland, will bring this valuable
book to your desk straight from the press.

LOCKE SERVICE

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Anticipating California’s
Future Growth

| e O meet the growth in California,
.~ @ the Southern California Edison
EF 2 m Company added 429,000 horse
P power between 1921 and 1925.
This increase is 114% compared

with 54% for the whole country in the same

five-year period.

The company’s present capacity is 807,000
horse power and another five years’ growth at

this rate will see a demand of 920,000 horse
power more.

A new plant now under construction will have
the world’s largest electric generators, the
world’s largest tandem compound turbines and
the world’s largest horizontal water tube boilers.
It is designed for an ultimate capacity of
1,000,000 horse power.

This is the sixth time Southern California Edison
Company has employed Stone & Webster con-

struction service in its program of extension.

STONE& WEBSTER

INCORPORATED

Boston, 147 Milk Street
New York, 120 Broadway
Chicago, First National Bank Bldg.

Philadelphia, Real Estate Trust Bldg.
San Francisco, Holbrook Bldg.
Pittsburgh, Union Trust Bldg.

Please mention the JOURNAL of the A. I. E. E. when writing to adverlisers.
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/' 800 Amperes

'Automatic
A-c. Network Protectors

Provide power-directional protection between
network systems and feeder transformers.

500 Amperes

Ratings
Motor operated—=800, 1200, and 2000

amperes. Solenoid operated—500
amperes

Submersible and non-submersible
Compact—Efficient—Reliable

Network Protectors

— part of the complete line of The many G-E automatic network pro-
Electric equipment . . .
Sl ey tectors now in service are proving these
ower generating and 5
cg’istributmg apparatus claims.
490-1
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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: ' = —#0-O __ Affords greater service

3 i '~1"<“
: = U= advantages plus economy
i\
kﬁ% \ A i O 2 These six G & W potheads of differ-
R lé\ 2 “ . ent shapes on this pole top show the
i””‘ it .. possibilities of space economy on the
RN Cross arms.

The single phase line can cornnect to
any conductor of the four wire,
Shape G, disconnecting pothead (4),
. ~ without affecting the arrangement.
o —— Theconnection of the three phase line
— to the Shape C, disconnecting pot-
=4 head (1), is a typical example of neat-
¥ | = \5 e ness possible with G & W potheads.
e .- Potheads (1) and (4) illustrate also
D O i\ L | ¢ the ease of pothead disconnection for
phasing out trouble and killing the
cable.
The single conductor potheads (2)
terminating the graceful bend of the
conduits assist greatly in carrying
out the scheme of symmetry.
The capnuts are an easy and effective
means for connecting to the catenary,
in electrifying this steam-road.
The Schuster Bell (3) on the end of
the conduit prevents cable creeping.
Installed quickly and easily after
pulling cable. Isa cable support and
seals conduit.

: G & W Equipment Provides
TR for the Emergency

24
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' e ~ G &W Electric Specialty Co.

N 7780 Dante Ave., Chicago
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Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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SPANISH EDITION
A.LE.E. STANDARDS

- T

HIS SERIES of pamphlets, published by the Burcau ol Foreign and Doniestic

Commerce, consists of Spanish Translations of certain of the standards

promulgated by the American luoslitute of Electrical Engineers. These
specifications are commercially acceptable and represent good practice in the
United States.

The object of their translation and publication is Lo develop a broader knowledge
and use of the standards and to lacilitate trade in electrical products hetween the
United States and Spanish-speaking countries.

AVAILABLE PAMPHLETS

1. General principles upon which temper- 13. Transformers, induction regulators. and
ature limits are based in the rating of reactors,
electrical machinery and apparatus. 4. Instzumen biransformers,

5. Direct-current, rotating machines, gen- - .
e e 15. Industrial control apparatus.

7. Alternators, synchronous motors, and 16. Railway control and mine locomo-
synchronous machines in general. Live control apparatus.

8. Synchronous converters. 19. Oil circuit breakers.

9. Induction motors and induction ma- 22. Disconnecting and horn gap switches.

chines in general.

10. Direct and alternating current frac- o o
tional horse-power motors. 37. Hlumination.

11. Railway motors. L1, Insulators.

30. Wires and cables.

For convenience in filing or binding, the form and size of the English edition have been follozwed.

The price of each bulletin available is 10 cents,
except No. 1 and No. 14, which are 5 cents.

For sale by the

Superintendent of Documents, Government Printing Office, Washington, D. C.,
or any district office of the Bureau of Foreign and Domestic Commerce

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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STANDARDIZING LABORATORY
GENERAL ELECTWIC COMPANY, LYNM MASS. U5 A
SINGLEPHASE WATTMETER
L LR - CAPALTY scrfree ‘dec
MAXIMUM AMPCHES MAXIMUM VOLTS
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QUALITY

Quahty., as embodied in G-E Portable Instruments, signifies
somet.hmg more than an accurately assembled un’it of fine
mate1:1als. It is the achievement of a generation’s experi-
ence in Fhe art of co-ordinating research and manufactur-
ing facilities, and is reflected in terms of confidence

engineers the world over. mene

GENERAL ELECTRIC
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G-E Standard Heavy-duty
Pressed Copper-tube Terminals

Pressed, copper-tube terminals were originated
by General Electric 20 years ago. Today, more
than 100,000,000 are in use.

The experience gained through these years from
the manufacture of electric equipment for every
service has made possible terminals which:

—have low temperature rise

—are proved by test

—are neat in appearance

Tubes are resin-treated to prevent oxidation and
to assure a reliable soldered joint.

Switchboard Accessories Your nearest G-E office will supply you with
—part of the complete line of information on terminals for every cable size up
General Electric Equipment exqe . .
to control and protec; to 2 million cir. mlls, and for one-, two-, or four-
ti an o
g;)s\f‘./reixl;txggﬁzrgl;gagratus bolt fastenmg.

500-10

GENERAL ELECTRIC

GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y., SALES OFFICES IN PRINCIPAL CITIES
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General view of the Essex 132 K. V. Outdoor Substation of
Public Service Electric and Gas Company, designed and con-
structed by Public Service Production Company, Newark, N. J.

The secondary leads consist of three 3}4” O.D., 234" L. D.
Anaconda Copper Tubes per transformer bank, spaced on 2’6"
centers; length of space between insulator supports, 20 feet.
Anaconda Tubes supplied by Hungerford Brass € Copper Co.

Anaconda

Bus Tubes

For economical construction:
conductivity of Anaconda Bus Tubes can be main-
tained at 98% when the tubes are hard drawn,
and 99% when the tubes are soft. Anaconda Bus
Tubes of high conductivity finished soit,-or with a
light draft, may be flattened without cracking, so
that connections can be easily and quickly made on
the job without the use of separate terminal lugs.

For wide spacing:—Deoxidized Copper Tubes
are also supplied which will flatten without crack-
ing even when hard drawn. The conductivity of
such tubes, however, is not guaranteed to be in
excess of 94%. The rigidity of hard drawn tubes

permits relatively long distances between insulating
supports without danger of sagging or troubles
from vibration.

For large currents tubular conductors are more
efficient than solid conductors on account of the
tendency of the current to crowd itself away from
the center of the conductor. This advantage is
particularly noticeable when the current at 60
cycles exceeds 2,000 amperes. The efficiency of
tubes over flat bars increases as the current in-
creases, and also as the frequency of alternation
increases.

Electrical Engineers are invited to investigate the
adaptability of Anaconda Bus Tubes to their
requirements. Qur Electrical Engineering Depart-
mentis at your service.—THE AMERICAN BRASS
COMPANY, General Offices, Waterbury, Conn.,
Offices and Agencies in principal cities.

ANACONDA COPPER

BRASS

ANACON pA

from mme 'o consumer

BRONZE

Please .mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Transforming a Vast Desert into a
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Illustrations are of
a 66,000 and a
110,000-volt line us-
ing O-B 25622 sus-
pension units in
suspension and
strain positions
with O-B suspen-
sion and strain
clamps.

Famously Fertile Valley—
such is the work of the

San Joaquin Light & Power Corp.

F ALL the forces and influences that

have contributed to the transforma-
tion of the San Joaquin Valley from
desert to virgin paradise, irrigation and
electricity are foremost. Canals which
carry waters of the mountain streams,
and power lines which operate thousands
of pumping stations, have converted
vast stretches of desert into gardens.

Over 7 million acres of fertile land, dot-
ted with 147 towns and cities—such is
the San Joaquin Valley. It is said that
nowhere on earth is there an area as ex-
tensive and with such productive possi-
bilities as this

More than one-third of California’s agri-
cultural wealth lies in this great valley

and the smaller valleys of the adjacent
coast country. Approximately one-third
of California’s oil is produced from the
oil fields bordering these valleys. Thou-
sands of these oil wells are also operated
by electric motors.

Such is the scene of operation of the San
Joaquin Light & Power Corp., with its
7164 miles of transmission and distribu-
tion lines, carrying 289,471 h. p. to the
agricultural and industrial activities of
this fertile valley. This power from 12
hydro and 3 steam electric plants, is
transmitted mainly at 110,000 and 66,000
volts on lines using thousands of O-B
suspension and pin type insulators with
O-B hardware fittings.

Journal A, L. 1. 1,

HESNSISSZ ST

Ohio Brass Company, Mansfield, Ohio
Dominion Insulator & Mfg. Co., Limited
Niagara Falls, Canada
407H

rass Co.|

PORCELAIN
INSULATORS

LINE MATERIALS
RAIL BONDS
CAR EQUIPMENT

¢ MINING
” = PHILADELPHIA  PITTSBURGH CLEVELAND MATERIALS .
SALES NEW YORK P
OFFICES: CHICAGO SAN FRANCISCO  LOS ANGELES | VALVES J

———
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Left!—Left'—with machine-like 'precision every foot and arm
swings forward as one. Imagine the effect that one man out of step
would have on that perfect line of march! But it never happens.

Each individual does his part exactly righ. Safety Enclosed Switchboard, Removable
Truck Type

The same sort of teamwork from engineer to
inspector must be developed to build switchboards
that are one hundred per cent right. The Condit
organization possesses the facilities to design and
build the type and size of switchboards that will
meet your exact requirements and the teamwork to
make them as near perfection as humanly possible.

CONDIT ELECTRICAL MFG. CORPORATION
Manufacturers of Electrical Protective Devices
Boston, Mass. -

Northern Efecrric Company
L TED

Sole Distributor for the Dominion of Canada

Qutdoor

For safety enclosed switchboards — removable
Switch House

truck type —benchboards, electrical and manual
75 controlled switchboards, get in touch with Condit.
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By-products of your telephone

HE microphone, familiar to the radio
world, has been called “younger
brother of the telephone.”

It is but one of a family of products
which owe their existence ro the com:
munication system engineers and to the
men who made your telephone at Western
Electric.

Forty-five years® experience as manufac-
turers for the Bell System has brought not
only a telephone that is the worla’s stand-
ard, but also a Vitaphone to give a voice
to the motion picture screen; an Audi-
ometer to test the hearing with accuracy
never before possible; an  Audiphone
which gives new aid to the hard of hear-
ing; an Electrical Stethoscope to amplify
the faintest heart sounds; a Public Address
System to carry a speaker’s voice to crowds
of thousands and tens of thousands.

Aundiphone

| of your
f . telep/yone

\§S\J\<NAC]E LI 882 MANUFACTURERS FOR THE BELL SYSTEM
- Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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o
CERTIFIED
MALLEABLE
IRON GUARANTEED
GAINST
C@Ttifi@d M&M@&bl@ T
el & ' ELIMINATES
Rod and Pipe -
e L THIMBLES
- SEARNEY,
e R =
PIPE ANY i
PE AnY WELVE sizes of Kearney oL 6
SPECIFIED : pipe and steel rod screw type OVERALL
THREADED anchors to select from to meet S
SOCKET your installation requirements. —
P — Note the added features of this ELIMINATES S
THICKNESS complete line of anchors . ... all R A
ready for immediate shipment, too. ERETEGS

CERTIFIED
MALLEABLE
IRON

MANUFACTURERS OF

Malleable Anchors . .. Expulsion Porce-
lain Plug Cutouts .... Fuse Switches ....
Disconnecting Switches. ... Choke Coilsand
Combinations .... Aluminum, Galvanized
iron, and Copper Guy Wire Clips....Ex-
tension Sleeve Twisters with Interchange-
able Dies ... Deadend Eyes.... Solderless
Service Connectors .. .. Special Porcelain
Mountings.

#

With This Guarantee

Made of pre-heated certified malleable iron,
all Kearney Screw Type Anchors are guar-

-anteed against breakage. Either the pipe rod

type or the steel rod type will conquer any
soil conditions encountered in anchor install-
ation . . . Kearney Wrenches are also guar-
anteed against breakage.

JAMES R. KEARNEY CORPORATION

4230M Clayton Avenue

ST. LOUIS, MO.

'ConpORATION
51 Louis, #0.

K

WRITE FOR BULLETIN
Anchors ..o vimvii i 300

Solderless Service Connectors 310
Switching Equipment ..... 312
Plug Cutouts.............. 315
Porcelain Mountings ...... ... 316
Guy Wire Clips. . ... .ccovvuirinnn. 320
Extension Sleeve Twisters......... ... 325
Deadend Eyes ... .........ooooiiiii 326

KEARNEY

OVERHEAD AND UNDERGROUND UTILITY EQUIPMENT

Please mention the JOURNAL of the A. [. E. E. when writing to advertisers.
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HE new Columbia Park station

of the Columbia Power Company,
Cincinnati, is famous for its many re-
finements in equipment that make for
economy and reliability above ordi-
nary good practice. SANGAMO In-
strument Transformers are used in
this station as well as in the substa-
tions of the aitiliated operating com-
pany. Those shown in the photograph
are Type SF. These transformers are
designed towithstand the mechanical
and thermal effects of heavy short-

HIGH HEAT-CAPACITY
TRANSFORMERS

circuits, and yet give the accuracy re-
quired for ordinary metering practice.

They have approximately six times
the thermal capacity of the standard
high accuracy Sangamo Type F asa re-
sult of which they will stand 200 per
cent normal current continuously and
operate satisfactorily on low power-
factor circuits,

For uninterrupted safe service plus
high accuracy use Sangamo trans-
formers.

' See our exhibit in Booths 359-361,

N.E. L. A. Convention, Atlantic City

INSTRUMENT TRANSFORMERS

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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Our new alternating current iron vane movement is
the result of 27 years’ experience manufacturing elec-
trical measuring instruments. It is the finest piece of
instrument design and workmanship to be found any-
where in the world, and embodies several distinctive and
highly important features of insulation, assembly and
construction not incorporated in other instruments.

Jewell representatives in the principal cities have
samples of this instrument, and all its movement parts.
We are anxious that all electrical engineers have an op-
portunity of making examination and comparison.

V.
o

A constructional bulletin No. 1100 describing and
illustrating this new movement will be mailed upon

request.

JEWELL ELECTRICAL INSTRUMENT CO.
1650 WALNUT ST.
CHICAGO
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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MATTHEWS

FUSWITCHES

DISCONNECTING ¥

VERTICAL
OPEN TYPE

UNDERSLUNG
OPEN TYPE

CLOSED
TYPE! heat on 1009, loads and will clear the

and

SWITCHES

(INTERCHANGEABLE)

THE W. N. Matthews Corporation
has perfected a complete line of Fus-
2 witches and disconnecting switches for
use on lines up to and including 15,000
volts.

These Fuswitches are capable of inter-
rupting enormous short circuit currents,
and can be depended upon to give satis-
factory protection over a long period of
years. When fused with Fast Blowing
Matthews Fuse Links they will not over-

circuit on dragging overloads in from
2 to 12 minutes when current exceeds
marked rating of fuse by 159,. The dis-
connecting switches carry their rated cur-
rent without overheating.

The housings for the closed types are
made of genuine Tidewater Cypress,and
are guaranteed to withstand weathering
for a period of ten years from date of
purchase. All bushings and mountings
are genuine wet process porcelain. Mat-
thews Fuswitches have great rupturing
capacity and are guaranteed to rupture
twenty times their rated capacity. In a
recent test the Type HQ cleared 53 and
the Type OK 36 consecutive shorts
through the same cartridges without the
slightest damage being done to the Fus-
witches or equipment. Matthews Fus-
witches may be quickly converted into
a disconnecting switch by substitut-
ing a solid disconnecting blade, made for
this purpose, for the fuse cartridge. Used
for protecting transformers and for sec-
tionalizing over head power circuits.

For detailed information pertaining to
the various types of Matthews Fuswitch-
es and Disconnecting Switches, send for
48 page Bulletin 502.

SCRULIX
ANCHORS

Tanrz widely used anchors are made
In a variety of sizes to meet every
anchoring need. Their design makes them
particularly adaptable to use in sandy or
swampy ground as well as in hard-pan or
baked clay. They can be quickly screwed
down, and when installed, cannot creep
or crawl. Hard ground installation is
made easy by boring a small pilot hole
with the patented Matthews Hinglox
Auger. Matthews Scrulix Anchors have
no mo ving parts to adjust or that might
carelessly be buried unadjusted. Nothing
to assemble; they reach your men ready
to install.

When screwed down they rest in solid
undisturbed earth. The Ratchet Handle
makes it easy to install Matthews Scru-
lix Anchors close to walls, fences and
other obstructions, which would other-
wise make the installation practically im-
possible. It also makes it easier to make
installations at angles less than 60°.

Breakage
Guarantee

All Matthews Scrulix Anchors are absolutely guar-
anteed against breakage either in shipment,handling
or during installation. If any customer will notify us
of any broken anchors he may have, regardless of
how they became broken, we will ship new helices
of the size or sizes designated, all charges prepaid
and without charge. This guarantee dates back to
1910. Beware of “justasgoods.” They are flattering
to us but dangerous to you. Look for SCRULIX on
the helix.

For complete information send for Bulletin 8o;

R e

Please mention the JOURNAL of the A. [. E. E.

when writing to advertisers.
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ADJUSTABLE
REEL

for both Pay Out
and Take Up

Matthews Adjustable Reel
makes the handling of wire on
coils very easy—much more so
than wire on wooden reels.
Since the wire can be purchas-
ed in coils, the cost of the
wooden reels and their freight
charges are saved. Fits any
size coil. When stringing wire
it is not necessary to pull wire
down on to the road and then
coil by hand as the pulling out
and coiling can be done at the same time on the Mat-
thews Adjustable Reel. The reel table is metal and can
be grounded, affording safety to operator. For com-
plete information send for Bulletin goo.

THE MATTHEWS
STRAINOMETER

For use with the No. 730 Slack Puller.
This dependable device measures the
strain to which the wire or guy strand has
been pulled by means of graduations on the
Movable Strain Bolt. Each graduation de-
notes 250 pounds strain. Can be easily at-
tached to either end of slack puller. Also
for measuring strain on block and tackle.

ADVERTISING SECTION
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SLACK
PULLERS

Enable one man to do the work of four when taking
the slack out of guy strand, messenger wire or changing
strain insulators on high tension lines, or for splicing
trolley wire, telephone or power cable under tension.
Also used for pulling back underground cable. Takes
the place of block and tackle. One man can easily pull
3000 pounds with the 730 or 10,000 with the 7100.
No slack is lost in dead ending as strain is held to the
exact point pulled. With the new Quick Release fea-
ture, when the entire take-up has been used, the wire
is temporarily dead-ended and the lock released. This
permits the Slack Puller to be immediately extended to
its maximum or any intervening length. For additional
information send for Bulletin 7o1.

A No. 7100, Capacity 10,000 pounds
A Complete Display of Matthews Products may be seen at Space 162-164 Million Dollar Pier

W. N. MATTHEWS CORPORATION

3700 FOREST PARK BLVD., ST. LOUIS, U. S. A.
Offices

ATLANTA, GA.
138 Marietta St.

CHICAGO,ILLINOIS
320 S. Franklin St.

BALTIMORE, MD.
216 E. Lexington St.

BOSTON, MASS.

DALLAS, TEX.
2425 Commerce St.

DENVER, COLO.
1429 18th St.

LOUISVILLE, KY.
88 Kenyon Bldg.

MINNEAPOLIS, MINN.

Statler Bldg. 91 South 11th Street
CLEVELAND, OHIO NEW ORLEANS, LA.
Rockefeller Bldg. 3032 Fern St.

SAN FRANCISCO, CALIF.

NEW YORK, N. Y.
30 Church St.

PITTSBURGH, PA.
305 7th Ave.

LONDON, ENGLAND
F.J.Down, 90-92 Fenchurch St.
London, E. C.

MELBOURNE, AUSTRALIA
(R&C) Thomas Bros. Pty. Ltd.
201-203 Williams St.

WELLINGTON, N. Z.
A. C. Thomas
19 Bank of New So. Wales
Chambers, Lambton Quay

301 Rialto Bldg.

MONTREAL, CANADA
G. D. Peters & Co., Ltd.
New Birks Bldg.

There is a Matthews Distributer in Every Principal City.

(2 © —— — pa— =
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ADVERTISING SBCTIO) Journnl A. f 14, K

ROLLER BEARINGS

The red bands on Howell motors have become a sign of their

character. Contributing to Howell character and succes$ are

Timken Tapered Roller Bearings. More than a means of elimi-

nating friction, Timken Bearings add extreme durability, high

capacity for thrust, shock and radial loads, starting efficiency,

lubricating economy and refinement of design.

In smaller, simple, perfectly sealed mountings— without any
shaft wear or auxiliary parts—Timken Bearings scientifically
carry ALL the load on their POSITIVELY ALIGNED ROLLS of
Timken electric steel.

The best records in industry, for extended motor life and re-

duced motor cost, are being made by Timken-equipped motors.

THE TIMKEN ROLLER BEARING CO., CANTON, OHIO

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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Synchronous
Motor Drives

Allis-Chalmers Synchronous Motors
are being used in a great variety of
industrial applications.

They operate at a constant speed
even under varying loads, and with
uniformly high efficiency at frac-
tional loads.

The ability to operate at unity
power factor regardless of the
power factor of the line, together
with the corrective effect on the
power factor of the system, that
may be obtained by increasing their
excitation, are prime reasons for
the increasing demand for these
motors.

Some typical installations are shown
in the accompanying photographs.
Allis-Chalmers Synchronous Motors
are built in a wide range of speeds
and capacities for various service
conditions.

N
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)
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Consult our Engineers regarding their
possibilities in your plant.

ALLIS-CHALMERS
MANUFACTURING COMPANY

Milwaukee, Wisconsin, U. S. A.
District Offices In All Principal Cities

it

W
SRS

W

AR

MILWAUIREE, WS, W. . Elo
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The Morgan-Gardner Flectrio
Co., Harvey, lllinals, pyson
“HOFFMANN'' Preocision
Roller Bearinge on the pinion
end of its locomotive motor
shafta, to resist the heavy
shookns and stresses at this
point,

......

HE outstanding quality of “HOFF-

MANN?” Precision Roller Bearings

is their rugged reliability — their

tremendous capacity to resist heavy

s temporary overloads, shocks, jar and
vibration. Yet this great load-ability is
not secured at the expense of speed-
ability — which is equal to that of any
ball bearing. Their extreme simplicity
is another factor in their favor.

v® X 99
/I—__\;_x Let us send you Catalog 904, de-
PRECISION scribing “HOFFMANN”’ design

and construction in detail,

In both open and closed type, provide

the engineer and designer with high- .

duty begarings of “Precision” quality for NORMAvHOFFMANN BEARINGS CORPORATION
those purposes where the loads are STAMFORD, CONN. . . U.S. A.

moderate and steady, and the need for

speedability and reliability imperative. NB-872

VFFMAN

PRESISION
RYLLER BEARINGS

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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1% horse-power Century Type RS Repulsion-start
Induction Single-phase Motor

The first commercially -practical
electric refrigerator was equipped
with a Century Repulsion-start
Induction Single-phase Motor—
because the performance of Cen-
tury Single-phase Motors was
then, as it is now, more than
adequate to meet all the service
and power-supply requirements

FOR ELECTRIC REFRIGERATORS

of the installation. <~ < The pro-
nounced popularity of the }4th
horse power motor among the
Refrigerating Industry and
Central Station Operators results
from the satisfaction that has
accrued to all interested in their
operation during the past 13 years.

1 .. The %th horse-power motor is particularly quiet at
starting—quietin operation—quiet at stopping.

2 .. Characteristics are permanent and well balanced. The
product of efficiency and power factor is high.

3 .. Brushes last for years because they are in contact with
the commutator only during the starting period —approx-
imately 1/900th part of the time the motor is operating.

4 . . The Century Wool-yarn System of Lubrication assures
at least one year’s continous 24-hour-per-day operation—

without reoiling.

Century Repulsion-start Induction Single-phase Motors are built in all standard sizes
from 14 to 40 horse power . . . Temperature rise not more than 40° Centigrade.

There is a decided difference!

CENTURY ELECTRIC CO. - 1806 Pine St. - ST. LOUIS
32 Stock Points in the United States and More than 50 Outside Thereof

( They Keep

184 to 40 H. P.

d~79u_/zm'/19 g

18 to 40 H. P.

Please mention the JOURNAL of the A. L. E. I©. when writing to advertisers.
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—in All Industries

OTOR performance and motor

life depend upon many factors—
soundly developed and properly bal-
anced factors. But no single develop-
ment within the last quarter century
has been of such outstanding impor-
tance as the Sealed Sleeve Bearing.

This is not an idle boast. Performance
records, under all kinds of operating
conditions, and including the most
gruelling ever encountered, have proved
the Sealed Sleeve Bearing to be both the
trouble-proof bearing and the trouble-
preventing bearing.

In cement mills where dust flies thick
and fast; in dry grinding, where the tiny
particles of metal have heretofore quick-
ly eaten into the heart of the bearings;
in mines and quarries; in lumber, textile,
steel, and other mills—everywhere, in
all industries, the Sealed Sleeve Bearing
has demonstrated the importance of
simplicity in bearing design and the
further value of “sealed” simplicity.

Westinghouse

" The
Sealed
Sleeve

T'Bearing
is performing

e

Oiling is only a once or twice-
a-year job—because the oil
stays put and remains clean.
And when, eventually, renewal
becomes necessary, it can be
done easily and quickly and
economically.

These and other advantages
have been proved by years of
performance—proven so def-
initely that the Sealed Sleeve
Bearing is not only the accepted
bearing; it now is the demanded
bearing wherever electrical en-
gineers and motor users have
observed its advantages.

Westinghouse Electric & Manufacturing Co.
East Pittsburgh Pennsylvania
Sales Offices in Al Principal Citier of
the Usited States and Foreign Countries

X744

Motors
With

Sealed Sleeve Bearings

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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AUTOMATIC
PUMPING

Pumps that operate automatically day after day, without an attendant
on the job, are a real economy; no station attendants, no expensive
boilers and standby equipment, no dependence upon the human element.

June 1927

Electrically driven pumps can be started and stopped automatically as
the water level in the storage tank varies and you will always be
assured of a ready water supply. EC&M Automatic Pump Control

Equipment is your guarantee.

Your pumping stations can be controlled by EC&M Float Switches
or Altitude Gauges through EC&M Oil-immersed Automatic Compen-
sators or Across-the-line Starters for A.C. motors and through EC&M

Direct Current Starters for D.C. motors.

An EC&M Altitude Regulator will maintain the water level in a
storage tank fifty feet high within limits of one foot. This is done
automatically through the electrical contacts in the Regulator which
are a part of the circuit that controls the starting and stopping of

A'K'_‘Avﬂv)‘ - —

N Vawp,

the pump motor.
The EC&M Cushion Tank and Valve installation, as shown in the
diagram below, is designed to prevent those pulsations of the Regulator
needle which result from the surging of the water in the pump
discharge line. Spasmodic starting and stopping of the pump motor
will not occur where this cushion tank is provided.

awr,

N\ /S 4

y

Send for Specification Sheets S-21 and S-25 and
Bulletins 1016-B, 1020-4, 1033-B and 1042-F.

24

)

W

REGULATOR

'/"/‘

TO SERVICE
SWITCH’J_

—

ALTITUDEL S/

REGULATOR

"’A

el

‘{cusmor\:

CUSHION VALVE

SHUT-OFF VALVE
Ir

1 — ]

e O

AUTOMATIC}\

EC&M AUTOMATIC
COoM F’ENSATOBA

THE ELECTRIC CONTROLLER & MFG. CO.

BIRMINGHAM - BROWN-MARX, BLDG, - PHILADELPHIA-WIHERSPOON BLDG,
cHIcAGO-CoNwAY BL0c. CLEVELAND,OHIO PpITTSBURGH-OLIVER BLOG.
CINCINNATI - |STNATIONAL BANK BLDG. SAN FRANCISC0-CALL BUILDING
DETROIT-DIME BANK BLOG.” LOS ANGELES- AMERICAN BANK BLDG. SEAT TLE-570 COLMAN BLDG.
NEW YORK-50 CHURCH ST. SALT LAKE CITY-228 W. SO.TEMPLE TORONTO -METROPOLITANBLOG

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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HINK of living in a city where traflic regulations
are poorly enforced. Accidents are frequent and
expensive and the situation so dangerous to all that it
is certain immediate corrective means are necessary.
Resistors are placed in a circuit as the “traffic cops”
of current. Their job is to prevent shifting or variable
currents by allowing only a pre-determined and
definite amount of current to flow. Applying a term
unusual to resistors, they must be efficient.
To be eflicient resistors must have the essential
characteristics of —

1..Compactness.
2 .. Harmless heat dissipation.

3 .. Protection of resistive element against mechanical
or chemical injury.

4 .. Lack of bare hot metal surfaces to offer fire risk.

5.. Aged resistive element preventing erratic changes
of resistance value in use.

6..Low cost even compared with homemade or make-
shift resistors employing bare wire, cements, shellac,
or other non-permanent coating.

Vitreous enamel protected Vitrohm Resistors alone
possess all of these characteristics. They are available
— quickly — in resistance value from 1 to 1,000,000
ohms to fulfill any special space or mounting conditions
met with in your resistance problems. More than 35
years of manufacture and research are at your disposal.
A letter outlining your needs will bring full informa-
tion on Ward Leonard Vitrohm Resistors.

N0 s the traf

ofcunent |

Jonranl A |

The Construction of a
Vitrohm Resistor Tube

. Porcelain tube, unaflected by heat or atmosphere,

and having an expansion coefficient similar to that
of the other Resistor Components.

. Wire, of practically zero temperature coefficient of

resistance, evenly wound on porcelain tube.

. Vitreous enamel entirely surrounding both rcuistance

wire and terminal connections protects resistive ele-
ment and offers a dissipating surface far in excess of
the area of resistive element alone.

. Complete section of Vitrohm Resistor Tube. Vitreous

Enamel permanently bonded 10 resistive element and
terminal connections. A resistor capable of an in-
definite useful life running continuously at its full
rated load.

Ward Leonard/%c’rric Company

37-41 South Street u Mount Vernon, N. Y.

Cleveland—W . P. Ambos Co.

Detroit—C. E. Wise

Los Angeles—Bell &3 Slimmon

New Orleans—Electron Eng. Co., Inc.
Melbourne and

Adanta—G, P, Atkinson
Baltimore—]J. E. Perkins
Boston—W. W. Gaskill
Chicago—Westburg Eng. Co.

Philadelphia—W . Miller Tompkins
Pittsburgh—W . A, Bittner Co.
San Francisco—Elec. Mat'l Co.
Seattle—T.
vdney, Australia—Warburion, Franki. Lid.

S. Wood

St. Louis—G., W. Pieksen
Montreal—Bishop Sales Corp.
Toronto-—D. M. i‘raser. Led.

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.

vondon, Eng.-—W. Geipel & Co.
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/

with one high standard
/ of quality throughout

/I/ Enameled Bare Copper
hG r Cotton Covered Tinned Copper
= 8 Silk Covered Litzendraht

ke Cotton Enameled Stranded Cables
3 Silk Enameled Braided Cables
Square Wire Bus-Bar
Rectangular Wire Antenna

The recent addition of the square and rectangular
/ shapes completes the Dudlo line of Magnet Wires

from the standpoint of VARIETY aswell as volume.
There is now a Dudlo wire
to exactly fit every part of

your product.

WINDINGS

Dudlo layer wound coils wound to your
specifications. The Dudlo engineering
laboratories are at your service to assist
in designing coils to meet your needs—
samples submitted without obligation.

SPOOLING SPECIAL WIRES PROMPT DELIVERIES
The spoqling of all Dudlo Wires is carcfully Dudlo service also covers special Immediate delivery from large stocks
done, with the convenience of the manu- wires fabricated to manufacturers’ at our factory and branches in Newark,
facturer who uses the wire always in mind. specifications. St. Louis, Milwaukee and San Francisco.

\_/

DUDLO MANUFACTURING CORPORATION, FORT WAYNE, INDIANA

66 EARL STREET 160 NORTH LA SALLE STREET 41583 BINGIAM AVE. 274 BRANNAN ST.
NEWARK, N. J. CHICAGO, ILL. ST. LOUIS, MO. SAN FRANCISCO, CALIFORNIA

Plcane mention the JOURNAL of the A. | E. . when writing to advertisers
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Neither age nor dampness
harms Bakelite I.aminated

ADVERPISING SKOTION

ACH of the three-hundred

contact points of the compact
line terminal bank, of Strowger
Automatic Telephone Equipment,
must be thoroughly insulated from
the others. However damp or
humid the climate may be, the in-
sulation used must retain its di-
electric strength unimpaired, and
hold its original dimensions and
form.

For the insulation of the Strowger
line terminal bank, a large number
of thin punchings of Bakelite
Laminated are used because, in
the words of the makers of the

Line terminal banlk insulated with Bakelite
Laminated and the Connector on whicl it is used.
Made by Awtomatic Electric, tne., Chicago. 111,

s

system, ‘‘Bakelite will stand up
under all sorts of atmospheric con-
ditions over a period of years, with
no impairment of its insulating
qualities.”

Many manufacturers of electrical
equipment have discovered that
the use of Bakelite Laminated in-
sulation promotes dependable per-
formance under adverse operating
conditions. It may be that it
could be used to advantage in some
part of your own product. Why
not enlist the cooperation of our
engineers and rescarch laboratories
in learning its possibilities?

Write for Booklet 3

BAKELITE CORPORATION
247 Park Ave., New York, N. Y., Chicago Office: 635 West 22nd St.
BAKELITE CORPORATION OF CANADA, LTD,, 163 Dufferin St., Toronto, Ontario, Can.

REGISTER

U. 5. PAT. OFF.

.

BAK

Journul AL 1, 1.

J

ELITE

THE MATERIAL OF (20) A THOUSAND USES

/“The registered Trade Mark and Symbol shown above may be used only on products made from materials
manufactured by Balkelite Corporation. Under the capital "B is the numerical sign for infinity. or unlimitad,
quantity It symbolizes the infinite number of present and futyre uses of Bakelite Corporation's products.™

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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1.6-7—Belden heavy rectangular D. C. C. wire in trans-

former coils.

2.8—Belden heavy round D C.C. wire in transformer coils.
3.11—Heavy Beldenamel transtormer coil.

BELDEN PRODUCTS

Beldenamel and Textile
Magnet Wire

Coil Windings

Beldenmold
(Molded Bakelite Products)

AutomotiveWiresand Cables

Airplane Assemblies

Radio Wires, Cords
and Cables

Rubber Covered Wires
Armored Cables
Flexible Armature Wires
Motor Lead Wires
Braided and Stranded
Copper Cables
Cotton Sleeving

ADVERTISING SECTION

37

4.5.12-13 —Belden fine Silkenamel coils for high voltage
transformers.
9— Belden D. C. C. wire medium size in relay coil.

10— Specially designed Belden Armored Cable.

In manufacturing the high grade
“Keleket” X-Ray equipment, the
Kelley-Koett Manufacturing
Company demands wire of a
great range of size, shape and
kind of insulation, but of uniform
quality throughout—the best that
can be had. They find it very con-
venient to be able to meet their
varied and exacting requirements
from one source—the Belden
Manufacturing Company.

A Complete Wire Service

for Electrical Apparatus Manufacturers

From the fine Silkenamel wire
used in the secondary coil of the
165,000 volt transformer, to the
huge specially designed multiple
conductor armored cable, Bel-
den is able to supply every re-
quirement.

No matter how varied your wire
or cable requirements, Belden
can supply them. Let the Belden
special cable department solve
your cable problems.

<] Write for literature and prices Je-

Belden Manufacturing Company
2316B South Western Avenue

Chicago, Illinois

Please mention the JOURNAL of the A. I. E. E. when writing ro advertisers.
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CONCENT

DISTRIBUTION

at will each and every movement of the forces.

U-Re-Lite Distribution Centers — embodying this same valuable principle
of CONCENTRATED CONTROL —bring within easy, arm’s-length reach
of the operator, full control of the electric power used throughout the

building or plant.

N entirely new idea of simplified power distri-

bution—of absolute control—of perfect safety

—has been realized since the introduction of
U-Re-Lite Distribution Centers.

U-Re-Lite itself is the finest piece of electrical pro-
tective equipment ever devised to safeguard against
“shorts,” overloading and single phasing. And placed
together on one compact switchboard, a group of
U-Re-Lites — controlling a group of machines or
motors—becomes a “fool-proof,” trouble-free, labor-
saving Distribution Center that speeds up produc-
tion and cuts down overhead.

A\DVERTISING 8SECTION

In military circles, the General Headquarters Staff directs and co-ordinates
the various branches of the army. Under concentrated control, it commands

Journnl A, T, 1. £

CONTROL

CENTERS

Stop — Look — Study the above illustration. It is
the simplest, most convenient and economical way
of protecting a group of power or lighting circuits.
Rupturing capacity assured — no fuses in the line.
After an overload or “short,” to restore service
simply turn the handle:

“First to the left, then to the right,
Turn the handle, and U-RE-LITE.”
The Hand Book of the U-Re-Lite—a 96-page
book on short-circuit safety — will be mailed with.-
out charge, on request.

TAE CUTTER COMPANY — Established in 1888 —505 N. 19th St., PHILADELPHIA

UITER

U-RE-LITE - = # I-T-E CIRCUIT BREAKERS

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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Pop is just getting his bearings

“Say, Lad—

they tell me out in the shop that it
isn’t the motors that are bad, as you said,
but that the bearings cause all the trouble
we are having. Can’t you get some better
bearings to save us all this repair expense?”’

ADVERTISING SECTION 39

“No, Pop—

you’re like the fellow who said that the
egg wasn’t bad—it was only the yoke that
was just a lee-tle bit hatched.

Here’s a picture I had taken, showing one of
the bearings from the estimable motor you are
standing up for.

See how nicely it fits down into the bearing from a

“LINC-WELD” motor of the same rating. (Ratingis
a funny term . . . look into it.)

Those flapper size bearings that cause all the trouble
have a bearing surface of about 4 square inches.

This amazon “LINC-WELD?” bearing gives you 714
square inches.

You know that the bigger the bearing, the less the
trouble.

You've fallen smack against the very reason why I
told you to forget your old crony motor salesman.
That friendship doesn’t extend as far as motor
operation.

The Lincoln Electric Co., Dept. No. 21-6, Cleveland, Ohio

MA-6

Plcase mention the JOURNAL of the A. [. E. E. when writing to advertisers.
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Pacific Electric Equipment
in a California Substation

Pacific Electric Type R-72, 110-kv. 400-amp. oil circuit breaker installation
in the San Jose Substation, the southern terminus of the Pacific Gas and
Electric Company’s 110-kv. system. Fach circuit breaker is equipped with
a Pacihc Type M.W.-2 motor wound spring actuated control mechanism
provided with auxiliary hand control. This operating mechanism is so
fast that on 60 cycle circuits the arc is ruptured in + cycles (one-fifteenth
second).

The Pacific Electric Manufacturing Company manufactures com-
plete substation structures with choke coils, switches switch
controls, interlocks, motor driven controls and oil circuit breakers.

Pacific Electric JJanufacturing Co.

“The Oldest Exclusive Manufacturers of High Voltage Switches and Circuit Breakers”

SAN FRANCISCO and ST. LOUIS

5815 Third Street, San Francisco 437 Michigan Trust Bldg., Grand Rapids, H. W. Hellman Bldg ., 1.os Angeles
30 Church Street. New York Mich. 419 Chemical Blde.. $t. Louis
1001 McCormick Bldg.. Chicago 1700 Walnut Street, Philadelphia, Pa. HOX Allen Blde.. Dullas. Texus
Symes Bldg.. Denver, Colorado Pioneer Bldg.. 8i. Paul, Minn 206-7 Dwight Bldg. Kanras City, Mo
136 High Street, Boston., Mass. American Trust & Savings Bldg.. Birming- 1814 Princess Street, Pittsburgh, Pa

Hoge Bldg., Seattle, \Wash ham, Al

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers,




June 1927 ADVERTISING SECTION 41

HIS is the remarkable record made last year by a
Sharples Portable OQil Purifier used by a large mid-
western power company.

Mounted on its portable platform, this machine trav-
elled about 15,000 miles, purifying transformer oil at the
various stations and keeping the transformers at their
highest operating efficiency.

N N N
Complete Sharples Bulletins Every central and sub-station—every transiormer—
on Switch and Transformer g g .
Oil Purification—with facts, deserves the protection of a Sharples Oil Purifier! For
s A O s removing water, sludge and other dangerous impurities
ez, AR 7 ot from Transformer and Switch Oils—and keeping them

‘copies today!

at their highest dielectric strength—no device or system
can compare in actual results with the SHARPLES.

THE SHARPLES SPECIALTY COMPANY, 2324 WESTMORELAND

STREET, PHILADELPHIA. Boston, New York, Pittsburgh, Chicago,

Detroit, Tulsa, New Orleans, San Francisco, Los Angeles, Seattle, Toronto.
London, Paris, Tokio.

A GREAT FORCE

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Ralavs
and charger
in box

Balkite
Trickle Charging

for Switch Operating Batteries

Balkite Trickle Charging is the
ideal means of charging switch op-
erating batteries. An installation
made by a Southern power com-
pany is illustrated here. It consists
of a relay controlled 13,200 volt
motor-operated air break switch
mounted on the top of the pole op-
erated from a 12-volt storage bat-
tery charged by a Balkite Charger
on trickle charge. Such an installa-
tion is very compact and economi-
cal because the entire equipment
is mounted on the pole.

The Balkite Charger has unique
advantages possessed by no other
charger. It has no moving parts,
nothing to adjust or get out of order,
and requires practically no attention.

Detailed information on request.

FANSTEEL PRODUCTS CO., Inc.
‘North Chicago, Illinois

FAN STEEL

bal

kite

ADVIERTINING

YL

LTI

TR T

RO Rn

Switch-case
on pole

LT TR R T

Trickle Chargers

Name

FANSTEEL PRODUCTS COMPANY, Inc., North Chicago, Illinois
Gentlemen: Please send me acopy of *'Balkite Trickle Charging.”

Combpany.

Address

Position

A.l E.E. —6-27
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NECTTON

h-P-I* POLE-TOP SWITCHES

Heduce Your lostallution and Malntegunee Conta

K-P-F cype L-115

Baolts 10 |h(, Cross-nrimn.
Line wires can be dead-ended direerly ro 1t

4500-V

FOR SECTIONALIZING
AND DISTRIBUTING SERVICE
Manufactured For Any Voltage
K-P-F SWITCIES have established their
reputation for dependability, efficiency and
economy through a period of many years
of actual service under varying conditions.

tra deadends not requived.  Switch
bolts to a single cross-arm.  Shipped
completely assembled—ready to install.

Bulletin 7106 covers this equipment! in detail

K-P-F ELECTRIC CO.

855-859 Howard St. San Francisco, Cal.

U]

UNCA

Watthour Meters

Accurate

and

Dependable

Write for bulletins

D

DUNCAN ELECTRIC MFG. CO.

Lafayette, Ind.

Ebomas ®.ualttg

| PORCELAIN INSULATORS

LINE HARDWARE
WIRING PORCELAINS
N and

Porcelain Specialties
—

i

An American Standard since '73

Journal A ] K. K

i

IR

LTI

U

ool THE R
q New York
Boston

/ e i

¥ — TSN = = - 4 :
7

THOMAS & SONS CO. W“‘n

East vaerpool Ohio (1:,?:333 ﬂ
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RADIO TOWERS
Des(gned and Erectedby ABCo.

FoET ey
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THESE towers were designed,
‘4 fabricated and erected by
the American Bridge Company,
for the broadcasting station of
the Radio Corporation of
America located at Rocky Point, X _y}\
Long Island, N.Y. The station

consists of twelve towers 400
feet high, each having a cross- 4 AN |
arm 150 feet long for the attach- : '
ment and support of antennae
cables. Towers are spaced about :
1250 feet apart. : ;
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The New
"THONER & MARTENS

underslung outdoor
disconnecting switch

Lapp Insulators

do not fail! !
LAPP INSULATOR CO., Inc. disconnecting switch, 800 amp., is now

HE standard T & M underslung outdoor

equipped with choke coil

i

LEROY, N. Y.

Sales Representatives

Working pressure is 22,000 volts, dry flush

BIRMINGHAM, ALA., Industrial Supply Co., 234 Brown-Marx Bldg, 1 3
BOSTON, Van Rosen Co., Stnllclul- Bul'l(ll’il):g o, e TS S (OhE 88'000 VOI = and Wet ﬂllsh over
CHARLGTTE, N C., J. W. Fraser & Co., Commercial Bank Blg. : 55,000 volts.

CHICAGQ, Trunselectric Co.. Inc., 140 So. Dearbosn St.
CD(A)kglAiSBI’Jr%\?.,JE;\{mcveei)-lbn;;g\zlleléohundislng{;Symucuw 600 Joyce Renlty Bldg.
5 X.. J. K. ¢bb, olnnerce St. «

PIF&V%R.I’)I;I;EIO. {{Y_ %uvgluun l‘élulpt.sCo., 130 W. 14th Ave. Ot’her T & M featureu are the B Olt type
ANA S, amer Co., 518 Trac. Terminal Bldg. 7
KANSAS CITY, MO.. Power Machinery Co., 301 Dw ight B]d?g. IOCk and new Sleet cover.

LOS ANGELES, 8. Herbert Lanyon, 210 Transportation Bldg.
MINNEAPOLILS, J. E. Sumipter Co., 616 Secux‘lly Bldg.

NEW YORK CITY, 8hield Electrie Co., 149 Broad way.
PHILADELPHIA, Harris & Butler, Real Estate Trust Bldg.
PITTSBURGH, Henry N. Muller Co., 2204 First Nationa! Bank Bldg.
SAN ANTONIO, TEX., L. G. Bassett, 7238 Naviio St.

SAN FRANCISCO, S. Herbert Lanyon. 509 New Call Bldg.

SYDNEY, AUSTRALIA, Chas M. Tel‘l?.

WELLINGTON, NEW ZEALAND, A. C. Thomas.

TG

L]

Write for further details

THONER & MARTENS

463 Commercial St., Boston, Mass., U. S. A.
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MANUFACTURERS OF INSULATORS
For 2,200 to 220,000 Volts
HIGH VOLTAGE PORCELAIN

SIMPLICITY

Catalog

T

3
-
E 3
z
:

on request

CANADIAN PORCELAIN COMPANY
Limited
HAMILTON — ONTARIO — CANADA
Cable Address “PORCELAIN, " Hamilton, Ontario

| e

Unit Type PM-Form 2, 37 K.V., 600 Amperes T

ABOVE 1s pictured a single pole element
of our pole top gang operated PM-
Form 2 disconnecting switch.

This 1s one of the best examples of what
can be accomplished by insisting upon
simplicity in design.

Made for all voltages and using but two
insulators per pole.

(Bulletins upon request.)

/N

INSULATOR.S&

The transparency of Hemingray Glass Insulators
makes line inspection very simple. The lineman
can tell at a glance whether the insulator is intact Or not.
Hemingray irulators are mechanically and dielectrically
dependable, non-porous and uniform in structure. They
defy moisture and age.
Send for Bulletin No. 1.

HEMINGRAY GLASS COMPANY

Muncie, Indiana

peta-sax (&) Breoriv 0o
2400 Block, Fulton St. Chicago, Illinois

A RIH I TN O RO DA OO0

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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No. 401

Operating voltages up to
40,000 volts

DURABILITY

that has stood the test of 3,500 years

ARCHEOLOGISTS have found a glass bead whose
inscription places its date around 1500 B. C.
Nearly 3,500 years have in no way injured this
olass! *PYREX Power Insulators are specially
developed to meet modern operating conditions.
They are sturdy, acid-proof, unaffected by salt fogs
or atmospheric fumes. Dept. R,  Corning Glass
Works, Corning, N. Y.

PYREX %

T. M. Reg. U.S. Pat. Off.

POWER INSULATORS

*Trade-mark Reg U. S. Par. OFF

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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|"COPPERWELD” FXHIBIT

BOOTHS 307 and 309

at the N. L. L. A. Convention in Atlantic
City, June 6-10, Copperweld will have an
interesting exhibit of Copperweld Mes-
senger and Guy Wire, Overhead Ground
Wire, Telephone Line Wire, Ground
Rods, etc.

You are cordially invited during your
stay in Atlantic City —to visit the Copper-
weld Booths. Learn why Copperweld is
being specified in increasing quantities for
overhead line construction, by the fore-
most Public Utilities, who have found that

WIS

It costs less to Prevent Rust
than to endure it

LT LR LA RITOATAT

G

T

€V a T i o [ I ey | (74 WA TR TR
Copperweld Steel Company;

30 CHURCH ST. NEW YORK 129 SI JEFFERSON ST, CHICAGO.
403 RIALTO BLDG. SAN FRANCISCO.

In Canada: Northern Electric Co., Ltd.

T
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L
Electrical Wires and
Cables. High in Con-

ductivity and Reliability.

John A. Roebling’s Sons Co.
New Jersey

Trenton,

i Ty

ODELS

MANUFACTURING STANDARDS
SALES DEMONSTRATION AND DISPLAY
USE IN LITIGATION

Experimental Development under Client Supervision

MANUFACTURERS’ & INVENTORS’
ELECTRIC CO.

(Smith Building) .
228 West Broadway, N. Y. City

Incorporated 1897 Z
B O O R OO T

TS

R TR O O
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“AMERICAN BRAND”
— e—

Weatherproof Copper Wire and Cables

/ COST

You can buy weatherproot
wire chesp, but is it worth
what it costs?

‘MARK

“American  Brand” gives
you more mileage per dollars

with a longer lite on the line
"AMERICAN BRAND" f

WEATHERPROOF WIRE AND CABLES
HAS NO EQUAL

American Insulated Wire & Cable Co.

954 West 21st Street, Chicago

Get u sample and satisty
yourself.

WIRE PRODUCTS

For Varied Applications

We manufacture many types of wires, cords
and cables for specific uses. Among them are:

Rubber Covered Wire—Solid Conductor, Stranded
Conductor,Flexible Conductor,Extra Flexible Conductor.

Lamp Cords, Reinforced Cords, Heater Cord, Brew-
ery Cord, Canvasite Cord, Packinghouse Cord, Deck
Cable, Stage Cable, Border Light Cable, Flexible
Armored Cable, Elevator Lighting Cable, Elevator Oper-
ating Cable, Elevator Annunciator Cable. Switchboard
Cables, Telephone Wire, Flameproof Wires and Cables,
Railway Signa! Wires, High Voltage Wires and
Cables. Automobile Ignition Cables, Automobile Light-
ing Cables, Automobile Starting Cables, Automobile
Charging Cables. Moving Picture Machine Cable.

Boston Insulated Wire @ Cable Co.
Main Office and Factory:
Dorchester District Boston, Mass.
Canadian Branch, Office and Factory, Hamilton, Ont.

BURNDY

T-CONNECTORS
WILL WITHSTAND
STORM AND SHOCK
AND CARRY FULL

INSTALLED
8Y SIMPLY CLAMP-
ING BOLTS- - - -

o

BURLDY

IMPROVED

T-CONNECTOR

FOR TUBING ~v CABLES

BURNDY

ENGINEERING CO.INC

10 EAST 43 a0 STREET .NEW YORK

CATALOG ON REQUEST

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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Note the Dosserts

33.000 Volt Automatic Sub-Station
of the Toledo Edison Company

Dosserts are of course the standardized method of connections in the
power plants and substations of central stations and electric railways.

The Toledo Edison Company uses Dosserts also on its 23,000 and
66,000 volt outdoor substations.

There are more than a thousand types, sizes and combinations shown
in the Dossert 2oth year book.

Write for copy.
DOSSERT & CO. H.B. Logan, Pres. 242 West 41st St.,, New York

DOSSERT

SOLDERLESS CONNECTIONS

Please mention the JOURNAL of the A. I, L. E. when writing to advertisers.
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FIBREX
TREE WIRE

W here trees must not be trimmmed

A typicul Fibrex installation in New England

Where hazards are greatest - places where trees
must not be trimmed and where wires are rubbed
and chafed by swaying limbs - splice in a piece of
Fibrex Tree Wire.

Central Stations find that Fibrex creates good will
by eliminating the short circuits and swinging
crounds that interfere with the maintenance of
steady voltage.

Short pieces of Fibrex spliced into the line will
afford ample protection where overhead lines must
run through trees.

Fibrex consists of a rubber insulated copper con-
ductor protected by successive layers of tape, tarred
jute, non-metallic Fibrex armor anda wear-resisting
weatherproof braid.

An immediate check-up along the line and the
early installation of Fibrex at danger points will
save the repair gang many annoying and expensive
emergency calls.

SIMPLEX WIRE & CABLE ©

MANUFACTURERS
201 DEVONSHIRE ST.. BOSTON

CHICAGO
CLEVELAND

SAN FRANCISCO NEW YONRK
JACKSONVILLE
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Holabird & Roche, Chicagu, Arghilesis

George A, Fullev Co., Chicugo=Neu York, General Contraciors
J. Livingston @ Co., Chicago, Electiwal Contracim

The STEVENS HOTEL, Chicago

Wired Throughout with

American Steel & Wire

Company’s
Rubber Covered Wire

WO million feet of rubber covered wire

were used to completely wire all of the
29 floors, 3000 guest rooms, several kitch-
ens, ballrooms, banquet and meeting rooms,
hallways, reception parlors, lobbies and
other parts of this magnificent new hotel
recently completed on Michigan Boule-
vard, Chicago. Only the very finest ma-
terial and the most rigid specifications were
approved for this great building. The selec-
tion, therefore, of our wire to meet these
demands expresses most forcefully the uni-
form and dependable quality of the product,
and further gives striking evidence as to
the standing with leading architects and
contractors.

Let us send you our indexed catalog and
handbook of electrical wires and cables.
Estimates furnished promptly from any of
our offices in all of the principal cities.

SALES OFFICES

1MCAGO 208 5o 1x Salle Street NEW Y UKK 20 (bhureh ™

ANSAS (17 ¢ » j °
On LAHOMA 1ITY Nat'i ¥ ¥ I R M
IRMINGIAM A I . kit AN e
MEMPFHE U P G lEs E \re
DALLAS } "

KaVER ral National § i
ALT LAKE CITY Walker Baok Hidg

Please mention the JOURNAL of the A. |. E. E. when writing to advertisers
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I'T PAYS

to use

Hazarp Loreca CABLE
on Mine Locomotives

The extra flexible tinned copper conduc-

tor is insulated with a generous thickness
of high grade rubber compound.

Due to the patented construction, the
rubber does not strip nor the braids
bunch up or ravel.

Tape costs are reduced and cable life
extended.

HAZARD MFG. CO., WILKES-BARRE, PA.
New York Pittsburgh Chicago
Denver Birmingham Philadelphia

Hazard Loreca Cable promotes efficiency

STANDARD

Copper Wire — High Strength Bronze Wire —
Copper Clad Steel Wire

For trolley and transmission service
Meet every service requirement, however exacting

They are rolled and drawn in our own rod and wire mills from
the highest grade copper wire bars, and their superior and
uniform quality is assured by a system ol carelul inspections
and tests at different stages of manufacture. Their depend-
ability has been demonstrated by many years of service under
all sorls of operating conditions.

We have unexcelled manulacturing and shipping facilities
al our several faclories and, in addition, carry considerable
stocks ol standard malerials at convenient shipping points.

Write our nearest office about your requirements.

STANDARD UNDERGROUND CABLE CO.

New Yok WASHINGTON Prrrseunan Dernrorr SAN IFrancrsco  SearrLe
BosToN | SITT N IYEYROTTN ATLANTA CHICAGO Hr. Lours [.os ANcELES
Kansas Cigpy
Facronies: Pewrir Amsoy, N. Y. Prerssunrait, Pa.; S Lours, Mo, EMeryvinee, CaLir,

For Canana: Sveanoann Unbrarounn Caneiz Co. or Canaoa, Limeren, [asiron, ONT

Plecase mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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: UNDH__
TRADE-MALK g
Butietin (‘ressurs Regulutor Panels (Beo Panels, Bpeclal), 5
Alurm, Hligh uu(l. Low Liquid Level. 3010-3615 IRegulutor, Pressure (Bes Vressure ltegulstor),
Automatic l(suu\é lp:ul:nll)ul ;ull::olspbum)blued ‘Rund nnd Regulators, Speed (HSes Sposd ltegulutors) Isulletin =
e umn | 7260 H
Automatio Sturters (S8eo Starters, Automuuo) ftf,{ﬂﬁu:r(l:'ghir%m Lighting Punels, 7100 £
Automutio l'ruusler Swlwlms ...... 5600 Rewmote Controlled Bpecd Regulators (8o Bpoed Hogulators) =
Blmkeﬂ. Magnodo, . 0020  Iemote Liquid Level fndicutor 3625 £
Cirouit Breakers...... 3800-3B156  Hemote Bwitches (Bee Bwitohes, ltemote, nlzo Bwitches, Mugnet) -]
Contuaotors (See Swlwhes. Mugnut) 8elf Starters (See Biarters, Automatie)
gontro{l Muﬁlilnle Tool 9000 Holenolds (Sc¢e Mugoets).
E?“"D 92';' G‘li“m ~~~~~ . 9099  Bolonold Operated Valves 5700
evn)tor or)nro ora 9900 8peclal Punels (8ee l'uuols B[)eclulj
Fire Pump Panels (See Panels, Fire Pump). Bpeed Regulators 8500-8520
Float Switches. . : 3600-3625  Starters, Automatic, A. ,C 5800-6200
Hand and Automatic Klre Pump Panels, Combined Sturters, Automatic. 5300-5360
(8eo Panels, Fire Pump). Sturters, Hand 8320
Hand Operated Switches. ... . ... » . 3600 Btarters, Manuu! (See Starters, Hand)

Hand Starters (See Starters, Hund),

High and Low Liguld Level Alurm Switches.
Indicator, Level, Liguld,
Level, High and Low Liquld, \Iurm Bw ltcn
Level, Ludicator, Remote. .

Remote, .

3610-3615
36

3610-3615
3025

Bump Switches (See Switches, Float).
8witches, IFloat

Switches, Hund Operated.

8witches, High and Low Liquid ‘Level Alarm
8witehes, Mngnet, A. C

3600-362

360
3610- 3016
7600

HBI R e R T T R G e ki e T

Lighting Panels, Remote Control., 7100 Switches, Magunet, D. C 7500
Low Levels, High and, Alarm Switches. 3610-3615 Switches, Remote (Sce also Bwitches, Magnet) 7200-7250
Machine Tool Control. ... .. 9000 Switches, Sump (8ce Switches, lont)
Magnetio Brakes (Scc nrnkes. Mngneuc) Switches, Tank (Sce Switches Float) E]
Magnet Operated Vaulves 5700 Switches, Time 68900 E
Magnet Switches, A. C....... .. . 7600 gyiiohes, Transfer, Automatle 5600 £
Magnet Switches, D, C...0 10 7500 peltohes ghrausier;zan : £
Magnets. ... .. o 6500  Tank Switches (See Switches, Float) E
Manual Fire Pump Panels (See Punels, Fire Pump). Terms. 300 £
I};&lanl‘mllqlmr})em (Seo Starters, Hand). Time Swltcnes 6900 i
anels, Fire PUMP e yq. igess s uesce b bie 58 S50 © a6 &8 5000k orp 3b Foroma 8800-8830 =
Panels, Lighting, Remote Control. ..., .. ./ . . /' i 7100 $rnnls]rler %w:t,c}xes Automule. ?ggg H
anels, Pressure Regulator (Sce Pressure Regulator, also Puneis, AR R0 00 g ’ ]
Special.) Valve Control. . .. 5700 =
Panels, Special....... .. aems G 3 0 -1 =7 5400-5423 Valve, NMagnet Opemwd ” 5700 =
. Pressure Regulator, Gauge Type. ... . [/ 4900-1902 Valve. Remote Controlled 5 5700
Write for Catulog
SUNDH ELECTRIC COMPANY, 4 Ave. C, NEWARK, N. J.
Branch Offices: Chicago, New York
Sales Representatives:
Bpstpn . Clevel.and Minneapolis Pniladelphia St. Louis Baltimore Buffalo
S Cincinnati Detroit Los Angeles New Orleans Pittsburgh San Francisco Toronto, Car. =
ST A R D R A N0 I il H T T

DESIGNED by audio fre-
quency amplification
specialists for present day

requirements.

SAUTER

Slectric
TIME SWITCHES

These ‘‘astronomic’ time switches
are carried in stock for circuits of

250 Volts: 10, 25, 40, 60, 100, 200,
Amps.
4600 Volts: 25 and 50 Amps.
8000 Volts: 25 and 50 Amps.

Ask for new catalog S-1.

R. W. CRAMER & COMPANY, Inc.

136 Liberty St. New York City J

— flat curve without distor-
tion over entire scale.

— designed for power ampli-
fying circuits.

i PACENT ELECTRIC CO., Inc.

91 SEVENTH AVENUE, NEW YORK CITY

PACENT Transformers

SR A R O R O

IR AR s

P ittsburgh Transformer Company

Largest Manufacturers of Transformers exclusively
in the United States

Pittsburgh, Pennsylvania

ZaNER s

0000000000000 00000 00000 M
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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A Needed

Power
Recorder

For Loads
of All
Kinds

is important, for
it shows the load
fluctuations
from hour to hour and from day to day,
supplying data which is of great assistance
in securing uniform operating conditions.

Bristol's Recording Wattmeters are avail-
able for D. C. or A. C., and for single, two-or
three-phase current. Both round and strip
chart models can be furnished, in either switch-
board or portable models.

A general rugged simplicity characterizes
Bristol’'s Recording Wattmeters; with a
marked absence of delicate or complicated
parts, insuring long and active service with
nothing but the few routine attentions.

Bristo!’s Recording
Wattmeter

Full information and bulletins
will be sent on request.

/Y RECORDING —~
~INSTRUMENTS

ADVERTISING SECTION 51

The expert can recommend
Faradon equipped sets—
with confidence . ..

Faradon value is the result of twenty years of man-
ufacturing to high standards.

It is logical that makers of fine equipment include
Faradon Capacitors in their specifications.

Most experts know from personal experience that
the equipment of Faradon quality results in satis-
factory, long-lived service.

WIRELESS SPECIALTY APPARATUS CO.
Jamaica Plain, Boston, Mass., U. 5. A.
Established 1907

When You Buy
Condensers

When you buy condensers—what
do you demand?

Accuracy! Low Power Factor!
Permanent Capacity!

Dubilier condensers meet these
requirements. They are used 1n
practically all transmitting sta-
tions and U. S. Government
installations.

Dubilier coupling condensers for
power line telephony are su-
preme.

Dubilier consulting engineers are
always at your service—they
can help you too.

4377 Bronx Blvd., New York, N. Y.

Dubilier

CONDENSER AND RADIO CORPORATION

NIQUE ;4D
'COLORED PENCIL

“UNIQUE” THIN LEAD
Colored Wooden Pencil—
has the best and most usable
thinnest lead of utmost
strength and durability.
Can be sharpened in a pencil
sharpener to a needlepoint,

$1.00

for
figuring
checking
underscoring
blueprints
charting, etc.

The 12 colors en-
able executives
to have their
own symbol.

Blue .

Red White .1215

Green Lt.Blue . 1216 .
Yellow 1209 Pink . 1217 Amer
Purple 1210 Lt.Green 1218 i
Brown 1212 Maroon 1219

At all dealers, or write dirvect
AMERICAN LEAD PENCIL CO., 204 Fifth Ave.,NewYork
Malkers of the famous VENUS Pencils

Plcase mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Here's a new starter!
Completely oil-immersed
Dust tight—Gas tight—Weatherproof

Write for complete details of this new across-the-line starter.

ROWAN CONTROL

REAN-coNTRGY)

1%

THE ROWAN CONTROLLER CO., BALTIMORE, MD.

BT

Star Ball Bearing Motors

T
=

NIRRT

For

The largest selling

Quality Pencil
in the World A C.
- and
D.C

writes its own record of .
perfection. The 17 degrees _ Complete line of standard motors and generators,
meet every condition of all sizes up to 75 h.p. and 50 kw. respectively.
superlative WOI'k, from the Our Engineering Department at your service for all special applications

hair line of a dimensional STAR ELECTRIC MOTOR CO.

projection to the careful A T T
shading of a sketch. S i i =

17 Black Degrees—3 Copying SUHHI T I L T
For bold, heavy lines . . . 6B-5B-4B-3B
For writing,/’sketching . . 2B-B-HB-F-H
For clean, fine lines. 2H-3H-4H-SH-6H
For delicate, thin lines . . . 7H-8H-9H
Plain Ends, per doz. . $1.00
Rubber Ends,perdoz. . 1.20

NIQUE 2N ]

COLORED PENCILS

I

QR I

I

—A. C. and D. C.; single
and polyphase—built in
sizes from small fractional
to 250 horse-power—de-
signed to operate under a
constant full load where
uninterrupted service is
demanded.

B. F. STURTEVANT COMPANY
HYDE PARK, BOSTON, MASS.
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v

Make fine lines for figuring, check-
ing, sketching, blueprints, etc.
Blue Purple Pink
Red Brown Lt Blue
Green  Orange Lt. Green

y White Yellow Maroon
$1.00 per doz.
American Lead Pencil Co. ' ; /

204 Fifth Avenue New York
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CONTROLEAD TERMINAL BLOCKS
WITH INTERCHANGEABLE SWITCH PARTS

Sample and Bulletin furnished on request

BURKE ELECTRIC CO., ERIE, PA.

B T L T e e e e T T e e T IIIIIIIIIIIIIIIII!:I.II!IIIIIIIIHIIIIIIIIIlIlIIIIIIIIIIIfIIIIlIIIlIF

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Announcing . .

The NEW WESTON
2 and 3/s" Diameter
A. C.
Panel

Instruments

Model 517—
2" diameter.

IT is no longer necessary to plan your
small A. C. panels in terms of large in-
struments in order to secure a high degree
of operating economy and performance.

Miniature but reliable instruments are
now available which can be used to solve
your small panel problems—instruments
that are accurate on any commercial fre-
quency, that have an exceptionally high
resistance with a low power consumption.
Moreover they are moderately priced.

These instruments are made as Volt-
meters, Ammeters and Milliammeters in
both 27 and 314" sizes with flush-style
cases for panel mounting.

There is no substitute for Weston quality
and these new instruments meet every
rigorous Weston specification.

Model 476—
314" diameler.

WESTON ELECTRICAL INSTRUMENT

CORPORATION
48 Weston Avenue, Newark, N. J.

STANDARD THE WORLD OVER

A WESTON (&
=

DPioncers since 1888

ADVERTISING SECTION

MARTINDALE matsenance EQUIPMENT

Martindale
Commutator Slotting Saws

Any Size — Any Style
For “U” Shaped Slots—
—For “V” Shaped Slots
Fast Clean Cutting — Long Life
Free Samples and Prices on Application

Martindale Insulation Meter

Range: 200 Ohms to 100 r =
Megohms - ‘

LowCost—Instantaneous
Readings
Fully Guaranteed
Wide Range—
Accurate Results
Price: Only $97.50—
Shipped on Approval
(Weight: Only 11 pounds) t

nggmgton Voltage Tester
Registers Approximate Voltage
and whether A.C. or D.C. A test
lamp may be burned out and
indicate a dead line when 1t 1s
alive. A 110 volt test lamp
accidently placed across a 440
volt line may blow up in the
operator’s face.

Light and Small

May be conveniently carried in the pocket
than 60,000 in use.
Price: $6.00—Shipped on Approval

More

MARTINDALE ELECTRIC CO.
1260 West 4th St., Cleveland, O.

Please send me your New No. 8 Catalog, containing 32
pages of Motor Maintenance Equipment.

Name and Title
Company. . ..
Street Address. .

City and State. .. .
26-6-27

MARTINDALE MA.N‘T’ESA‘NCE EQUIPMENT

Please mention the JOURNAL of the A. L. E. E. when writing to advertisers.
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f A. L. E. E. PUBLICATIONS

JOURNAL. Published monthly.

An engineering periodical containing in full or in abstract engineering and theoretical papers and
disoussions as presented before meetings of the Institute and its Sections and Branches; descriptions
of new developmernts characterized by notable advances, and items relating to the netivities of the
Institute and other organizations.

Subseription price $10.00 per vear, Agents, publishers and dealers are allowed 20 per eent dis-
count; a special discount of 50 per cent is allowed on single subseriptions roceived dircetly from eoll. ge
or publie libraries. Postage to Canada on annual subseription $0.30 additional, and to foreign coun
tries, $1.00. (Postage should not be included when computing discounts

JOURNAL BINDERS. A loose-leat binder, especinlly designed for the Jounnar of the A. 1. 12, T,
is now available. The new binder is attractively finished in a long-w caring, processed matoerial,
resembling hrown leather. rom one to six copies of the JourNaL can be inserted. The nume of
the publication is embossed in gold on the front cover and backbone. The hinders are sold in sets
of two at $2.25; or $1.25 for one.

TRANSACTIONS. Published annually.

Contains such of the technical papers and reports published by the Institute in the JOURNAL
and elsewhere as are selected and authorized by the Publication Committee: also the disenssions on
the technical papers. The TransacTioNs form a permanent record of the progress of electrical
engineering. Subseription price (to Institute members only) $2.00 per year.

Current volume may bhe purchased by non-members at $10.00 per year in either paper or cloth
binding. (Prices for half moroceo bound copies furnished on request.)

Available volumes of the TraNsacTioNs published prior to 1921 may be obtained at reduced
prices. The volumes in stock and prices will be supplied upon request.

Discounts allowed on the eurrent volume are as follows: 20 per cent to publishers and subscrip-
tion agents 50 per cent to college and public libraries upon direct subseription to Institute headquarters.

INDEX TO TRANSACTIONS. Published every ten years. Vol. 111 of the TRANSACTIONS
Index (Jan. 1, 1911 to Jan. 1, 1922) is a practical bibliography (168 pp.) of all A. 1. E. I<. papers and
discussions printed during the period 1911-1922. Price to members and non-members $2.00, with
dealers’ discount of 20 per cent.

SEPARATE PAPERS AND DISCUSSIONS.

Most of the recent papers and discussions contained in the TransacTions can be furnished
separately at the following prices: Single copies of any paper, usually with discussion, $0.50. Five
or more copies of any paper, each $0.40.

A discount of 20 per cent to publishers and subscription agents; 50 per cent is allowed from the
above prices to Institute members and college and public libraries.

A. 1. E. E. STANDARDS.

The work of revision of the A. I. E. E. Standards which has been in progress for several years has
now reached a stage where a large number of sections of the Standards have been approved by the
Board of Directors and are available in pamphlet form, as follows:

1—General Principles Upon Which Temperature Limits are Based in the Rating of Electrieal
Machinery, ($.20); 5—Direct-Current Generators and Motors and Direct-Current Commutator
Machines in General, (.40); 7—Alternators, Synchronous Motors and Synchronous Machines in
General, (.40); 3—Synchronous Converters, (.40); 9—Induction Motors and Induection Machines in
General, (.40); 10—Direct-Current and Alternating-Current Fractional Horse Power Motors, (.30);
11—Railway Motors, (.30); 13—Transformers, Induction Regulators and Reactors, (-40); 14—
Instrument Transformers, (.30); 15—Industrial Control Apparatus, (.40); 16—Railway Control and
Mine Locomotive Control Apparatus, (.40); 19—Oil Circuit Breakers, (.30); 22— Disconne cting
and Horn Gap Switches, (.30); 30—Wires and Cables, (.40); 33—Electrical Measuring Instruments,
(-30); 34—Telegraphy and Telephony, (.30); 36—Storage Batteries, (.20); 37—Illumination, (.30);
38—Electric Arc Welding Apparatus, (.40); 39—Electric Resistance Welding Apparatus, (.30); 41—
Insulators, (.30); 42—Symbols for Electrical Equipment of Buildings, (.20).

A discount of 50% is allowed to Institute members. Numbers of the Standards Sections should
be given when ordering.

STANDARDS BINDERS. The various sections of the Standards can be kept in bound form
with the practical binder which has been designed for this purpose. Capacity of the binder is from
10 to 30 sections or pamphlets. Finished in brown fabrikoid with imprint on stiff back. Price $1.75.

YEAR BOOK OF THE A. I. E. E.

A directory, published annually in March, of the membership of the A. I. E. E. Gives in alpha-
betical order, the names, occupations and addresses of all members. The membership is also listed
in geographical order. The Year Book contains general information regarding the scope and
activities of the Institute, including the Constitution and By-Laws, lists of Sections and Branches,
the various committees, governing body, ete. Single copies will be supplied to members without
charge upon application.
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American Institute of Electrical Engineers
33 West Thirty-ninth Street, New York, N. Y.
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30 TIMES AS MUCH ELECTRICAL ENERGY
IS REQUIRED TO DEPOSIT

CHROMIUM

AS IS NECESSARY TO DEPOSIT

NICKEL

OVER THE SAME SURFACE TO THE SAME THICKNESS

CH ANDENSS EN

10000 Arperes 12 VoLTS

700 AMPERES 6 VOLTS

wcovearase EFFICIENCGY  assorurs RELIABILITY

12 vorts rrom EACH commuTaTor
cowrere STANDARDIZED vinNe

25 AMPERES 12 voLTS 300 waTTsS
TO

25,000 AMPERES 12 voLTS 300,000 waTTs

CHANDEYSSON ELECTRIC CO., St.Louis, U. S. A.

Please mention the JOURNAL of the A. L. E. E. when writing to advertisers.
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: More and Larger Balls

Greater Cap;;i;y - Longer Life

Send for Data Sheets
MARLIN-ROCKWELL CORPORATION

Gurney Ball Bearing Division

18380

P i [LiER AT T i DA
AR b 14 A AR A Al rgYy»
ADVERTISEMENTS
RATES. Fifty cents per Hne; minimum charge
based on use of five lines: maximum space cannot
exceed twenty lines.

Copy should be recelved by the 15th of the
month, for insertion in the following issuec.

TECTINICAL TRANSLATIONS by engineoring
graduate of American and  Furopean universities
handling higlily specialized translations for largest
manufacturers of electrical and mechanicnl cquipment
in the United States.  IBxtreme accuracy and reliability
are offered to manufacturers through this technical
service.  Adolph Luque, 150 Nassau Street, New Yorl;

WANTLED: Sulesinan to handle high grade tochnieal
product manufactured by old established firm. Field:
Transmission line operating companies. Give full
particulars regarding experience, personality  and
education. Address Box 127, Jounrnarn of A. 1. E. I,
33 West 39th St., New York.

FOR SALE- A. L. E. E. TransacrioNs. A membher
wishes to dispose of his complete set of the yearly
bound volumes of the A.T. E. . Selling price $250.00,
including shipping charges. Address the A. 1. E. E..
33 West 3Uth Street, New York.

WANTED: Copies of the October and December
(1926) issues of the JournaL of the A. I. K. E.  Wrap-
pers returning these copies should bear the sender's
namé and address. Twenty-five cents will be paid for
each copy received. Address American Institute of
Electrical Engineers, 33 West 39th Street, New York.

LB T

LHHTE [T

BINDERS for the JournaL of the A.I.E. E. A
loose cover binder, especially designed for the JourxaL,
iIs now available. The new bhinder is exceptionally
pleasing in appearance, durable and handy. One to six
copies of the JournaL can be inserted. Covers of long-
wearing processed material, closely resembling rich
brown leather. Remittance of $2.25 for a set of two,
(or $1.25 for one) should accompany order. A. L E. E.,
33 West 39th Street, New York.

1
o

POPULAR RESEARCH NARRATIVES are
proving useful 'round the world in many offices, schools
and laboratories. They are interesting home reading,
too. Two little books, just pocket size. In each book
50 short stories of research, invention, discovery—
footprints of progress. Introductions by Dr. E. E.
Slosson and Prof. M. I. Pupin. Onlv $1.50 for the two
volumes, postpaid. Engineering Foundation, 29 West
39th Street, New York, N. Y.

[T

JAMESTOWN, N. Y.

Engineering |
Societies Library |

A reference library for engineers—contains
150,000 volumes—receives over 1,300 technical
journals and periodicals on all branches of
engineering.

Searches are made upon engineering subjects,
translations from foreign publications, photostats
made, ete.

Books may be borrowed by members of the
( A L. E. E. For information address, The
LEngineering Societies Library. 33 West 39th St.,
New York.

At Your Service
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Olsen-Carwen
Static-
Dynamic
Balancing

Machine

TANIUS OLSEN
TESTING MACHINE €o.
PHiL A PA. U- S

Rk

The OLSEN-CARWEN indicates unbalance both
statically and dynamically in ounce inches on
indicating dials, together with the angle or plane
of unbalance; and also indicates the axial rotation
of the static unbalance along the length of the rotor.

The OLSEN.-CARWEN is built in many sizes to

take in all types and weights of rotors.

ADVERTISING SECTION

T he Standard

for Quality
the World Over

Special OLSEN-CARWEN machines for balancing
Armatures, Turbine Rotors, Crankshafts,
Fiywheels, Pulleys, Shafts, Cutter-
Heads, etc.

To ELIMINATE VIBRATION and secure per-
fect balance with speed and economy use

THE OLSEN-CARWEN.

Propeller

Sole Manufacturers

TINIUS OLSEN TESTING MACHINE COMPANY

500 North Twelfth Street, PHILADELPHIA, PA,, U.S. A.
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Trade “ESCQO’’ Mark

ELECTRIC SPECIALTY CO.

Engineers and Manufacturers

DESIGN —
DEVELOP —
PRODUCE —

Small Motors, Generators, Dynamotors,
Motor Generators, Rotary Converters, Etc.
FOR SPECIAL PURPOSES—Send Us Your Problems

222 South Street, STAMFORD, CONN., U.S.A.

A AT LALLM R AT e
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Prominent manufacturer is desirous
of obtaining new electrical devices for
manufacturing and marketing. Com-
pensation for accepted items will be
paid on a royalty basis or outright
purchase arrangement if desired.
Submit full particulars in strictest
confidence to Box 126, JOURNAL of
A. 1. E. E., 33 West 39th St., New
York.

Please mention the JOURNAL of the A
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THE

OF

Interpole & Ball Bearing
Motors

15 to 1000 H. P. D. C. and A. C.

Type **S’* Ball Bearing Motor
with base and pulley

ELECTRO DYNAMIC COMPANY

Established 1880
BAYONNE, N.J.

Sales Offices in Principal Cities
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PIONEER MANUFACTURER
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He may never
need all the re-
serveofanextra
high-powered
car any more
than you may
needallthe25%
Extra Life” of an
SRB Ball Bear-
ing, but-Impor-
tant! It’s there
to be called
upon. A

Standard Steel and Bearings Incorporated

USE SRB BALL BEAR!NGS-?VV/‘{, Connecticut

Plaiwville
— they'll last
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LAVA
INSULATORS

Lava, because of its properties,
1s the material best adapted for
the manufacture of insulators
that are required in the most
intricate, electrical appliances.

AMERICAN LAVA CORPORATION
27-67 Williamson Street
Chattanooga Tennessee

Manufacturers of Heat Resistant Insulators
—— e .

IIIIIIIllIIHIlllII||IIIIIIIIIIIIIIIIIIlIIIlIIIIHIIIIIIlIIIHIIlIIIIlIIIIIIIIIIIIIIIlIlIIIIIIIIIIIlllIIIlIlIHIHIIHIIIHIIlllllllllIIIIIIIIIllllllllllllllml"l!::::ﬂlllllllIltllllulllllmlIlhIﬂllIIIlmIlllllllllmllmlmllm‘lllllIlmllllmﬂllmlnﬂllll"mmllmn

I \IIIn|"|lIIlIllllllllllmlllllllllﬂlIIllllllll!lll“lllllllIllllllllillllmlllllﬂlllllIIllIllllll“lllﬂlmmllllmmuﬂ

LG

2|

NI

NATIONAL

VULCANIZ

FIBRE

SHEETS
RODS
TUBES
SHéPEs

Graded to
Yyour requirements

PEERLESS /
INSULATION

Papér ‘base
Canvas base

‘DHENOLITE,

Laminated BAKELITE

SHEETS
RODS
TUBES
SHAPES

NATIONAL VULCANIZED FIBRE CO.

WILMINGTON DEL., U.S, A,
Offices in principal cities
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Y-26 High-Heat Mica Plate

For High Temperature Insulation
Possesses all the advantages of natural mica for insu-
lating heating appliances. Is more economical, partic-
ularly when used in the larger units.

Supplied in sheets up to 30" x 42", in thicknesses of ten

mils or over. Can be cut or punched to any form.

Send for samples and prices.

NEW ENGLAND MICA CO.
Waltham 54, Mass.
New York Office — 220 Broadway

ALL FORMS OF MICA FOR ELECTRICAL PURPOSES
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BOARD
West Virginia

Fibre Board

I For Electrical Insulation I

Tested and approved by the |
Underwriters’ Laboratories. \

High tensile and dielectric
strength. Used successfully \
' by many of the large elee- |
trical manufacturers.

A decided factor for economy.
Pulp Products Department

West Virginia I
Pulp & Paper Company |

200 Fifth Avenue, New York, N. Y.
5305 Dime Bank Bldg. 732 Sherman Street
Detroit, Mich. Chicago, Il
503 Market Street. San Francisco. Cal.

T P RS A e Bl B> B> <> B>l 8"

ACME

Varnished Insulations

Electrically and
Physically Tested*

for
DIELECTRIC STRENGTH
DIELECTRIC CONSTANT
DIELECTRIC LOSS
INSULATION RESISTANCE
} POWER FACTOR
FLEXIBILITY
RESISTANCE TO TEAR
TENSILE STRENGTH
EFFECT OF HEAT
RESISTANCE TO OILS

RESISTANCE TO IMPREG-
NATING COMPOUNDS

8- n-Cra--a-O-8 - -n-ra--n- -d-o- O-a-l>a-n 0'-<_>- -8 -8 8- u-O-u--u O Ono>n 0- .,

IS
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“IRVINGTON” PRODUCTS
Black and Yellow
Varnished Cambric Varnished Paper
Varnished Silk
Flexible Varnished Tubing
Insulating Varnishes and Compounds

“Cellulak’ Tubes and Sheets

IrvineTon VarnisH & Insurator C
Irvindton, NewJersey.
]

i
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Sales Representatives

AN R

§ Mitehell-Rand Mfg. Co., A.L. Gillies, Toronto Prenler Brothers, Inc., o

Ei New York Consumer's Rubber Co. Chicago *A. S. T. M. Tests are fOHOW@CI mn all Acme
= E. M. Wolcott, Rochester Cleveland White Supply Co., 8t. Louis f 1 fini d d

S 1'W. Levine. Montreal  Martin Woodard, Seattle Clapp & La Moree, Los Angeles tests of raw materials and finished products.

e

T RO S SO o

Acme Varnished Insulations are furnished
in tape form to meet specification. Fur-
nished in widths of 14 inch and wider;
and in rolls of continuous lengths without
splices up to 225 lineal yards. Special
finishes furnished on order. ~ Write for Cata-
log 3-A, telling the story of Acme Varnished
Insulations.

ACME WIRE PRODUCTS

The Acme Wire Co., New Haven, Conn.

ST TSRO O TR A

TRUMBULL

_

for years have stood the
most exacting tests of scores
of the largest motor,
dynamo, generator, and
radio builders in the United
States.

Our Engineering Depart-
p‘_‘ ment is at your service.

hc V‘ X;gﬁe;znfgncerninz your
THE TRUMBULL STEEL COMPANY

WARREN Mills, Laboratories and General O flices OHIO

Branches at ‘
New York, 62 Vanderbilt Ave. Chicago, 427 West Erie Street |

Boston, 80 Federal Street Cleveland, Guardian Bldg. ‘
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PROFESSIONAL ENGINEERING DIRECTORY

For Consultants in the Fields of Engineering, and Relaled Arts and Sciences

AMBURSEN DAMS
Hydroelectric Developments
Water Supply and Irrigation Dams
DAMS ON DIFFICULT FOUNDATIONS

AMBURSEN CONSTRUCTION CO.
Incorporated
Grand Central Terminal, New York
Kansas City, Mo. Atlanta, Ga.

DAY & ZIMMERMANN, Inc.

Engineers

Power Plants, Sub-Stations,
Transmisslon Lines, Indusirial Plunts
Examinations and Reports, Valuations,

Management of Public Utilities

1600 WALNUT ST., PHILADELPHIA
New York Chicago

HOOSIER ENGINEERING CoO.

Erectors of
Transmission Lines and Substations |

325 South New Jersey Street
INDIANAPOLIS {NDIANA

W. S. BARSTOW & COMPANY
Incorporated
Financial and Operating
Managers of
Public Utilities

60 Pine Street New York

DAVID V. FENNESSY

Consulting Power Engineer

MILLS BUILDING EL PASO, TEXAS

BATTEY & KIPP

Incorporated
ENGINEERS
Complete Industrial Plants

Power Plants & Electrical Installations
Engineering Reports, Analyses & Appraisals

231 South LaSalle Street CHICAGO

FORD, BACON & DAVIS
Incorporated
ENGINEERS
116 Broadway, New York
Philadelphia

Chicago San Francisco

Dugald C. Jackson
Edward L. Morelund

JACKSON & MORELAND
CONSULTING ENGINEERS

81 St. James Ave. Boston, Muss.J

E. S. LINCOLN
Consulting Electrical Engineer

Designs Investigations Reports

Electrical Research Laboratory

Graybar Building

420 Lexington Avenue NEW YORK

BLACK & VEATCH

Consulting Engineers

Water, Steam and Electric Power Investiga-
tions, Design, Supervision of Construction,
Valuation and Tests.

Mutual Building KANSAS CITY, MO.

FRANK F. FOWLE & CO.

Electrical and Mechanical
Engineers

MONADNOCK BUILDING CHICAGO

MCCLELLAN & JUNKERSFELD

Incorporated
Engineering and Construction

Power Developments—Industrial Plants
Electrifications—Examinations
Reports—Valuations

NEW YORK
68 Trinity Place

231 S. La Salle Street
CHICAGO

New York San Francisco

Chicago St. Louis
FREYN ENGINEERING COMpPANYy| | J°i® Minton o SRR
BYLLESBY : ) JOHN MINTON, PH. D.
ENGINEERING AND MANAGEMENT Industrial Electric Power Consulting Engineer
CORPORATION Generation—Application—Purchase For Developing, Designing & Manufacturing

Combustion Engineering
Electric Furnace Installations

CHICAGO PHILADELPHIA
310 South Michigan Ave. 1600 Chestnut St.

of Radio Receivers,Ampliﬁers,Transformers,

Rectifiers, Sound Recording & Reproducing
Apparatus.

Radio & Electro-Acoustical Laboratory.

8 Church Street White Plains, N.Y.

WALTER G. CLARK

Consulting Engineer

Electrical, Mining and Industrial
Reports

ments for Financing

LOS ANGELES NEW YORK
1211 Insurance Exch. Bldg. 40 Wall St.

Supervision of Organization and Arrange- |

M. H. GERRY, JR.

Consulting Engineer

Electrical Transmission of Power
Hydroelectric Developments
Steam and Diesel Plants
Industrial Applications

1107 Hobart Building San Francisco

N. J. NEALL

Consulting Engineer
for
Electrical and Industrial Properties

12 PEARL STREET BOSTON, MASS.

EDWARD E. CLEMENT
Fellow A. 1. E. E.
Attorney and Expert
in Patent Causes

Soliciting, Consultation, Reports,
Opinions

McLachlen Bldg. Washington, D. C.
700 10th St., N. W.

A. BARNETT GREEN

Writing — Editing — Compiling
Engineering Matter

1328 BROADWAY NEW YORK

NEILER, RICH & CO.

Electrical and Mechanical
Engineers
Consulting, Designing and
Supervising

431 So. Dearborn St. — — — Chicago

HAROLD A. DANNE
LIGHT AND POWER

41 PARK ROW NEW YORK

AUGUSTUS M. HENRY
COUNSELOR AT LAW
(Patents and Patent Causes)

WOOLWORTH BLDG. NEW YORK

OPHULS & HILL, Inc.
Formerly Ophuls, Hill & McCreery, Inc.
CONSULTING ENGINEERS

112-114 WEST 42nd ST., NEW YORK CITY

Ice Making and Refrigeration
Investigations and Reports
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T A O LT TS S S0

:-.nllllIIlILI.lLlllIIIIIIIIlIIHIIIIllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|IIlIIIIIIIlIlIlIlIIIIIIIlIIIIIHIIIIIIIIIlIIUlIlIIIIIIIIIIIIIIIIlllIlIIlIIIlIIlIIIlIIIIllllIHIIlllIIIIlIllllllllIlllllilIIIIlIlIlIlIlIIIIIIIIIIIIIIlIlIIIIIIIIlllIIIIIIIIIIIIlIlIIlIlulIIIII|||l|lllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII[IIlllIIIIIIIIIIIlIIlIIIMIlIIIIIIII|IlIIIIIHIIIIIIIIIIIIIIIIIIIIlIIIHIIIIIIIIIIIIIIIIIII]IIHIIIIIIE

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.




June 1927

s
£
=
£

glllIInllHII|IlIIIIIIIIIIIIIlIIIIIIIlIIIIllIIIIIlIIIIIIIllIIlIIIIIIll\llIIIIlIIIIIIIIIIIIIIIl

Broad and Arch Sts.
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PROFESSIONAL ENGINEERING DIRECTORY

For Consultants in the Fields of Engineering and Related Artx and Sciences

FARLEY OSGOOD

Consultant
Design, Construction, Operation
Inter-Coxfmection
o
PUBLIC UTILITIES

National Bank of Commerce Building
31 Nassau Street, New York, N. Y.
Tel.: Rector 7878 Cable Address: Fargood

SCOFIELD ENGINEERING CO.
Consulting Engineers

Power Stations Gas Works
Hydraulic Developments Electric Railways
Examinations & Reports Valuations

Philadelphia

STONE « WEBSTER

Incorporated
DESIGN AND CONSTRUCTION
EXAMINATIONS REPORTS
APPRAISALS
INDUSTRIAL AND PUBLIC SERVICE
PROPERTIES
New York Boston Chicago

1. S. PRENNER

Mem. A. I. E. E.

Lawyer — Engineer
Patent Practice

Liberty Trust Bldg.
e and A S PHILADELPHIA

J. E. SIRRINE & COMPANY

Engineers
Textile Mills; Hydro-Electric Develop-
ments; Tobacco Products Plants; Cotton,
Tobacco and General Warehousing; Indus-
trial Housing; Steam Power Plants; Steam
Utilization.
General Offices: Greenville, South Carolina
Branches
Chattanooga, Tenn. Birmingham, Ala.

PERCY H. THOMAS
Consulting Engineer
ELECTRIC POWER

Generation ~ Transmission
Applications

120 BROADWAY NEW YORK

PUBLIC SERVICE
PRODUCTION COMPANY

Engineers and Constructors
Design and Construct: Power Plants,
Transmission Lines, Industrial Piants,

Highways, Railroad Shops and Terminals,

Gas Plants, Commercial Buildings

Make: Examinations, Reports and Valuations

80 PARK PLACE NEWARK, N. J.

JOHN A. STEVENS

CONSULTING POWER ENGINEER

16"Shattuck]Street

LOWELL MASSACHUSETTS

THE U. G.1. CONTRACTING CO.
Engineers & Constructors

Power Developments, Industrial Plants, Gas
Plants, Transmission Systems, Appraisals

Broad & Arch Sts., PHILA., PA.

421 Peoples Gas 928 Union Trust
Bldg., Chicago, Ill. Bldg., Pittsburgh, Pa.

SANDERSON & PORTER
ENGINEERS

PuBLIC UTILITIES & INDUSTRIALS

Design Construction Management
Examinations Reports Valuations

Chicago New York San Francisco

STEVENS & WOOD

INCORPORATED
Engineers and Constructors

120 BROADWAY, NEW YORK
Youngstown, O.

THE J. G. WHITE

ENGINEERING CORPORATION

Engineers—Constructors

Oil Refineries and Pipe Lines,

Steam and Water Power Plants,
Transmission Systems, Hotels, Apartments,
Offices and Industrial Buildings, Railroads

43 EXCHANGE PLACE NEW YORK

SARGENT & LUNDY

Incorporated

Mechanical and Electrical
Engineers

William M. Stockbridge Victor D. Borst

STOCKBRIDGE & BORST

J. G. WRAY & CO.

Engineers
J. G. Wray, Fellow A.LLE.E. Cyrus G. Hill

Utilities and Industrial Properties
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Patent Lawyers %{)praisnls ((:)onst(ucti_on Rate Surveys
14132 Edison Bldg., 72 West Adams Street Fi:ggcial Investggzg:)z;;wn %,f:;‘;ntes
gement
CHICAGO ILLINOIS 41 PARK ROW . NEW YORK CITY §76 First National Bank Bldg., Chicago
OUR CARD in 24,000 copies of each issue of this publication
—12 times a year, will keep your name and specialized
service constantly before the electrical industry.
Qualified advertisers in the Engineering Directory are invited
to send for rates.
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élllllllIIIIlIIIIIIIllIIIIlIIIIIIllIIIIIIllIIIIIIllIIl]lIIIIlIIIIlIIIIIIIIIIIIlIIIlIIIllIII|l||II|l||IIIIlIIlIlIIIIIIlIlIlIlll||||||||||IIIIIIIIIIIIIIlIIIIIIHIIIIIIIIIIIIIlIIIIIlIIllIlIIIIIIMHlIIlIIlllll|l|l|l|llllllllllllllllllIIllInIIIIIIIIIIIIIHIIIIIIIIHHHIIIIHIII|||IIlllIlIIIIUIIIIIIIIIIII|I|I|I|I|I||||||||II|IlIIIl|I|llllllIIllIIIlIIIIIIIIIIIIIIIII[IIIIII]I|Il|l|l|IIIIIlIIIIIlIIIIII"IIIIIIIIIIIIIIV_’=f
£ ELECTRICAL Inspections — Tests — Research =
E Tests may be used by the purchaser for the following purposes: §
E TESTING (1) To fdel:erl:nlne thle q?allt{' of competing samples. This enables the purchase =
= of the best quality for the money, g
E LABORATORIES (2) To make sure that shipments comply with specifications, This makes possible ;
E the assurance to the customer that shipments match buying samples, &
£ 80th Street and East End Ave. (3) To furnish an impartial decision in case of disputes betwoen purchasér and §
E NEW YORK manufacturer, S
g Testing places the whole buying problem on a sound basis. §
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Classified Advertiser’s Index for Buyers

Manufacturers and agents for machinery and supplies used in the electrical and allied industries.

Note: For reference to the Advertisements see the Al

AIR COMPRESSORS
Allis-Chalmers Mfg. Co., Mllwaukoe
Goneral Eloctric Co., Schenectady
Woestern Electric Co., All Principal Citles

AIR WASHERS
Sturtevant Company, B. F., Boston

AMMETER COMPENSATING COILS
Minerallac Electric Co., Chicago

AMMETER, VOLTMETERS
(See INSTRUMENTS, ELECTRICAL)

ANCHORS, GUY
Hubbard & Co., Pittsburgh
Kearney Corp., jas. R., St. Louis
Matthews Corp., W. N., St. Louis

ARMS FOR STREET LIGHTING
Hubbard & Co., Pittsburgh

BALANCING MACHINES, STATIC DYNAMIC
Ol:e:\ h’.l‘estiqg Mach. Co., Tinius, Phila-
elphia

BATTERY CHARGING APPARATUS
Allen-Bradley Co., Milwaukee
Electric Specialty Co., Stamford, Conn.
Fansteel Products Co., Inc., North Chicago
General Electric Co., Schenectady
Ward Leonard Electric Co., Mt. Vernon, N. Y.
Western Electric Co., All Principal Cities
Wle)stinlfhouse Elec. & Mfg. Co., E. Pitts-

urg

BEARINGS, BALL
Gurney Ball Bearing Division of Marlin-
Rockwell Corp., Jamestown, N. Y.
New Departure Mfg. Co., The, Bristol, Conn.
Norma-Hoffmann Bearings Corp., Stamford,

onn.
Standard Steel & Bearings, Inc., Plainville,
Conn,

BEARINGS, ROLLER
Timken Roller Bearing Co., The, Canton, O.

BLOWERS
Sturtevant Co., B. F., Boston

BOXES, FUSE
General Electric Co., Scheneetady
Kearney, Corp., Jas.R., St. Louis
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., Pitts-
burgh
BOXES, JUNCTION
G & W FElec. Specialty Co., Chicago
Metropolitan Device Corp., Brooklyn, N. Y.
Standard Underground Cable Co., Pittsburghb
BRACKETS AND PINS, METAL
Hubbard & Co., Pittsburgh
BRUSHES, COMMUTATOR
Carbon
Morganite Brush Co., Inc., L. I. City, N. Y.
National Carbon Co., Inc., Cleveland
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh
Copper Graphite
Morganite Brush Co., Inc., L. I. City, N. Y,
National Carbon Co., Inc., Cleveland
Westinghousé Elec. & Mfg. Co., E. Pitts-
burgh
BUS BAR FITTINGS
Burndy Engineering Co., Inc.,, New York
Delta-Star Electric Co., Chicago
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh
CABLE ACCESSORIES
Delta-Star Electric Co., Chicago
Dossert & Co., New York
G & W Electric Speciaity Co., Chicago
General Electric Co., Schenectady
Minerallac Electric Co., Chicago
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities
CABLE RACKS
Hubbard & Co., Pittsburgh
Metropolitan Device Corp., Brooklyn, N. Y.
CABLES
See WIRES AND CABLES
CABLEWAYS
American Steel & Wire Co., Chicago
Roebling’s Sons Co., John A., Trenton, N. J.

CAMBRIC, VARNISHED
Belden Mfg. Co., Chicago
Goneral Erectrlc Co., Bridgeport, Conn.
Irvington Varnish & Ins. Co., Irvington, N. J.
Wleslmghouue Elec. & Mfyg. Co., E. Pitts-
burgh

CARRIER CURRENT TELEPHONE EQUIP-
MENT

Dubllier Condenser & Radio Corp., N. Y.
Woestern Electric Co., All Principal Citles
Wireless Specialty Apparatus Co., Boston
CIRCUIT BREAKERS
Ajr—Enclosed
Allen-Bradley Co., Milwaukee
Cutter Co., The, Philadelphia
Roller-Smith Co., New York
Sundh Electric Co., Newark N.VI.
Ward Leonard Electric Co., Mt ernon, N.Y.
Western Electric Co., All Principal Cities
Os!
Condit Electrical Mfg. Corp., Boston
General Electric Co., Scbenectady
Pacific Elec. Mfg. Co., San Francisco
Westinghouse Elec. & Mifg. Co., E. Pitts-
burgh
CLAMPS, GUY & CABLE
Burndy En ineering Co., Inc., New York
Hubbard g Co., Pittsburgh
Kearney Corp., Jas. R., St. Louis
Matthews Corp., W. N., St. Louis
CLAMPS, HOT LINE
Hubbard & Co., Pittsburgh
Kearney Corp., Jas. R., St. Louis
CLIPS, CABLE
Hubbard & Co., Pittsburgh
Kearney Corp., Jas. R., St. Louis
CLOCKS
Cramer & Co., Inc., R. W., New York
COILS, CHOKE
Burke Electric Co., Erie, Pa.
General Electric Co., Schenectady
Kearney Corp., Jas. R., St. Louis
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh
COILS, MAGNET
Acme Wire Co., New Haven, Conn.
Belden Mfg. Co., Chicago
Dudlo Mfg. Corp., Ft. Wayne, Ind.
General Electric Co.. Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh

COMMUTATOR SLOTTERS
Martindale Electric Co., The, Cleveland

COMMUTATOR STONES

Martindale Electric Co., The, Cieveland
CONDENSATION PRODUCTS

Bakelite Corporation, New York

CONDENSERS, COUPLING
For Carrier Current Telephone
Dubilier Condenser & Radio Corp., New York
Wireless Specialty Apparatus Co., Boston

CONDENSERS, RADIO
Dubilier Condenser & Radio Corp., New York
General Radio Co., Cambridge, Mass.
Pacent Radio Corp., New York
Wireless Specialty Apparatus Co., Boston

CONDENSERS, STEAM
Allis-Chalmers Mfg. Co., Milwaukee
General Electric Co., Schenectady
Westinghouse Elec & Mfg. Co., E.' Pittsburgh

CONDUIT, UNDERGROUND FIBRE
Western Electric Co., All Principal Cities

CONNECTORS, SOLDERLESS
Dossert & Co., New York
Kearney Corp., Jas. R., St. Louis
Westeru Electric Co., Al! Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh

CONNECTORS AND TERMINALS
Belden Mfg. Co., Chicago
Burke Electric Co., Erie, Pa.
Burndy Engineering Co., Inc., New York
Dossert & Co., New York
G & W Electric Specialty Co., Chicago
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

phabetical List of Advertisers on page 68,

CONTACTS, TUNGSTEN
Fansteel Products Co., Inc., North Chicago
Genoral Electric Co., Schenoctady

CONTROL SYSTEMS
Ward Leonard Electric Co., Mt. Vornon, N. Y

CONTROLLERRS
Allen-HBradley Co., Milwaukee
Electric Controller & Mfg. Co., Cieveland
General Blactric Co., Schenectady
Rowan Controller Co., Baltimore
Sundh Electric Co., Newark, N, J.
Wurd Leonard Electri¢ Co., Mt. Vernon, N, Y.
Western Electric Co., All Principal Citlos
Westinghouse £lec. & Mig. Co., E. Pitta-

burgh

CONVERTERS—SYNCHRONOUS
Alhs-Chalmers Mfg. Co., Milwaukee
Electric Specialty Co., Stamford, Conn.
Westinghouse Elec. & M(g. Co., E. Pitta-

burgh

COPPER CLAD WIRE
Belden Mfg. Co., Chicago
Copperweld Steel Co., Rankin, Pa.
Standard Underground Cable éo., Pittsburgh
Western Electric Co., All Principal Cities

CROSS ARMS, STEEL
Hubbard & Co., Pittsburgh

CUT-OUTS
Condit Electrical Mfg. Corp., S. Boston
General Electric Co., Schenectady
G & W Electric Specialty Co., Chicago
Kearney Corp., Jas. R., St. Louis
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mifg. Co., E. Pitta-

burgh

DIMMERS, THEATRE
Ward Leonard Electric Co., Mt. Vernon, N. Y.

DRAWING INSTRUMENTS

Cramer & Co., Inc., R, W., New York
DYNAMOS

(See GENERATORS AND MOTORS)
DYNAMOTORS

Burke Electric Co., Erie, Pa.

Electric Specialty Co., Stamford, Conn.
ELECTRIFICATION SUPPLIES, STEAM

ROAD
General Electric Co., Schenectady

Ohio Brass Co., Mansfield, Ohio
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
ENGINEERS, CONSULTING AND CON-
TRACTING
(See PROFESSIONAL ENGINEERING
DIRECTORY)
ENGINES

Gas & Casoline
Allis-Chalmers Mfg. Co., Milwaukee
Sturtevant Company., B. F., Boston

il
Allis-Chalmers Mfg. Co., Milwaukee
Sturtevant Company, B. F., Boston
Steam
Allis-Chalmers Mfg. Co., Milwaukee
Sturtevant Compauny, B. F., Boston
FANS, MOTOR
Century Electric Co., St. Louis
General Electric Co., Schenectady
Star Electric Motor Co., Newark, N. J.
Sturtevant Company, B. F., Boston
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh
FARM LIGHTING GENERATORS
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgb
FIBRE
Belden Mfg. Co., Chicago
Nalt)iolnal Vulcanized Fibre Co., Wilmington,
el.
FLOW METERS
General Electric Co., Schenectady
FURNACES, ELECTRIC
General Electric Co., Schenectady
Westinghouse Flec. & Mfg. Co., E. Pitts-

Is your
name on our
mailing list
for bulletins
and catalog?

A\ NS

Morganite

. Brush Co., Inc.

3302-3320 Anable Ave.,
Long island City,
N Y,

AN )

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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The
J. G. White Engineering
Corporation

ENGINEERS and CONSTRUCTORS

Steam Power Stations Railroads

Hydro-Electric Stations Bridges

Sub-stations Wharves and Sea Walls
Transmission Lines Highways

Dams Industrial Plants

Water Works Industrial Housing
Irrigation Systems W arehouses

Sewage Systems Bank and Office Buildings
Pipe Lines Hotels

Oil Refineries Apartments

43 EXCHANGE PLACE NEW YORK, N. Y.

Please mention the JOURNAL of the A. 1. E. E, when writing o advertisers.
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FUSES Ewnclosed Refillable
Geoneral Klectric Co., Schenectady
Westorn Eleotric Co., All Priacipal Cities
Woestinghouse Elec. & Mig. Co., F. Pitts-
burgh
Enclosed Non-Rafillable

General Electric Co., Schenectady
Western Electric Co,, All Principal Citles

Open Link

General Electric Co., Schenectady
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Citles

High Tension
Delta-Star Electric Co., Chicago
Moetropolitan Device Corp., Brooklyn, N. Y
Western Electric Co., All Principal Cities

FUSE PULLERS
Kearney Corp., Jas. R., St. Louis

GEARS, FIBRE
General Electric Co., Schenectady

GENERATORS AND MOTORS
Allis-Chalmers Mfg. Co., Milwaukee
Burke Electric Co,, Erie, Pa.

Century Electric Co., St. Louis
Chandeysson Electric Co., St. Louis
Electric Specialty Co., Stamford, Conn.
Electro-Dynamic Co., Bayonne, N. J.
General Electric Co., Schenectady
Lincoln Electric Co., The, Cleveland
Star Electric Motor Co., Newark, N. J.
Sturtevant Company, B. F., Boston
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh

GENERATING STATION EQUIPMENT
Atlis-Chalmers Mfg. Co., Milwaukee
Burke Electric Co., Erie, Pa.
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh

GROUND CONNECTIONS
Hubbard & Co., Pittsburgh

GROUND RODS
Copperweld Steel Co., Rankin, Pa.
Hubbard & Co., Pittsburgh
Western Electric Co., All Principal Cities

HEADLIGHTS
Ohio Brass Co., Mansfield, O.

HEATERS, INDUSTRIAL
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh

INDICATORS, SPEED
Bristol Co., The, Waterbury, Conn.
Roller-Smith Co., New York

INDICATORS, REMOTE, WATER LEVEL
Bristol Co., The, Waterbury, Conn.
Cramer & Co.,Inc., R. W., New York

INSTRUMENTS, ELECTRICAL
Graphic

Bristol Co., The, Waterbury, Conn.
Ferranti, Ltd., Hollinwood, England
Ferranti, Inc., New York
Ferranti Electric, Ltd., Toronto, Ont.
General Electric Co., Schenectady .
Westinghouse Elec. & Mfg. Co., E. Pittsburgh

Indicating

Bristol Co., The, Waterbury, Conn.
Ferranti Ltd., Hollinwood, England
Ferranti, Inc., New York
Ferranti Electric, Ltd., Toronto, Ont.
General Electric Co., Schenectady
Jewell Elec. Instrument Co., Chicago
Roller-Smith Co., New York ]
Westinghouse Elec. & Mfg. Co., E. Pittsburgh
Weston Elec. Inst. Corp., Newark, N. J.

Integrating
Duncan Elec. Mfg. Co., Lafayette, Ind.
Ferranti Ltd., Hollinwood, England
Ferranti, Inc., New York
Ferranti Electric, Ltd., Toronto, Ont.
General Electric Co., Schenectady
Roller-Smith Co., New York
Sangamo Elec. Co., Springfield, Il.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Radio

General Radio Co., Cambridge, Mass.

Jewell Elec. Instrument Co., Chicago
Repairing and Testing

Electrical Testing Laboratories, New York

Jewell Elec. Instrument Co., Chicago

Scienlific, Laboratory, Testing
General Electric Co., Schenectady
ewell Elec. Instrument Co., Chicago
etropolitan Device Corp., Brooklyn, N. Y.
Rolier-Smith Co., New York .
Western Electric Co., All Principal Cmes
Westinghouse Elec. & Mfg. Co., E. Pittsburgh
Weston Elec. Inst. Corp., Newark, N. J.
. Telegraph . .
Western Electric Co., All Principal Cities

INSULATING MATERIALS

Bogrd
Geoneral Electric Co., Bridgeport, Conp.
West Va. Pulp & Paper Co., New York
Cloth

Acme Wire Co., New Haven, Conn.
Geoneral JIloc(rfc Co., liridgeport, Conn.
Irvington Varnish & iuu. Co., lrvlngtou, N. J.
Mineralluc Electric Co., Chicago
Westinghouse Eloc. & Mh;. Co., B. Pittsburgh
Composition
American Lava Corp., Chattanocoga
Bakelite Corporation, New York
Belden Mfg. Co., Chicago
General Klectric Co., Bridgeport, Conn
Westinghouse Elec. & Mfg. Co., E. Pittsburgh
Compounds
Genera) Electric Co. Bridgeport, Conn.
Minerallac Electric do.. Chicago
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Clties
Westinghouse Elec. & Mfg. Co., E. Pitts
burgh
Fibre
General Electric Co., Bridgeport, Conn.
an;iolual Vulcanized Fibre Co., Wilmington,
e

West Va. Pulp & Paper Co., New York ~
Lava

American Lava Corp., Chattanooga, Tenn.

Chicago Mica Co., Valparaiso, Ind.

Mica
Chicago Mica Co., Valparaiso, Ind.
New England Mica Co., Waltham, Mass.
Westinghouse Elec. & Mifg. Co., E. Pitts-
burgh

Paper
Acme Wire Co., New Haven, Conn.
Genera! Electric Co., Bridgeport, Conn.
Irvington Varnish &.Ins. Co., Irvington, N. J.
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh
Silk

Acme Wire Co., New Haven, Conn.
General Electric Co., Bridgeport, Conn.
Irvington Varnish & Ins. Co., Irvington, N. J.
Tape
Belden Mfg. Co., Chicago
General Electric Co., Bridgeport, Conn.
Minerallac Electric Co., Chicago
Okonite Co., The, Passaic, N. J.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pittsburgh
Varnishes
Acme Wire Co., New Haven, Conn.
General Electric Co., Bridgeport, Conn.
Irvington Varnish & Ins. Co., Irvington, N. J.
Minerallac Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh
INSULATORS, HIGH TENSION
Composition
General Electric Co., Schenectady
Glass
Hemingray Glass Co., Muncie, Ind.
Porcelain
Canadian Porcelain Co., Ltd., Hamilton, Ont.
General Electric Co., Schenectady
Hubbard & Co., Pittsburgh
Lapp Insulator Co., Inc., LeRoy, N. Y.
Locke Insulator Corp., Baltimore
Ohio Brass Co., Mansfield, O.
Thomas & Sons Co., R., East Liverpool, O.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pittsburgh
Post Type
Delta-Star Electric Co., Chicago
Pyrex
Corning Glass Works, Corning, N. Y.
INSULATORS, TELEPHONE & TELEGRAPH
Hemingray Glass Co., Muncie, Ind. .
Western Electric Co., All Principal Cities

INSULATOR PINS
*  Hubbard & Co., Pittsburgh
Ohio Brass Co., Mansfield, O.
Thomas & Sons Co., R., East Liverpool, O.

LAMP GUARDS .
Matthews Corp., W. N., St. Louis
Western Electric Co., All Principal Cities

LAVA
American Lava Corp., Chattanooga
LIGHTNING ARRESTERS .
Delta-Star Electric Co.; Chicago
General Electric Co., Schenectady
Hubbard & Co., Pittsburgh .
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pittsburgh

LOCOMOTIVES, ELECTRIC
General Electric Co., Schenectady
‘Westinghouse Elec. & Mfg. Co., E. Pittsburgh

LUBRICANTS

Texas Co., The, New York
MAGNETIC SEPARATORS

Electric Controller & Mfg. Co., Cleveland
METERS, ELECTRICAL

(See INSTRUMENTS ELECTRICAL)
METER SEALS

Metropolitan Device Corp., Brooklyn, N. Y.
MICA PRODUCTS .

Chicago Mica Co., Valparaiso, Ind.

New England Mica Co., Waltham, Mass.

Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

MICA UNDERCUTTERS
Martindale Elootri¢ Co., Tho, Cleveland

MOLDED INSULATION
Bakollte Corporation, New York
Belden Mfg, Co., Chicago
Burke Eleoctric Co., Erio, Pa
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh

MOLYUDENUM
Fuausteel Products Co., Inc., North Chigago

MOTORS
(See GENERATORS AND MOTORS)

OHMMETERS
{:well Elec. Instrument Co., Chlcago
artindale Klectric Co., Cleveland
Roller-Smith Co., New York
Weston Elsc. Instr. Corp., Newark, N, J.

OIL SEPARATORS & PURIFIERS
Sharples Specialty Co., The, Philadeiphia
Westinghouse Elec. & MI(g. Co., E. Pitts-
burgh

PANEL BOARDS
(See SWITCHBOARDS)

PATENT ATTORNEYS
Sce  PROFESSIONAL ENGINEERING
DIRECTORY)

PLUGS
Delta-Star Electric Co;l Chicago
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Milg. Co., E. Pitta-
burgh
POLE LINE HARDWARE
Hubbard & Co., Pittsburgh
Ohio Brass Co., Mansfield, O.
POLES, STEEL
American Bridge Co., Pittsburgh
Western Electric Co., All Principal Cities
POLES—TIES, WOOD
Western Electric Co., All Principal Cities
POTHEADS
G & W Electric Specialty Co., Chicago
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principaj Clties
PROTECTIVE DEVICES
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities
PULLERS, SLACK
. Matthews Corp., W. N., St. Louis
PUMPS
Allis-Chalmers Mfg. Co., Milwaukee
PUMPS, SPIRAL
Morris Corporation, I. P., Philadelphia
RADIO LABORATORY APPARATUS
General Radio Co., Cambridge, Mass.
Westinghouse Elec. & Mfg. Co., E. Pitta-
burgh
RAILWAY SUPPLIES, ELECTRIC
General Electric Co., Schenectady
Ohio Brass Co., Mansficld, O.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitta-
burgh
REACTORS
General Electric Co., Schenectady
Metropotitan Device Corp., Brookiyn, N. Y.
RECTIFIERS
Fansteel Products Co., Inc., North Chicago
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh
REELS, PAYOUT AND TAKEUP
Matthews Corp., W. N., St. Louis
REGULATORS, VOLTAGE
Burke Electric Co., Erie, Pa.
General Electric Co., Schenectady
Westgrn Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh
RELAYS
Cramer & Co., Inc.,, R. W., New York
Electric Controller & Mfg. Co., Cieveland
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
RESISTOR UNITS
Allen-Bradley Co., Milwaukee
General Electric Co., Schenectady
Ward Leonard Electric Co., Mt. Vernon, N. Y.

RHEOSTATS
Allen-Bradley Co., Milwaukee
General Electric Co., Schenectady
Sundh Electric Co., Newark, N. J.
Ward Leonard Electric Co., M. Vernon,N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh
ROPE, WIRE
American Steel & Wire Co., Chicago
Roebling's Sons Co., John A., Trentoa, N. J.
SEARCHLIGHTS
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pittsburgh
SHEETS, ELECTRICAL
Trumbull Steel Co., The, Warrea, O.

SLEEVE TWISTERS
Kearney Corp., Jas. R., St. Louis

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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NDUSTRY continues to specify Moloney

Transformersin increasing numbers because
the Moloney organization has always given
Industry the quality of design and workmanship
that made possible dependable and economical
performance.

MOLONEY ELECTRIC CO.

Main Office and Factories: St. Louis, Mo.
Sales Offices in Principal Cities

Molonevy

TRANSFORMERS

Please mention the JOURNAL of the A. 1. E, FE. when writing to advertisers.
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Classified Advertiser’s Index for Buyers—Continued

SOCKETS AND RECEPTACLES
Goneral Electric Co., Schopectady
Woestern Eloctric Co., All Principal Citlos
Westinghouse Elec. & Mfg. Co., K. Pittsburgh

SOLENOIDS
Acme Wire Co., Now Huven, Conn.
Belden Mf(g. Co., Chicago
Dudlo Mfg. Co., Ft. Wayne, Ind.
Electric Controller & Mfg. Co., Clevelund
General Electric Co., Schenectady
Sundh Electric Co., Newark N.Vl.
Ward Leonard Electric Co., M(. ernon, N.Y.
Westingliouse Elec. & M{g. Co., E. Pittaburgh

SPRINGS
American Steel & Wire Co., Chicago

STARTERS, MOTOR
Allen-Bradley Co., Milwaukee
Condit Electrical Mfg. Corp., Boston
Electric Controller & M(g. Co., Cleveland
General Electric Co., Schenectady
Rowan Controller Co., Baltimore, Md.
Sundh Electric Co., Newark, N. J.
Ward Leonard Electric Co., Mt. Vernon, N.Y.
Westinghouse Elec. & Mfg. Coa., E. Pittsburgh

STEEL, SHEET & STRIPS
Trumbull Steel Co., The, Warren, O,

STOKERS, MECHANICAL
Sturtevant Company, B. F., Boston
Westinghouse Elec. & M(g. Co., E. Pittsburgh

SUB-STATIONS
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pittsburgh

SWITCHBOARDS
Allis-Chalmers Mfg. Co., Milwaukee
Condit Electricat Mfg, Corp., Boston
General FElectric Co., Scheaectady
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pittshurgh

SWITCHES Automatic Time
Cramer & Co., Inc.,, R. W., New York
General Electric Co., Schenectady
Minerallac Electric Co., Chicago
Sundh Electric Co., Newark, N. J.
Westinghouse Elec. & Mfg. Co., E. Pittsburgh

Disconnecting

Burke Electric Co., Erie, Pa.
Condit Electrica) Mfg. Corp., Boston
Delta-Star Electric Co., Chicago
General Electric Co., Schenectady
Kearney Corp., Jas. R., St. Louis
K-P-F Electric Co., San Francisco
Matthews Corp., W. N., St. Louis
Pacific Elec. Mfg. Co., San Francisco
Thoner & Martens, Boston

Fuse

General Electric Co., Schenectady
Kearney Corp., Jas. R., St. Louis
Matthews Corp., W. N., St. Louis
Metropolitan Device Corp., Brooklyn, N. Y.
Thoner & Martens, Boston

- Knife
Condit Electrical Mfg. Corp., Boston
Cramer & Co., Inc.,, R. W., New York
Electric Controller & Mfg. Co., Cleveland
General Electric Co., ScheneCta.dy
Matthews Corp., W. N., St. Louis
Western Electric Co., All Principal Cxtles
Westinghouse Elec. & Mfg. Co., E. Pittsburgh

Magnetic
Allen-Bradley Co., Milwaukee
Ward Leonard Electric Co.,Mt. Vernon, N. Y.
il
Condit Electrical Mfg. Corp., Boston
General Electric Co., Schenectady
Pacific Elec. Mfg. Co., San Francisco
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh
Remote Control
Condit Electrical Mfg. Corp., Boston
Cramer & Co.,Inc.,, R. W., New York
General Electric Co., Schenectady
Rowan Controller Co., Baltimore
Sundh Electric Co., Newark, N. J.
Western Electric Co., All Principal Cmes
Westinghouse Elec. & Mfg. Co., E. Pittsburgh

TANTALUM .
Fansteel Products Co., Inc., North Chicago

TELEGRAPH APPARATUS e "
Western Electric Co., All Principal Cities

TELEPHONE CONNECTORS .
Kearney Corp., Jas. R., St. Louis

TELEPHONE EQUIPMENT »
Western Electric Co., All Principal Cities
TESTING LABORATORIES
Electrical Testing Labs., New York

TESTING MACHINES, MATERIAL
For Tension, Compression, Ductility, Endurance

elc. .
Olsen Testing Machine Co., Tinius, Phila-
delphia
TOWERS, TRANSMISSION
American Bridge Co., Pittsburgh .
Western Electric Co., All Principal Cities

TRANSFORMERS
Allls-Chalmers Mfg. Co., Milwaukeo
American Transformer éo.. Newark, N. ]
Duncan Rlec. Mfg. Co., Lafayette, [nd
Ferranti, Ltd., Hollinwood, England
Rorrantl, Inc., New York
Ferranti Electric Ltd., Toronto, Ont.
General Electric Co., Schenectady
Kuhliman Blectric Co., Bay Clty, Mich.
Moloney Electric Co., St. Louis
Pittsburgh Transformer Co., Pittsburgh
Western Electric Co., All Principnl Citles
Westinghouse Blec. & Mfg. Co., E.Pittsburgh

Factory
American Transformer Co., Newark, N. J.
Kuhlman Electric Co., Bay City, Mich.
Moloney Electric Co., St. Louis
Pittsburgh Transformer Co., Pittsburgh
Western Electric Co., All Principal Citles

Furnace
Allis-Chalmers Mf(g. Co., Milwaukee
American Transformer Co., Newark, N. J.
Moloney Electric Co., St. Louis
Pittsburgh Transformer Co., Pittsburgh

Metering

American Transformer Co., Newark, N. J.
Ferranti, Ltd., Hollinwood, England
Ferranti, Inc., New York
Ferranti Electric Ltd., Toronto, Ont.
Pittsburgh Transformer Co., Pittsburgh

. Mill Type
Pittsburgh Transformer Co., Pittsburgh

Radio
American Transformer Co., Newark, N. J.
Ferranti, Ltd., Hollinwood, England
Ferranti, Inc.,, New York
Ferranti Electric Ltd., Toronto, Ont.
Pacent Radio Corp., New York
Street Lighting

Kuhlman Electric Co., Bay City, Mich.
Western Electric Co., All Principal Cities

TROLLEY LINE MATERIALS

General Electric Co., Schenectady

Hubbard & Co., Pittshurgh

Ohio Brass Co., Mansfield, O.

Western Electric Co., All Principal Cities

Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh

TURBINES, HYDRAULIC

Allis-Chalmers Mfg. Co., Milwaukee
Morris Corporation, 1. P., Philadelphia

TURBINES, STEAM

Allis-Chalmers Mfg. Co., Milwaukee

General Electric Co., Schenectady

Sturtevant Company, B. F., Boston

Western Electric Co., All Principal Cities

Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh

TURBO-GENERATORS

Ailis-Chalmers Mfg. Co., Milwaukee
Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh

VALVE CONTROL, ELECTRIC
Bristol Company, The, Waterbury, Conn.

VALVES, JOHNSON HYDRAULIC
Morris Corporation, I. P., Philadelphia

VARNISHES, INSULATING

General Electric Co., Bridgeport, Conn.

Irvington Varnish & Ins. Co., Irvington, N. J.

Minerallac Electric Co., Chicago

Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh

WELDING MACHINES, ELECTRIC

General Electric Co., Schenectady

Lincoln Electric Co., The, Cleveland

Ohio Brass Co., Mansfield, O.

Westinghouse Elec. & Mfg. Co., E. Pitts-~
burgh

WELDING WIRES & RODS

American Steel & Wire Co., Chicago
Lincoln Electric Co., Cleveland
Ohio Brass Co., Mansfield, O.

WIRES AND CABLES
Armored Cable
American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago
Boston Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady
Habirshaw Cable & Wire Corp., New York
Hazard Manufacturing Co.,Wilkes-Barre, Pa.
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities
Asbestos Covered
American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago
General Electric Co., Schenectady

WIRES AND CABLESB-—Continued.

A ulomaolsve
American Btoel & Wire Co., Chlcago
Bolden M{g. Co., Chicago
HBoston Tne. Wire & Cuble Co., Boston
General Blectric Co., Schenectad
Habirshaw Cable & Wire Corp., New York
Kerite Ini. Wire & Cable Co., New York
Roobling’'s Sons Co., eohn A., Trenton, N, .
Simplex Wire & Cable Co., {louon
Standard Underground Coble Co., Pittsburgh
Western Electric Co., All Principal Cities

Bure Copper
Amerlcan ins. Wire & Cable Co.; Chicago
Americun Steel & Wire Co., Chicago
Anaconda Copper Mining Co., Chicago
Belden M(g. Co., Chicago
Copperweld Steel Co., Rankin, Pa.
Hazard Manufacturing Co.,Witkes-Barre, Ia,
Roebling's Sons Co., John A, Trenton, N. |
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Clties

Copper Clad

American Steel & Wire Co., Chicago
Copperweld Steel Co., Rankin, Pa.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Clties

Flexible Cord

American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago

Boston Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady

Hazard Manufacturing Co.,Wilkes-Barre, Pa.
Okonite Company, The, Passaic, N. J.
Roebling’'s Sons Co., John A., Trenton, N. J.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Heavy Duty Cord

American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago

Hazard Manufacturing Co.,Wilkes-Barre, Pa.
Okonite Company, The, Passaic, N. J.
Simplex Wire & Cahle Co., Boston

Fuse

American Steel & Wire Co., Chicago
General Electric Co., Schenectady
Roebling's Sons Co., John A., Trenton, N. J.
Western Electric Co., All Principal Cities

Lead Covered (Paper and Varnished cambric
insulated)
American Steel & Wire Co., Chicago
Anaconda Copper Mining Co., Chicago
General Electric Co., Schenectady
Habirshaw Cable & Wire Corp., New York
Hazard Manufacturing Co., Wilkes-Barre, Pa.
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Okonite-Callender Cable Co., The, Inc.,
Passaic, N. J.
R oebling's Sons Co., John A., Trenton, N. ]
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Magnet

American Steel & Wire Co., Chicago

Belden Mfg. Co., Chicago

Dudlo Mfg. Corp., Fort Wayne, Ind.
General Electric Co., Schenectady

Maring Wire Co., Muskegon, Mich.
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Rubber Insulated

American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago

Boston Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady
Habirshaw Cable & Wire Corp., New York
Hazard Manufacturing Co.,Wilkes-Barre, Pa.
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Roebling’s Sons Co., John A., Trenton, N. J.
Simplex Wire & Cabie Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Tree Wire

Hazard Manufacturing Co.,Wilkes-Barre, Pa.
Okonite Company, The, Passaic, N. J
Simplex Wire & Cable Co., Boston

Trolley

American Steel & Wire Co., Chicago
Anaconda Copper Mining Co., Chicago
Copperweld Steel Co., Rankin, Pa.
Roebling’s Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Weather proof

American Ins. Wire & Cable Co., Chicago
American Steel & Wire Co., Chicago
Anaconda Copper Mining Co., Chicago
Copperweld Steel Co., Rankin, Pa.
General Electric Co., Schenectady

Kerite Ins. Wire & Cable Co., New York
OkoniAte Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Simplex Wire & Cabie Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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PLATE STEEL VOLUTE CASING FOR ONE OF THE 54,000 HORSEPOWER
TURBINES TO BE INSTALLED IN THE SUSQUEHANNA POWER
COMPANY’S CONOWINGO DEVELOPMENT
HEAD 89 FT. SPEED 81.8 R.P.M.

Largest plate steel casing ever built.
Casing intake diameter 27 ft. 0 in.
Maximum overall width 63 ft. 0 in.

Complete assembly of entire casing prior to shipment insures
accurate fitting of all plates and greatly facilitates erection

at site.

Designers and Builders of the Johnson Hydraulic Valve and the Moody Spiral Pump

ASSOCIATED COMPANIES
THE PELTON WATER WHEEL CO., San Francisco and Néw York
DOMINION ENGINEERING WORKS, LLTD., Montreal, Canadian Licensees

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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CAPACITY METER

Type 383-A for the measurement of
inter-electrode capacities of  vacuum

tubes, and other capacities of small
- magnitude up to 30 MMF,
- Type 383-B for accurale measure-

ments of capacilies up Lo 600 MMF.
Ideal for matlching mulliple unit
condensers.

Price (either type) .$80.00

Bulletin on request.

GENERAL RADIO COMPANY

Thirty State Street
CAMBRIDGE, MASSACHUSETTS
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BipC'TION Journnl A. I. K

MANUAL 0Ol
ENDURANCE OFF METALS
UNDER REPEATED STRESS
Heretofore popularly called
Fatigue of Metals

A little book Tor the practical use of Designing,
Inspecting, Testing and  Operating  Fogineers.
Compiled at the request of Kngineering Foundation.

By H. F. MOORE, D. Sc.
Research Professor of Engineoring Matorial
I'n Oharge, Investigation of Fatigue of Metals,

University of 1llinois.

With the cooparation of the directors of
other important investigations in this fleld

In 60 pages ol clear statements, tables and dia-
grams, Professor Moore has condensed much ol
the usable information gotten by researches oceu-
pying several years ol work by a score or more of
investigators and many advisers, and costing in
the aggregate a few hundred thousand dollars.

Bound in cloth, with stifl’ boards 5x7 inches.
Price $1.00, postpaid.
Orders and remittances should be sent to
ENGINEERING FOUNDATION
29 West 39Lh Street New York
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If the Steam Turbine

could be operated
on “any kind of oil”—

And, in order to be sure that the pre-
vailing high speeds will not break up the
oil film, the oil must be one that will not
emulsify.

the lubricating engineer would have little
to worry about.

‘But the modern turbine being what it
is—a machine operating under conditions

quite different from other types of power The Texas Company, with its years of

units—calls for oils which are especially
adapted to its lubricating requirements.

To withstand the high bearing pressures
and temperatures, the oils must be of the
correct viscosity.

Again, they must be of proper viscosity
to be certain to function at the varying
degrees of clearance.

research and perfection of refining methods
has produced a type of steam turbine lubri-
cants which have met with remarkable
success under the most unusual conditions.

So that today, to hundreds of steam
turbine operators in this country and
throughout the world, the selection of the
adequate lubricant is no longer a problem.
They have found that

r -

Lubrication | |

ubie stion Devetad 1

Every month our magazine
“Lubrication” publishes arti-
cles of interest to Engineers,
Power Plant Executives and
all others whose professional
activities require an under-
standing of the economical
selection and use of lubricants.

This magazine will be sent
to vou each month free, if you
will just write to the address
below.

TEXACO REGAL OILS
FOR STEAM TURBINES

are uniformly dependable in meeting their most exacting require-
ments and this is why:

1. TEXACO REGAL OILS conform to the requircments of
the U. S. Navy emulsion test.

2. They are refined to the specifications of the National
Electric Light Association.

3. They are obtainable in four distinct ranges of Saybolt
viscosity at 100° Fahr., as follows:

TEXACO REGAL OIL “A” ... . 145 Seconds
TEXACO REGAL OIL “B” .... 180 Seconds
TEXACO REGAL OIL “C” .... 300 Seconds
TEXACO REGAL OIL “E” ... 500 Seconds

We shall be glad, at all times, to cooperate with you in the mat-

ter of Steam Turbine lubrication: and we would thank you to address
your inquiries to our nearest District Office.

THE TEXAS COMPANY

Texaco Petroleum Products
Dept. W6, 17 Battery Place, New York City
OFFICES IN PRINCIPAL CITIES

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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East River Station
of the

New York Edison Co.
protected by

Tuomas E. Murrav, Inc.
Designing and Constructing Engineers
New York

2000 Kva. bus tie
METROPOLITAN Current Limiting Reactors

Maximum short circuit protection between
60,000 kva. bus sections is provided by reactors
rated at 2000 kva., 3040 amperes, 10%, 11400
volts, 25 cycles. And the generators are pro-
tected by 1200 kva., 3040 amperes, 5% reactors.

When you are in the market for short circuit
protection, send us your inquiries.

Metropolitan Device Corporation
1250 Atlantic Avenue
BROOKLYN, NEW YORK

METROPOLITAN DEVICE CORPORATION
1250 Atlantic Avenue, Brooklyn, N. Y.

Gentlemen: Please send me 32-page booklet describing Metropolitan Current Limiting Reactors.
N R e A= am's m = ) sl b e ol W' a4 o, s P Company

ATALESS  wiiamar ared e« bLSS Bamables kie Bl S g ¥ Title

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.




\\( Scientifically Made
(| Paper Cables

i KONITE-CALLENDER Im- \\
' pregnated Paper Cables are the |
result of many years of scientific
research and experimenting together
with years of practical test in the
operating field.

All possible types and kinds of raw
materials have been carefully studied
both chemically and electrically. Even
aging tests of the dielectric under
electrical stress have been carried on
continuously for more than twenty
years. :
The result is a Cable that can be .
depended upon to do the work for '
which it was designed. }

Order Okonite-Callender Impreg-
nated Paper Cables and let their
performance tell their story. Our
Electrical Research Laboratory and
our Engineering Department are at
your service to assist you 1n your

cable problems. /

Send For 4
Full Particulal:sj /

Okonite
Products

OKONITE
INSULATED
WIRES AND
CABLES

VARNISHED
CAMBRIC
CABLES

OKONITE
INSULATING
TAPE

MANSON &
DUNDEE

FRICTION
TAPES

OKONITE
CEMENT

OKOCORD
OKOLOOM

Okonite-
Callender
Products

IMPREGNATED
PAPER
CABLES

SUPER-
TENSION
CABLES

SPLICING
MATERIALS

THE OKONITE COMPANY
THE OKONITE-CALLENDER CABLE COMPANY, INC.

FACTORIES: PASSAIC, N. J. PATERSON, N. J.

SALES OFFICES: NEW YORK . CHICAGO . PITTSBURGH . ST. LOUIS . ATLANTA
BIRMINGHAM SAN FRANCISCO LOSANGELES SEATTLE
Pettingell-Andrews Co., Boston, Mass, F. D. Lawrence Electric Co,, Cincinnati, O,
Novelty Electric Co., Philadelphia, Pa,

Canadiun Representatives: Engincering Materials Limited, Montreal
Cuban Representatives: Victor G, Mendoza Co., Havana
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Jerky Acceleration Is Poor Engineering
That’s why the Compensator is a poor Motor Starter!

AJOLTI“ G start that strains belts,” gears,

and connected machinery, 1s character-
1stic of the induction motor. The blame, how
ever, should be placed on the compensator

It is impractical, from a manufacturning and
cost standpoint, to build a compensator with
several accelerating steps, because only one
speed point 1s feasible. The compensator
must be set high enough to start the motor
under all conditions. Hence, the sudden
application of the high starting voltage causes
a heavy current inrush and a crashing appli
cation of torque that exceeds normal require

ents. Then, when the motor is switched
to line voltage, another jolt occurs, accom
panied by a sudden increase of torque and
a second severe current inrush.

The compression resistance starter has come

ORI

N~

into general use simply because it offers the
only satisfactory solution to the problem of
starting squirrel-cage motors without jerks
or severe current inrushes.

The upper oscillogram of the starting current
drawn by a squirrel-cage motor started with
a compensator shows two severe current in-
rushes, one at starting and the other when
the motor was switched from starting
to running taps. The lower oscillogram
shows the marvelously smooth increase

of starting current and the total absence ,:L
of periodic inrushes when the same ||
motor was started with a Compression |
Resistance Starter. The jerky acceler L ®
ation, characteristic of compensator
starting, 1s eltminated by using the
Allen-Bradley Starter

£
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@ Graphite Compression

RESISTANCE STARTERS
SJor Squirrel-Cage Motors




