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A Message From the President.
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The New Year and Problems of the Institute

THE beginning of a new year is a favorite and an appropriate time to consider problems
of the present and of the future. What have we to think about at this time in connection

with the Institute? Among many items needing consideration, the following may be briefly
stated.

The conditions under which student members of the Institute may be transferred to
associate membership has received consideration at the hands of both the Denver and the
Swampscott Section and Branch Delegates Conferences and by the Board of Directors. A
committee, authorized by the Board of Directors, was appointed last August and, after effec-
tive work, now has a report to go before the Board at its next meeting with a view to having
greatly improved conditions in effect next year.

The long standing and complicated problem of standardization as affecting, or as affected
by, the practise and policy of the American Institute of Electrical Engineers is evolving to a
point where there appears to be prospect of progress and final solution. Much thought and
effort is being put upon this question by the Standards Committee, the Board of Directors,
and others. This comes before the Board of Directors at an early date for further considera-
tion and possible action.

It appears that the time has now come for active consideration of a plan to bring to the
Sections of any District, or small group of Districts, speakers of distinction in accordance
with a schedule as mentioned in the September issue of the JouRNAL.* This plan has aroused
cordial interest in many Sections of the Institute where it has been discussed as likely to be of
much benefit in stimulating Section interest and activity. Details of such a plan are being
formulated for consideration by the Board of Directors.

What should be the policy and activity of the Institute in a fundamental question in-
volved in the broad problem of the "status of the engineer ?" Shall we follow the methods
adopted by the medical profession in improving their own status or some method better
adapted to the present conditions of the engineering profession? This is a question of far
reaching importance and requiring consideration at the present time, but needing deliberate
thought and development over a long period. Much work on this question has been done by
the Committee on Education of the Institute, much by the Society for the Promotion of
Engineering Education and the Carnegie Foundation, much by other organizations, com-
mittees, and individuals. Has there been enough done by the cooperation of the several engineer-
ing societies standing back of the educational institutions and with the cooperation of the applied
engineering industry as a whole?

*See item d, page 659.
President
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501111' Leaders
of the A. I. E. E.

Giuseppe Faccioli, Associate Manager and Works
Engineer for the General Electric Company of Pittsfield,
Mass., Manager of the Institute 1918-22, and one of its
Vice -Presidents 1922-24, was born in Rome, Italy, in
1877. In 1899 he was graduated with high honors from
the Institute of Technology, Milan, Italy, as a mechani-
cal and electrical engineer. He spent the first years of
his career in designing a -c. machinery.

In his early professional work he followed with keen
interest the development of the electrical industry in
the United States, and ultimately felt impelled to come
to America to obtain a personal contact with what was
taking place. He was 25 years of age at the time of his
arrival. He first sought and obtained a position with
the New York Edison Company, and having acquired
valuable experience in the laboratories of that organiza-
tion, he decided that he should know something about
transportational work in a large metropolitan system.
He therefore secured a position with the Interborough
Rapid Transit Company of New York.

He was about to return to Italy but considered that
his experience would be incomplete unless he knew more
about the work of the larger electrical manufacturing
organizations. His expectations, however, were to devote
only a few months to this work. He found just such
opportunity open to him in the Engineering Depart-
ment of the Crocker -Wheeler Company, and in 1904
he took up work with them as a designing engineer.
While with them and working on the design of a new
induction alternator for William Stanley, he did what
Mr. Stanley considered pioneer work in forecasting by
method of calculation the results which would be ob-
tained on a new type of alternator. This feat so much
impressed Mr. Stanley that he persuaded Mr. Faccioli
to come to Great Barrington, Massachusetts, as his
Chief Assistant. As a result of this move, what was
intended for a short visit to America, became a per-
manent stay.

In 1906 the Stanley Laboratories became a part of the
General Electric Organization, and in 1908 Mr. Fac-
cioli was transferred to the Engineering Department of
the Pittsfield Works of the General Electric Company.
In 1911 he was appointed Assistant Chief Engineer of
the Transformer Department, and in 1914 became
Work's Engineer. July, 1927 he was appointed
Associate Manager and Work's Engineer of the Pitts-
field Works, which is the position he now holds.

Early in his work in this country he became interested
in the affairs of the A. I. E. E. For many years he has
not only maintained a keen interest in the work of the
Institute, but has been, and is, an indefatigable worker
in its behalf. After having been a member year after
year of some of the most important committees of the
Institute, and having served four years on the Board of
Directors as Manager, he was elected in 1922 as Vice -

President for District No. 1. While Vice -President,

the inspirational leadership of Mr. Faccioli resulted in
the establishment of Regional Meetings and Regional
Prizes in District No. 1. These activities have since
been placed on a national Institute basis and have been
adopted by the other districts.

While Mr. Faccioli's early experience was centered to
a considerable extent in the design and development of
a -c. machinery, he foresaw and interested himself in the
possibilities of high-tension transmission and the
problems which presented themselves for solution.

Beginning with his early and pioneer work on corona
on the systems of Eastern Colorado and on high-tension
switching and line oscillations on the system of the
Great Western Power Company, he has for the last
fifteen years given a large portion of his time to the
study of high-tension transmission and the develop-
ment of the apparatus which makes such transmissions
a possibility. This work later extended to develop-
ment of high-tension transformers, lightning arresters
and protective equipment.

While not a prolific writer, Mr. Faccioli is the author
of many papers on engineering subjects and are read
with great interest by the engineering profession.

Notwithstanding the effective and brilliant work
which Mr. Faccioli has done in following his chosen
career, it is not by this alone that he is best known and
admired by his close associates or casual acquaintances.
It is rather by his delightful personality-his keen
interest in, and sympathetic appreciation of the prob-
lems of others and a manifest desire on his part to
simplify and advance the art of engineering in the elec-
trical world.

Search for the newest and most spectacular effects in
lighting to be placed in contrast to the comparatively
primitive methods of illumination in 1833 is being made
by a group of the foremost illuminating engineers in
the country under the direction of W. D'Arcy Ryan,
head of the Illuminating Engineering Laboratories at
Schenectady, New York.

The illuminating Engineering exhibit in the Hall of
Science at the Chicago Century of Progress celebration
in 1933 will be based on recommendations made by
Mr. Ryan and his collaborators who are acting under
the auspices of the National Research Council's Science
Advisory Committee which has been asked to formulate
a science theme for the Chicago fair.

Mr. Ryan's group will ask for three acres of floor
space in the Hall of Science for the illuminating exhibit.
Though the period between 1833 and 1933 will be
emphasized in developing ideas, a broad historical
background is contemplated going back to the days
when primitive man lighted up his cave with a torch
made of fagots.

In addition to lighting effects, the illuminating
exhibit, it is expected, will comprise mural paintings,
groups of sculpture, models, designs and reproductions
of apparatus used in the production of light.



Operating Transformers by Temperature
BY W. M. DANN,

Fellow, A. I. E. E.

Synopsis.-This paper discusses a proposal, sponsored by the
Transformer Subcommittee of the Committee on Electrical Machin-
ery, which is intended to serve as a guide in operating transformers
by temperature rather than in accordance with their nameplate
ratings.

There is a real difference between "rating standards" and "recom-
mendations for operation;" one simply specifies the measure Of a
machine under a definite set of conditions and the other constitutes
a guide for loading under the varying conditions of actual service.
With this difference in mind, a departure from the practise of the
Institute up to this time is suggested; namely, that these operating
recommendations be placed in an appendix of the Standards and
considered not as rating standards but purely as a guide in loading

transformers which have been designed to meet the Standards of Rating.
One of the first things that had to be done in framing these recom-

mendations was to settle the maximum safe limiting temperature
of the windings for operation in actual service. The aim in making
this selection was to provide for reasonable deterioration of the
insulation and therefore a reasonably long life for the transformer.
For reasons disclosed in this paper, a limiting temperature of 95

deg. cent. was adopted. This limit is 10 deg. below that used in
the Standards for Rating.

These are the high points of the proposal. But opinion on these
matters seems to be rather divided throughout the industry, and the
purpose of this paper is to bring them to the attention of all members
of the Institute.

THE A. I. E. E. Standards for Transformers have
served a useful purpose in setting up recognized
specifications for ratings and acceptance tests:

they have brought about a uniform rating practise
which makes it possible for the manufacturer more
nearly to standardize his product and for the purchaser
to know what he is buying and compare bids
intelligently.

For rating purposes, the Standards recognize a maxi-
mum hottest -spot temperature in the windings of 105
deg. cent. set a number of years ago at what was
thought to be the limit of temperature to which fibrous
insulation should be subjected continuously for reason-
able deterioration. The elements of temperature
represented by these Rating Standards are as follows:

Ambient temperature
Temperature rise

Limiting observable temperature..
Margin for hot spots

Maximum limiting temperature...

Air blast and
oil -insulated
self -cooling

40 deg. cent.
55

95
10

105

Oil -insulated
water-cooled

25 deg. cent.
55

80
10

*90

*Since water-cooled transformers are dependent upon artificial
means of cooling that might he interrupted and involve a cooling
system that might deteriorate on account of scale or deposit
from water containing impurities, the Standards for Rating
provide for them an extra margin of 15 deg. cent.; this results
in a uniform standard temperature rise of 55 deg. cent. for both
water-cooled and self -cooled transformers.

It is obvious that if the ambient temperature in
actual operation is lower than that used in the rating
scheme, the hottest spot temperatures of the windings
in a transformer meeting the Rating Standards will be
less than the maximum limiting temperature of the

1. Westinghouse Klee. & Mfg. Co., Sharon, Pa.
Presented at the. Winter Consention of the A. I. E. E., New York,

N. Y., Jan. 27-31, 1930.

:1

30-2

scheme. If the limiting temperature of 105 deg. cent.
is actually a safe maximum temperature for continuous
operation, then it follows that the load may be increased
above the nameplate rating to the point where the
limiting temperature of 105 deg. cent. is reached.

It has been recognized for a long time that extra out-
put is available when the ambient temperature is low.
But no simple and usable rules have ever been estab-
lished which would give the operator of a transformer a
chance to make use of this extra output to suit his own
conditions of ambient temperature. For some time
there has been a strong feeling that an authoritative set
of rules defining a reasonable practise of this kind ought
to be available.

The Transformer Subcommittee2 of the Committee on
Electrical Machinery recently spent over two years in
preparing a guide for the loading of transformers in
actual service, with the hope of formulating a simple set
of rules which would allow this latent capacity to be
used. These rules were published tentatively in the
August 1928 issue of the A. I. E. E. JOURNAL, and they
also appear in the Report on Standards for Trans-
formers, Induction Regulators and Reactors dated
August 1928. They are reproduced here in order to
make direct and connected references to them.
Appendix.-Recommendations for the Operation of

Transformers, Induction Regulators, and Reactors.
"13-600 Limiting Observable Temperature of Oil-

The oil in which apparatus is permanently
immersed should under no circumstances have a tem-
perature, observable by thermometer, in excess of
90 deg. cent.
"13-601 Operation at Rated Load-

"Apparatus conforming with the Standards
for Rating is suitable for carrying rated load continuously
provided that the temperature of the cooling medium

2. Members of the Subcommittee completing the work were:
W. H. Cooney, J. B. Gibbs, J. Allen Johnson, A. II. Kehoe,
H. C. Louis, V. M. Montsinger, L. C. Nichols, and W. M. Dann.
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does not exceed 40 deg. cent. for air or 25 deg. cent.
for water.
"13-602 Operation with Cooling Air and Water Exceeding

40 Deg. Cent. and 25 Deg. Cent. Respectively-
"For apparatus conforming with the Standards for

Rating, the load should be reduced 2 per cent below the
rated load for each degree that the temperature of the
cooling air exceeds 40 deg. cent. or that the temperature
of the cooling water exceeds 25 deg. cent. However,
the use of apparatus in cooling air exceeding 50 deg.
cent. or in cooling water exceeding 35 deg. cent. shall be
considered as special.
"13-603 Operation at Loads Greater than the Rated

Load*-
(a) Apparatus Not Equipped with a Winding -

Temperature Indicator-Apparatus not equipped with
a winding -temperature indicator may be loaded con-
tinuously 1 per cent above rated load for each degree
centigrade that the temperature of the cooling medium
is below 30 deg. cent. for air or 25 deg. cent. for water.

"Thus, for example, when the temperature of the
cooling medium is 0 deg. cent., the permissible continu-
ous load is 130 per cent of rated load for air-cooled
apparatus and 125 per cent of rated load for water-
cooled apparatus.

"Loads greater than 130 per cent of rated load for
air-cooled apparatus or 125 per cent of rated load for
water-cooled apparatus shall not be applied under any
conditions even though the temperature of the cooling
medium be lower than 0 deg. cent.

"(b) Apparatus Equipped with a Winding -Tempera-
ture Indicator: Apparatus equipped with a winding -
temperature indicator may be loaded continuously in
excess of rated load provided the indicated winding -
temperature does not exceed the following limits:

"For indicators marked in terms of

Hottest spot Temperature 95 deg. cent.
Embedded Detector Temperature.. 90 deg. cent.
Resistance Method Temperature 85 deg. cent.

"(c) Oil Temperatures: Oil temperature alone is an
inadequate criterion of the winding temperature because
of the increased temperature drop through the insula-
tion at low temperatures of the cooling medium and

*Since the operation of apparatus at loads greater than
rated load increases the probability of maintaining the limiting
temperature for a greater portion of the time, and because the
life of insulation is a function of both its temperature and the
time of subjection to that temperature, the operating temperature
of the winding should be limited to a lower value than for opera-
tion at rated load.

Also, under these conditions, the temperature difference be-
tween the observable temperature and the hottest -spot tempera-
ture increases.

For these reasons, the limits specified in Para. 13-603, which
are 10 deg. cent. lower than the highest observable temperature
recognized for apparatus operated at rated load, have been
agreed upon for purposes of standardization.

of the time lag between the winding and oil tempera-
tures. Loading apparatus on the basis of oil tempera-
ture alone as a guide is not recommended."

RATING STANDARDS AND RECOMMENDATIONS FOR
OPERATION

There is a distinct difference between rating standards
and authorized rules for operation. Standards for
Rating simply prescribe a measure of a machine under
fixed and definite conditions. These conditions may
not, in fact they cannot, represent actual operating
practise, because in real service, load demands are
usually variable and ambient temperatures are not fixed,
but rather are changing from hour to hour. Rules for
operation should take these changing conditions into
account. Therefore, while the two sets of rules are not
unrelated, they cannot be one and the same thing.
For these reasons, the proposed recommendations for
loading transformers by temperature are not to be
looked upon as rating standards. They are not in-
tended to be used in the purchase of transformers or to
establish performance which is subject to guarantee
and demonstration by test. They are offered simply as
recommendations for guidance in the safe operation of
transformers in service under various conditions of
ambient temperature.

It has been planned that if these recommendations
are to be sponsored by the Institute, they should be
separate and apart from the rules devoted to Rating
Standards, and they have been tentatively placed in an
appendix to Section 13. In the discussion following
the preliminary publication, the opinion has been
rather strongly expressed that service recommendations
of this kind should not be included in the Institute
Standards even when definitely set apart from the
Rating Standards. This opinion is based upon the
principle that the scope of the Institute Standards is
limited to the defining of Rating Standards. At the
same time there is an opinion from other quarters that
the Institute should go further than simply to set up
arbitrary rating standards; that it is proper for it to
sponsor and authorize recommendations for the actual
operation of machines that are designed in accordance
with the Rating Standards. In the face of these con-
flicting opinions it becomes a matter that the Institute
as a whole should become interested in. The broader
question developed requires serious consideration be-
cause of the possibility of extending the principle to
other applications.

The proposed loading recommendations for trans-
formers are based upon engineering data, and actual
loading experience has been taken into account as far
as it has been possible. The purpose of this paper is
to discuss and interpret the recommendations without
going into detail as to the data upon which they are
based. These data are well illustrated in a companion
paper on the subject being presented at this time by
V. M. Montsinger.
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LIMIT OF SAFE OPERATING TEMPERATURE

The first thing that must be settled when considering
recommendations for loading transformers by tempera-
ture is the maximum safe operating temperature limit,
because temperature affects the rate of deterioration of
the insulation, and, barring accidents, it is the thing
that determines the useful life of a transformer. In
trying to decide this question, one naturally turns to
previous experience for guidance. Heretofore the use-
ful life of transformers, speaking generally, has been of
satisfactory length, and we have not been hampered by
rapid deterioration of insulation. However, operating
experience has been confined practically to loads which
have not exceeded nameplate ratings, and average
loadings have been even less. Couple these considera-
tions with the fact that ambient temperatures are
usually less than those of the Rating Standards, and it
is found that experience has in general been limited to
moderate temperatures, temperatures that are con-
siderably lower than the limit of 105 deg. cent. which
was adopted for rating purposes. As a result, no one
knows definitely from broad general operating experi-
ence just where the maximum limit of temperature for
continuous loading should be set to maintain reasonably
long useful life.

A higher level of operating temperatures will be the
natural result of loading transformers by temperature,
because in general greater loads will be carried. The
copper losses increase with the square of the increase of
load current, and the rise of temperature of the windings
increases almost as rapidly. New and unknown factors
affecting experience are introduced, and these factors
have an influence upon the rate of deterioration of the
insulation.

Taking all of these things into account, it was deter-
mined that conservatism should be the keynote of
these loading recommendations. In keeping with this
decision, a maximum limit of 95 deg. cent. for the hot-
test spot temperature was adopted for operation in-
stead of the 105 deg. limit used for rating purposes.
When more experience with the higher level of operating
temperature is accumulated, it will be possible to set
the limit with greater confidence. It is not impossible
that eventually a limit of 105 deg. cent. for actual
operation may be found to result in reasonably long
useful life.

The difference between the temperature limit for
rating and this proposed limit for operation has caused
considerable discussion since the preliminary publica-
tion of the loading recommendations. It has been said
that this difference is illogical; that when one buys a
transformer meeting the Standards for Rating he is
entitled to operate it up to the limit of 105 deg. cent.
continuously because that is what he has bought and
paid for. If the point has been successfully made in
the preceding discussion that there is a clear-cut dis-
tinction between standards for rating, which simply
set a measure for uniformity in design, and recommen-

dations for operation, which are intended to serve as a
guide in actual operation with all its varying conditions,
perhaps it will be conceded that a greater margin of
safety is justified in the operating recommendtions
until experience has demonstrated whether or not it is
needed.
OPERATION AT LOADS GREATER THAN THE RATED LOAD

There are two general classes into which transformers
may be divided when considering operation by tempera-
ture above the rated load: first, that large class of units
that either have no temperature indicators or are
equipped with indicators that simply show the tempera-
ture of the oil; second, the rapidly increasing class of
units that are equipped with winding temperature in-
dicators, giving an indication in some degree of the
approximate temperature of the windings.

For the first class of transformers, paragraph 13-603
(a) provides a simple rule which allows one to determine
what load may be carried with any prevailing condition
of ambient temperature. Within the limits of the
recommendations, the "1 per cent rule" conforms quite
reasonably in its results with the adopted maximum
limit of 95 deg. cent.

No loading above the rated load is recommended for
air cooled apparatus unless the ambient temperature is
below 30 deg. cent., and this may need explanation.
If continuous loading above the nameplate rating were
to be recommended between ambient temperatures of
30 del. and 40 deg. cent., hottest spot temperatures of
the windings might exceed the limit of 95 deg. cent.
adopted for operation, and the conservatism of the load-
ing recommendations would not be followed out. Air
temperatures in the United States, speaking generally,
are not as high as 40 deg. cent. They usually do not
exceed 20 deg. or 25 deg. cent. except in the warmest
periods. Most of the operating experience has there-
fore been with temperatures of a moderate order. If
loads were to be increased for all ambient temperatures
below 40 deg. cent., in accordance with the "1 per cent
rule," it would mean that most of the self cooling trans-
formers now in service could immediately be loaded
well above their nameplate ratings. Following out the
principle of conservatism, it was thought better to
avoid such a wholesale overloading until more operat-
ing experience in loading by temperature has been
accumulated.

For ambient temperatures below 0 deg. cent., there
is of course some additional overloading possible within
the adopted limiting temperature. However, for con-
servation, overloading is limited in the recommendations
to that prescribed for 0 deg. ambient.

Paragraph 13-603 (b) describes the permissible load-
ing above the nameplate rating for the second general
class of transformer apparatus, i. e., for apparatus
equipped with a winding -temperature indicator. The
principle of limiting hottest spot temperatures to the
adopted figure of 95 deg. cent. is carried out in this
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paragraph, but the actual limiting temperature depends
upon the temperature that the instrument really mea-
sures, due to its construction and application.

Three different types of winding -temperature indica-
tors are used for power transformers at the present time,
each type indicating a different degree of winding
temperature. For that reason, three different limiting
temperatures were established, each one relating defi-
nitely to the kind of instrument used. The following
short descriptions will show why these indicated tem-
perature limits are different:

95 -deg. Limit.-One manufacturer provides a wind-
ing -temperature indicator marked in terms of the
hottest spot temperature. It includes in its calibra-
tion the 10 deg. margin above the average winding
temperature at full load which the A. I. E. E. Standards
recognize as the conventional allowance for hot spots.
The limiting temperature for this type of indicator is
set at 95 deg. cent.

90 -Deg. Limit-Another manufacturer provides a
winding -temperature indicator which uses a long strip
of high resistance metal wound in with the turns of a
coil, usually the top coil of a stack. This strip of metal
forms one of the arms of a Wheatstone bridge. It
gets its temperature very largely through the insulation
of the conductor with which it is in contact. It
measures something between the hottest spot tempera-
ture and the average temperature of the windings by
the resistance method.

The limiting temperature for this type of winding-
temperature indicator is set at 90 deg. cent. because
parts of the copper in the windings will be somewhat
higher in temperature than that indicated.

85 -Deg. Limit-A third manufacturer provides an
indicator having a heating coil which adds to the oil
temperature an increment representing the difference
between the average winding temperature and the oil.
It indicates the average temperature of the winding as
it would be measured by the resistance method without
any allowance for hot spots.

The limiting temperature for this type of indicator
is accordingly set at 85 deg. cent.

Transformers may be safely loaded up to these limit-
ing indicated temperatures regardless of what the
ambient temperature may be.

OPERATION AT RATED LOAD

Paragraph 13-601 provides that a transformer con-
forming with the Standards for Rating is suitable for
continuous operation at rated load if the ambient
temperature does not exceed 40 deg. cent. for air or
25 deg. cent. for water. Assuming the conventional
allowance of 10 deg. for hot spots, this statement as it
applies to a self -cooling transformer is not consistent
with the adopted hottest spot temperature limit of
95 deg. cent. for operation.

However, something may be said in defense of this
inconsistency. For loads not exceeding rated load, the

actual difference between the hottest spot temperature
of the winding and the temperature of the oil (which
increases very rapidly with overloads) is usually less
than contemplated by the Rating Standards and is not
a matter of concern. Also, the operation of standard
transformers at rated loads has been satisfactory in the
past for the conditions of actual service and bids fair
to continue to be satisfactory in the future.

An inconsistency of some kind is inevitable when the
limiting temperatures for rating and for operation are
different, and for the reasons given it was thought
better to be consistent with the Standards for Rating
in the case of rated load operation rather than with the
adopted operating limit of 95 deg. cent.

OPERATIONS WITH AMBIENT TEMPERATURES ABOVE
THOSE OF THE RATING STANDARDS

Paragraph 13-602 was designed to include the unusual
cases where ambient temperatures exceed those set
by the Rating Standards. Since the 1 per cent rule
is an approximation which gives conservative results
for overloads as recommended for low ambients but not
for partial loadings at high ambients, it was necessary
to make a reduction of 2 per cent in load for each degree
by which the ambient temperature exceeds the standard
ambients in order to keep within the 95 deg. operating
limit.

CONCLUSIONS

The principle function of the Institute as it has been
understood up to the present time, is to provide
Standards for Rating. The proposal that Recom-
mendations for Operation be included in the Standards
as an appendix is an innovation. It is in fact a proposal
affecting the policy of the Institution, one which might
be far-reaching in its application, if it were adopted.
A strong feeling has developed since preliminary publi-
cation of the proposal, that the Institute should con-
tinue to devote its attention to rating standards and
that recommendations for actual operation of apparatus
should be sponsored by some other organization.

The selection of a limit of temperature for operation
which is lower than the limit recognized for rating pur-
poses may be considered open to question. However,
there is ample justification for conservatism in starting
a new practise which may involve the possibility of
shortened life of apparatus, and it is probably wise to
be content with the very reasonable increase of capacity
which the lower temperature limit provides until it
may be demonstrated that a higher limit is warranted.

More than 190 pieces of historical electrical apparatus
have been presented to Henry Ford by Columbia
University for display in Edisonia, the museum
Mr. Ford is founding at Dearborn, Mich., in honor of
Thomas Edison, according to an announcement by
Professor Walter I. Slichter of the Department of
Electrical Engineering. The gift was authorized by
the Department of Engineering after Mr. Ford had
inspected the collection of electrical apparatus.



Quiet Induction Motors
BY L. E. HILDEBRANDI
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Synopsis.-Magnetic noise in induction motors is caused by the
vibration of magnetic parts produced by the varying forces associated
with the changing flux density in the adjacent air parts of the mag-

netic circuit. Torsional vibration of the motor is caused by un-
balanced windings or applied voltages. Vibration of the rotor
simulating a mechanically unbalanced rotor is caused by two fields
differing by two poles and not of the same frequency or direction of

rotation. Vibration of the stator by distortion from a circular shape
results from the presence of other simple combinations of fields.
Teeth tend to vibrate axially at double appliedfrequency.

The magnetic noise produced by a motor can be predicted from a
qualitative analysis of the air -gap field supplemented by an approxi-
mate quantitative analysis and consideration of the stiffness of the

parts.

INTRODUCTION

DUE probably to the previous lack of engineering
importance, there is very little information on the
subject of noise in electrical machines readily

available in our technical literature. When mentioned
at all, it is usually covered by a few general, superficial,
and, frequently, inaccurate statements. It has been
found that these general statements can be made pre-
cise by building up an exact theory from elementary
fundamental principles.

A motor is a source of sound because some part is
moved periodically by a periodically varying force.
This axiomatic statement is made to emphasize the fact
that the study of noise is a detailed exact study of the
parts which can vibrate and the forces which move
them.

Magnetic noise (so called) is that in which the forces
are those associated with the varying magnetic flux
density. We can limit the study to the vibration of
magnetic parts produced by the flux in the adjacent air

FIG. 1-TORSIONAL VIBRATION PRODUCED BY Two FIELDS
WITH LIKE NUMBER OF POLES BUT DIFFERENT ANGULAR
VELOCITIES

parts of the magnetic circuit. The conductors them-
selves can usually be neglected as a noise source as the
forces on them, being situated in the relatively weak
leakage field, are small. Likewise we can neglect
whatever internal stress may exist in the magnetic
parts as the rigid parts are not deformed appreciably.

*Printed complete except for Bibliography omitted.
I. Electrical Engineer, General Electric Company, Lynn,

Mass.
Presented at the Winter Convention of the A. I. E. E., New York,

N. Y., Jan. 27-31, 1930. Complete copy upon request.

7

30-3

The noise producing parts can vibrate in several ways.
A torsional vibration of the stator and rotor as a whole
results from periodic torque pulsation. Such a vibra-
tion may be particularly objectionable as it is trans-
mitted directly through the motor feet to the supporting
structure. (See Fig. 1.) Due to the reaction of un-
symmetrical supports torque pulsation may also distort
the stator from its circular shape. A circularvibration
simulating a mechanically unbalanced rotor as shown in
Fig. 2 results from an unbalanced magnetic pull. This
unbalanced force may revolve in either direction and at

FIG. 2-ROTOR VIBRATION SIMULATING AN UNBALANCED
ROTOR

other than synchronous or rotor speeds or it may even
be stationary. If due to the use of skewed members the
phase of the force is not the same for all axial positions
it will tend to shake the rotor as well as to bend the
shaft, i. e., it simulates two unbalanced weights with
different axial and angular positions. The stator may
be deflected, as shown in Fig. 3, into a rotating elliptical
shape. Similarly, the forces may be balanced on more
than two radii resulting in a tendency toward a rotating
polygon. The laminations and particularly the teeth
may vibrate axially. Experience indicates that teeth
seldom if ever vibrate tangentially. The rotor may
vibrate axially as a whole, causing noise by striking the
bearings.

Most vibrations are forced; i. e., their frequency is
not near a critical frequency. In this case the vibration
is proportional to the force and inversely proportional
to the rigidity of the parts. However, since there are
several causes for flux density variation and hence
several frequencies of applied forces, there is consider-
able chance of encountering a critical vibration in which
a small force produces a large deflection.
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MAGNETIC FORCES

At every point on the air -gap surface there is a
directed varying force proportional to the flux density
squared. The summation of the tangential components
of force is the total torque. The radial components
according to their configuration tend to distort the
parts.

As is well known and contrary to elementary text
book theory, the air -gap field is at no instant distrib-
uted according to a simple sinusoid and the distribu-
tion changes as it rotates. This is equivalent to saying

FIG. 3-ELLIPTICAL VIBRATION OF STATOR

that in addition to the fundamental field there are other
fields with other than fundamental number of poles and
some with other than fundamental frequency.

It is evident from consideration of energy that torque
pulsations will result from the presence of two fields
having the same number of poles and rotating with
different velocities. The worst case and possibly the
only one which is a serious noise factor is that in which
there is a backward revolving field produced by single-
phase operation, unbalanced applied voltages, or un-
balanced windings.

It has been shown by Fritze2 and also by Chapman3
that two fields differing by two poles produce an un-
balanced magnetic pull as illustrated in Fig. 2. In
Fig. 4 instantaneous values of the radial forces are
plotted for a field having a two -pole and a lesser four-
pole component to show the superposition of this un-
balanced radial pull on the high harmonic force com-
ponents. The shape of this force curve changes as the
fields rotate but there is always present the same radial
unbalanced component which may be stationary but
which usually rotates. The noise produced is like that
of a motor with an unbalanced rotor revolving at the
speed of rotation of the unbalanced component.

It can also be shown (see Appendix A) that the com-
bination of two fields differing by four poles or a single
two -pole field tends to distort the parts into a rotating
ellipse. In general the combination of two fields having
poles whose sum or difference equals any given number
g, or a single g/2 pole field tends to distort the stator or
rotor into a polygon having g/2 sides and usually
rotating.

2. Archiv fur Elektrotecnik, Vol. 10, pp. 73-95, July 23, 1922.
3. I. E. E. .11., Vol. 61, No. 313, pp. 39-48, Dec. 1922.

There is always present a double line frequency
axial vibration of teeth and punchings best corrected
by tight clamping and impregnation. Frequency is
double because the forces are proportional to the flux
density squared.

The method of determining the noise tendency of a
motor is to tabulate qualitatively all of the possibly
existing fields and examine for two fields differing by
two poles, four poles, etc., or two fields with the same
number of poles revolving at different speeds. The
disturbing pairs of fields are examined more critically
and roughly quantitatively with regard to magnitude,
frequency, and rigidity of parts. With these data the
quality of the finished design becomes dependent upon
the skill of the designer in combining parts to obtain
results which can be predicted rather than the chance
results of applying less fundamental rules.

It is beyond the scope of this paper to make a
thorough study of the air -gap fields except perhaps to
enumerate the order of the fields probably existing and
the factors upon which their magnitude depends in
order to point out how the several design features are

FIG. 4-RADIAL FACE PRODUCED BY THE COMBINATION OF A

Two- OR FOUR -POLE FIELD

Heavy circle is reference zero line
Dotted curve is sin x
Dash curve is 34 sin (2 x - 15 deg.)
Full line curve is flux density, sin x sin (2 x - 15 deg.)
Radially shaded area represents radial force, Isin sin (2 x -1.5 deg .1.1

related to magnetic noise. The fields existing in an
induction motor air -gap may be roughly classified with
regard to source as follows.

1. Fundamental for which motor is designed.
2. Stator magnetomotive force harmonics.
3. Stator magnetomotive force sub -harmonics.
4. Rotor magnetomotive force harmonics.
5. Rotor magnetomotive force sub -harmonics.
6. Gap eccentricity permeance variation.
7. Stator slot permeance variation.
8. Rotor slot permeance variation.
9. Permeance variation due to saturation.

10. Slot pattern permeance variation.
As is well known with a symmetrical winding, the

magnetomotive force in addition to the fundamental
contains harmonics of order, N = (±) (2 4) g f 1)
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where N = order of harmonic, 4) = number of phases,
and g = any positive integer. The sign indicates the
direction of rotation. In a squirrel -cage winding the
number of phases equals the number of bars per pair of
poles and produces the corresponding harmonic mag-
netomotive force. A non -symmetrical winding pro-
duces other fields having fewer than fundamental num-
ber of poles. The magnitude of the magnetomotive
force waves is inversely proportional to the order, is
proportional to the current in the winding, and is de-
pendent upon the well known pitch and distribution
constants. The flux field produced is approximately
proportional to the magnetomotive force and inversely
proportional to the air -gap unless there is a closed secon-
dary circuit to such a field in either winding. It should
be recognized that while the fundamental flux is pro-
portional to the magnetizing current the harmonic
flux is proportional to the total current if there is no
suitable closed low impedance secondary circuit. In
the latter case the flux is greatly reduced.

In addition to these so-called harmonic fields, the
presence of slot openings, and other irregularities in the
air -gap introduce other disturbances in the flux equiva-
lent to introducing new harmonic fields. These may be
called permeance fields. If there are m equally spaced
irregularities, the combination of the fundamental
magnetomotive force with 2 N, poles and the m'th
order permeance variation introduces new fields, the
largest having 2 (N, m) and 2 (N.- m) poles.
The important permeance fields are given by m equal to
one for eccentricity, m equal to the number of stator
slots, m equal to the number of rotor slots, and m equal
to the difference in numbers of stator and rotor slots.
The frequency may be different from fundamental and
the fields may rotate in either direction. The magni-
tude of the field is approximately equal to the magni-
tude of the disturbance in the even gap permeance;
i. e., the amount of eccentricity or the effective slot
opening.

TESTS

Some 1500 motors of about 200 distinctly different
designs have been tested with regard to noise. These
are assorted over a range of Yi to 15 hp., 25 to 60
cycles, two- and three-phase, different types of squirrel -
cage rotors including single and double windings, slip-

ring motors, all overhung slot riveted frame construc-
tion In many cases a motor of a particular rating has
been made and tested changing pertinent factors one at
a time. As the volume of test results is entirely too
large for adequate presentation the following general
digest is offered.

No case has yet been found entirely inconsistent with
this theory. Only a few cases have been observed
noticeably inconsistent. With few exceptions the
observed noise has agreed very closely and in detail
with that predicted by the methods here presented.
The agreement has been particularly good in those
cases where a design has been modified to correct an

existing noise tendency and in those cases where the
design has been changed one factor at a time.

Before presenting any illustrative examples, a de-
scription of the method used for measuring noise is in

order. It has been found that the human ear and judg-
ment is adequate to measure the disagreeableness of
noise if assisted by a standard for comparison. With
this standard at one end and the motor being tested at
the other end of a room designed with such absorption
characteristics as to simulate the absence of walls an
observer midway between the two noise sources is
impressed equally by them if they are of the same degree

of disagreeableness. This method is essentially analo-
gous to the photometer. Contrary to the general
impression; the personal error is small and measure-
ments are consistent and adequately precise. In the
absence of a commercially recognized unit an arbitrary
scale has been used. The scale is an arithmetical
progression of disagreeableness such that the noise of the
quietest individual commercial motor is recorded as
one and that of the noisiest commercial motor about five.

The average of 28 tests on six different sizes of four,
pole, three-phase, squirrel -cage motors with 36 stator
slots, 7/9 winding pitch and 45 rotor bars, gives a noise
reading 1.7 at no-load and 2.4 at full load. The increase
in noise with load less rapidly than the primary current
is increased would suggest as a cause the combination of
primary harmonic fields and permeance fields except
that some of the individual motors presumably with
even gaps test 1 at no-load and 3 at full load which
clearly points to a secondary harmonic field for at least
one of the principal noise producing fields. The 23rd
stator harmonic with 96 poles and only slightly damped
by a 45 -bar rotor winding, cooperating with the 94 -
pole rotor harmonic, the two differing by two poles,
constitute the required condition for rotor vibration.
The unbalanced pull is proportional to the product of
the magnitudes of the two fields. As at no load the
rotor harmonic field is zero, the motor is quiet. Under
loaded condition both disturbing fields increase and
hence the noise rapidly increases.

The use of a 44 -bar rotor changes the 94 -pole rotor
field into one with 92 poles differing by four poles from
the 23rd stator harmonic. This constitutes the condi-
tion for a rotating elliptical vibration of the stator.
However, as the four -pole yoke section is for other rea-
sons quite rigid there should be a distinct improvement.
Tests have been made on 17 motors using this 44 -bar
rotor covering the same range in ratings but averaging
30 per cent larger in horsepower. The average no load
noise is 1.3 and the average full load noise is 2. Also,
the distinct difference between no load and full load
noise in individual machines has disappeared.

A similar case relates to a group of small eight -
pole, three-phase, squirrel -cage motors with 48 stator
slots, 5/6 winding pitch, and 57 rotor bars. The aver-
age of tests on 74 motors gives a noise rating 1.9 at no-
load and 2.5 at full load. In this case the noise is.
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caused by the combination of the 104 -pole primary
harmonic and the 106 -pole secondary harmonic.
Changing to 68 rotor bars decreases the noise to 1.2 at
no-load and 1.5 at full load as the average of 20 some-
what larger motors.

A group of six-pole,-tbree--phase, squirrel-cage motors
with 54 stator slots, 7/9 winding pitch, and 68rotor bars
test consistently 2 at no load and 3 to 4 at full load.
The noise is caused by the combination of the 138 -
pole primary harmonic and the 142 -pole secondary
harmonic, which differing by four poles, constitutes the
condition for elliptical vibration of the stator yoke.
Changing to 66 rotor bars gives 1M to 2 at both no-
load and full load.

A group of small eight -pole phase -wound secondary
motors with 54 stator slots, 8/9 winding pitch, and 48
rotor slots, 5/6 winding pitch, both wound for three
phase, was tested with a poor unsymmetrical primary
grouping such as to introduce a backward revolv-
ing fundamental field and both two- and four-pole
sub harmonic fields with their harmonics. The com-
bination of sub harmonic fields differing by two poles
caused very bad rotor vibration. The use of a larger
shaft reduced the noise. The arrangement of primary
groups was next changed to eliminate the backward fun-
damental and the two -pole sub -harmonic fields but
leaving the four -pole sub -harmonic field. Using the
original small shaft, the noise was reduced to 4. In this
case the disturbing factors are closely associated with
the fundamental field and its harmonics differing by four
poles from the four -pole sub -harmonic field and its
harmonics. The rotor vibration was practically elimi-
nated but the stator vibration. was still present. The
stator was next made with a symmetrical winding in a
72 -slot stator with a reduction in noise to 2.

Several summarized general statements can be made
based on this method of noise prediction and confirmed
by tests.

An eccentric air -gap is always a serious noise source
as it introduces two new fields with two more and two
less than the fundamental number of poles and thus
tends to cause rotor vibration. In squirrel -cage motors
with few poles these fields are partially damped by
secondary currents. An increased air -gap usually de-
creases noise at the expense of power factor as the
permeance variations are decreased and also harmonic
fields are less since if undamped they are proportional to
the total current in the winding and inversely propor-
tional to the gap.

With otherwise equivalent design a motor with a
phase wound rotor is usually more noisy than a similar
squirrel -cage machine. The slip ring motor generally
has fewer rotor slots with wider slot openings and hence
the permeance variations are greater and of a lower
order. In a slip -ring motor choice of number of rotor
slots is more restricted. A squirrel -cage winding
damps many more fields than a polar winding. In a

slip -ring machine secondary harmonic and sub harmonic
fields are frequently more serious.

Noise is reduced by lower flux density if it is caused
by fundamental or permeance fields. In this case the
forces are proportional to the square of the fundamental
flux density. Other fields depend upon primary or
secondary ampere turns and may be decreased or in-
creased by changed fundamental flux density.

The use of skewed rotor slots is an effective means
for correcting noise due to high order fields. It can be
shown that the skew should be equal to an even number
of poles as referred to one field of the pair which is the
most serious noise producer. A skew of two poles is
reasonably effective althpugh four poles is very much
better. This desirable skew is usually equal to the
pitch of one or preferably two rotor slots.

'As until recently more than ordinary quiet operation
has been a secondary consideration and as standard
parts must be satisfactory for many ratings, there exists
in every manufacturer's line a variation in quietness of
particular ratings and a lesser variation in individual
machines. This will always be the case as the features
which make the quietest machine are frequently in-
compatible with other desirable features.

SUMMARY

As a general rule subject to the usual imperfections of
generalized statements, the avoidance of a backward
fundamental field and pairs of fields of appreciable
magnitude differing by two or four poles is conducive to
quiet operation. Gaps must be even and concentric.
Parts must be rigid and punchings tightly clamped.
As a rule subject to imposing unnecessary design re-
strictions and possible introduction of -undesirable
torque characteristics a motor will be quieter if the
numbers of poles, stator slots, rotor slots, difference of
stator and rotor slots, and winding repetitions bear
simple multiple relationship and the motor is quieter
the larger the greatest common divisor of these factors.

Appendix A
The radial component of air -gap flux density may be

expressed in wave equation form as a series of trigono-
metric functions of angular position and time.

= E 0, cos (k x - t + 0)
The summation is made for the several necessary values
of k and 1. 2 k is the number of poles of a given sin-
usoidal component, 1 2 r is the equivalent frequency,
and 0 is a general phase difference angle.

Assuming that the radial force is proportional to the
square of the radial component of flux density,

F = (1/8 r) [E ok cos (k x - 1 t + 0) ]2
This force is a function of angular position and time and
can be expanded into a series of sinusoids. Let Fm, be
be the coefficient of the M'th space order cosine term in
the expansion of F.

2:
F, = (1/8 71-2) f [E Pk cos(k x-1 t+0)]2 cos Mx dx

0
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Expanding the integrand, the general term is
P1132 cos (ki x - 11 t 01) cos (k2 x - 12 t 02) cos M x
in which k1 and k2 may be the same or different.

FMS = 0 unless k1 ± k2 ± M = 0 in which case
Fm, a 01 132 COS [ (11 ± 12) t 0]

The sign of 12 is the same as that of k2 which makes
k1 f k2 f M = 0

Likewise, if FM, is the coefficient of the M'th space
order sine term in the expansion of F,

FM, a $1132 sin [ ± /2) t 0]

Thus FM a ,8182 cos iM x - (li ± /2) t 6]

For M = 1, i. e., with two fields differing by two poles
there is a force simulating a mechanically unbalanced
rotor revolving with speed /1 - /2 tending to displace the
rotor or stator as a whole. For M = 2, i. e., with two
fields differing by four poles there are forces balanced
across any diameter, rotating with speed M - 12)
tending to distort the rotor and stator into a rotating
ellipse. Also a single two -pole field produces the same
kind of force rotating at speed 1. Carrying out the sug-

gested mathematical deduction in detail shows that in
this case the proportionality constant is one-half that in
the case of two fields with unlike numbers of poles.
Similarly, with two fields differing by any number of
poles or a single field of half that number of poles the
rotating forces tend to deform the stator and rotor into a
rotating polygon of like number of sides. Forces are
proportional to the product of the absolute values of the
offending fields.

When the vibration is produced by a single field the
noise frequency is twice the frequency of the field.
When the force is produced by two fields their frequen-
cies or direction of rotation must be different to cause
noise producing vibrations. With two fields revolving
in the same direction the noise frequency is the differ-
ence in frequencies of the two fields. If the fields re-
volve in opposite directions 12 is inherently negative and
the noise frequency is the sum of that of the two fields.
Since most fields are either exactly or nearly funda-
mental frequency the most common noise frequency is
exactly or nearly double applied line frequency.

Abridgnient of

The Chicago Long Distance Toll Board
BY E. 0. NEUBAUER' and G. A. RUTGERSI

Associate, A. I. E. E.

Synopsis.-The long distance telephone office serves to provide a
concentration point for intercity telephone communication from
a group of local exchanges, and its size will depend largely upon the
number of stations served by the local offices.

The Chicago toll office, which serves 1,200,000 stations, recently
has been replaced largely with new equipment. This equip-
ment, together with correlated improvements in handling toll service
at Chicago, is described in this paper.

The work of the toll operator in handling toll calls with the new
equipment is compared with the former method. It is this change

Non-member

in operating practise which constitutes a major improvement in long
distance service.

The paper also includes a description of the toll lines entering
Chicago, with their equipment arrangements including telephone
repeaters, the power plants required to operate this equipment
and that associated with the switchboards.

The addendum describes the purpose of the auxiliary and special
switchboards which are required in large installations only, such as
those in Chicago.

THE growth of the long distance telephone traffic,
along with many improvements in service, have
brought about recently certain significant changes

in operating practise. Now, in the majority of in-
stances, the long distance toll user may remain at the
instrument during the complete progress of his call.
From the standpoint of simplicity and convenience
to the user this, together with a reduction in the time
interval between the placing of the call and the answer
of the distant station, from a former average of six to a
present average of less than three minutes, brings long
distance and local service very closely together.

The accomplishment of this change required careful
planning and supervision throughout the Bell System

1. Both of the Illinois Bell Telephone Co., Chicago, Ill.
Presented at the Great Lakes District Meeting of the A. I. E. E.,

Chicago, Ill., December 2-4, 1929. Complete copy upon request.
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but except in the larger cities did not involve relatively
large or expensive equipment rearrangements. Con-
ditions were such at Chicago, however, that the change
in practise, together with preparations in connection
with the continuing toll volume increase, made it
advisable to replace part and remodel the remainder
of the existing toll switchboard equipment.

Such action at so large a center constituted a major
problem in telephone engineering.. It included also
various operating and equipment features which,
being of the most recent type available, made the new
office one of the most complete advanced and within
the system. This paper describes action in the
new installation and the general operating and toll
circuit layout, prefacing this description with a brief
outline of the general relationship of the toll plant to
that of the system as a whole.
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THE GENERAL TELEPHONE SYSTEM

The telephone system is composed of local exchanges
with direct completion of calls between stations within
the local exchange boundaries and with switched toll
line completion of calls between exchanges. As to
plant standards and methods of operation, it is unified
so that its whole system is as accessible to any one
station as to any other, regardless of sizes of exchanges
or their remoteness from each other.

At each local wire center the lines or loops from all
subscribers' stations, for purposes of their direct inter-
connection, are brought to one central office switch-
board. If, as in large metropolitan areas, this concen-
tration involves too extensive a wire haul, the geo-
graphical group is split up into economic sub-areas with
sub -wire centers connected together by direct local
trunks.

This same general arrangement is supplied for inter-
city or toll connections. Adjacent and neighborhood
communities are connected by direct toll lines, and
more widely separated cities receive their toll service
through selected toll centers or switching points strate-
gically located throughout the system's territory.

Each toll office is a focus for all originating and termi-
nating toll business from and to its tributary local
offices, and the effect of this toll centering is to con-
centrate toll traffic into units large enough to permit
the most economical balance between the costs of the
switching operations and the costs of the toll line plant.

The Chicago toll office, at one of the great regional
centers of this country, is a key switching point within
the countrywide network of toll lines and serves
directly the 32 local wire centers with 102 central offices
and five suburban wire centers which together form
the Chicago Metropolitan Area. Within this area
during the year 1929 some 1,200,000 stations will
have originated approximately 7,300,000 calls via
this toll board, in addition to some 44,500,000 calls
which will have been handled by the Chicago local
offices to nearby toll points.

THE WORK OF THE TOLL OPERATOR

Under the toll centering arrangement, the local and
tributary offices are connected with their toll office by
groups of recording and toll switching trunks. Prior
to the change in the method of toll operation already
referred to, the recording trunks terminated on separate
recording positions, and a special recording operator
worked to secure only the necessary details of the call
from the calling subscriber. She then released the
subscriber's line and passed a ticket memorandum of
the call to separate completing operators at an out-
going switchboard line. These operators re -secured
the subscriber over toll switching trunks, reached the
distant station over the toll lines, and then established
the connection and timed the call.

With the change in method, the recording and com-
pleting or "line" operators' functions have been corn-

bined and located entirely upon the outgoing switch-
board. To indicate this method of combined line and
recording work, an expression, "CLR" has been coined
telephonically and will be used as such throughout the
paper.

Since provision must be made for incoming as well
as outgoing traffic, and for toll center to toll center
switching, we shall generally find that the larger toll
switchboards are divided into three groups, or lines; for
CLR or originating business, for "inward" or termi-
nating business, and for "through" or switched business.
As in Chicago, there are apt to be also various additional
special groups to meet the functional requirements of
such large toll line and toll volume concentrations as
are there encountered.

In handling a CLR call from a manual subscriber, the
CLR operator makes a permanent ticket record of the
call details and then, without releasing the subscriber
from the recording trunk, rings out over an idle toll
line to the distant operator, using a separate pair of
cords and asking for the station called. While waiting
for the called station's answer, she secures the calling
subscriber's line over a toll switching trunk, using the
same pair of cords used to ring out over the toll line,
and releasing the recording trunk. Upon receipt of an
answer by the called station, she stamps the ticket
with the time in hours, minutes, and seconds with a
calculagraph stamp, and upon receipt of the final dis-
disconnect signal, stamps the time when conversation
ended. Billing is finally made upon the basis of charges
applied to the elapsed time indicated on the ticket.

One of the chief savings in time to the subscriber
under this procedure as compared to the former separate
recording and completing operation is the saving in
ticket distribution time between the two sets of
operators.

Reciprocal work must be done at the terminating
end of each originating connection by an inward opera-
tor who answers the incoming toll line signal and reaches
and rings the station called by the originating toll
operator. In handling switched calls, the intermediate
or through operator deals only with the distant toll
operators who reach each other over toll lines routed
via the intermediate toll center board, these lines being
connected together at the through positions by the
through operator.

Toll calls are handled on the basis of connection with
a particular person (a person -to -person call) or with
someone who may answer at the station called, (a
station -to -station call). Either class of service is avail-
able to the subscriber whether he calls by name or by
number. When anyone will suffice, the call is neces-
sarily completed upon the answer of the station called
and will be delayed only by a "don't answer" or "busy"
condition at the station called, or by toll circuit con-
gestion. On a person -to -person call, the inability to
reach immediately the one person desired at the tele-
phone may cause delay in addition to the above causes.
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The various operations required to secure com-
pletion under conditions of postponement involve many
different methods and routines which are rather tech-
nical in their applications and require additional dis-
tributions of the ticket memoranda and various
specilization of work.

THE CHICAGO TOLL BOARD

An example of the specialization required is given in
the following tabulation of the Chicago Toll Board
positions:

(a) CLR 301 (f) Directory 44

(b) Non Method 233 (g) Routing 16

(c) Utility 78 (h) Delay Quoting 4

(d) Inward 89 (i) Traffic Trouble 4

(e) Through 113 (j) Office "B" 6

Total General 814 Total Miscellaneous 74

(k) Ticket Distributing 24

(1) Ticket Filing 24
(m) Service Supervisor 16

(n) Service Observing 20

(o) Monitor Tap 1

Total Auxiliary 85

Total Tandem 16

These switchboards, which are grouped upon six floors
of one building centrally located in the downtown busi-
ness district of Chicago and designed for an initial
service of some 32,000 toll board calls per day, are
arranged to accommodate the following line and trunk
equipments:

1. Toll line to all points 2700
2. Switching trunks to local offices 3800
3. Recording trunks from local offices. 850
4. Miscellaneous interboard trunks 1200

Total network 8550

Each of the switchboard position and line group
arrangements has specific functions which are somewhat
abstract for the scope of this paper. Certain controlling
factors, however, should be pointed out here as follows:

Subgrouping and Tandem Arrangements. The capac-
ity of the face equipment of the CLR boards is insuffi-
cient to accommodate the whole of the recording and
switching trunks on a workable basis. The CLR
group, therefore, has been subgrouped into four units,
each of which serves a specific subdivision of the Chicago
local offices.

In spite of various measures taken to reduce the
space requirements for front equipment at the CLR
position, it did not appear practicable to provide ap-
pearances for all of the toll lines at each CLR position.
Therefore, a trucking plan which introduces a toll line
switching on tandem board within the office itself is
necessary and the CLR operators thus reach a majority
of the toll lines needed by them on a trunking basis.
One of the lines of CLR positions is shown in Fig. 1.
This line consists of 65 positions.

Directory and Routing Arrangements. More than 2100
directories covering 350 metropolitan areas and com-
munities extending from coast to coast are indexed and
filed on a state basis at a line of director switchboards.
The CLR, or other service operators, communicate
with the directory operators by trunks without delay
for such telephone number information as cannot be
furnished by the subscriber himself.

At certain other positions other operators specialize
in quoting the routes to points not obtainable on a
direct connection basis. These routines are based on
frequent and through traffic engineering studies of
the entire toll network throughout the territory
involved.

Pneumatic Tube System. Because of the location of
the various switchboards on several floors, it is neces-
sary that means for rapidly transmitting tickets from

. one location to another be provided. An exhaust
blower, a system of flat brass tubes, and ticket distrib-

FIG. 1-A LINE OF CLR (COMBINED LINE AND RECORDING)
SWITCHBOARD

uting positions comprise a pneumatic tube system
for this purpose. With one end folded to form a pocket
for the tube air currents, the tickets are inserted at
any position and delivered to control or distributing
positions where they are checked and routed to their
proper destination. Either roller or hand receiving
valves permit ticket egress at the terminal points.

Engineering Problem Involved. Consideration of the
situation at the Chicago center had established the
fact that the increasing toll volume growths would
require equipment floor space in excess of that which
could be made available without additional building
operations. In 1926 it appeared that the rather
appreciable equipment additions required for growth
and those required to permit of change to CLR opera-
tion would tend to advance the new building work and
would require new switchboard line arrangements to
permit this to be readily carried out.
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of a inure efficient type were being made available, and
it was desirable to utilize this type even though they
could not be used in conjunction with the existing
type boards without appreciable modifications within
the latter. After proper engineering cost study and
management consideration, these various factors com-
bined to indicate that the dismantling losses upon part
of the existing switchboards and the new money
requirements could be justified on the basis of improved
efficiencies in service and over-all economies in provid-
ing for future growth. Since a clear path for future
building work could also be secured, it was decided that
the old switchboard be practically replaced.

The general building conditions were such that the
new switchboards, when completed, would to a great
extent be occupying the old switchboard space, and
yet service upon the old boards must be kept up on a
continuous basis. This was met by the invention of
special "applique" circuits, attachable to the old board
circuits to make them workable with the new board
circuits. By this means, as installation workproceeded,
the old and new were placed side by side and the service
was continuous and yet made ready for cut -over.

The problem in connection with the congested face
equipment space of the CLR boards which, as already
mentioned, resulted in a toll tandem board arrangement,
brought into service an entirely new development
designed especially for metropolitan CLR offices.

It was felt also that all other equipment or operating
improvements available should be included in this
one big project. Under this head came the terminal
repeater pad arrangement to eliminate cord circuit
repeaters, and this was added to the already complicated
plans for Chicago.

Under normal conditions, each step in the develop-
ment of new equipment and operating methods is
worked out in a preliminary manner and given a com-
plete workout on a trial basis. If satisfactory, require-
ments then are worked out on the basis of manufac-
turing production and given to the field. Field engi-
neering considers these in connection with existing and
potential conditions and includes them in cost and
other studies which result in detailed specifications.
Then the manufacturing company carries out its
detailed engineering and manufacture in accordance,
ships the material, and installs it.

Toll Line Equipment. The replacing of No. 3 type of
toll switchboard has its toll line signaling units in-
cluded with the toll line circuit, thus omitting them
from the cord circuits in the switchboard and in many
cases eliminating the association of ringers with the
toll line terminal equipment. This feature required
the development of the "applique" devices for use in
working old and new sections temporarily together, as
already referred to. Fig. 4 shows the arrangement of
equipment and cross -connections in a toll line and toll
switching trunk.

In line with the switchboard replacement, all of 1.1ue
existing toll lines at. Chicago required practically com-
plete reterminaf ion and realinenient, while on a work-
ing basis to 'nevi both old and new conditions. This
covered some :3122 signaling units, 2450 toll line circuits
and 974 two -wire and 1210 four -wire repeaters with
their associated networks and equipments. A feature
of this work was the necessary coordination by many
distant toll line offices and their terminal arrangements.

Repeater Pad Control. For many years, necessary
amplification of the speech currents on toll circuits
switched at the toll office for the longer distances has
been provided by the use of manually -operated repeaters
of the cord circuit type available for insertion in the
line as required. Under the conversion at Chicago,
these were completely displaced.

The plan carried out to displace the cord circuit
repeaters and to obviate certain operating difficulties
requires the operation of the toll lines at transmission
equivalents low enough to permit switching without
cord circuit repeaters. Since, in many toll lines, this
would involve noise and crosstalk when they are used
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on terminal connections, the power level of such a line
when used for a terminating connection is reduced by
the insertion of a pad. The plan, therefore, requires
circuit arrangements so that the pad will remain in
the line when it is used on a terminal connection but
will be removed from the line when it is switched to
another toll line on a via connection.

Multiple Cut-off. Where the boards are located on
several floors, the amount of wiring necessary to con-
nect lines in a large switchboard installation introduces
transmission losses due to the bridged multiple; this
is objectionable. Arrangements have been made, there-
fore, to cut off some of the boards for through connec-
tions, and this is accomplished by so wiring the switch-
boards that they may be divided into two groups;
(1) those at which switches to other toll lines are never
made, and (2) those at which switches to other toll lines
are made. A relay system is then provided so that
when a circuit is taken up at any position of group (2),
the multiple of the positions in group (1) is cut off.
This arrangement is shown diagrammatically in Fig. 5.

TESTING
The testing and correcting of troubles on lines and
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equipment in so large a concentration requires appre-
ciable specialization. A total of 46 primary and 20
secondary units of No. 5 type toll test board is provided
for this purpose, with segregation between toll cable
and toll open wire terminations. The primary units
test against outside, and the secondary units against
inside office trouble.

In addition to the routine tests made at frequent
intervals by the maintenance people, routines have
been set up for reporting the troubles of various kinds
which are noted by the operators. These provide for
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the prompt reporting of all such troubles to the proper
plant maintenance people who take immediate steps
to clear up any unsatisfactory conditions.

Power Plant. The toll line terminal equipment re-
quires two 24 -volt batteries arranged in parallel with a
6400 -ampere hour capacity and a present peak load of
850 amperes; 130 -volt storage battery unit, with a 640 -
ampere hour capacity and a peak load of 75 amperes
for the plate voltage of vacuum tubes and for telegraph,
and two 1000 -cycle and two 135 -cycle generators to
supply the necessary alternating current for signaling
purposes.

The toll switchboard equipment is operated by
another 24 -volt storage battery unit with an existing
peak load of 1350 amperes; a 28 -volt battery used for
busy signals, with a 1900 -ampere drain in the busy
hour a 130 -volt battery for vacuum tube plate current
with a 1.5 -ampere drain and a 48 -volt battery for special
circuits with a 5 -ampere drain. All of these batteries
are maintained on a continuous float basis and are
provided with voltage regulators. D -c. power supply
operates the charging generators. Alternating ringer
current for signaling purposes is here supplied by four
1000 -cycle, two 135 -cycle and two 20 -cycle ringing
generators.

The exhauster used for operating the pneumatic tube
system is operated by an 85 -hp. motor with a speed of
approximately 3500 rev. per min.

Toll Line Facilities. The Chicago toll office is the
center for 20 toll cables entering over six main under-
ground routes and terminating 1949 quads on the
cable test boards.

There are in addition 152 open-wire circuits which
reach the open wire test board after their preliminary
transfer at the city limits to necessary underground
toll entrance cables. The routing of the open wire
lines is shown in Fig. 7.

At the toll open wire entrance point, there are now
installed, therefore, besides the necessary open wire
terminal equipment and 132 telephone repeaters, 192
channels of carrier telegraph and 37 systems of tele-
phone carrier.

In addition to the 1400 toll lines now in service within
toll cables there are 590 telegraph channels in service

TO MINNEAPOLIS

TO DUISLIQUE

TO OMAHA

TO PEORIA &
ST LOUIS

TO MILWAUKEE

---ENTRANCE CABLE
- OPEN WIRE LINE

CHICAGO
L 0 OFFICE

LL

55 Ml

TO NEW YORK
TO GR RAPIDS

TO PHILADELPHIA

TO CINCINNATI TO TERRE HAUTE

FIG. 7-ROUTE OF OPEN -WIRE LINES ENTERING CHICAGO

in these same cables. Of these 300 are superimposed
on wires used simultaneously for telephone circuits and
the remaining 290 are provided upon carrier current
channels on wires which cannot simultaneously be used
for talking purposes.

CONCLUSION

Within this toll system plan, the continual objectives
are those of simplification and improvement in methods,
increase in speed and accuracy of service, more complete
efficiency in the provision and use of plant, and uni-
formity of transmission between all points.

The marked and steady increases in toll business at
Chicago and throughout the country, and the several
reductions in toll rates which have been made in recent
years are rather direct evidence that these technical
objectives are being met to the increased comfort and
satisfaction of the subscriber whose point of view is, in
the last analysis, the final and ultimate control.
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S ynopele.- T he well-known circle diagram of a trans mission net-
work is applied to electrical machinery, giving circle diagrams of alter-
nators, synchronous motors, synchronous condensers, and trans-
formers. These diagrams give a graphical representation of the ma-
chine performance under all possible conditions. Such quantities as
power loss, lower input, power output, field current., etc., for any oper-
ating condition, can be obtained by inspection. These diagrams have
the same field of usefulness as the circle diagram of the inductionmotor.

lectrical

CECIL LOUIS VBEEDMAN't
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and KENNET1I ALFBED ROGERSt

The transmission network circle diagram can be applied to the
induction motor, yielding in the approximate representation the
Heyland diagram, which is merely a special case of the more
general diagram. The transmission network method of attack
gives a straight -forward solution to many induction motor problems
that would otherwise be difficult to handle; such as a motor equipped
with a phase advancer.

ANY electrical network connecting two pairs of
terminals can have its electrical characteristics
represented graphically by a transmission line

type of circle diagram.' This same circle diagram can
be used to show the performance of alternators, syn-
chronous motors, transformers, and synchronous con-
densers with the same advantages that are already well
known in the case of the transmission line and induction
motor circle diagrams.

The transmission network circle diagram is applied to
such electrical equipment by substituting an equivalent
electrical network for the machine, and then drawing a
circle diagram for in

TRANSFORMER CIRCLE DIAGRAM

A transformer circle diagram can readily be drawn
using one of the well-known equivalent transformer
networks. Such a diagram gives the efficiency, regula-
tion, power loss, etc., for all possible load powers and
power factors.

The performance of a synchronous motor can be
shown by a circle diagram based on the equivalent
circuit of Fig. 1, which represents one phase of the
machine. In this, Er is the actual induced phase volt-
age as determined by air -gap flux, E. is the sending or
terminal phase voltage, which is constant in the case of
a motor, X. and R. are the armature leakage reactance
and effective a -c. resistance (including armature copper
and stray -load losses), respectively, per phase, while the
iron losses are accounted for by the conductance G.
Thus the motor is reduced to a transmission network
through which power is transmitted with a sending end

*Assistant Professor of Electrical Engineering, Stanford Uni-
versity, Stanford University, California.

tGraduate students, Stanford University.
1. Evans and Sels, Power Limitations of Transmission Sys-

tems, TRANSACTIONS of A. I. E. E., 1926, Vol, 43, p. 26. Also
a series of articles by Evans and Sels in Electric Journal of 1921.

Terman, F. E., The Circle Diagram of a Transmission Network,
TRANSACTIONS of A. I. E. E., Vol. 45, p. 1081, 1926.
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voltage of E. and a receiving voltage of Er. The power
which in the equivalent circuit of Fig. 1 is delivered to
the receiving voltage, is the mechanical power produced
by the motor, and so is the shaft output plus the wind-
age and friction. The motor losses exclusive of field
loss are the losses in the equivalent circuit plus the
windage and friction.

The network constants corresponding to Fig. 1 are
A = 1 G (R. + X.)
B = R. + X.
C=G
D = 1 (1)

In a given machine, the usual stray power test will give
Ra, G, windage, and friction. The iron losses can be

Rd X

Es
G

IEr

FIG. I -EQUIVALENT CIRCUIT OF SYNCHRONOUS MOTOR AND

SYNCHRONOUS CONDENSER

R. - Series resistance representing armature copper and load losses
.X,, - Series reactance representing armature reactance
G - Shunt conductance representing Iron losses
E, - Terminal voltage
Er - Induced voltage

represented by a conductance placed as shown in Fig. 1,
because these losses are very nearly proportional to the
square of induced voltage (and hence of air -gap flux).
Since Fig. 1 applies to only one phase of the machine, in
a polyphase motor the total iron losses are divided
equally among the phases. An iron loss of P, watts at
an induced voltage of Er in an N -phase machine accord-
ingly leads to a conductance G = (P, /N)/Er2. The
leakage reactance X. can be computed, or can be ob-
tained approximately by measurement. The fidelity
of the circle diagram is fortunately not appreciably
affected by reasonable uncertainties in the value of X.
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The circle diagram of the synchronous motor is
based on the network constants of Equations (1), and is
constructed in the usual way, using a constant terminal
voltage and a system of input power-reactive power
coordinates. There is, however, considerable flexibility
possible in the labeling of the diagram. Thus, although
the equivalent circuit, and hence the diagram obtained
from it, apply only to a single phase, it is possible to
label this single-phase diagram with the corresponding
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FIG. 2-CIRCLE DIAGRAM OF 100 -HP. SYNCHRONOUS MOTOR

120 140

three-phase quantities. The practical way of doing this
is to compute the circle centers and radii on the single-
phase basis; then lay out a coordinate system cali-
brated directly in three-phase power quantities and
draw the circles using radii and center coordinates three
times the calculated single-phase values. The circles
themselves can also be marked with the corresponding
three-phase values. Thus, a circle representing a
single-phase loss of 10 kw. can be marked 30 kw. on the
three-phase diagram, and will then represent total
three-phase loss.

The circle diagram as derived from Fig. 1 does not
include windage and friction losses, but can be made to
do so by a simple expedient. Since these losses repre-
sent mechanical power developed in the machine, but
not available at the shaft, they can be taken into
account by suitably labeling the diagram; that is, a loss
circle would be drawn to represent a certain network
loss but would be labeled with this loss, plus the wind-
age and friction loss, and an output power (receiver
power) circle drawn representing a circle mechanical
power output would be labeled with this power minus
windage and friction, to give actual net shaft power.

The circle diagram of a 100 -hp. synchronous motor is
shown in Figs. 2 and 3, in which the labeling is in terms
of three-phase quantities, and includes windage and
friction. To avoid confusion, the motor diagram has
been divided into two parts, but by the use of colored
inks, all necessary loci could satisfactorily go on one

figure. It is of course understood that Figs. 2 and 3 do
not show all the circular loci that could be drawn.
Loci giving input current, induced voltage, angle be-
tween terminal and induced voltage, etc., could have

been included.
The usefulness of the synchronous motor circle

diagram is greatly increased by superimposing constant
field current lines upon the power-reactive power
coordinate system, as has been done in Fig. 3. The

location of these lines can be obtained by either measur-
ing or computing the combinations of reactive and real
power that, with the field current in question, will give

the terminal voltage for which the diagram is drawn.
The field current loci are approximately circular arcs
and would be exactly circles if the armature reaction
could be truly replaced by an armature reactance of
constant value.

The circle diagram as described does not take into
account field copper loss. It is possible, however, to
mark each field current line with the corresponding
field loss, and in this way to obtain from the circle
diagram the total power loss of the alternator for a given
load power and power factor. The procedure is to
locate the point on the coordinate system corresponding
to the desired load conditions. The field current line
passing 'through this point shows the field power and the
loss circle at the point gives the other losses (i. e., wind -
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FIG. 3-CIRCLE DIAGRAM OF 100 -HP. SYNCHRONOUS MOTOR
(FIG. 2 CONTINUED)

age, friction, armature copper, load, and iron) so that
the total loss is the sum of these components. It is also
possible to draw total loss loci, several of which are
shown in Fig. 3. These lines are computed point by
point from the loss circles and field current lines, and
are almost, but not exactly, circular.

The accuracy of the motor circle diagram is approxi-
mately that of the usual stray power test method.
The fundamental assumptions are; (1) iron losses are
considered proportional to the square of the induced
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voltage and independent of armature current; (2) load
losses are assumed proportional to the square of the
armature current; and (3) the armature is assumed to
have a constant leakage reactance. None of these
assumptions introduce appreciable error.

The performance of alternators and synchronous
condensers can be obtained froin circle diagrams similar
in character to the synchronous motor diagram.

THE INDUCTION MOTOR

Reducing the induction motor to an approximately

equivalent network and drawing a circle diagram for
this network leads to the usual Heyland diagram. The
usual induction diagram turns out to be merely a very
special case of the more general circle diagram of a
transmission network. The transmission network
method of attack, while having no special advantages
over the customary construction in ordinary cases, gives
a direct and simple procedure for handling the more
complicated induction motor problems, such as the
exact circle diagram, or a motor equipped with a phase
advancer.

Abridgment of

Magnetic Circuit Units
BY ARTHUR E. KENNELLY,

Fellow and Past -President. A. I. E. E.

Synopsis.- A proposition to introduce a change in the units of
the magnetic circuit was made at the meeting of the International
Electrotechnical Commission, (I. E. C.) in Bellagio, September 1927.
The proposition was referred to an international subcommittee for
consideration and report, by the Advisory I. E. C. Committee on
Nomenclature. The subcommittee has recently reported, recom-
mending that the matter be placed on the agenda of the next I. E. C.
meeting, and that in the meanwhile, the subject Should be discussed in
all the national committees, more especially in the various electrical

engineering societies, so as to pave the way for well considered inter-
national action. 7'his paper has been prepared in the hope of
presenting the questions definitely, with a view to eliciting discussion
and opinions that may be helpful from the international point of
view.

As an aid to the formulation of views on the subject among those
who may not have given special attention to the historical development
of the magnetic -circuit units, a short outline of their history is here
submitted.

Recent International Proposals. At the meeting of
the International Electrotechnical Commission (I.E. C.)
at Bellagio in September 1927, the Italian delegation
submitted' a proposal to establish a new international
unit of magnetic flux 4) in the "practical system," with
a magnitude of 108" C. G. S. magnetic units, or corre-
sponding to what is sometimes called a "volt -second,"
and to assign to this new unit of flux the name
"maxwell."

After some discussion, the matter was referred to an
international subcommittee of seven, (representing the
national I. E. C. committees of France, Germany,
Great Britain, Holland, Italy, Russia, and the United
States) for consideration and report to the I. E. C.
Committee No. 1 on Nomenclature.

The subcommittee discussed the matter by corre-
spondence distributed through the General Secretary's
office in London, during 1928 and 1929. It presented
a report in September 1929 to Doctor Mailloux, the

*Professor of Electrical Engineering, Harvard University,
Cambridge, Mass.

1. Bibliography 29, pp. 121-123. Report of I. E. C. Meeting
at Bellagio.

2. The term "practical system" as here used, refers to the
series of international electrical units, substantially as adopted
at the Electrical International Congress of Chicago in 1893; i.
e., the international volt, ohm, ampere, etc.

Presented at the Winter Convention of the A. I. E. E., New York,
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president of the I. E. C. Nomenclature Committee. A
copy of the report is appended to this paper.

Need for General Consideration and Discussion. From
the correspondence among the members of the inter-
national subcommittee, it was evident that although
no official change has been made in the international
status of magnetic -circuit units since the Paris Inter-
national Electrical Congress of 1900, yet there exists a
considerable difference of usage of magnetic units in the
various countries, not merely as to the names, but also
as to the definitions of the units. It is therefore in the
interest of all countries that the whole question of the
magnetic units and their names should be considered
afresh, with a view to arriving at a sound, simple, and
satisfactory international agreement upon the same.
While, therefore, the subcommittee could not endorse
the proposal to change the value of the maxwell from
1 C. G. S. to 108 C. G. S. units of magnetic flux 4), it
recommends that the matter be discussed in all the
25 countries participating in the I. E. C., particularly
among their engineering societies, in order to elicit
useful suggestions and to pave the way for well con-
sidered international action. This paper aims to present
a brief history' of the development of the magnetic-
circuit units, especially during the last 40 years, in so
far as may be helpful in visualizing the present status
of these units to indicate the reasons existing for

3. For this historical outline, see complete paper.
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changing that status and to submit a few suggestions
in that direction by way of starting the discussion in the
American Institute of Electrical Engineers.

Contribution to the Discussion on Future Desirable
Action of the I. E. C. The following remarks are sub-
mitted from the standpoint of an advocate for a par-
ticular course of I. E. C. action in the matter, as
a contribution to the general discussion.

First. Before any definite new action is taken, it is
desirable to standardize internationally the definitions
of magnetomotive force, magnetizing force, magnetic
reluctance, magnetic flux, and, especially, permeability,
so as to reach international agreement upon the di-
mensions of permeability.

In the Giorgi and C. G. S. S. systems, it appears that
permeability is a product µoµ of space permeability yo,
or the permeability of a vacuum, and specific perme-
ability that of the magnetic circuit with respect to
free space. Space permeability µ0 will probably be
generally admitted to have dimensions; while specific
permeability ,u is probably a mere numeric. Perhaps
on such a basis, definitions may be drawn which will
secure universal endorsement."

Second. It seems desirable to revise internationally
the assignment of names to a few magnetic units in the
C. G. S. system. With the dimensions of permeability
established, the question whether the gauss can apply to
both H and B can be decided. Concerning the maxwell,
as adopted at Paris in 1900, there has been neither dis-
pute nor confusion. It is true that in some countries
the maxwell has been little used, but it has been con-
siderably used in other countries. Its proper use should
not be interdicted. Whatever new action may be taken
in the near future, we must expect to see C. G. S.
magnetic units continue to be used for a long time.

Third. It would be desirable to accept part of the
Italian delegation's proposal at Bellagio in 1927, and to
adopt a "practical" unit of magnetic flux at the value of
108 C. G. S. units; but not to call it the maxwell, which
name since 1900 has been reserved for the C. G. S. unit.
Giorgi, in his papers of 1901-1904, suggested the name
weber for this "practical" unit, and Bennett, in 1917, also
suggested the name weber for the same C. G. S. S.
"practical" unit. The name would have to be agreed
upon internationally. For the present we may call this
unit the volt -second.

It does not seem likely that the adoption of the volt -
second, with its appropriate new name, would seriously
conflict with the maxwell in practical use; their mag-
nitudes are so remote. The advantage would be that
the path would be opened for electrical workers to em-
ploy either the Giorgi or the C. G. S. S. comprehensive
practical system, without reference to the C. G. S.
units, if they desire to do so. The ampere -turn as a
rationalized unit of m. m. f. in both these systems
already exists and probably needs no other name.
The difficulty comes when an attempt is made to adopt
the corresponding "practical" unit of flux density,

whether with or without a special name. If the unit
of flux density be chosen as the volt -second per square
meter, it fits into the Giorgi M. K. S. Q system and
virtually fixes upon that system exclusively. If, on
the other hand, the unit of flux density is chosen as the
volt -second per sq. cm., it fits in with the Karapetoff-
Dellinger-Bennett "International" C. G. S. S. system
and, logically, would fix upon that system. It would
seem to be sufficient at this time to leave the path open
for the use of a comprehensive system without fixing
upon the system or on its series of units. If, however,
a choice should be made at once, then, in the opinion of
the writer, the meter and kilogram are to be preferred
over the centimeter and gram -seven.

If a comprehensive system such as the M. K. S. S2 sys-
tem developed and found favor with electrical workers,
it would greatly simplify electromagnetic theory, for
teachers, students, readers, and writers, since we should
all be able to abandon the existing duality of the
C. G. S. and the derived "practical" units. It might
well happen that the new comprehensive system would
carry all before it and so far as electrical workers are
concerned, relegate the C. G. S. system to history and
the shelves. In that case, the comprehensive system,
being also adapted for use in mechanics, chemistry,
optics, and all other branches of science, might readily
invade those branches and ultimately replace the
C. G. S. units they use with M. K. S. S2 units. The
numerical changes thus effected in tables and formulas
would in nearly all cases be decimal changes or a shift
of the decimal point. Such a change, if it occurred,
would probably come very slowly and take many years
to effect. Nevertheless, when it is remembered that all
science is so closely interlaced through its units that
what happens to the units in one branch may readily
react upon the unitology of other branches, it seems
desirable not to take final steps of change in any region
without giving ample notice to the workers in others.
In all countries, all are interested.

At present, no comprehensive system of units can
make headway in the magnetic circuit so long as by
international agreement the magnetic -circuit units are
wholly in the C. G. S. system. If a new unit of flux is
created, with a name, in the "practical" series, that ob-
stacle would be removed. If the comprehensive system
utilizes this and develops useful service to the world
in the next few years, then subsequent I. E. C. action
can adopt the comprehensive system and set the
C. G. S. system aside. If, however, for any reason, the
comprehensive system fails to find favor, the volt -second
unit will probably not come into use and might
later be withdrawn. The C. G. S. system might then
continue.

Table II, in parallel columns, offers a comparison of
corresponding units in the fundamental C. G. S. mag-
netic system and three "practical" systems; i. e., the
Q. E. S. system of Maxwell, the Giorgi system, and the
more recent "International" system of Dellinger, Ben-
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nett, and Karapetoff. The C. G. S. electrostatic system
has been omitted to save space.

All three "practical" systems are represented as being
rationalized by the removal of the 4 r factor from
magnetomotive force and inserting it into reluctance, so
as to keep the unit of flux correct. This method of
rationalization did not become available until about

contrary, the names in Roman type have not been
adopted internationally nor are they descriptive only.

The numerical values appearing in Columns VI, VIII,
and X indicate the number of C. G. S. units contained
in the practical unit considered, except in the case of
Ko, No. 33, which gives the values of that coefficient in
the three different "practical" systems.

TABLE II
TABLE OF FUNDAMENTAL 0. G. S. UNITS AND OF THREE DERIVED "PRACTICAL" SYSTEMS

No.
I

Quantity
II

Symbol
III

Fundamental Practical

C. G. S.
IV

Q. E. S
Maxwel1,1881

V

In
C.G. S.U.

VI

M. K. S.
Giorgi, 1901

VII

In
C . G. S. U.

VIII

0. 0. S. S.
Dollinger-Bennett

IX

In
0. G . 8.U.

X

Mechanic
1 Length cm. quadrant 10° meter 102 cm. 1
2 Mass M 0. eleventh -g. 10-11 kilogram 103 H. -seven 107
3 Time Q second second second second 1
4 Area S sq. cm. sq. quad. 1018 sq. meter 104 sq. cm. 1

5 Volume V C. C. cubic quad. 1027 cub. in. 105 cu. cm. 1
8 Density gm./c. c. eleventh g/quad.3 10-38 kg/m.3 io-3 g7 /c. c. 107
7 Velocity cm./sec. quad./sec. 109 m/sec. 102 cm/sec.
8 Acceleration a cm. /sec.2 quad./sec.2 109 m/sec.2 102 cm/sec.2
9 Force F dyne centidyne 10-2 dyne -five 105 dyne -seven 107

10 Pressure p dyne/sq. cm. cntdyne/sq. quad. 10-20 dyne-5/sq. m. 10 dyne-7/sq. cm. 107
11 Torque Q dyne ± cm. cntdyne J. quad. 10, dyne -51 m. 107 dyne -7 .1. cm. 107
12 Moment of Inertia J g. -cm .2 11th-g-quad.2 107 kg -m.2 107 g-cm.2 1

Energetic
13 Work lv erg joule 107 joule 107 joule 107
14 Power P erg/sec. watt 107 wall 107 wall 1°7

Thermal
15 Heat II g -calorie 11th -g -cal. 10-11 kg -calorie 103 g -calorie 1
16 Temperature Deg. C. or Abs. Deg. C. or Abs. 1 Deg. C. or Abs. 1 Deg. C. or Abs. 1

Luminous
17 Flux F lumen lumen 1 lumen 1 lumen 1

18 Illumination E phot lumen/quad.2 10-18 lux. lumen/m.2 10 -4 phol 1
19 Intensity int. candle Mt. candle 1 int. candle 1 int. candle 1
20 Brightness B candles/cm.2 candles/quad.2 10 -18 candles/m.2 10-4 candles/cm.2 1
21 Focal Power cm. -1 quad. -1 10-9 diopter 10-2 cm. -1 1

Electric
22 Electromotive Force.. E abvolt volt 108 volt 108 volt los
23 El: field intensity abvolt/cm. volt/nuad 10-1 volt/m. 10-2 volt/cm. 108
24 Resistance II abolam ohm 109 ohm 109 ohm log
25 Resistivity 0 abohm-cm. ohm -quad. 1018 ohm -m. 1011 ohm -cm. 10°
26 Current I abampere ampere 10-1 ampere 10-1 ampere 10-1
27 Current density abamp/cm.2 amp./sq. quad. 10-19 amp. /sq. m. 10-5 amp./sq. cm. 10-1
28 Conductance abmho mho 10 -9 mho 10-9 mho 10-9
29 Conductivity...... abmho/cm. mho/quad. 10-18 mho/m. 10-11 mho/cm. 10-9
30 El: Quantity Q abcoulomb coulomb 10 -1 coulomb 10-1 coulomb 10-1
31 El: Displacement D abcoulomb/cm.2 coulomb/quad.2 10 -19 coulomb/m.2 10-6 coulomb/cm.2 10-1
32 Capacitance C abfarad farad 10-9 farad 10 -9 farad 10-9

1 107 10933 Permittivity 'co (abfarad/cm.) = 1 farad/quad. farad/m. farad/cm.4r V2 4 7 V2 4 r U2

34 Frequency I cycle/sec. cycle/sec. 1 cycle/sec. 1 cycle/sec. 1

Magnetic
4w 4w 4w35 Magnetomotive Force gilbert amp. -turn amp. -turn

10
amp. -turn10 10

36 Mag: field intensity . . . . . H gilbert/cm. amp-turn/quad. 4 r/1019 amp-turn/m. 4 r/103 amp-turn/cm. 4 w/10
37 Space Permeability AO abhenry/cm. henry/quad. 1/4 w henry/m. 107/4 r henry/cm. 109/4 Jr
38 Magnetic Flux 0 maxwell volt -second 108 volt -second 108 volt -second los
39 Mag. Flux Density B maxwell/cm.2 volt-sec./quad.2 10-10 volt -sec. /m.2 104 volt -sec. /cm.2 108
40 Permeance tP (oersted) -1 henry 109/4 r henry 109/4 7 henry 109/4 r
41 Reluctance tR oersted yrneh 4 r/109 yrneh 4 w/109 yrneh 4 7/109
42 Inductance L abhenry henry 109 henry 109 henry 109
43 Magnetization I volt -sec. /cluad.2 10-10/4 w volt-sec./m.2 104/4 r volt-sec./cm .2 108/4 r
44 Magnetic Pole m maxwell/4 r volt -sec. 108 X4 7 volt -sec. 108 X4 7 volt- sec. 108 X4 7

1893, and did not appear in the original scheme of Max-
well; but the comparative relations of the three systems
are best presented by applying the same rationalization
to all alike. Likewise, all three are presented as unified
systems through the Giorgi device of adopting suitable
values for the space coefficients Ko and /10.

The units appearing in italics in the table have names
that have been internationally adopted, or may claim
to have met with international recognition. On the

It will be observed that all three "practical" systems
have the following electric, magnetic, and energetic
in common: the joule, watt, volt, ohm, ampere, coulomb,
henry, and ampere -turn, if the last named may be prop-
erly regarded as an international unit. In many of the
other units, however, characteristic differences of mag-
nitude appear. Since, owing to the very awkward values
of its length and mass units, it is unlikely that anyone
will recommend the Q. E. S. system for practical use
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throughout, we may confine attention to the M. K. S. a
and C. G. S. S. systems, in Columns VII and IX.

Among the electric and magnetic units, 22 to 44
inclusive, there is not much to choose between the two
systems of Columns VII and IX. Indeed, electrical

The Subcommittee on Magnetic Units has considered
the questions proposed to it at the Bellagio meeting of
1927, as follows:

1. In view of certain differences of usage of the
magnetic unit gauss in different countries, can we recom-

TABLE III
NUMERICAL VALUES OF SPACE PERMITTIVITY so AND OF SPACE PERMEABILITY Ao IN THE Q. E. S., M. K. S. St.

AND 0. G. S. S. "PRACTICAL" SYSTEMS
n= 9 m = - 11

Q. E. S.
Maxwell, 1881

n= 2 m= 3
M. K. S. 0
Giorgi, 1901

n = 0 m= 7
C. G. S. S. or "International"

Dellinger -Bennett

1 107 106
Space Permittivity 'CO 4 A 02 4 7/ 112 4 7 V2

with v = 29.98 with v = 2.998 X 108 with v = 2.998 X 1010
8.85 X 10-6 8.85 X 10-12 8.85 X 10-1s

Space Permeability Mo 4 r 4 r X 10-7 4 7 X 10-6
12.566 1.2566 X 10-6 1.2566 X 10-8

*All of the "practical" units thus far (1929) adopted internationally conform to any one of a theoretically infinite series of
L M (T = 1 sec.) systems, in which L = ltri cm., and M = 10m g.; such that 2 n m = 7. The adoption of the "volt -second'
practical unit of flux does not affect this generalization. It seems, however, that the international adoption of a corresponding
"practical" unit for either H or B will logically select the particular "practical" system, as M. K. S. or C. G. S. S. for the entire
aeries of Table II, according as the meter or centimeter is taken for length and cross-section.

workers may prefer the centimetric values of Col. IX to
the metric values of Col. VII, because by long familiar-
ity with the fundamental C. G. S. system, the centi-
metric operations are familiar. There is likewise little
advantage on either side in the thermal and luminous
lists. The principal differences are found in the me-
chanic series, particularly in Mass and in Density, Nos.
2 and 6. Here the M. K. S. SZ system has distinct
advantages. The unit mass of ten metric tons, or 107
grams, is a serious handicap to the C. G. S. S. system.
Consequently, if the "practical" system were restricted
entirely to the use of electrical workers, with problems
involving mass seldom presenting themselves, either of
the two systems might be adopted to the ultimate ex-
clusion of the fundamental C. G. S. system. There
might then be two remaining systems in scientific
work,-one the "practical" system for electrical workers
and the other the C. G. S. system for non -electrical
workers or all other scientists. It seems more likely
that the M. K. S. S/ system would gain the favor of all
the non -electrical workers than the C. G. S. S. system
with its large unitary mass. In other words, the greater
hope for a final single scientific system of units in the
distant future seems to lie on the side of the M. K. S. SZ
system. At all events, this question deserves careful
consideration before a "practical" unit of magnetic
intensity H, or flux density B is internationally adopted.

Table III presents the numerical values of Ko and AO

in the three "practical" systems.

Appendix
REPORT OF INTERNATIONAL SUBCOMMITTEE ON

MAGNETIC UNITS

To Doctor C. 0. Mailloux, President, I. E. C. Com-
mittee on Nomenclature;-

mend any action directed towards unification of usage
in the future?

2. In view of the communication of the Comite
Electrotechnique Italien [1 (Italy) 27], presented at
Bellagio, what recommendations are we able to make?

The subcommittee has discussed these questions by
correspondence only.

The subcommittee recommends (1) that steps should
be taken towards unification of the definitions of the
magnetic units and of their names. The subcommittee
has not yet been able to arrive at an agreement on the
specific steps that should be thus taken. It recommends
that the Committee on Nomenclature of the I. E. C.
should place this important question on the agenda for
its next international meeting, and should seek to elicit
discussion upon the question in the various national
committees, in advance of the meeting, so as to pave the
way for well considered international action. (2) The
subcommittee is unable to recommend the suggestion
in the proposal of the Italian Committee [1 (Italy) 27],
to change the name maxwell from the C. G. S. U. of
magnetic flux 4:1) to the "practical" or volt -ampere -ohm
unit of magnetic flux 4:1), in view of the dislocation in
understanding of electromagnetic literature that might
thereby be brought about.

Signed
W. H. ECCLES
P. JANET
A. E. KENNELLY, Chairman,
L. LOMBARDI

MITKIEVITCH

K. STRECKER

G. J. VAN DE WELL
24th September, 1929.



A bridgment of
Dissipation of Heat by Radiation

BY A. D. MOOBEI
Member, A. I. IC. IC.

S ynopsis.- Heat dissipation is an ever-present factor affecting
the design and operation of many kinds of electrical equipment.
Usually, the problem is to get rid of heat due to losses. Sometimes
the problem is how to conserve heat. Radiation, or convection, or con-
duction, or combinations of these, enter into all cases. Engineering
literature as a rule presents conduction and convection in sound terms
but in many cases, the treatment of radiation is unsound, misleading,
and sometimes in error. This paper is presented with the hope of

putting heat radiation in engineering applications on a sounder basis.
The usual laws given to cover total heat radiation are stated and

discussed, and their limitations brought out. Net heat loss by radia-
tion interchange for the cases of parallel and concentric surfaces are
reviewed and stated.

The problem of total radiation from a rectangular slot is attacked,
the method of solution is indicated by example and discussion, and
the results given.

Section I
INTRODUCTION

THE term "radiation" has been so thoroughly
corrupted by being used to include all forms of heat
dissipation, that it needs definition at the outset.

Radiation, within this paper, does not include heat
dissipation by convection, either natural or forced. It
applies only to true radiation, either emitted, reflected,
or absorbed by a surface. Radiant heat energy covers
the range of the spectrum, including the visible, or light
wave energy. Heat waves behave as the more com-
monly known light waves behave,-they are electro-
magnetic waves traveling in straight lines; they are
reflected by mirror surfaces as light is reflected; a given
surface emits, reflects, or absorbs to varying degrees,
depending on the character of the surface.

STEFAN'S LAW OF EMISSION

Stefan formulated the law of radiation emission,
R = k e T4

where R is the rate of heat radiation emission from a
unit of surface, e is the emission coefficient for the sur-
face, k is a constant, and T is the temperature in degrees
Kelvin (absolute) of the surface.

Stefan -Boltzmann Law. When a radiating body is
subject to reception of radiation from surroundings
radiating bodies, as is usually the case, there is an inter-
change. The net loss of heat froth the body by radia-
tion interchange is perhaps most commonly given in
engineering literature in the form of the Stefan -Boltz-
mann Law,

R = Ske (T14- T241)
in which R represents the net rate of losing heat by the
body; S is its surface; k is a constant; e is the emission
coefficient for the surface; T1 is the temperature
(Kelvin) of the surface, and T2 is variously and loosely
described.

Let Fig. 1 represent the body, which has an irregular

I. Associate Professor of Electrical Engineering, University
of Michigan, Ann Arbor, Mich.

Presented at the Great Lakes District Meeting of the A. I. E. E.,
Chicago, Ill., Dec. 2-4, 1929. Complete copy upon request.
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surface. When the above formula is given, it is usually
not stated whether S is to be the actual surface, or the
enveloping surface. Usually, nothing is said as to why
the surface of the surrounding bodies, and their emis-
sion coefficient, are omitted. And T2, depending on the
writer, is given as being

1. Temperature of surrounding walls
2. Temperature of surrounding air
3. Temperature of surrounding objects
4. Temperature of surrounding space.

In succeeding articles in this section, an attempt will be
made to place radiation interchange, in simple cases, on
a more definite basis.

Black -Body Radiation. At a given temperature a

ACTUAL SURFACE

ENVELOPING SURFACE

FIG. 1

black -body surface radiates more than any other sur-
face. It radiates the maximum possible amount in all
wavelengths, although the energy is distributed over the
various wavelengths according to a familiar curve.
The black -body is the standard of reference, and its
total emission coefficient, e, is herein taken as unity.
When energy falls on a black -body, none is reflected.
Hence, a small window opening into a large black -lined
cavity, being a nearly perfect energy trap, is a nearly
perfect equivalent of a black -body surface.

SELECTIVE RADIATION

A given surface may emit selectively; in some wave-
lengths it may emit (radiate) as much energy as does a
black -body, in others, less, and in some, none.
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GRAY -BODY RADIATION

If a surface emits so that the energy of all wavelengths
is reduced by the same per cent below that which is
emitted by a black -body at the same temperature, it is
called a gray -body. For example, if its total coefficient
is 0.7, it emits seven -tenths as much energy in every
wavelength as does the black -body. In this paper,
only black -body and gray -body radiation will be dealt with.
Further, only opaque surfaces will be considered.

ABSORPTION AND REFLECTION

The absorption ability of a surface depends upon its
ability to emit. If it can emit in a given wavelength, it
can absorb that wavelength. If it emits completely, as
a black -body, it absorbs completely. Incomplete
emission, as for a gray -body, is accompanied by in-
complete absorption for energy falling upon it. With
unity as a base, emission and absorption coefficients are
equal. Energy not absorbed is reflected (by opaque
surfaces), and the reflection coefficient is (1 - e).

PREVOST'S LAW OF EXCHANGE

By this proposition, radiation emission goes on
irrespective of energy that may be absorbed at the same
time.

STEFAN'S LAW WRITTEN TO GIVE WATTS

Stefan's law of emission is

R = S e 36.9
T \

1000

4

where R is watts, S is the surface in square inches, e is
based on unity, and the constant is as given.

It is important to note that this law gives initial emis-
sion correctly only if the surface is so disposed that none
of it receives radiation from some other part of it, and
that it gives only emission; it takes no account of
radiation received from other possible bodies in the
neighborhood.

NET RADIATION TRANSFER OF HEAT FOR SIMPLE
INTERCHANGE CASES'

(a) Parallel Surfaces. Two parallel surfaces, of the
same extent, are placed so close together that escape
from edge openings is negligible. Si has e1 and T1 for
emission coefficient and temperature, respectively, and
for S2, like quantities are e2 and T2. The two energies
initially emitted by the two surfaces in a given time
increment, are inter -reflected, with two infinite series
as the result. The net watts lost by S1 will be

R = 36.9 (1000)-4 S (T14 T24)
' el e2 - el e2

(b) Concentric Spheres. Let S1, el, and T1 be the
surface in square inches, the coefficient, and the tem-
perature, respectively, for the surface of an enclosed

e1 e2

2. The full development for the cases is given in "Funda-
mentals of Electrical Design," A. D. Moore, McGraw-Hill.

sphere, and S2, e2, and T2 like values for the surface of
an enclosing spherical wall concentric with the sphere.
The net rate of heat loss by Si, in watts, is

el e2
E = 36.9 (1000)-4 (T14 S1 - T24 S2 P) p el e2 P

where P is as follows: at any given stage of reflection,
when a quantity of heat H leaves the walls, the fraction
P is such that P H is the part of H that strikes the en-
closed sphere. P is determined by the characteristic of

the surface, as to what degree heat coming from it is
diffused. If we deal with mat surfaces (as described
in Section II), the above expression simplifies to

R = 36.9(1000)-4 S1(T14- T24)
e1 e2

Si Si
e2 - el e2

S2 S2

(c) Concentric Cylinders. This case, as to symbols
and treatment, is similar to the preceding case; and
with similar meanings, and mat surfaces, the expression
for the watts lost by the enclosed cylinder is the same as
the final expression given above.

If, in the concentric cases, the two radii are allowed
to approach equality, the cases approach the case of
parallel surfaces, physically; and the expression for the
concentric cases then degenerates into the expression for
parallel surfaces, as it should.

Again, in the concentric cases, if 52 becomes infinite
so that the enclosed body is a very small object in a very

the coefficient
e2 of the enclosing wall is made unity (black -body), the
expression degenerates into the Stefan -Boltzmann law.
Thus the Stefan -Boltzmann law is correct only under
one or the other of the two conditions specified at the
beginning of this paragraph.

Section II
THE SLOT

CONVOLUTIONS

When a body is corrugated, like a transformer tank,
or when it is slotted, or when cooling fins are attached to
it,-is its radiating ability increased, or is its radiation,
effectively, determined by its enveloping surface?
Probably the simplest ideal set-up for answering this
question is to compare the total radiation of a slot with
the radiation from an undisturbed portion of surface
that would just cover the slot mouth.

THE MAT SURFACE

Underlying the development of the concentric cases
of Section I, and all of the work in this section, is the
assumption of the mat surface. The mat surface is a
diffusing surface, both for radiation it may emit, or for
that which it may reflect. It obeys the cosine law.
Imagine a small increment of such a surface, and erect
on its plane a hemisphere with the area at its center.
Radiation from the area is most intense through the
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spherical shell along I he 'almal radius; 1:111 I his
intensity, I. Then the intensity at the shell kir any
other radius is / cos 11, where 1) is the angle bet ween
t he selected radius am I the normal milt's. This is
equivalent to saying t hat for the mat surface, the
intensity in watts per square loch at the point of view is
proportional to the projected area as viewed from that
position, all positions being at the same radius.

THE SLOT

The paper from here is concerned with finding the
total radiation per unit length from a rectangular slot
that is infinitely long, 2 in. wide, and 8 in. deep. The
solution method is semi -mathematical. The entire
slot surface is divided into strips of equal width (1 in.),
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and accurate "interchange" values are found
mathematically.

Fig. 2 shows the slot. Let the strip shown as Level 1
emit uniformly 100 watts per sq. in. Then, by simple
mathematical processes not given here, the values to
the left of the slot were found. For example, the top
value is 23.607, which means that of the 100 watts sent
out by the right strip, Level 1, the opposite or left strip,
Level 1, receives 23.607 watts; and strips at other
levels receive less amounts. From these values it is a
simple matter of argument and arithmetic to obtain
all other values given in Fig. 2.

For example, the figure shows that if a floor were
placed 1 in. down the slot, it would receive, out of 100
watts leaving Level 1 strip (at one side only) 38.196
watts; and the true bottom would receive 1.678, as
shown.

PRINCIPLE OF RECIPROCITY

Suppose a surface of any size, SI, being a uniformly
dense source of 100 watts per unit area, sends a total of
W watts to another surface of any size, S2. Then if

s, is a uniformly dense source of 101) watts per
unit area, 11 will wild the same, or 11", watts, to Si.
This principle is too well known to prove here, and
anyone, unfamiliar with it can easily verify it by study
of Kill l ph' C:ISVS.

'!'his Ilrincipie at once gives a double meaning to
every value shown on Fig. 2. For example, the inter-
change value connecting a strip in Level 1, and the
entire bottom, which is two strip); wide, is 1.687, the
meaning of which, in one direct ion, was given above.
In reverse, or by reciprocity, if the bottom is a uniform
source of 100 watts per sq. in., it will send to the strip in
Level 1, 1.687 watts per sq. in.

Fig. 2 thus gives interchange values between any wall
strip and any strip in the opposite wall, and between any
wall strip and the bottom. It also gives 12.310 as the
interchange between bottom and sky opening, a value
easily obtained once the other values were established.
All values given on Fig. 2 are, it is believed, correct to
one -tenth of one per cent.

METHOD OF ATTACK

Note: The paper is here abridged by the omission
of four articles covering Method of Attack; First Stage;
Self -Repeating Distribution and Summation; and
Procedure for Coefficient other than Zero.

EFFECTIVE EMISSION COEFFICIENTS FOR ENVELOPING
SURFACE

In the case just carried through, for an actual e of 0.1,
the enveloping surface (slot mouth area) was found to
have an effective, e', of 0.446. This means that if a
surface of this kind, being originally flat, is improved by
putting on fins to make the surface "all slots" of the
2 x 8 size, its total radiation would be increased over
four times, e being 0.1, and surface temperature being
everywhere constant.

Fig. 3 shows the relation of e' to e for this slot propor-
tion over the entire range. Ordinates to the curve are
believed to have no errors greater than 4 per cent. The
points placed in small circles were computed as in the
preceding work.

CONCLUSIONS

Stefan's law of emission holds only for non -interfering
surfaces. Where corrugations, convolutions, slots or
fins occur, an effective coefficient used in connec-
tion with the enveloping surface must be used.

If the surface is a black -body to begin with, radiation
is not increased by slotting or finning it; but if e is un-
avoidably low, considerable benefit may be derived.

It is probable that cooling fins have been added to hot
bodies primarily with the idea of increasing dissipation
by convection. The above study shows that in a
vacuum tube, for example, where convection cooling
may be negligible, a hot member made, of necessity, of a
metal having a low coefficient, may be considerably
assisted in radiating heat by adding fins.
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Synopsis.-This paper describes an investigation of the effects of
electric shock on the central nervous system. A total of 286 rats
was employed in the investigation. These were shocked at 110,
220, 500, and 1000 volts on both alternating- and continuous -cur-
rent circuits for varying lengths of time. In each series the dura-
tion of the shock was increased until it was found impossible to
resuscitate the rats. When possible, the rats were resuscitated
by means of artificial respiration and kept alive for about a week.
Then they were killed by an overdose of ether and an autopsy was
immediately made.

The rats reacted in entirely different manner on the two types

of circuit; at the lower voltages the alternating current was deadlier
than the continuous, but dt the high voltage, the opposite was found
to be the case.

In many instances the rats were paralyzed by the application
of the current and at autopsy in the majority of these animals gross
hemorrhages were found in the spinal cord. All of the deaths
that occurred as a result of the shock were caused by respiratory
failure, which usually could be traced to an injury of the central
nervous system. In some cases the electric current produced peculiar
effects upon the rats.

General. The first death from contact with an
electric circuit occurred in France in 1879. As the use
of electricity has become prevalent, the number of
accidents has increased. In the United States approxi-
mately 50 per cent of the accidents are fatal and the
death rate from electricity is 0.9 per 100,000 population.

In the case of an electric accident, there are five
factors that are of importance; namely, (1) the voltage
of the circuit; (2) the current that flows through the
body; (3) the duration of the contact; (4) the type of
circuit, direct or alternating, and the frequency; and
(5) the points on the body where contact is made with
the circuit.

Voltage. It is a well recognized fact that high -
voltage circuits are dangerous. Low voltages also are
dangerous and especially so when the victims contact
with the circuit is good. Recent data seem to indicate
an increase in the number of deaths caused by contact
with low -voltage circuits used in residences. No
authentic record has been found, however, of a death
on a 110 -volt d -c. circuit.

On high -voltage circuits the victim is often thrown
away from the conductors by the severe contraction of
the muscles, but on low -voltage circuits it is often
impossible to let go. It is interesting to note that ap-
proximately one-third of the fatal accidents reported
occur on low -voltage circuits.

Current. The current that will flow in any given
case depends not only upon the system voltage but also
upon the resistance offered by the body. This lies
mainly in the skin, which when in a dry state has a
resistance of from 40,000 to 100,000 ohms per sq. cm.
In a thoroughly wet condition, however, the resistance
of the skin contact falls as low as 1000 ohms per sq. cm.

The sensation produced by an alternating current of
15 to 20 milliamperes is extremely painful and a current
of 100 milliamperes may cause death. Therefore, it is
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evident that if the skin of the victim is wet, 110 -volt
a -c. circuits are dangerous.

The resistance of the body decreases also if contact
is made with the circuit for any length of time. In our
tests, if the animal was allowed to remain in the circuit
for any length of time, the current increased from 5 to
10 per cent.

Duration of Contact. The possibility of successful
resuscitation decreases rapidly as the time of contact
with the circuit increases. The higher the voltage of
the circuit, the shorter the time that a man can remain
in contact with it and still be resuscitated.

Type of Circuit. Low -voltage a -c. systems of com-
mercial frequency are more dangerous than continuous -
current circuits of the same voltage. A continuous
current produced electrolysis of the body fluids and
some strong contractions of the muscles. Alternating
current, on the other hand, produces no electrolysis
but a very severe contraction of the muscles.

Position of the Electrodes. If the contact of the body
with the circuit occurs at points so located that the
current does not pass through any vital organ, as a rule
no permanent damage will result.

Experimental Study. The purpose of this investiga-
tion was to determine the effect of electric shock upon
the central nervous system, to study the behavior of
shocked animals, to ascertain if possible the cause of
deaths due to respiratory failure, and to find how many
cases of delayed deaths are the result of demonstrable
lesions in the central nervous system.

Rats were chosen because they are easy to transport
and inexpensive. The heart of the rat also recovers
spontaneously from the uncoordinated contractions
called fibrilation, produced by the passage of the cur-
rent. No deaths in these tests were due to heart
failure.

The effect on rats of alternating 60 -cycle and con-
tinuous currents at constant potentials of 110, 220, 500
and 1000 volts for varying lengths of time was studied.
The authors felt that the changes in the nerve cells
could be seen especially clearly if the animal was re-

25
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suscitated after the shock and allowed to live several
days. This procedure was carried out; the rat was then
killed and the central nervous system examined at once.
Attention was confined mainly to a study of the effects
produced by the electric current on the spinal cord and
brain.

It must be remembered that the results obtained
from a study of one experimental animal cannot be
applied directly to a consideration of other animals,
or man.

Technique. While the animal was being given ether,
the voltage was adjusted to the desired value for the
test. As soon as the rat was anesthetized, after wetting
the skin with a saturated salt solution the electrodes
were attached. One electrode was fastened to the base
of the tail, and the other electrode placed on the skull.
The electrode used on the skull was made especially for
the work and was held in place by springs that pressed
against the lower jaw, in no way obstructing the breath-
ing. The electrode proper was 1.2 cm. in diameter and
was insulated from the springs so that all of the current
passed through the top of the head.

In the majority of tests, electrodes as described above
were applied on the head and tail of the rat. Another
group of observations were made with one electrode on
the head and the other on one of the fore legs; also with
one electrode on one fore leg and the other on the op-
posite hind leg. The results obtained were similar and
apparently entirely independent of the electrode
positions.

After the electrodes were in position, the animal was
watched closely until it showed signs of initial recovery
from the ether; then the high -voltage switch was closed
for the proper length of time. Immediately following
the opening of the circuit, the electrodes were removed
from the animal and artificial respiration was applied.
If possible, the rat was resuscitated and allowed to live
for three or four days. It was then killed and an au-
topsy performed at once.

The resuscitation method used was as similar as
possible to the Schaefer prone -pressure method used
for man. Every effort was made to save the rat and
often artificial respiration was continued for 10 or 15
min. Upon such animals as died under shock, and those
which could not be induced to breathe, autopsies were
performed at once.

The circuit was held closed for varying lengths of
time, the shortest interval, called instantaneous time,
being just sufficient to close and open the switch.
Suitable instruments to measure the current that passed
through the animal were used; the duration of the shock
was measured by means of a stop watch. In making the
tests at any given voltage, a shock of short duration was
used for the first experiments and gradually increased
until it was no longer possible to resuscitate the animal.

Observations. In all, 286 rats were shocked, and the
observations are grouped according to the voltage and
type of circuit used.

110 -Volt Alternating Series. Eleven rats were
shocked at this potential, with the time of contact
varied from 10 to 30 secs. Of the eleven rats of this
series, seven (64 per cent) recovered; three (27 per cent)
died; and one (9 per cent) was paralyzed. When the
paralyzed rat was examined, blood was found in the
urine and a large hemorrhage in the spinal cord. Hem-
orrhages of this type were frequently found as a result
of the shock.

Artificial respiration was used on all but one of the
rats. Their recovery was slow and from a few minutes
to half an hour following the shock, they lay quiet.
They were inactive for the first 24 hours, neither eating
nor drinking. After that period they became apparently
normal.

One of the rats that recovered died three hours later,
and upon autopsy was found to have a large hemorrhage
in the spinal cord. One of the three rats that died at
once was found to have a hemorrhage in the cord, but
the other two showed no gross abnormalities.

Of the six rats that recovered and continued to live
until killed, five were found to be normal and one
showed a hemorrhage in the brain.

Three of the rats that were in the circuit for some
time breathed spontaneously while the circuit was
closed. They all, however, ceased to breathe when the
circuit was opened. Two were saved by artificial
respiration, but the third never breathed again, al-
though the heart was strong.

Two of the rats that recovered had spasms of the
muscles, and in two cases bleeding from the nose was
evident.

220 -Volt Alternating Series. Twenty-nine rats were
shocked at this voltage; the time of contact varied from
5 to 35 secs. Of the twenty-nine tested, eight (28 per
cent) recovered; eleven (34 per cent) died; and ten (38
per cent) were paralyzed. The ten that were paralyzed
became incontinent (could not control the bladder).
All showed blood in the urine, and all showed typical
hemorrhages in the spinal cord.

It was necessary to use artificial respiration on all but
two of the rats. Their recovery was slow and their
breathing was shallow, labored, and irregular.

Seven of the rats that died started to breathe with
artificial respiration, but the breathing was not main-
tained and they died despite efforts to save them. In
the case of all of the rats that were held in the circuit for
several seconds, there was an increase in current with
time.

Of the eleven rats that died, three showed a develop-
ing hemorrhage in the spinal cord and one a hemorrhage
in the brain; the others were normal so far as could be
detected at autopsy. One of the eight that recovered
showed a slight hemorrhage in the cord.

An interesting point is brought out by the results of
a 14 -sec. shock; the two rats that recovered from this
shock were both very large. It was found that the
small rats succumb much more easily to electric shock
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than the larger animals. It is believed that this is due
to the lower current density in the vital organs of the
larger animals.

No differences were found between the death rates of
the two sexes.

Twenty-two of the rats used in this series bled from
the nose or eyes. One peculiar phenomenon for which

no explanation is known is that in case of bleeding from

the eyes, the right eye bled more often than the left.
In the case of one of the males there was an ejaculation.

The percentage of rats that was permanently injured
or died on the 220-volt circuit was 72. This greater
percentage of injuries in combination with the short
time of application indicates clearly that 220 volts is
much more deadly to rats than 110 volts.

500 -Volt A -c. Series. Twenty-six rats were shocked
at this voltage; the time of contact was varied from one

to four seconds. Of the twenty-six tested, ten (38 per
cent) recovered; three (12 per cent) died; and thirteen
(50 per cent) were paralyzed. All of the paralyzed rats
except one showed the typical hemorrhage in the
spinal cord.

A number of rats on this circuit recovered spontane-
ously after the circuit was opened. As the time of the
contact was increased, artificial respiration became
necessary. The contraction of the muscles upon the
closing of the circuit was very great; the legs were
stiffly extended and the contraction persisted for several
seconds after opening the circuit. There were clonic
movements and tremors following the opening of the
circuit. Following the shock, 18 of the animals bled
from the nose or eyes.

Not a single animal survived a four -second applica-
tion without permanent injury. In the paralyzed rats
that were examined, the typical hemorrhage in the
spinal cord was found in all except one. In one of the
three that died, the surface of the cortex was found to
be seared; in another, there was a hemorrhage in the
brain. One was apparently normal.

There was some burning at the points where the
electrodes were fastened to the animal in four of the
rats. Bleeding from eyes or nose, or both, was observed
in 18 cases, and in three of the rats there was a discharge
of bloody fluid from the mouth. Ejaculation was
noticed in the case of four of the six males that were
shocked for periods of three and four seconds. In one
of the 10 rats that recovered there was a slight hemor-
rhage in the brain; the others appeared normal.

This series also clearly demonstrated that there is no
difference between the susceptibility of the sexes to
electric shock. It is evident that an application of 500
volts is much more injurious than the lower voltages;
with a maximum time of application of four seconds, 62
per cent of the animals were paralyzed or died.

1000 -Volt Alternating Series. For periods varying
from one to four seconds, twenty-eight rats were sub-
jected to a potential of 1000 volts. Of those tested,
eight (29 per cent) recovered; nine (32 per cent) died;

and eleven (39 per cent) were paralyzed. The ten that
were paralyzed all became incontinent, blood was found

in the urine, and all except one showed the typical
spinal hemorrhage.

It was necessary to use artificial respiration on nearly
every rat and in many cases considerable effort for a
prolonged period was required to save the animals. In

some cases breathing was started by means of artificial
respiration, only to stop again; then artificial respira-
tion had to be applied anew. In a few cases it was
necessary to watch the animals for half an hour or more.
Some died despite every effort. In those that lived the
breathing was shallow, irregular, and labored.

The contraction of the muscles was very great and it
existed for several seconds after the circuit was opened.
Clonic movements and tremors also followed the open-
ing of the circuit. Many of the rats exhibited spasmodic
contractions of the muscles of mastication; twelve
bled from the nose or eyes or both.

Of the nine rats that died, seven showed injuries to
the spinal cord or brain and two were apparently
normal. It was possible to start respirations in several
of these animals, but breathing could not be maintained.
In all nine cases the heart beat strongly after the shock.

There was severe burning at the electrode contact
and several of the rats that recovered subsequently
showed severe injuries from this cause.

Many of the rats used in this series were of large size.
This, to some extent, accounts for the fact that there
was not a greater mortality. The results show that 71
per cent died or were paralyzed.

110 -Volt Continuous Series. Thirty-three rats were
subjected to this voltage; the duration of the shock
varied from 5 to 60 sec. Of the number observed,
twenty-eight (85 per cent) recovered; four (12 per cent)
died and one (3 per cent) was paralyzed. The para-
lyzed rat showed the typical hemorrhage in the spinal
cord which was so commonly found in rats shocked on
a -c. circuits.

During the passage of the current, the contraction of
the muscles was not so great as on an a -c. circuit of the
same voltage. During long time applications the cur-
rent increased as it did in the alternating cases, and
during the passage of the current there were clonic
contractions of the muscles. No artificial respiration
was needed in the case of those rats which were held in
circuit less than 20 secs.; they started to breathe spon-
taneously. If the rat was held in the circuit for more
than 20 sec. it began to breathe while the current was
still flowing. When the circuit was opened, breathing
stopped and it was usually necessary to apply artificial
respiration to start the animal breathing again. The
rats recovered promptly and were active sooner than
those which had been given a shock with 110 -volt
alternating current. In this series there was no evidence
of bleeding.

One of the four rats that succumbed to the shock was
found to have a hemorrhage in the brain; the other
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three showed no abnormalities at autopsy. In one Of
the rats that recovered, a hemorrhage was found in the
brain; the others examined were normal. In all cases
t he heart beat well following the shock.

Only 15 per cent of the rats tested on a 110 -volt
continuous circuit were injured or died, although the
durationof the shock was considerably longer than in
the 110 -volt alternating series.

220 -Volt Continuous Series. Nineteen rats were
shocked at 220 volts, continuous potential; the duration
of the shock varied from 5 to 30 secs. Of the rats tested
at this voltage, ten (53 per cent) recovered; eight (42
per cent) died; and one (5 per cent) was paralyzed. On
examination after death, in the paralyzed rat no sign of
any gross abnormality could be detected.

In this group it was again noted that the muscular
contraction was less than on an alternating circuit; the
animals were more relaxed after the shock. Clonic
movements were present in all of these rats both during
and immediately after the shock. It was necessary to
use artificial respiration on all but four of the rats in
this series, and none of them breathed while in the
circuit. No bleeding was noticed in this series.

Of the eight rats that died, one was found to have a
hemorrhage in the brain; the others that were examined
were normal. None of the rats that recovered showed
abnormalities in either the spinal cord or brain. In this
series 47 per cent of the rats died or were injured.

500 -Volt Continuous Series. Thirty-seven rats were
shocked at this voltage, the duration of the shock varied
from one to four seconds. Eighteen (49 per cent) of the
thirty-seven recovered; seventeen (46 per cent) died;
and two (5 per cent) were paralyzed. In the two para-
lyzed rats at autopsy no trace of hemorrhage in the
nervous system could be found.

The contraction of the body musculature was not so
severe as on an alternating circuit. Clonic movements
were noticed both while the current was flowing and
after the circuit was opened. Artificial respiration was
needed in all except five cases and for four or five min-
utes after the shock in all of the rats the heart beat well.
Five of these rats had convulsions following the shock
and showed increased and abnormal responses to all
stimuli. This was the only series in which these con-
vulsions were observed. Ten of the animals bled from
the nose, eyes, or mouth, and it will be noted that this is
the first appearance in the continuous current series of
this phenomenon which was so common in the alter-
nating groups.

No apparent injury to the nervous system on gross
examination could be detected in any of the eighteen
rats that died. Only two of the rats in this series showed
hemorrhages in the brain, and these two rats recovered
from the shock. All of the recovered rats were normal;
their breathing, however, was labored and fast.

This series brings out clearly the effect of the size of
the animal upon the experimental results. Eleven rats
three months old were given a two -second shock and

seven of them died. Of four larger rats tinder Ili,. same
duration of shock, two (lied and t wo rem% er,, I

There was some burning at the electrodes valise(' by
the current density, but there was no indication of any
actual burning of I he cerebral cortex.

In this series, 51 per cent of the rats died or were
paralyzed as the result of contact with the 500 -volt
circuit, but the cause of death cannot be ascribed to
gross damage to the nervous system.

1000 -Volt Series. Thirty-three rats were tested
at this voltage; the duration of the shock varied from
instantaneous contact to four seconds. No rats, ir-
respective of size, survived a contact of one second or
longer with this circuit. Of the 33 shocked, nine (27 per
cent) recovered; twenty (61 per cent) died; and four (12
per cent) were paralyzed. In this series, at autopsy the
central nervous system of the paralyzed rats was found
to be grossly normal.

These rats showed the clonic movements of the legs
which appear to be so characteristic of continuous
current shocks. The contraction of the muscles was
somewhat greater than with the 500 volts continuous
current, but not nearly so great as with the alternating
currents.

Breathing was shallow and irregular and those rats
that recovered were very disturbed. Artificial respira-
tion was used in every case but one; although the heart
beat strongly, it was seldom possible despite the
greatest efforts to initiate breathing. The chest of the
animals were collapsed following the shock, and no air
would enter the lungs. Following the shock four of the
animals bled from the nose, eyes, or mouth. After 24
hours, the two paralyzed rats became incontinent,
although no blood was found in the urine.

No signs of gross injury to the nervous system could
be detected in any of the rats that were used in this
series and although there was considerable burning at
the electrodes, no damage to the surface of the brain
was found. This series is characterized by a high per-
centage of fatalities and the most prominent feature
noted was persistent priarpism (permanent erection)
in the males.

Comparison of the Alternating and Continuous Series.
Exact comparison between the results of shocks with
alternating and continuous currents is impossible be-
cause the duration of the contact was not the same; the
size of the animals differed with corresponding differ-
ences in current, and the number of animals varied in
the two series. There is also the factor of the relative
strength and health of the rats at the time of experi-
mentation,-which it is impossible to ascertain.

On a -c. circuits there was a continuous, severe tetanic
contraction of the muscles which usually persisted for a
few seconds after opening the circuit. The chest of the
animal was greatly expanded and the shock was usually
followed by clonic movement of the legs. A large
number of rats were subsequently found to be paralyzed
in the hind legs and in these a hemorrhage was present
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in the spinal cord. Bleeding from the eyes or nose
occurred in many of the animals.

On continuous current circuit the contraction of the
muscles was not so severe as on the alternating circuit,
and clonic movements were usually present while the
current was flowing. Relatively few of the animals were
paralyzed and only one of these showed the character-
istic hemorrhage in the cord, so common in the alter-
nating series. Few gross injuries could be detected in

the central nervous system. Bleeding from the nose
was observed at the higher voltages only.

CONCLUSIONS

The following conclusions are drawn from the in-
vestigation :

1. The 110- and 220 -volt a -c. circuits are more
dangerous to rats than the corresponding d -c. circuits.

2. A d -c. circuit of 1000 volts is more dangerous to
rats than the corresponding alternating voltage.

3. A large rat can withstand a greater shock than a
small one and still survive.

4. The contraction of the body musculature is
greater on an alternating voltage than on a d -c. circuit.

5. In many cases the alternating current experi-
ments are characterized by paralysis of the hind legs
caused by hemorrhages in the spinal cord.

6. The three different positions of the electrodes
investigated produced similarabnormalities.

7. A severe electric shock probably produces changes
in the nervous system that are incompatible with life.

8. The death of the rats that could not be resus-
citated was due in every case to respiratory failure.

9. The death of rats that lived for only a few hours
after the shock was found to be caused by hemorrhages
in the brain.

10. The injuries are not directly proportional to the
amount of current that passes through the body. Not
only is the initial voltage of importance, but the dura-
tion of the contact and the size of the animal also.

It must be kept in mind that these results cannot be
applied directly to men or to other animals.

Abridgment of

Polyphase Induction Motors
A Labor Saving Method of Calculating Performance from

Previously Determined Constants
BY W. J. BRANSON1

Associate, A. I. E. E.

Synopsis.-This paper presents a method of calculating poly-
phase induction motor performance which eliminates a large amount
of detail work without making use of approximations which sacrifice

accuracy. In any rigorous system for calculating induction motor
performance, the determination of the relation between input and
current values makes the greater part of the work.

By the procedure here presented, the relation of watts to amperes
for all cases likely to be encountered in ordinary design work may be

accurately calculated once for all and recorded in a set of curves.
When making practical calculations tedious detail work may be

eliminated by taking the necessary values from the curves, in much
the same way that sines are taken from sine tables.

The calculation begins with the torque, from which the corre-
sponding secondary input is obtained by a simple formula. Then,
by reference to the appropriate curves and a few simple slide rule
operations, the primary and secondary currents are determined.
With the secondary input and the current values known, the com-
pletion of the calculation requires nothing more than a few operations
of simple arithmetic. The entire process for one load point may be
completed in from five to seven minutes.

I. INTRODUCTION

THE methods most frequently used in calculating
the performance of polyphase induction motors
are:

1. The Steinmetz analytical equations based on
the "exact equivalent circuit."

2. The various forms of the circle diagram.
With the exception of a slightly unscientific treatment

of core losses, the Steinmetz equations are rigorously
correct mathematical processes, but they require a
large amount of detail work. Using ordinary facilities,
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the time required to calculate the output, revolutions
per minute, efficiency, power factor, etc., for a single
load point is usually about 40 or 45 min.

If properly constructed, the circle diagram also con-
stitutes a rigorous mathematical process, but the forms
commonly used and presented in text books are based on
approximations which sacrifice accuracy while still
requiring a very objectionable amount of labor.

II. GENERAL CHARACTER OF THE PROCESS

This paper presents a method of procedure by which
it is possible to complete an accurate performance calcu-
lation in from 5 to 7 min.-that is, in about one -
sixth of the time required by the Steinmetz equations.
The processes which eliminate so much detail work
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are somewhat analogous to the use of tables of trigono-
metric functions. If trigonometric tables did not
exist, the easiest way to obtain the sine of an angle
would be to construct an appropriate triangle and divide
the side opposite the angle by the hypotenuse. Any-
one who had occasion to do this frequently, however,
would naturally discover that by constructing, once for
all, a series of triangles, he could draw a curve from
which the sine of any angle might be read directly.

In a similar manner, it is possible to make curves
showing any desired geometrical relations of the circle
diagram corresponding to all possible combinations
of motor constants; and, with properly constructed
curves of this character available, a performance calcu-
lation for an ordinary polyphase motor requires no

FIG. 2-THE FLUX PATHS OF A TRANSFORMER WITH AN AIR-
GAP AND LARGE MAGNETIC LEAKAGE

detail work beyond reading the necessary values from
the curves and carrying out a few simple arithmetical
operations.

V. THE TRANSFORMER

Fig. 2 shows a transformer with magnetizing and
leakage characteristics similar to those of an induction
motor. The broken lines represent flux paths.

= Permeance of the path through both coils
= Permeance of the primary leakage path

(PLY = Permeance of the secondary leakage path.
The most important of the fundamental constants

which determine the performance of a transformer or
an induction motor may be expressed as ratios between
the permeance values.

(Pm
The primary flux factor K, =

(Pm ± (PL'

The secondary flux factor Ks =
(Pm

(Pm ±

VI. REACTANCE

The reactance of a transformer represents the ratio
of inductive drop to amperes just as resistance repre-
sents the ratio of resistance drop to amperes. In a
circuit containing only resistance, the current

I= E
R

while in a circuit which has reactance without resistance,

E
I = X

Since the induced e. m. f.
E = 2 7r- f N2 10-8 6) I

we may derive the fundamental equation for reactance
as follows:

=

and

2irfN210-86PI

X = 2 r f 10-8 X 63
It is convenient and helpful to think of this expres-

sion for reactance as made up of the two main factors
which are separated by a multiplication sign. The
combination of symbols on the left, 2 71 f N2 10-8,
will be found in exactly the same form in all of the
equations which appear in the list below, while the
characters which stand for permeance take a special
form in each equation and determine the significance
of the various reactances.
Reactance Values Used in this Paper.

Reactance of primary with secondary open.
X0' = 2 r f N2 10-8 ((P. (PL')

Reactance of secondary with primary open.
X," = 2 r f N2 10-s (cP. (PL")

Reactance of primary with secondary short-circuited.
X' = 2 r f N2 10-8 ((pL,(PLKa)

Reactance of secondary with primary short-circuited.
X" = 2 7r f N210-8 ((PL" KP)

In practical work it is usually assumed that (PL' = (PL"
and consequently that

K, = K8
X,' =X." = X.

= X,." = X
A series of diagrams showing the flux paths corre-

sponding to all of the reactance values listed above will
be found in Figs. 6 to 9.

VII. CIRCLE DIAGRAM

The development of a mathematically exact form of
the circle diagram may be traced through Figs. 10, 11,
12, and 13. These figures are so constructed and
arranged as to show successively the effects of the vari-
ous constants. In Figs. 10 and 11 the motor is assumed
to have reactance without resistance or iron loss. Fig.
12 shows the modifying effects of secondary resistance
while Fig. 13 shows the modifying effects of primary
resistance and core losses.

Fig. 15 shows a practical working diagram and is
similar to the upper right hand portion of Fig. 13 except
that the primary resistance drop is represented by an
extension of the current vector instead of a separate
parallel line. The complete procedure for making
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calculations by this diagram is given on the work sheet.
Fig. 15.

This work sheet is introduced to show how the circle
diagram may be used in a correct form for practical
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FIGS. 10 -13 -DEVELOPMENT OF THE CIRCLE DIAGRAM

calculations and also to illustrate the general method
of procedure which underlies the much easier process
explained in the next section.

VIII. THE BASIS OF THE CURVE METHOD

The outline given below shows a simple and straight
forward procedure for the calculation of polyphase
induction motor performance without the circle dia-
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FIG. 15 -WORKSHEET FOR CALCULATING PERFORMANCE BY
CIRCLE DIAGRAM

gram. This process, or something equivalent, would
probably be used by all designers if suitable equations
were available for the third and fourth steps.

5252
1. Torque = II P Rev. per min.

(Using test or estimated value of rev.
per min.)

Synchronous rev. per min.
2. Secondary input = Torques 7.04

3. Primary amperes = Secondary input X (No convenient expression
available)

4. Secondary amperes = Secondary input - (No convenient expression
available)

5. Secondary copper loss = (Secondary amperes) X r2 X phases
6. Secondary output = Secondary input -Secondary copper loss
7. Output = Secondary output -F and W loss

Secondary output
8. Rev, per min. = Secondary input

X synchronous rev. per min.

9. Primary copper loss = (Primary amperes)2 X r1 X phases
10. Input Secondary input + primary copper loss + Iron loss

Output
Input11. Efficiency =

12. Power factor -
Input

Primary amperes X E X phases



32 BRANSON: POLYPHASE INDUCTION MOTORS Journal A. T. E. E.

Starting with the horsepower for which a calculation
is desired, the first step gives the torque while the
second gives the input to the rotor. The next quanti-
ties wanted are the primary and secondary amperes;
but the equations which might be written for these
steps would be so elaborate and complicated as to in-
volve many times more work than all the other steps in
the calculation combined.

This directs attention to the fact that in any rigorous
method of calculating polyphase induction motor per-
formance, after the constants are known, the determina-

FIG. 16-EXAMPLES OF a b CURVES

The most satisfactory scale is 0.02 per in. for ordinates and abscissas
See Fig. 17A

tion of the current values which correspond to any
specified input makes nearly all of the work. In the
Circle Diagram processes, these relations are deter-
mined graphically, while in the Steinmetz System the
results are obtained by lengthy analytical equations.

In the system which this paper describes these tedious
and lengthy processes are eliminated. The primary and
secondary amperes are obtained with a negligible
amount of labor by reference to two sets of curves,
reduced examples of which are shown in Figs. 16 and
17. One set, known as the a b curves, is used for
primary amperes, while the other set known as the a c
curves, is used for secondary amperes. The values
which the curves represent are geometrical relations
from the circle diagram shown in Fig. 15, and are
mathematical quantities of the same general character
as sines or cosines. On both sets of curves the abscissa
is marked a, while the ordinates are marked b on
the curves for primary amperes and c on the curves
for secondary amperes. In terms of the lines on the
diagram, in Fig. 15,

2

a =
T R /0 E\
0' HX Z E and represents secondary input

OT OEb= 0' H X Z E and represents primary amperes

MT OE
c = 0' H x Kp X Z E and represents secondary

amperes

while in terms of the motor values,

Secondary input
a - (E2/X) X phases

E
b X X - primary amperes

E
c X X = secondary amperes

In a practical calculation, we complete the first and

C

1 -

FIG. 17-EXAMPLES OF a c CURVES

See Fig. 17A

second items of the procedure outlined above and
then obtain

a - Secondary input
(E2/X) phases

Next using a as abscissa we read b and c from the
appropriate curves and as stated above

E
b X X = primary amperes

E
c X X = secondary amperes
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IX. DESCRIPTION OF THE CURVE SHEETS

In preparing the a b and a c curves, we take advantage
of the fact that the geometrical construction of the circle
diagram is determined by three constants.

If the voltage and current scales are so chosen as to
make the lines 0 E and 0' H (Fig. 14) of equal length,
the only -relations involved in the construction are

M H X° -X - Ka = Kr0'H X0

0 Z riOTX
0' 0 Core loss
0' H = (E2/X) phases

The general scheme of the a b curves is illustrated by
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FIG. 20-WORKSHEET FOR CALCULATING PERFORMANCE BY
USE OF a b AND a C CURVE SHEETS SHOWN IN FIGS. 16 AND 17

Fig. 16. All of the curves give the values of b corre-
sponding to the variations in the value of a over as
wide a range as practical work requires.

The various curves on one sheet relate to different
values of K. but to the same values of the other con-
stants, while each sheet relates to a different value
of ri/ X.

To make the system logically complete it would be
necessary to go a step further and make a separate set
of curve sheets for each of a series of values of the third

constant E2 X phases 

not necessary. The core loss affects the primary
amperes to only a slight extent and as high a degree of

accuracy as it is possible to utilize in slide rule work
may be obtained by using for all the curves a mean

F X
value of

E2 X
and making an approximate

compensating correction when the actual value differs
appreciably from that on which the curves are based.

Therefore all the a b curves are based on the assump-

tioneE2xphases
F X

that = 0.005 and the correction con-

sists in adding algebraically to the value of a which
is used as abscissa for the a b curve the quantity

Fe X Such elaboration, however, is

Fe X
E2 X phases

- 0.005 ) 0.6

When this correction has been applied, the discrep-
ancy in the primary ampere figures will not often
exceed one -tenth of one per cent.

Fe X
Since

E2 X phases
has no effect on the secondary

amperes, it does not have to be considered in connection
with the a c curves, which are plotted as illustrated
by Fig. 17.

XII. PRACTICAL PROCEDURE BY THE CURVE METHOD

Full directions for making performance calculations
from known constants will be found on the work sheet,
Fig. 20.

CANDLES vs. INCANDESCENT LAMPS
Lighting one room with a 100 -watt incandescent

lamp for 300 hours, which is about the average burning
time of a lamp a year, costs $2.40 or less. Lighting
another room of the same size, the same length of
time and with the same brightness, using the original
lamps made by Thomas A. Edison 50 years ago, would
now cost more than $20.00. At then existing rates for
electric service the cost would have been much greater.

Going still further back in lighting methods and
using candles, replacing them constantly as they burn
down, and keeping a room of the same size lighted
to the same brightness for the same length of time,
would cost more than $400.00.

Only the rich can now afford to burn candles!
In 1790, at a reception given in honor of George

Washington, it took two thousand candles to illuminate
the hall, costing about $10.00 an hour. Today, elec-
tricity, giving the same degree of illumination, would
cost only about twenty cents an hour.-Transactions,
I.E. S.
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Synopsis.-Theory and experimental data are given on the
properties of discharges confined to small holes, such as the pores of a
naturally porous material. The characteristics of these discharges
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are such that they are well suited for utilization in a valve type
lightning arrester.

I. THE VALVE TYPE ARRESTER
AVALVE type lightning arrester is an apparatus

which passes current freely for impressed voltage
in excess of a certain value, and which ceases to

carry current almost completely for impressed voltage
less than a certain other value. If the impressed volt-
age is increased continuously from a low value, that
voltage at which current begins to be passed freely is
called the breakdown voltage. After the breakdown
voltage is exceeded, if the voltage is decreased continu-
ously, the arrester will generally continue to pass cur-
rent relatively freely until a lower value of voltage is
reached at which discharge of current substantially
ceases. This voltage at which current flow nearly
stops we shall call the cut-off voltage of the valve
arrester.

The largest voltage which appears across an arrester
during a normal discharge we shall call the maximum
voltage of the arrester. The ratio of this maximum
voltage to the cut-off voltage we shall call the voltage
ratio of the arrester.

It is evident that the voltage ratio of a valve type
arrester determines its protective value on an electrical
system, for the cut-off voltage must be proportional
to the normal working voltage of the system, and then
the maximum voltage of the arrester will determine the
stress which the system insulation will receive during
lightning. The characteristics of electrical insulation
under impulse voltages are such that a properly applied
arrester with voltage ratio of two or three will give
almost perfect protection. A valve arrester with a
voltage ratio of ten or more will have little protective
value.

A valve type arrester must change from a good con-
ductor to a relatively good insulator over a moderate
change of voltage. The field of discharges in gases
would seem to offer the best possibilities for the realiza-
tion of these characteristics. Examination of the field,
however, reveals that although valve effects are gener-
ally present, their voltage ratio is not sufficiently low to
be useful except in a few special cases or arrangements.

1. With Westinghouse Electric & Mfg. Co., East Pittsburgh,
Pa.

Presented at the Great Lakes District Meeting of the A. I. E. E.,
Chicago, Ill., Dec. 2-4, 1929. Complete copy upon request.
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It is clear that the volt-ampere characteristic of the
discharge which follows breakdown must be studied
to determine the lowest voltage which will maintain
the discharge under given conditions. This will be
the cut-off voltage of the arrester constructed utilizing
this type of discharge. It is also clear that types of
discharge must be sought which require a high voltage
for their maintenance. In this way, the cut-off volt-
age may be brought up to the order of magnitude of
the breakdown voltage, and thus a low voltage ratio
may be obtained.

In the autovalve arrester,3 for example, by the use of
electrodes of relatively high resistivity, the discharge
is constrained to remain in the form of a glow instead of
being permitted to take the form of an arc which is the
more usual form at atmospheric pressures. The glow
is distinguished from the arc, in that it requires a mini-
mum of several hundred volts for its maintenance as
compared with about 20 volts for a very short arc.
By using very short spacings between the high resis-
tivity electrodes, the breakdown voltage also is made
to be only several hundred volts, and thus a very low
voltage ratio is obtained.

II. ELECTRICAL DISCHARGES IN HOLES AND FINE
CAPILLARIES

Another method of obtaining a discharge which
requires for its maintenance a voltage comparable with
that required to initiate the discharge has been dis-
covered. It has been found that the voltage required
to maintain a discharge can be raised to high values by
confining the discharge to narrow passages with insu-
lating walls.

In Fig. 3, the heavy line indicates the volt-ampere
characteristic of a discharge in the open at atmospheric
pressure. The dotted curve A indicates that of a dis-
charge confined to a circular hole. For small currents,
where the natural section of the discharge is less than
that of the hole, the walls of the hole have little influ-
ence upon the discharge, and the voltage is the same as
that for a discharge in the open. When the discharge
fills the hole, however, the voltage is increased and the
curve A departs from the solid curve. With further
increase of current, the confining action of the hole

3. J. Slepian, TRANS. of A. I. E. E., XLV, 1926, p. 169.
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becomes so great that the voltage increases with in-
creasing current. Curve B in Fig. 3 indicates the effect
of a smaller hole. The departure from the solid curve
for the discharge in the open occurs at smaller current
and higher voltage.

From these curves, we are led to believe that for dis-
charges confined to holes at atmospheric pressure, there
is a minimum voltage which occurs at a relatively small
current, and that with smaller holes this minimum

VOLTS

AMPERES

FIG. 3-VOLT-AMPERE CHARACTERISTIC OF DISCHARGE IN THE

OPEN AND IN HOLES OF DIFFERENT SIZES

voltage is greater, and occurs at smaller currents. This
is confirmed by the work of R. C. Mason who ob-
tained the volt-ampere characteristics of discharges
in holes in soapstone, the discharge being started by
a fine fuse wire, and the current and voltage values
measured from an oscillogram. The existence of a
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FIG 5-MINIMUM VOLTAGE GRADIENT FOR DISCHARGES IN SLOTS

minimum voltage gradient of considerable magnitude
and occurring at a small value of current was brought
out in his work. Mason has also obtained data show-
ing that the minimum voltage gradient is increased
as the size of the hole is decreased. In Fig. 5 the
crosses indicate the minimum voltages observed by
Mason for discharges in slots with soapstone walls of
varying width. These discharges were started by fine
fuse wires in a 60 -cycle circuit, and oscillograms taken
of current and voltage. The circles in Fig. 5 indicate

the results obtained by the authors for very narrow
slots between glass plates. These discharges were
started disruptively by application of very high voltage,
and a cathode ray oscillogram was taken of the volt-
ampere characteristics.

III. DISCHARGES IN NATURALLY POROUS MATERIALS

The data of Fig. 5 show that to obtain minimum dis-
charge voltage gradients of the order of several thou-
sand volts per cm. at atmospheric pressure and thus of
an order of magnitude beginning to be comparable with
breakdown voltage gradients, the passages to which the
discharges are confined must have sections with linear
dimensions less than 0.00 1 cm. With such small di-
mensions, the current carried by a passage with the
voltage gradient maintained at breakdown value will be

very small. For lightning arrester purposes, therefore,
it will be necessary to use a very large number of these
very fine passages in parallel. It would not be practical
to construct or assemble directly, such a multitude of
fine passages or channels. Materials can be made,

FIG. 6-DISCHARGE THROUGH PIECE OF RED BRICK

however, which are naturally permeated by fine pores
whose sections are of the required dimensions.

In Fig. 6, for example, is given a cathode ray oscillo-
gram showing the course of the voltage with the time,
for a discharge from a condenser through a piece of red
building brick, 7 mm. thick. Breakdown occurred at
about 22,500 volts. The voltage then dropped sharply
to about 10,000 volts, and then dropped slowly to about
5000 volts, where, as the current decreased, it remained
nearly stationary. This indicates that most of the pores
had minimum discharge voltages or cut-off voltages of
about 5000 volts. In terms of gradients, breakdown
occurred at 32,000 volts/cm. and cut-off for most of the
pores at 7100 volts/cm. The brick appeared to be un-
injured by the discharge and the experiment could be
repeated, reproducing the oscillogram and thus indi-
cating that the discharge had passed only through the
pores of the brick without affecting the solid material.

Before showing volt-ampere oscillograms of dis-
charges through porous materials, it will be well to
consider what characteristic may be expected from con-
sideration of the volt-ampere characteristic of a single
fine hole as shown in Fig. 3. In Fig. 7A, the full curve
shows the static volt-ampere characteristic of a dis-
charge in a very fine long hole. Breakdown occurs at
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A, and the minimum or cut-off voltage is shown at C.
If the voltage impressed along the hole is raised to the
breakdown point A, and then held at this value, the
current will at once build up to that corresponding to B,
which is the other intersection of the horizontal through
A with the static characteristic. If the voltage is now
lowered, the current will deCrease following the curve
B C until the cut-off point C is reached. If now the
voltage is lowered only slightly, and held constant, the
discharge can no longer be maintained, and the current
decreases rapidly to zero along the line C F. Raising
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FIG. 7-CHARACTERISTICS OF DISCHARGES IN FIVE HOLES

the voltage to the breakdown value and then lowering
it, thus causes the loop 0 A B C F to be traced.

If now a hundred million fine holes, each having
identically the characteristic of Fig. 7A, are used in
parallel, it is clear that when the voltage is raised to the
breakdown value each individual hole will break down
carrying its own few microamperes, and that when the
voltage is lowered to the common cut-off value each
hole will cease carrying its minute current. A volt-
ampere loop 0 A B C F is obtained for the multitude of
holes entirely similar that for a single hole except that
the current scale is in hundreds of amperes instead of
microamperes. (Fig. 7B).

In an actual porous material, the hundreds of mil-
lions of fine holes which are its pores will not all have
the same breakdown voltage. The volt-ampere loop
will therefore be modified as shown in Fig. 7C. Current
will first flow when the voltage reaches A, the break-
down voltage of the pores having the lowest breakdown
value. As the voltage is further increased the current
increases in two manners. First, the current carried
by those pores which are already broken down increases.

And also, with increase of voltage, the breakdown value
of more pores is exceeded and these additional pores
begin to carry current. Thus, the upper portion of the
volt-ampere loop slopes upward as in Fig. 7c.

The pores of an actual porous material will also not
all have the same minimum or cut-off voltage. This
will cause the lower branch of the volt-ampere loop to be
modified as in Fig. 7C. As the voltage is lowered from
the point B, the current decreases because the current
in each pore decreases. When the point C is reached,
some of the pores stop carrying current altogether
because their cut-off voltage has been reached. Along
the portion C F more and more of the pores cease carry-
ing current, and at F, the cut-off of the last pore is
reached.

Regarded as a lightning arrester, the breakdown
voltage of the porous material is the breakdown voltage
of the pore having the lowest breakdown, and the cut-
off voltage of the porous material is the cut-off voltage
of the pore having the lowest cut-off.

It may be concluded therefore that finely porous
materials will have high cut-off voltages.

This is confirmed in the curve of Fig. 8, which shows
the cut-off voltage for four porous materials, deter-
mined by cathode ray oscillograms. An average pore
diameter for these materials was estimated by B. S.
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FIG. 8-RELATION BETWEEN CIIT-OFF VOLTAGE AND AVERAGE
PORE DIAMETER
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Covell by a determination of the pore volume, and from
the rate at which a fluid under pressure flowed through
the materials.

IV. DISCHARGES IN SLIGHTLY CONDUCTING POROUS
MATERIALS

By confining the discharge following breakdown to
very fine channels it is possible as we have seen to raise
greatly the minimum voltage for maintaining the dis-
charge, and thus greatly improve the valve effect.
To obtain a voltage ratio sufficiently low to make a good
valve type lightning arrester, however, calls for a
material with pores of an exceedingly great degree of
fineness. The authors have found that by incorporat-



Jan. 1930 NEW VALVE TYPE LIGHTNING ARRESTER

ing small amounts of conducting material such as
lampblack or powdered metal in the porous material
the breakdown voltage is considerably reduced while
the cut-off voltage is unaffected. In this way, it is
possible to greatly improve the valve effect and to re-
duce the stringency of the requirement as to the fine-
ness of the pores.

Fig. 10, for example, shows cathode ray oscillograms
'Of volt-ampere loops of porous disks 5.0 cm. in diameter
and 3.2 mm. thick which were practically free from
conducting material so that their resistance when
measured at 1000 volts was about 2000 megohms.

FIG. 10-DISC 11 ARGE THROUGH INSULATING POROUS DISKS

Fig. 11 shows the characteristics of a similar disk but
containing a small amount of carbon so that its resis-
tance when measured at 1000 volts was 30,000 ohms.
Comparing the two oscillograms, we see that the addi-
tion of the carbon had only a very slight effect upon
the lower or cut-off branch of the loop, whereas it
greatly lowered the upper or breakdown branch, thus
greatly improving the valve effect.

The way in which the finely divided conducting
material causes the breakdown voltage to be lowered
is readily pictured. The conducting particles are
distributed through the porous material, and are too
few in number to form many conducting paths through
the material. The few continuous chains of conducting
particles through the material account for the conduc-
tivity at low voltage (30,000 ohms in the disk of Fig. 11).

Besides these continuous chains, there will be some
chains of conducting particles which are not completely
continuous but have tiny breaks in them. When the
voltage impressed on the piece is raised to a few hundred
volts those chains which have single tiny breaks will
begin to carry current, a discharge occurring across the
tiny break in each chain. The current in thisdischarge
is kept small by the high resistance of the fine chain
leading up to the break. As the voltage is further
raised, chains of 'conducting particles with two or more
breaks begin to carry current. Thus, the porous mate-
rial becomes permeated with these tiny discharges
across the minute breaks in the conducting chains.

The presence of these tiny pilot discharges will cause
the breakdown in the various pores to be lowered very
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greatly. This is shown in Fig. 7A by the loop 0 D E F.
As the voltage is raised from zero there is now a leakage
current due to the conducting chains. When the point
D is reached enough pilot discharges have formed to
cause the fine hole to break down as a whole. The cur-
rent then increases to the value at point E on the rising
part of the volt-ampere curve for a discharge in the
hole. If the voltage is now lowered, at C the cut-off
voltage for the hole, the current will drop to the leakage
value at F. The effect of the addition of conducting
material is shown also in the loops ODECF in Figs.
7B and 7c.

It will be noticed that the current taken by the hole
at the breakdown voltage is lessened when the con-
ducting material is added. Hence, with a multiplicity
of holes in parallel for the discharge of a given current
more holes will participate, as is clear from Figs. 7B
and 7c. Thus, the duty on each hole resulting from the
mechanical stress due to the pressure developed by the
discharge is lessened since both the voltage and the
current are lowered. This is a very important advan-
tage obtained by the addition of the conducting mate-
rial. The tendency to shatter or puncture observed in
insulating porous material when subjected to very
heavy discharges was almost completely eliminated by
the addition of the proper amount of conducting
material.

The amount of conducting material added to the
porous material must of course be properly chosen if
desirable lightning arrester characteristics are to be

FIG. 11-DISCHARGE THROUGH SLIGHTLY CONDUCTING POR0178
DISKS

obtained. If too little is used, the breakdown voltage
will be high in comparison with the cut-off voltage,
and the material will also tend to shatter or puncture.
If too much is used the large leakage current will cause
the cut-off to be vague and impose too great a duty on
the series spark -gap.

CONCLUSIONS

The theory and experimental work described above
show that there are good possibilities for the develop-
ment of a valve type arrester utilizing discharges con-
fined to fine pores of a naturally porous material. In a
later paper, the authors hope to show how these possi-
bilities have been realized.
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ThreeThase Short -Circuit Synchronous
Machines V

II. E. DOIUEII'fYI
Mombur, A. 1. I. E.

Synopsis.-This paper is the fifth of a series which the authors'
have presented on the subject of synchronous machines. Part I
was an extension of the fundamental theory; Part I I , a treatment
of torque -angle characteristics under steady-state conditions;
Part III, a study of torque -angle characteristics under transient
conditions; and Part IV , an analysis of single-phase short-circuits.
In the present paper equations for the currents in the armature
phases and field under three-phase short-circuit are developed.

The analysis is divided into three parts: The first covers the case
of short-circuit at no-load when the resistance is negligible in deter-
mining the magnitude of the current although it must naturally be
considered in finding the decrement factors; the second considers the
same case where the resistance does effect the magnitude of the

and C. N1CKLE2
Aelsoelalv, A. 1. E. E.

current; the third covers the case of short-circuit under load when
resistance is negligible as in the first case.

The effect of the nature of the load,--i. e., whether the power
factor is lugging or leading,-is studied and some interesting
results are brought out. it is shown that short circuits under load
may give less current than at no-load; and it is further developed
that under certain practical operating conditions, it is even possible
to obtain substantially no fundamental current.

The paper is illustrated with comparisons of calculated curves
and oscillograms showing the actual currents obtained in test.
Some of the interesting points concerning the nature of the short-
circuit currents and the manner in which they are influenced by
the design of the machine are mentioned in the discussion of results.

INTRODUCTION

AHISTORICAL treatment of special cases of short
circuits was given in Synchronous Machines IV.
It was mentioned there that the solution for

three-phase short circuit of the cylindrical rotor ma-
chine, under the assumption of negligible saturation,
had been published by other authors; Dreyfus (14), Lyon
(13), Shimidzu and Ito (8), Biermanns (3), Bekku (12),
and Ku (16) have all given thorough mathematical
treatment of this type of machine. A general expres-
sion for current on three-phase short circuit, covering
the case of salient -poles, was included in a paper by
Park, (Two -Reaction Theory of Synchronous Ma-
chines, bibl. 15b) presented at the 1929 Winter
Convention.

The advance over the authors' previous studies of
three-phase short circuits, which is made in the present
analysis, is in its treatment of the salient -pole case.
That is; the present analysis considers both cylindrical -
rotor and salient -pole machines, including the effect
of load.

ASSUMPTIONS

1. Negligible Saturation. This assumption is, of
course, a deviation from the practical machine. How-
ever, as explained in previous papers of this series, the
results may nevertheless be used with judgment as an
approximation.

2. The Armature Phase M. M. F. is Sinusoidally
Distributed. This is practically true of most modern

Gen'l. Elec. Company, Schenectady,1. Consulting Engr.,
N. Y.

2. Elec. Engr., Gen'l.
Presented at the Winter

N. Y., Jan. 27-31, 1930.
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Elec. Company, Schenectady, N. Y.
Convention of the A. I. E. E., New York,
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machines so that no appreciable error is involved on
this score in applying the results to practical cases.'

3. Only One Rotor Circuit. The machine is assumed
to have only one rotor circuit, i. e., the main field wind-
ing in the direct axis.

Part I
Part I covers the case of a dead three-phase short

circuit at the terminals of the machine. Only the
internal resistance of the machine windings is involved
and in most cases this resistance is entirely negligible
in determining the magnitude of the short-circuit
currents. By equating expressions for the total flux
linkages in each phase at any instant after short circuit
to the linkages which existed at the instant of short
circuit and solving the resulting equations, expressions
are obtained for the short-circuit armature and field
currents, which are as follows,

e. Xd Xd'
= cos (t - a) + e.

Xd Xd Xdf

xd' + x,- e. at cos a2 xd' x,

e- al' cos (t - a)

3. This assumption is equivalent to the following:
a. That the mutual inductance of the armature and field

circuits is a first harmonic only with respect to the electrical
space angle.

b. That the armature self and mutual inductance with
respect to the field winding and other armature windings, con-
tain only the zero and second harmonics.

c. That the second harmonic of armature self-inductance is
equal to the second harmonic of armature mutual inductance
with respect to other phases. This follows from Equation (5),
reference (15a).
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I = e,,

Xdf Xq
e. e-'3` cos (2 t - a)

2 xd' xo

Xa Xa -
,Xa'- e. cos t,

Xa" Xa

where a is the armature phase current in general, 1
is the field current, eo is the terminal voltage existing
before short circuit, xd and x, are the synchronous

A

B

FIG. 3-TRANSIENT ARMATURE CURRENT IN PHASE A ON

BALANCED THREE-PHASE SHORT CIRCUIT. APPROXIMATE ZERO

FLUX LINKAGES WITH PHASE A (a = 80 DEG.) ROUND ROTOR

MACHINE

Curve A. Calculated:curve
Curve B. Test curve

Equation:
is = cos (1 + 80) + 16.95 f-0.36 I cos (1 +80) - 9.46 cos (I + 80)

- 8.47 cos (2 / + 80)

A

B

FIG. 4-TRANSIENT ARMATURE CURRENT IN PHASE A ON
BALANCED THREE-PHASE SHORT CIRCUIT. MAXIMUM INITIAL
FLUX LINKAGES WITH PHASE A ROUND ROTOR MACHINE

Part II
The results of Part I may be extended to cover the

case of a short circuit occurring through external
reactance simply by modifying the reactance coeffi-
cients of the machine. When the resistance is negligi-
ble, the results will be accurate. It remains, however,
to consider the case of short circuit occurring through
external resistance which is not negligible. In the
equations derived in this section of the paper, values
of total resistance, including the internal resistance of
the machine windings, may be used; hence, Part II

A

B

111
111
111111 -
ID

FIG. 5-TRANSIENT ARMATURE CURRENTS FOR BALANCED

THREE-PHASE SHORT CIRCUIT. MAXIMUM INITIAL ARMATURE

LINKAGES WITH PHASE -B ROUND ROTOR MACHINE
Curves A. Calclated curves
Curves B Test curves

Equations:
ij = cost + 16.95 e -0.361 cos (/ - 120) + 4.73 e -0.2381

- 8.45 0.2381 cos (2 t - 120)

cos + 16.95 -0'36t cos t - 9.46 e-0.238/ 8.45 e 0.2381 cos 2

cos I + 16.95 e-0.361 cos (1 - 240) + 4.73 e-0.2381

-8.45 e-0.2381 cos (2 - 240)

ib =
is =

considers three-phase short circuit with armature
resistance.

Under this condition, expressions for the currents in
the armature and field are obtained through an analysis
of the vector diagram of a salient -pole machine. The
resulting expressions are:

Curve A. Calculated curve
Curve B. Test curve

Equation :

ia = cos t + 16.95 e -0.361 cos t - 9.46 e -0.2381 - 8.47  -0.2381 cos 2 r2

reactances in the direct and quadrature axes, and xd'
is the transient reactance of the direct axis; a is the
angle between the axis of the field pole and the axis of
the armature phase winding at the instant of short
circuit.

r2

xe2 ed, ,v r2 x _2
E Q -fr sin t

xd' x,' r2 xd

I=e41-1-

ed, .N/ r2 x _2
g sin t

r2 xd x,

x, (x, - xd') 1
r2 xd' x,
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where r is the total resistance from the point of short
circuit to the neutral of the machine and ed' is the
nominal voltage in the direct axis before short circuit.

Part III
Part III covers the case of a dead short circuit at

the terminals of a machine which is running under load.

A

6-TRANSIENT FIELD CURRENT ON BALANCED THREE-
PHASE SHORT CIRCUIT. ROUND ROTOR MACHINE

Curve A. Calculated curve
Curve B. Test curve

Equation:

if = 1 + 16.95 e -0.361 _ 16.95 e -0.2381 cos t

A

B

_ A A A ATV V W w

1=111=1=Paw -A..  aovvvvv,
A A A Ak

FIG. 9-TRANSIENT ARMATURE CURRENTS FOR BALANCED
THREE-PHASE SHORT CIRCUIT. MAXIMUM INITIAL ARMATURE
LINKAGES WITH PHASE -A SALIENT -POLE MACHINE

Curves A. Calculated curves
Curves B. Test curves

Equations:
ia = cost + 5.37 Cost e -0.06581 _ 4.35 e -0.1773/

- 2.02 cos 2 1 e -0.1773/

ib = cos (1 - 120) + 5.37 cos (1 - 120) e -0 06581
+ 2.17 e -0.177312.02 cos (2 1 - 120) a -0.17731

is = - cos (/ - 240) - 5.37 cos (t - 240) e -0.06581
+ 2.17 e -017731 + 2.02 cos (2 t - 240) e -0.17731

This is similar to a no-load short circuit, the only differ-
ence being in the initial conditions.

In order to obtain expressions for current in this case

the components of the current are analyzed indepen-
dently. The expression for the component of funda-
mental frequency is obtained from the vector diagram
of a salient -pole machine under load conditions. Ex-
pressions for the direct and second harmonic com-
ponents are derived from data obtained in the deriva-
tion of the equations for Part I. These expressions,
added together, result in the following formulas for
total current on short circuit.

ed' e,' cos 6 ed'
iQ = cos (t - a) + + id']xd Xd' xd

xd' x,
-(7/` cos (t - a) - e,'

2 xd'xq E-°°` cos (6 + a)

xd' -X
+ e,' q (raj cos 6 cos (2 t - a)2 xd' x,

A

FIG. 10-TRANSIENT FIELD CURRENT ON BALANCED THREE-
PHASE SHORT CIRCUIT. SALIENT -POLE MACHINE

Equation:

if = 1.0 ± 5.37 e -0.06581 _ 5.37 e -0.17731 cos I

Curve A. Calculated curve
Curve B. Test curve

Xd1 Xq+ e,' e Cral cos (6 + 90) cos (2 t -a - 90)2x,, x,

xd - xd'I = ed' + e,' cos 6 E 6f1 - ei cosxd'

Xd xd'
e-crat cos t

where e,' is the terminal voltage before short circuit and
6 is the displacement angle between the direct axis
nominal voltage and the terminal voltage. id' is the
component of the initial load current in the direct axis.

DISCUSSION OF RESULTS

Although the results are based upon the premise
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that only one rotor circuit exists, more general expres-
sions covering the case of machines having amortisseur
windings can be developed. For instance, in the case
of short circuit at no-load, where resistance is negligible
if the existence of an amortisseur winding is assumed
and the subtransient reactances, xd" and x,7", used in
the derivation instead of x di and x general expres-
sions will be obtained which are identical with those
given in Part I, except that xl and x," replace xdi
and x, respectively. It is immediately evident from
these expressions that the second harmonic current
depends upon the difference in the subtransient re-
actances of the direct and quadrature axes and may
be practically eliminated by the presence of a good
amortisseur winding.

The expressions obtained in terms of the subtransient
reactances, may have some use in determining the
maximum limit which the current can reach although
it is likely that the result will be grossly too large since
the current is made up of components, some of which
are high-speed "transients," vanishing before the first
peak of the current wave has been reached. When
more than one rotor circuit is present in either axis of
the machine these circuits are mutually coupled so
that the determination of exact expressions for the
components of current and their decrements is difficult.
Equivalent circuits may be established and analyzed
or the differential equations of the various circuits
developed and solved. The procedure in the latter
method has already been shown.

In the case of a short circuit occurring when resistance
is appreciable, the armature m. m. f. will be displaced
from the rotor axes of symmetry causing mutual
coupling of the rotor circuits in the two axes. Work
has been done toward obtaining complete expressions
for current, assuming the presence of an amortisseur
winding, for the three cases considered in the present
treatment. This, however, is beyond the scope of the
paper.

In the case of a short circuit occurring with the
machine under load, it is interesting to note from the
equations of Part III, the effect of the nature of the load
on the current. Consider a cylindrical -rotor laminated
machine with the following constant,

xd = 1.00
xq = 1.00

Then for an initial load
voltage, the fundamental
function of power -factor is,

xa' = 0.30
x,' = 1.00

of rated kv-a. at normal
short-circuit current as a

P. F. ed'

0 2.0

Lag t 0.50 1.94

1.00 1.414

Lead le 0.50
0

0.517

0

a ad' iq' i

0 1.0 0. 4.33
15 0.966 0.259 4.18
45 0.707 0.707 3.084
75 0.259 0.966 1.123
90 0 1.0 0

Thus in the practical case of a round -rotor machine
supplying the charging current of a line, it is possible to
obtain substantially no fundamental current on short
circuit.

It will also be noticed that for a unity power -factor
load, the fundamental short-circuit current is less than
for a short circuit at no-load. In the latter case the

eo
fundamental current would be

x d'
= 3.33 times nor-

mal. Hence, when the machine is initially under load,,
the total short-circuit current may be less than if the
machine were carrying no-load.

COMPARISON OF CALCULATED AND TEST RESULTS

Calculations and tests were made on a 15-kv-a.;
1800 -rev. per min., 60 -cycle, 220 -volt, salient -pole
generator and a 20 -hp., 1800 -rev. per min., 60-cycIe,
110 -volt induction machine. Illustrations of the check
between calculations and tests are shown for a few cases
of short circuit under different conditions. Additional
illustrations and detailed data on the two machines are
given in the complete paper.
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SHADED LIGHTING
Too much cannot be said in favor of shaded lighting.

Comparing shaded light with the bare lamp glare there
is everything in favor of the shaded fixture. Soft light
is always desirable. Its possibilities for decoration and
its soothing effect on its surrounding contrast sharply
against the undressed balls of flame which blind the eye
and fray the nerves.

Popular style, however, has of late years largely
favored the bare candle and exposed drop lights despite
the logical reasons against them.

The style however is fast veering toward shaded
lighting-concealed light sources-indirect lighting
and semi -indirect.

Glare, enemy of the comfort and health of mankind
might be controlled in public places by municipal
ordinance; but in the home, where the most damage is
done it can be prevented seemingly only by the element
of style.

An investigation among the various lighting fixture
manufacturing plants indicates a rapidly growing
conception of the public desire for new glareless lighting.
Glass manufacturers are showing many new styles in
glass shades to meet this new style condition.-Lighting.
Fixtures and Lighting.
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Tap Changing Under Load
for Voltage and Phase -Angle Control

BY HOMER B. WEST'
Associate, A. I. E. E.

Synopsis.-One of the most important and sometimes most in-
volved, problems brought about by the many interconnections of
electrical systems, is a means of accurate and flexible regulation of
power flow. The adjustment of voltage and the control of wattless
current by means of tap -changing -under -load equipment has become
quite extensive. The regulation of power flow by means of phase-
angle control has been put into practise on a limited scale. One

means of accomplishing this which has been used in a few cases and
which is being considered on a larger scale is the adaptation of lap -

changing -under -load equipment with properly connected static
transformers.

The purpose of this paper is to discuss briefly the connections
employed and the equipment used in connection with static trans-
formers for the purpose of voltage and phase -angle control.

INTRODUCTION

THE rapidly increasing number of interconnections
between power systems is making possible the
shifting of loads from one system to another in

either direction in response to the diversity of system
loads, and is resulting in improvements in the quality
of service and in economies due to savings in plant
rapacity. The extent of interconnections can be ap-
preciated when one realizes that the aggregate trans-
former capacity now installed with adjustable voltage
ratio under load amounts to more than five million
kv-a. A large percentage of this equipment is used for
system interconnections.

VOLTAGE CONTROL

When two systems are tied together at one point and
have no other interconnections, a difference between the
two system voltages at the point of interconnection will
cause wattless kv-a. to flow from the system with higher
voltage to the system with lower voltage. Transformers
with equipment for changing the voltage ratio under
load are used to compensate for the difference between
system voltages and control the interchange of wattless
kv-a.

Fig. 1 is an interesting example of tap -changing -under
load equipment for this application. In addition to
system interconnections, many other applications for
tap -changing -under -load equipmerit for voltage control
have been found. Examples of such applications exist
where the equipment is used to compensate for line and
transformer drop in transmission circuits, to maintain
the voltage at secondary distribution buses, between
predetermined limits, and in the supplying of power to
synchronous converters and furnace transformers. An
example of the latter application is the use of an 8120-
kv-a., 25 -cycle, single-phase, 12,000 -volt furnace trans-
former with a low voltage range of 60 to 30 volts in 64

1. Transformer Engineering Department, Westinghouse
Electric & Manufacturing Company, Sharon, Pa.

Presented at the Winter Convention of the A. I. E. E., New York,
N. Y., Jan. 27-31, 1930. Complete copy upon request.
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steps of less than one-half volt each, obtained by the
"UB" equipment later described in this paper.

The needs of many users of voltage -ratio adjusting
equipment are usually met with a range of 10 per cent
adjustment above and below normal voltage. Now and
then a greater range is needed but equipment for more
than 10 per cent regulation, up and down, is becoming
more rare. The manufacturer's practise with tap
changing equipment seems to be resolving itself into
the building of a standardized equipment, giving a total

PIG. 1-SEPARATE REGULATING TRANSFORMER COMPLETE
WITH TAP -CHANGING -UNDER -LOAD EQUIPMENT FOR 11 PER CENT
VOLTAGE REGULATION ON A 50,000-KV-A., THREE-PHASE, 24,000-
VOLT CIRCUIT

voltage range of 20 per cent with 10 per cent regulation
above normal in four steps and 10 per cent below nor-
mal in four steps. If a greater ratio adjustment than
10 per cent is needed and it can be used in four steps up
and down, the standardized equipment may be used by
providing suitable taps in the transformer winding.

There are three fundamental methods of changing
the voltage ratio of transformers under load: (1) by
induction regulators or step induction regulators; (2) by
the parallel -winding method; and (3) by the single -
winding method.2

42

2. L. H. Hill, A. I. E. E. TRANS., Vol. XLVI, 1927, p. 582.
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1. Induction regulators are generally used on low -

voltage distribution circuits of small capacity.
2. The parallel winding method is now obsolete

because (a) it is not economical from the design point of

view; (b) the multiplicity of taps usually makes it
necessary to place part of the mechanism inside the case;
(c) it requires a complicated sequence of operations; and

X/ X2

SEQUENCE OF TAP CHRNG/NO.

POS/77011.: I 2 3 4 5 6 7 8 9
'7, vaLMWE WO 971 95 921 90 871 85 84 80

ea'. i 000
-

02 00000
. .r-3 00000
. 4c-4 00000"'s 000

C.5".6 0 0 0 0 0
Oz sw rem CLOSED.

FIG. 5-DEVELOPMENT OF TRANSFORMER WINDING SHOWING

TAPS, ARRANGEMENT OF SWITCHES, BRIDGING AUTO-TRANS-

MER, AND !SEQUENCE CHART FOR THE SIMPLE SINGLE -WINDING

METHOD OF TAP -CHANGING -UNDER-LOAD EQUIPMENT

(d) part of the winding is overloaded during transition
periods.

3. One single -winding method which is an out-
growth of the parallel winding method is known as the
multiple circuit method. The principal difference
between this and the parallel -winding method is that

FIG. 6-FRONT ELEVATION VIEW OF TRANSFORMER WITH THE
TYPE "UB" TAP -CHANGING EQUIPMENT

instead of two parallel windings, a multiplicity of
double taps on a single winding is used. Also, a separate
auto -transformer is used during the transition period to
control the circulating current, whereas in the parallel -
winding method the inherent impedance between the
two windings served this purpose.3

3. L. F. Blume, General Elec. Rev., March, 1928, p. 123.

A simpler single -winding method which is later de-
scribed is shown schematically in Fig. 5.

The single -winding method has outlived the parallel -
winding method and is now being used by all leading

manufacturers. As a consequence, this paper deals

principally with the single-winding method of tap
changing and describes the equipment involved, in
which every opportunity for simplicity in design has

been used.
The simplest method of changing the voltage ratio

of a transformer is to provide taps in the transformer
winding and a bridging auto-transformer to be switched
along the taps as is shown in Fig. 5. A range of 10 per
cent voltage above and below normal, each in four steps,
is obtained with this simple arrangement.

To obtain the full winding of the transformer in the
circuit, (Fig. 5), switches 1 and 6 are closed. The circuit
is then through the full transformer winding and divides
through the preventive auto-transformer, one-half being
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FIG. 8-DEVELOPMENT OF TRANSFORMER WINDING AND SE-

QUENCE CHART FOR SINGLE -WINDING METHOD OF TAP -CHANGING -

UNDER -LOAD EQUIPMENT IN ITS SIMPLEST FORM

through one side of the auto -transformer and one-half
being through the other side in the opposite direction.
The voltage of the transformer is therefore the voltage
induced in the entire winding. To change taps one
step, switch 6 is opened and 2 is closed. This connects
the auto -transformer across the two taps, and since
the line lead is attached to the center of the preventive
auto -transformer, the line voltage comes the same as it
would have been had the line lead been attached to a
tap midway between the two actually brought out.

Similarly, to change taps still further, the process is
completed in the same manner as indicated in sequence
of tap changing in Fig. 5. This method of switching
produces the whole range of nine voltage ratios with
only five tap leads and six switches. Each operating
position is equivalent to an exact tap position. Figs.
6 and 7 show front and side elevation views of a trans-
former with this single winding method of tap -changing -
under -load equipment.

Fig. 8 is a schematic diagram of a further simplifica-
tion of the single winding method of tap changing under
load with a bridging auto specially designed to meet two
different operating conditions. When it bridges across
two taps, it operates simply as an auto -transformer.
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On the alternate tap positions half its winding is con-
nected in series with a tap from the transformer winding
and it functions as a reactor. Under the latter condi-
tion, it introduces into the circuit a small out -of -phase
voltage vector. The special design features of the auto-

transformer are devoted to keeping its voltage low when
it acts as a reactor. At 100 per cent power factor this
vector has no measurable effect on the voltage of the
transformer because it is practically in quadrature. At
lower power factors it has more effect because it swings
around more nearly in phase with the delivered voltage.
Its maximum effect would be at practically zero per
cent power factor. With power factors that are found
in service, the reactor effect of the auto -transformer is of
no practical importance.

The switches, operating cams, driving motor, and
other parts that make up the complete tap changer

FIG. 9-CROSS-SECTION ELEVATION OF THE TYPE "UB" TAP -

CHANGING EQUIPMENT

shown in Figs. 6 and 7, are all placed together in a
housing mounted upon the side wall of the transformer
case. The tap leads from the transformer winding pass
directly through the tank wall into this housing, where
they connect to the switches. The compartment en-
closing these leads and connections is oil filled, and the
switches themselves operate in oil.

In the development of tap -changing -under -load
equipment, it was found much better, as a means of
simplifying the scheme of connections and operation, to
place all parts of it outside the transformer case. Power
transformers as they are built at present are at best
rather complicated affairs, and keeping mechanisms
and moving parts out of the main transformer case helps
considerably in the effort to keep them as free from
complications as possible. With the type shown, only
a few leads need be carried through the tank wall. The
net result of the combination of transformer and tap

changer is one that represents the utmost simplicity
and reliability. A cross-section drawing illustrating
the arrangement of the switches and the mechanism
that operates them from the cam shaft is shown in
Fig. 9.

Like most tap changing equipments operative under
load, the equipment is designed to be operated by motor

SERIES TRANSFORMER

R/IEV wure-reAve falwri?

Re'or/cAr/wo re.44,5,09/HER

RTOuL,Anno TRANSFORMER SER/ES TRANSFORMER

FIG. 11-SEPARATE TWO -WINDING REGULATING TRANS-
FORMER WITH "UB" TAP -CHANGING EQUIPMENT FOR CHANGING

 TAPS UNDER VOLTAGE CONTROL

FIG. 12-THREE POWER SYSTEMS INTERCONNECTED TO FORM
A POWER LOOP AND VECTOR DIAGRAM SHOWING THE CONDITIONS
WHICH EXIST WHEN THE LINE IS OPENED BETWEEN SYSTEMS II
AND III

from a distance, but it can also be operated by hand
when desired.

When the tap changer operates directly in the winding
to be regulated the switches used for changing taps
must be insulated for the voltage of the particular part
of the winding in which they operate and be capable of
carrying the winding current. Sometimes it is cheaper
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to use a regulating transformer connected as shown in
Fig. 11, with a rating of only the kv-a. of the control
required. The voltage and current may be jointly
adjusted to give the minimum switchgear cost. For
transformers already installed, it is customary to use a
tap changing equipment to vary the voltage of a sepa-
rate regulating transformer in this manner. The
regulating transformer may take the form of an auto, -or

as a two -winding transformer as shown in Fig. 11. The
adjustable voltage is applied to a series transformer

A

connected in the line whose voltage is to be regulated.
The principle of changing taps and the equipment are
the same as used for new transformers built for the
purpose.

PHASE -ANGLE CONTROL

If one of two interconnected power systems is in turn
connected to a third power system without forming a
closed loop, the problem is still one of voltage control
because the division of actual load is controlled through
governor speed adjustments.

If two or more interconnected systems or parts of one
system form a closed loop, (Fig. 12), conditions arise
which cannot be corrected simply by voltage control
and by governor adjustments. The governors in each
generating station can be adjusted to control the power
output from that particular station. The closed power
loop, however, forms two paths between a generating
station and the load at points around the loop. The
tap -changing -under -load voltage control equipment
can be adjusted to obtain voltages of equal magnitude
at a particular location in the power loop, but these
voltages may not necessarily be in phase. For example,
if the line is opened between stations II and III, Fig. 12,
and the voltage E3 is measured on the station III side
and the voltage E2 is measured on the station II side,
there may be a voltage E, between E2 and E3 across
the open breakers. The dotted extension of E2 indi-
cates how the voltages can be adjusted to equal magni-
tude by means of tap -changing -under -load equipment
for voltage control only, but a quadrature voltage EQ
still exists across the breaker, because E2 and E3 are not
in phase. If the tie line be connected to form a closed

ring, current would flow from E2, the line with leading
voltage, to E3, the line with lagging voltage.

If a voltage in quadrature with one of these delivered
voltages, E2 for example, is added in the line to com-
pensate for EQ, the two voltages E2 and E3 can be
brought into phase with each other. The division of
load can be adjusted between the two parallel paths of
the loop by adding in -phase components and quadrature
components of voltage to compensate for the impedance
voltage in one of the parallel paths of the loop.

The voltage relations, of course, would change with a
change of load. The added quadrature voltage should,
therefore, be available in adjustable form.

A quadrature voltage may easily be obtained in a
three-phase system with transformers. If voltages
from phases B and C of the star-connected regulating
winding in Fig. 13 are connected in series, the resultant
voltage, a, will be displaced 90 deg. from the voltage of
phase A. With suitable transformer connections it can
be superimposed upon the voltage of phase A.

Equipment which has been developed for adjusting
the voltage ratio of power transformers without inter -
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FIG. 17-SEPARATE Two WINDING REGULATING TRANS-
FORMER WITH Two "UB" TAP CHANGING EQUIPMENTS FOR
COMBINED VOLTAGE AND PHASE -ANGLE CONTROL

rupting the load may be adapted to the control of phase
angle without any modifications in the mechanism; it
may be used for this purpose also without disturbing
the continuous flow of power.

Voltage adjustment and phase -angle control may be
combined in the same transformer. Separate switching
mechanisms and separate series transformers are of
course required in order to get the separate adjust-
ments. Fig. 17 shows a typical scheme of connections
for combined ratio and phase -angle control.
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The greatest problem in connection with phase -angle
control with static transformers is not the equipment,
for it is available in simple and reliable form. It lies
rather in the calculation of the amount of phase shift
required to get the operation that is wanted for the
varying conditions under which load is delivered. In
the case of complicated interconnections with several

generating stations and various load centers with vari-
able distributions of load, it is not altogether a simple
matter to determine just what shift of phase will pro-
duce the best net results.

It would seem that the static transformer with phase -
angle control equipment will eventually occupy an im-
portant place in the progress of interconnections.

Abridgment of
Ionization Currents and the Breakdown

of Insulation
BY J. J. TOROK*

Associate, A. I. E. E.

Synopsis.-Certain theories of the breakdown of gases are reviewed.
Their limitations or correctness in the light of recent data on the break-
down of large gaps with surge voltages are considered. The work of
various investigators on the time lag of breakdown also is discussed
briefly. It is shown that comparisons are made difficult and that
large discrepancies, particularly at the shorter time lags, may result

F. D. FIELDER*
Associate, A. I. E. E.

from variations in the definitions of time lag and breakdown time.
The existence of ionization or streamer currents of high magni-

tude previous to the final breakdown is established and a number of
volt-time and ampere-time oscillograms of flashovers on various
types of insultation with the effect of these streamer currents in
attenuating a traveling chopped wave are shown and discussed.

INTRODUCTION

ONE of the most perplexing engineering problems
is the application of insulation. Continually
increasing voltages and higher temperatures,

together with economic requirements, have necessitated
extensive development and research programs for the
study of the properties of insulating materials. In spite
of much study and ceaseless effort, however, no exact
indisputable law as for the performance of insulation
have been discovered. From years of experience, em-
pirical equations concerning particular applications
have been formulated and it is upon these that the de-
signer must rely. A more exact knowledge of the
process of breakdown is of prime importance, since
other properties of various types of insulation could
then be established more readily and applied more
effectively.

THEORIES OF THE BREAKDOWN OF AIR

The first theory to give a satisfactory explanation of
the electrical breakdown of air was advanced by Town-
send.' Briefly, this theory may be summarized as
follows; upon the application of sufficient voltage,
the free electrons in the field move toward the anode
and are swept out of the field. During this movement,
they collide with the molecules of the gas and produce
new ions by collision. The newly created positive ions
move toward the cathode, creating more new ions by

*Both of Westinghouse Elec. & Mfg. Co., East Pittsburgh,
Pa.

1. See Bibliography for all references.
Presented at the Great Lakes District Meeting of the A. I. E. E.,
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collision, although the rate of ionization is much less
than for the electrons. If the positive ions in their
movement toward the cathode produce more electrons
than were in the field originally, the discharge will
become unstable;-that is, so long as a constant im-
pressed voltage is maintained the current will continue
to increase.

Two important conclusions may be drawn from this
theory: First, breakdown takes place throughout the
whole field simultaneously; second, the time of break-
down cannot be any shorter than that required for the
movement of an electron from one electrode to the other
and for the return movement of the positive ion.
Although checked and proved experimentally at low
pressures, at atmospheric pressures, (Townsend's theory
appears inadequate). Rogowski2 has shown that
according to Townsend's theory the ionization process
requires a time of the order of 10-5 sec., whereas experi-
menters'," agree that with slight overvoltages, the
spark lag may be as short as 10-8 sec. Suppressed dis-
charges' show that breakdown does not take place
simultaneously throughout the whole field. Actually,
streamers form in the most intense parts of the field
and these streamers cause breakdown by developing
until the two electrodes are linked.

More recently, Slepian6 presented a new theory
which accounts for the steamer currents and according
to which spark lags of the order of 10-7 sec. may be
obtained with slight overvoltages. Slepian's theory
may be summarized briefly as follows: Upon the
application of suitable potential, free electrons in the
field move toward the anode and multiply by collision.
In forcing their way through the gas, the rapidly in-
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creasing electrons produce sufficient heat to cause
thermal ionization and a streamer is formed. This

sequence takes place in the most highly stressed parts

of the field, which are usually at the electrode surfaces.

Immediately upon the formation of the streamer, the

gradient at its tip becomes very high, thus increasing
its growth in the same manner in which it was formed.
One end of the streamer becomes attached to the adja-
cent electrode; the other end develops at an increasing
rate until the gap is spanned. When this occurs, the

gap may be said to be broken down.
A conclusion which might be drawn from both of the

above theories is that appreciable currents exist prior
to complete breakdown. More specifically, these cur-
rents would be expected from the rapid space charge
formation of Slepian's theory and from the ionic forma-

tion and migration of Townsend's theory. Slepian and

Torok' have shown that such currents may amount to
thousands of amperes in large homogeneous fields.

CURRENTS PRELIMINARY TO BREAKDOWN

The magnitude of currents prior to breakdown as
shown by Slepian and Torok was determined by sphere -

gap measurements, and consequently only the crest
values of the currents drawn by the streamers were
obtained. Although this determination was far from
complete quantitatively, since only the approximate
form and the magnitude of the applied waves were
known, it served to indicate the definiteness of extensive
preliminary ionization. Since it introduces a new con-
sideration which may help to solve some of the mysteries

of the performance of insulation, this ionization is of
vital importance from the standpoint of insulation
research and application.

ADDITIONAL STREAMER CURRENT WORK

The rapid development and application of the
cathode ray oscillograph have made possible a more
complete study of these preliminary currents. In this
work a special adaptation of the oscillograph was nec-

essary, however, since to obtain both current and volt-
age traces accurately upon the same film, a practically
perfect reproduction of phenomena was essential. In
this application, linear coordinates and a single sweep
of the cathode ray across the film were considered most
desirable. This required a method of synchronization
whereby the cathode ray beam, a timing system, and
the test potential were under close control. The final
arrangement permitted the whole sequence to be re-
peated at will with a maximum time variation of one -
fifth of a microsecond. Fig. 1A in which two successive
traces superimpose upon each other, and Fig. 3c in
which five applications at different voltages are recorded
show how closely synchronism may be obtained. Thus,
a single oscillograph was employed and the two traces
which represent current and voltage were secured by
consecutive voltage applications. It is realized fully 
that a two -element oscillograph, which at the present
time would mean two separate cathode ray oscillo-

47

graphs, would meet the requirements of this application

much better than a single instrument, and work for this

is under way. In the present case a slight variation of

voltage on consecutive applications might appreciably
change the magnitude of the resulting current; this
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F

FIG. 1-CATHODE RAY OSCILLOGRAMS OF FLASHOVERS ON FOUR

PILLAR TYPE INSULATORS

A The accuracy of the timing arrangement is shown by the manner
in which successive voltage waves coincide perfectly up to the point where
one resulted in flashover

B Current and voltage relations. Note the abrupt rise of the ioni-
zation current

C Completion of the flashover after the voltage dropped below the
60 -cycle crest flashover value

D A marked reduction in time lag produced by a higher applied voltage
E The effect of further increasing the voltage is shown
F The streamer currents may be prominent before the crest of the

wave is reached
G The phenomenon of F is more apparent here
II Streamer currents limit the maximum voltage reached
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possible error in the current was partially eliminated by
averaging results from several oscillograms of each
test condition.

The test procedure used to obtain time-lag oscillo-
grams was in general the same for all tests. The volt-
age of the surge generator was regulated to a critical
value barely sufficient to flash over the insulation.
Several oscillograms were then obtained at this setting,
after which the surge generator voltage was slightly
raised and more oscillograms were taken. This pro-
cedure was continued until the voltage limit of the
generator was reached. The voltage was reduced by a
potentiometer and transmitted to the oscillograph
through a cable to obtain the volt-time traces. Cur-
rent was determined from the drop across a series resis-
tor, and this drop was also transmitted to the oscillo-
graph through a cable. The latter cable was protected
against overvoltage by a small sphere -gap adjusted to
break down on excessive currents.

DISCUSSION OF OSCILLOGRAMS

The current drawn by the apparatus under test is
the resultant of two distinct components, the charging

A B

FIG. 2-SURGE FLASHOVERS OF 16 SUSPENSION INSULATORS

A Voltage and current relations
B Note the sudden rise and fall of current previous to the normal

increase

current and the ionic current. These may be segre-
grated by first determining the charging current from
the recorded voltage wave and the capacity of the
apparatus and graphically subtracting this current
from the total. Unfortunately the majority of the
apparatus tested and discussed herein has capacity
sufficiently high to draw charging currents of 25 to 75
amperes, thus making the determination of small ionic
currents unreliable during the charging period.
Another method of obtaining the point at which exten-
sive ionization occurs is to impress a flattopped wave
of such a magnitude that ionic currents start only
after the charging period is over. Identical results
from these two methods cannot be expected, as the
difference in the time involved is quite large. In one
case appreciable steamer currents must develop in a
few hundredths of a microsecond, whereas with the
other method, the time for development is limited only
by the ability of the generator to maintain the voltage.

A close examination of the oscillograms depicting

long time lags on pillar type insulators, as shown in Fig.
1B, illustrates the abrupt start of the ionization current.
This takes place after an interval of time which depends
upon the amount of overvoltage above a critical value
below which ionization currents of appreciable magni-
tude cannot be obtained. Fig. lc shows a flashover
which was completed after the voltage had fallen below
the 60 -cycle breakdown value. This may be explained
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FIG. 3-SURGE FLASHOVERS ON A 16 -UNIT INSULATOR STRING
EQUIPPED WITH ARCING RINGS OF FOUR -INCH DIAMETER PIPE

A Voltage and current relations
B The effect of increasing the voltage is shown
C Five successive applications at increasing voltage. The inverse

relation between overvoltage and time lag is well illustrated
D The currents corresponding to (C)
E The response of the current to potential variation is shown

by the slow rate of formation of space charges and small
streamers when the voltage barely exceeded the 60-
cycle value. The formation of streamers decreased the
effective spacing between the electrodes; this, together
with the needle -gap properties of the streamers, raised
the gradient to a value sufficient for the completion of
breakdown. This .point is substantiated by oscillo-
grams on other apparatus, which follow. A slight in-
crease in the applied voltage produces a marked reduc-
tion in time lag, as shown in Figs. 1D and 1E. In
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Fig. 1G the streamer currents were very prominent even
before the crest of the wave was reached. Fig. 1G shows
this effect amplified still further, while in Fig. 1H the
streamer currents were so large that the voltage wave
was limited to 1350 kv. instead of reaching the voltage
of the generator, which was 2000 kv.

Tests on a string of 16 suspension insulators showed
similar breakdown characteristics, with the exception
that at low voltages the current did not rise as abruptly-
Fig. 2A. An interesting phenomenon is shown in Fig.
2B, where the current remained very low for several
microseconds after the voltage reached its crest; then an
abrupt rise and fall occurred, after which the current
increased in a normal manner. It is probable that

A

C

FIG. 4-SURGE FLASHOVERS ON 16 SUSPENSION INSULATOR UNITS
EQUIPPED WITH CIRCULAR ARCING RINGS OF 3I -IN. STRAP

A Current and voltage relations with a slight overvoltage
B Current and voltage relations with a moderate overvoltage
C Current and voltage relations with a still higher overvoltage

streamers were initiated at the time indicated by the
first sudden rise in the current.

Insulator strings equipped with arcing rings behave
somewhat differently from plain strings under surge
voltages. The nature of the arcing rings seems to
determine almost entirely the resulting characteristics.
Fig. 3A is an oscillogram of a flashover on a 16 -unit
string of insulators equipped with two arcing rings of
four -inch pipe. Fig. 3B shows the corresponding
current and voltage waves with moderate overvoltages.
The start of the current wave was modified by high -
frequency oscillations, (20,000 kilocycles), which were
probably initiated by small rapidly forming streamers
and thereafter maintained by leads which could not
easily be eliminated. The effect of a variation of the
applied voltage is shown in Fig. 3c where flashover
occurred in all but one case. The corresponding
currents appear in Fig. 3D.

Arcing rings of the strap type have somewhat
different characteristics. Figs. 4A, 4B, and 4c, are typical
oscillograms of the voltage and current waves. The
flat portions of the current waves probably were caused
by the decreasing voltage waves. In Fig. 3E, the volt-
age increased to a high value and then dropped to the
60 -cycle flashover value. The large change in current
caused by a relatively small potential variation shows
clearly that the rate of ionization depends upon the
overvoltage above a critical value. It follows also that
the rate of ionization depends upon the nature of the
stress distribution throughout the field.

In the breakdown of insulation, particularly of the
gaseous form, ionization does not start at the time of
the sudden reduction in voltage. The process may
start 25 or 30 microseconds prior to the instant when the
gas becomes highly conducting. In full consideration
of this fact such terms as time lag and breakdown
time become indefinite and arbitrary unless they are
defined very completely. The rate of increase of cur-
rent near the completion of flashover is so great that
the voltage is abruptly reduced to a negligible value
in a fraction of a microsecond. Thus, for breakdowns
where the voltage remains at a high value for a con-
siderable time,-that is, with long time lags,-variations
in the determination of the breakdown point will be
small in comparison. On the other hand, when break-
down occurs in a short time, as in Fig. 1G, these varia-
tions in the arbitrary points of the start of breakdown
and the time of completion are such a large part of the
surge duration that the results of different interpreta-
tions may deviate as much as 200 per cent.

ATTENUATION

Klydonograph data obtained on transmission lines
have shown that high -voltage surges which have caused
flashover at some point of the line attenuate much
more rapidly than low -voltage surges. This high rate
of energy dissipation at high voltages is attributed
commonly to corona on the line. However, with a
chopped wave, which results when the line insulation
breaks down on the front of a high overvoltage wave,
streamers will form on the succeeding insulators and
thereby produce high currents which will reduce the
voltage much more rapidly than is possible with corona
alone. The space charge and streamers that exist
when the current is large invariably result in flashover
unless the tail of the wave is abrupt or chopped.

CONCLUSIONS

1. The process of breakdown of insulation on surge
voltages does not start until the steady voltage break-
down value has been exceeded. Hence, it seems logical
to compute time lag of breakdown from the first cross-
ing of the steady breakdown value by the voltage wave
instead of from the beginning of the wave.

2. After breakdown has started, ionization or
streamer currents increase in magnitude as the stream-
ers develop between the electrodes until the gap is
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spanned, when the current limit is determined by the
generator characteristics.

3. Apparently the magnitude of the streamer cur-
rent at any time is a function of the. amount of over -
voltage above a critical value.

4. Streamer currents are indicative of an unstable
condition, and therefore cannot be used for protective
purposes except against chopped waves.

5. Streamer currents cause faster attenuation of
high -voltage chopped waves than can be attributed to
corona alone.

6. The rate and amount of energy dissipation prior
to complete breakdown between two electrodes is a
function of the nature of the electrostatic field.

7. Terms such as time lag, sparking time, and break-
down time are vague unless they are very completely

defined. The time lag (as defined in this paper) of
commercial apparatus values from 10-7 to 10-4 seconds.
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Synopsis. -The successful operation of an air transportation
system depends in no small degree on the communication facilities
at its command. Rapid and dependable communication between
transport planes in flight and the ground is essential. Two-way
radio telephony provides this necessary plane -to -ground contact.

The design of a radio telephone system for this service requires
quantitative knowledge of the transmission conditions encountered

in plane -to -ground communication. An experimental investigation
of these conditions over the available frequency range has been
carried out and the results are described.

A complete aircraft radio telephone system designed for the use of
air transport lines and an airplane radio receiver designed for recep-
tion of government radio aids to air navigation are also described.

INTRODUCTION

SAFETY and reliability with ships and trains depend
to no small degree upon communication and signal-
ing facilities. With the former, the radio telegraph

conveys weather information and instruction. On the
railroads, trains are dispatched by wire telephony and
protected by electric signals. Airplanes represent
another system of transportation, characterized by
great speed and great dependence on the weather. The
highest degree of reliability and speed is achieved only
when instantaneous and direct means of communication
with the ground are available to the pilot. This can
best be provided by radio telephony.

GENERAL REQUIREMENTS

The requirements for radio apparatus for aircraft are
particularly stringent. Principal among them are re-
liability and simplicity of operation. In mail planes
and in some transport planes the most important
apparatus elements must be installed in locations
which are inaccessible during flight. With the small

1. Both of the Bell Telephone Laboratories, New York, N. Y.
Presented at the Great Lakes District Meeting of the A. I. E. E.,
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receiving antenna available, the equipment must be
unusually sensitive and, at the same time, the receiver
must be capable of delivering a high output level so
that the signals may be clearly audible over the noise
of the engine, propeller, and wind. High noise level is
also an important and difficult factor in determining
the design of microphones and receivers.

The use of the radio places special requirements on
the airplane. The usual ignition system is the source of
such violent electrical disturbances as practically to
preclude the reception of radio signals. Interference
from this source is overcome by proper shielding of the
ignition system. The electrical aspect of the problem
is quite simple but the mechanical difficulties are
numerous. Recent cooperative attacks on the problem
by government departments and by radio, accessory,
and engine manufacturers, have resulted in good
progress and shielded ignition systems having electrical
and mechanical characteristics equal, if not superior to
unshielded systems, are being made commercially
available.

TRANSMISSION TESTS

The principal airports along the airways of the United
States are at an average spacing of about 200 mi.
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A range of reliable transmission of about 100 mi.,
therefore, will provide facilities for contact between
planes in flight and radio ground stations at the airports.
The frequency band employed for broadcast service,
-that is, 550 to 1500 kilocycles,- is well suited for
transmission at this distance. These frequencies, how-
ever, are not available for aircraft communication and
consideration must be given first to the available bands
above and below this range.

The International Radio Telegraph Convention of
1927 allocated a frequency band of 315 to 350 kilocycles

10.000
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FIG. 4-STRENGTH OF DAYTIME SIGNALS RECEIVED IN AIR-
PLANE FROM 500 -WATT GROUND STATION OPERATING AT 1510
KILOCYCLES

exclusively to air mobile service. This convention also
allocated a number of other bands in the range 350 to
550 kilocycles to general mobile service. These bands
have good transmission characteristics but a limited
number of channels, and they have the further disad-
vantage of requiring a large transmitting antenna. A
number of bands in the frequency range of 1500 to 6000
kilocycles was also allocated to mobile service. Further
attention was directed to this range and experiments
undertaken to determine its suitability for airplane
radio telephone service.

For the conduct of these tests a cabin monoplane
has been operated from Hadley Airport, New Jersey.
Measurements of strength of received signals have been
made both transmitting from plane to ground and vice
versa. In the ground -to -plane experiments, a radio
field strength measuring set was installed in the air-
plane. These transmission tests have been supple-
mented by similar flying tests made in California. Fig. 4
is a record of the strength of signals received from a
500 -watt transmitter at Whippany, New Jersey, op-

erating at a frequency of 1510 kilocycles during daytime
flights from Whippany south toward Philadelphia.
The data of this figure, plotted with logarithmic spacing
of the ordinates, show quite strikingly the improvement
in signals with increasing altitude.

Fig. 7 shows that transmission from plane to ground
has somewhat similar characteristics. The curves of
this figure are typical of a series of daytime transmission
tests made in California. The curve for each altitude
is the result of averaging the data obtained in flights in
three directions from Oakland Airport. For the plane -
to -ground tests the airplane was equipped with a radio
telephone transmitter having a carrier power of 50
watts and a quarter -wave trailing -wire antenna.
During many of these tests the field strength measure-
ments were supplemented by telephone intelligibility
tests. Lists of 25 disconnected words were read into the
transmitter and a corresponding record made at the
receiving end of the circuit.

From these studies and from other experience, it has
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been concluded that in the frequency band 1500 to 6000
kilocycles, satisfactory channels can be found for a radio
telephone system to meet the needs of domestic air
transport. The lower frequencies of the band appear to
provide the most satisfactory transmission. The use
of these frequencies is practical, however, only with
trailing wire antennas. In order to avoid the mechani-
cal disadvantages of the trailing wire, it may be de-
sirable to use the higher frequencies of the band with
fixed antennas of smaller dimensions. This would
restrict the range of communication somewhat, but
might offer a satisfactory solution if ground stations
were located at sufficiently frequent intervals along
the airways.

The 1500 to 6000 kilocycle band is not suited to
direction -finding purposes over considerable distances.
In general, it is necessary to use moderately low fre-
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quencies for this purpose and the Department of Com-
merce has therefore adopted for airway radio beacons
the band of frequencies internationally allocated
exclusively to radio beacon service, 285 to 315 kilocycles.
Weather information is usually broadcast in the ad-
jacent exclusive aircraft band, 315 to 350 kilocycles.
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The problem of the radio manufacturer, therefore, is
to provide a weather and beacon receiver for this
service and along with it a two-way system to operate
at the higher frequencies which have been referred to.

To provide information as to the signal strength that

FIG. 20-HIGH-FREQUENCY REMOTE CONTROLLED AIRCRAFT
RADIO RECEIVER FOR TWO-WAY COMMUNICATION

would be available at the frequencies of the weather and
beacon stations a number of transmission tests has been
made with the frequencies in this band. In this range
little variation in signal strength is found with change of
altitude. Changes of terrain, however, have consider-
able effect. Fig. 14 shows the attenuation of the signal
introduced by the presence of a mountain range in a

. flight from Oakland, California to Reno, Nevada. The
signals were transmitted from a 500 -watt transmitter
at Oakland Airport.

AIRPLANE RADIO RECEIVERS

Two airplane radio receivers have been developed
which are similar in general design,-one with a frequency
range of 250 to 500 kilocycles for beacon and weather
broadcast reception and one with a range of 1500 to
6000 kilocycles for two-way communications. The
circuit arrangement of each includes three radio fre-
quency stages, a detector stage, and a stage of audio
frequency amplification. The first radio frequency or

FIG. 22-REMOTE TUNING CONTROL FOR AIRCRAFT RADIO
RECEIVERS

input stage is not tuned to the carrier frequency to be
received but is provided with an input filter to avoid
interference from unwanted stations, which sometimes
results from modulation in such untuned amplifiers.
Equipotential cathode vacuum tubes are employed
throughout both receivers. Heating the cathode
indirectly from an auxiliary filament avoids the possibil-
ity'of introducing noise from the filament supply source.
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FIG. 23-SCHEMATIC CIRCUIT OF HIGH -FREQUENCY AIRCRAFT
RADIO RECEIVER

Five tubes are used in each receiver, four are of the
shield grid type, three being employed as radio fre-
quency amplifiers and the fourth as a detector. The
fifth does not contain a shield grid and is employed in
the audio frequency amplifier. There are three tuned
circuits,-one for the output of each stage of radio
frequency amplification. A special gang condenser
tunes all three simultaneously. The amplification of
the receiver is controlled by a potentiometer which
varies the shield potential of the radio frequency am-
plifier tubes. Both receivers are of high sensitivity.
For example, with the low frequency receiver used for
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weather and beacon signals, an antenna input of five
microvolts is sufficient to deliver an audio frequency out-
put of six milliwatts. For remote control, these receivers
are arranged so that tuning can be accomplished by the use
of a flexible shaft operating at a ratio of 264 times that
of the condenser shaft. The radio receiver may be
located 35 or 40 ft. from the pilot and tuning accom-
plished with practically no backlash. Remote volume
control is arranged for by mounting the potentiometer

FIG. 24-HIGH-FREQUENCY AIRCRAFT RADIO TRANSMITTER FOR
TWO-WAY COMMUNICATION

which controls the shield grid potential of the radio
frequency amplifiers in a small unit located within easy
reach of the pilot.

Figs. 20 and 22 show this design of radio receiver and
Fig. 23 shows schematically the circuit of the high -
frequency model.

AIRPLANE RADIO TRANSMITTER

An airplane radio transmitter has been developed
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FIG. 26-SCHEMATIC26-SCHEMATIC CIRCUIT OF HIGH -FREQUENCY AIRCRAFT
RADIO TRANSMITTER

having a rating of 50 watts and capable of complete
modulation. This power was chosen since the trans-
mission tests showed it to be ample and a transmitter of
this capacity could be made which would be of reason-
able size and weight. Moreover, the power supply require-
ments are sufficiently moderate to be furnished in most
present-day planes. The transmitter may be adjusted to

any point in the range from 1500 to 6000 kilocycles and,
being crystal controlled, it has a very high degree of fre-
quency stability. The crystal controls the frequency of
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oscillation of a five watt tube. Its thickness is such that
these oscillations have half the radiation frequency. A
second five -watt tube is employed as a frequency doubler.
The output of the doubler tube is impressed on the grid
circuit of a final stage which is a fifty -watt radio fre-
quency amplifier. This stage is neutralized and plate -
circuit modulation is employed. The speech frequency
circuit consists of the airplane microphone which is
connected through an appropriate transformer to the
grid circuits of three 50 -watt tubes connected in parallel.
The transfer of the voice frequency power from this
amplifier to the plate circuit of the radio frequency
amplifier is through a transformer designed to fit the
impedance of the load circuit. The transmitter measures
about 9 in. by 12 in. by 15 in. and weighs, complete
with crystal unit and vacuum tubes, about 32 lb. The
transmitter is shown in Fig. 24 and its circuit in Fig. 26.

GROUND STATION

The ground station contains the apparatus which
makes up the fixed terminal of the communication link

FIG. 33-INTERIOR OF NEW TRANSPORT PLANE

with the airplane in flight. In general, its design follows
conventional radio engineering practises and for that
reason this paper refers to it much more briefly than to
the airplane terminal.

The radio receiver is practically identical in funda-
mental design with the high -frequency receiver for
airplane use, which has already been described. A
special radio telephone transmitter has been developed
for ground stations. This transmitter has a carrier
power output of 400 watts and is capable of complete
modulation. A single radiation -cooled vacuum tube
is employed in its output stage. It may be adjusted to
any frequency from 1500 to 6000 kilocycles and is
provided with crystal frequency control similar to that
employed in the airplane radio transmitter. The power
supply for the plate circuit of this transmitter is ordi-
narily obtained from a three-phase rectifier employing
tubes of the hot -cathode mercury-vapor type.

SYSTEM FEATURES

The plane terminal of the two-way telephone link is

comprised principally of the radio receivers and trans-
mitter described. It is to be noted that "push-button"
operation is used. This appears to be desirable on
account of the close juxtaposition of the apparatus on
the plane and for conservation of frequencies. The
high frequency system is so designed that the same
carrier frequency may be used both for plane -to -ground
and for ground -to -plane transmission.

Fig. 27 shows a schematic diagram of the airplane sta-
tion. A master control switch having three points serves
to control the power supply for the radio receivers and
transmitter. In the first position everything is "off."
In the second position the receivers are turned "on."
This is the normal position while in flight. In this
position the heater circuit of the quartz crystal chamber
is closed so that the radio transmitter is ready for instant
operation. The third position of the switch supplies
power to the radio transmitter as well as to the receivers.
In this position reception from either set is possible and
at the same time everything is in readiness for trans-
mission. However, no oscillations occur in the trans-
mitter until the push-button is depressed. In some
installations the push-button is on the microphone;
in others it is located on the "stick" so that the pilot
may operate it without removing his hand. During
conversation, this button is pressed while talking and
released while listening. Relays perform all of the
necessary switching functions.

For power supply the airplane radio transmitter
requires for its operation a direct current plate supply of
400 milliamperes at 1050 volts and a filament supply of
about 15 amperes at 10 to 12 volts. A typical airplane
installation employs a generator geared to the airplane
engine, across which is floated a non -spillable storage
battery. This generator has a rating of 50 amperes at
12 to 15 volts. The filaments of the transmitter are fed
directly from this generator -battery combination and
the plate supply obtained from a dynamotor operated
from the same source. A similar dynamotor furnished
the 215 -volt plate supply for the two receivers.

While the apparatus described is now becoming
available, there is much interesting work still to be done.
Fig. 33 shows the inside of an all -metal tri-motored
plane which is being used in this further work.

FIFTIETH ANNIVERSARY OF MICHIGAN
ENGINEERING SOCIETY

At the Fiftieth Anniversary of the founding of the
Michigan Engineering Society, to be observed at the
fourth engineering conference, University of Michigan,
Ann Arbor, January 30-31, 1930, many eminent men
will be heard.

Among the speakers will be Robert P. Lamont,
Secretary of Commerce; Frank C. Emerson, Governor
of Wyoming, and Dr. Alexander G. Ruthven, president
of the University of Michigan. The general theme of
the conference will be "The Engineer's Contribution
to the Art of Living."
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The 1930 Winter Convention
TIMELY TECHNICAL PAPERS, TRIPS AND ENTERTAINMENT ARE ON

THIS EXCELLENT PROGRAM

Many of the newest developments and studies in electrical
engineering will be discussed in the technical program of the
coming Winter Convention of the Institute. This meeting,
which promises to equal in interest any of the splendid Winter
Conventions, will be held with headquarters in the Engineering
Societies Building, New York, January 27 to 31.

In addition to the fine technical program there will be interest-
ing inspection trips and enjoyable entertainment with a specially
arranged program for the ladies.
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6:30 p. m.
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PROGRAM

MONDAY, JANUARY 27

Registration
Session on Protective Devices
Joint Session with Illuminating Engineering Society

on Ultra Violet Radiation

TUESDAY, JANUARY 28

Session on Power System Planning
Session on Selected Subjects
Smoker with Entertainment

WEDNESDAY, JANUARY 29

Session on Lightning Investigations
Inspection Trips
Edison Medal Presentation and Lecture

THURSDAY, JANUARY 30

Session on Transoceanic Communication
Session on Welding
Session on Dielectrics
Dinner -Dance

FRIDAY, JANUARY 31

Session on Electrical Machinery
Session on Electrical Machinery

Ladies Program
The Ladies Entertainment Committee has been busy plan-

ning for the visiting ladies' amusement and pleasure. It hopes
there will be a large attendance. A special room has been
provided as a meeting place-to register and become acquainted
and to obtain any information desired.

Please register early for these events:

TUESDAY, JANUARY 28

10:00 a. m. Trips to the Westinghouse Lighting Institute and
the Homemaking Center

4:00 to Tea at the Engineering Woman's Club
6:00 p. m. 298 Lexington Ave. (near 37th Street)

WEDNESDAY, JANUARY 29

Bridge and Tea on board an ocean liner
(Meet at Ladies Headquarters)

THURSDAY, JANUARY 30

A visit to the Roosevelt House where a special
cinematographic delineation of the life of
Roosevelt will be given
(Meet at Ladies Headquarters)

Dinner Dance at the Hotel Astor

2:00 p. m.

10:00 a. m.

7:00 p. m.
55

Live Technical Subjects
Reports on the field investigations of lighting made during

1929 will form the basis for one of the ten technical sessions.
Power -system planning is the subject of another well arranged

symposium.
Lightning arresters and circuit breakers are the topics of

another session.
Transoceanic telephone service and submarine telegraphy

are covered in a session devoted to communication developments.
Electrical machinery papers will be presented in two sessions,

one of particular interest to operating engineers and the other
dealing with design.

A session on ultra -violet radiation is scheduled for one evening.
Dieletrics is a subject to be treated in five papers.
Welding will be discussed in another session and another

session will contain papers on magnetic units, induced voltages
and cathode ray oscillographs.

A list of the individual papers to be presented is given else-
where in this announcement.

Trips
Some of the most interesting engineering developments in

and near New York City will be seen on the inspection trips.
Tickets must be secured in advance for all trips not later

than 4.00 p. m. on the afternoon preceding the day in which
the trips are to be taken. Tickets may be obtained at the Con-
vention or reservations may be made by mail.

The number of tickets will be limited and all who wish to
take trips should register and get tickets at an early date.

Trips which have been tentatively arranged for the afternoon
of Wednesday, January 29, are as follows:

Roseland Switching Station, Public Service Company of
New Jersey

Fokker Airplane factory
Demonstrations of equipment at Bell Telephone Labora-

tories
Sperry Gyroscope Co.
Air Map Corporation of America
Short-wave transatlantic telephone transmitting center of

the American Telephone & Telegraph Co.
Transatlantic cable terminal-International Telephone &

Telegraph Co.
The following daily inspection trips are tentatively planned:

Westinghouse Lighting Institute
Chrysler Building and Vertical Distributing System
Network switch exhibit
Lithographing plant of National Process Co.
Electrical Testing Laboratories
Hudson Avenue Generating Station and Research Labora-

tories of the Brooklyn Edison Company
East River Generating Station of New York Edison Co.
Hell Gate Generating Station of United Electric Light

& Power Co.
Automatic Stations of New York Edison Co.

Edison Medal Presentation
The Edison Medal will be presented to this year's recipient,

Professor Charles F. Scott, in the Engineering Auditorium on
the evening of Wednesday, January 29.
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Lecture
A lecture on a subject of world-wide interest will be given

on Wednesday evening, immediately following the presentation
of the Edison Medal.

The speaker will be Dr. David M. Robinson, Professor of
Archaeology at Johns Hopkins University. He will speak on
Discoveries in Olynthus, describing some of the remains of former
civilizations which have been unearthed in Macedonia.

Smoker
A buffet dinner and a smoker will be held on Tuesday even-

ing, January 28, in the Engineering Societies Building. Some
of the best entertainers in the country will be presented. In
order to allow more opportunity for congenial mixing with
friends the buffet dinner will be served in advance of the enter-
tainment program. Ample time will be allowed so that the
meal may be eaten leisurely. Louis Sherry will serve the din-
ner. The charge will be $3.00 for dinner and smoker.

Dinner Dance
The annual Winter Dinner Dance will be held as usual at

the Hotel Astor on the evening of Thursday, January 30.
No Institute function gives more pleasure than this annual

dinner dance with its combination of good friends, good food,
and good music. Tickets will be $6.00 per person. Reserva-
tions may be made for tickets seating eight people.

Reduced Railroad Rates
Reduced rates for railroad transportation will be available

under the certificate plan to members and guests who attend
the Convention. Under this plan only half fare need be paid
on the return trip over the same route provided 250 certificates
are deposited by members at the Registration Desk. The
rates apply to all members who attend the Convention and to
dependent members of their families.

Each member or guest should obtain a certificate when pur-
chasing his one-way ticket to New York. He should explain
to the ticket agent that he wishes the certificate authorized by
the passenger associations for the Winter Convention of the
Institute.

On arriving at the Convention the certificate should be
deposited at the Registration Desk. Here it will be held for
validation by a railroad representative and if 250 certificates
are validated, the validated certificate will later be returned to
the owner. By presenting the validated certificate when buy-
ing a return ticket only half fare will be charged.

Local ticket agents should be consulted regarding conditions
affecting this plan, as it applies only within certain dates depend-
ing on the territory.

Everyone whose one-way fare is over 66 cents should get a
certificate whether or not he intends to use it. By neglecting
to do so he may deprive others of considerable saving.

Register in Advance
Each member will save time for himself and the committee

in charge if he will register in advance by mail.

Committees
The 1930 Winter Convention Committee is a follows: H. P.

Charlesworth, Chairman; J. B. Bassett, S. P. Grace, C. R.
Jones, H. A. Kidder, G. L. Knight, E. B. Meyer, and C. E.
Stephens.

The chairmen of the subcommittees are, respectively: Enter-
tainment, J. B. Bassett; Inspection Trips, F. Zogbaum; Dinner
Dance, C. R. Jones; 'Smoker, G. J. Read, and Ladies' Enter-
tainment, Mrs. G. L. Knight.

Hotel Reservations
Reservations for hotel rooms should be made in advance in

order to, secure satisfactory accommodations. Members should
write directly to the hotels which they prefer.

Technical Sessions
PROTECTIVE DEVICES
January 27, 2:00 p. m.

Metal -Clad Switchgear at State Line Station, A.r M. Rossman,
Sargent & Lundy, Inc.

Developmint of the New Autovalve Arrester, J. Slepian, R. Tan -
berg and C. E. Krause, Westinghouse Electric & Mfg. Co.

Thyrite, A New Material for Lightning Arresters, K. B. McEach-
ron, General Electric Co.

Extinction of a Long A -c. Arc, J. Slepian, Westinghouse Electric
& Mfg. Co.

Use of Oil in Arc Rupturing with Special Referene to System
Stability, B. P. Baker and H. M. Wilcox, Westinghouse
Electric & Mfg. Co.

ULTRA VIOLET RADIATION

Joint session with Illuminating Engineering Society

January 20, 8:15 p. m.
Simulating Sunlight, M. Luckiesh, National Lamp Works of

General Electric Co.
An Ultra Violet Light Meter, H. C. Rentschler, Westinghouse

Lamp Co.

POWER SYSTEM PLANNING
January 28, 10:00 a. m.

System Connections and Interconnections in Chicago District,
G. M. Armbrust and T. G. Le Clair, Commonwealth
Edison Co.

Fundamental Plan of Power Supply in the Detroit District, S. M.
Dean, Detroit Edison Co.

Fundamental Plan of Power Supply in the Philadelphia Area,
Raymond Bailey, Philadelphia Electric Co.

Turbine -Governor Tests at Colfax Power Station, T. C. Purcell
and A. P. Hayward, Duquesne Light Co.

Controlling Power Flow with Phase -Shifting Equipment, W. J.
Lyman, Duquesne Light Co.

SELECTED SUBJECTS
January 28, 2:00 p. m.

The Units of the Magnetic Circuit, A. E. Kennelly, Harvard
University

The Calculation of Induced Voltages in Metallic Conductors,
H. B. Dwight, Massachusetts Institute of Technology

Induced Voltage of Electrical Machines, L. V. Bewley, General
Electric Co.

Design and Application of a Cathode Ray Oscillograph with
Norinder Relay, 0. Ackermann, Westinghouse Electric
& Mfg. Co.

LIGHTNING INVESTIGATIONS
January 29, 10:00 a. m.

Cathode Ray Oscillograph Studies of Lightning on Transmission
Lines, J. H. Cox and Edward Beck, Westinghouse Electric
& Mfg. Co.

Surge Characteristics of Insulators and Gaps, J. J. Torok, West-
inghouse Electric & Mfg. Co.

Lightning Investigations on Lines of Public Service Electric & Gas
Co., R. N. Conwell, Public Service Electric & Gas Co., and
C. L. Fortescue, Westinghouse Electric & Mfg. Co.

Lightning Voltages on Transmission Lines, R. H. George, Purdue
University, J. R. Eaton, Consumers Power Company

Study of Traveling Waves on Transmission Lines with Artificial
Lightning Surges, K. B. McEachron and W. J. Rudge,
General Electric Co., J. G. Hemstreet, Consumers Power Co.

Lightning Investigation on 220-Kv. System of Pennsylvania
Power and Light Co., Nicholas N. Smeloff, Penn Power &
Light Co., A. L. Price, General Electric Co.

Lightning Investigation on Ohio Power Co. System, Philip Sporn,
American Gas & Elec. Co., W. L. Lloyd, Jr., General
Electric Co.
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Lightning Investigation on Transmission Lines, W. W. Lewis and

C. M. Foust, General Electric Company

In response to the great current interest in lightning investi-
gation, opportunity is to be provided for a continuation through
the afternoon of the discussion of these papers.

TRANSOCEANIC COMMUNICATION
January 30, 10:00 a. m.

The Post -War Decade in Submarine Telegraphy, I. S. Coggeshall,

Western Union Telegraph Co.
Transoceanic Telephone Service-General Aspects, T. G. Miller,

American Telephone & Telegraph Co.

Short -Wave Radio Transocean Telephone Circuits
(a) Transmission Features of Short -Wave Radio Circuits,

Ralph Bown, American Telephone & Telegraph Co.

(b) Technical Features of the New Short-Wave Radio Station
of the Bell System, A. A. Oswald, Bell Telephone
Laboratories, Inc.

(c) Plan and Construction of Short -Wave Radio Systems,
F. A. Cowan, American Telephone & Telegraph Co.

WELDING
January 30, 2:00 p. m.

Cathode Energy of the Iron Arc, G. E. Doan, Lehigh Univ.
Calorimetric Study of the Arc, P. P. Alexander, General Electric

Co.
Resistance Welding, B. T. Mottinger, Federal Machine & Welder

Co.
Electrically Welded Structures under Dynamic Stress, Morris

Stone and J. G. Ritter, Westinghouse Electric & Mfg. Co.
Welding with the Carbon Arc, J. C. Lincoln, Lincoln Electric Co.

DIELECTRICS
January 30, 2:00 p. m.

Conductivity of Insulating Oils, J. B. Whitehead and R. M.
Marvin, Johns Hopkins University

Behavior of Dielectrics, R. R. Benedict, University of Wisconsin
Three Regions of Dielectric Breakdown, P. H. Moon and A. S.

Norcross, Massachusetts Institute of Technology
Ionization Studies in Paper -Insulated Cables-III, C. L. Dawes

and P. H. Humphries, Harvard Engineering School
High -Voltage Corona in Air, S. K. Waldorf, Johns Hopkins

University
ELECTRICAL MACHINERY
January 31, 10:00 a. m.

Loading Transformers by Temperature, V. M. Montsinger,
General Electric Co.

Recommendations for Safe Loading of Transformers by Tempera-
ture, W. M. Dann, Westinghouse Electric & Mfg. Co.

Tap Changing Under Load for Voltage and Phase-Angle Control,
H. B. West, Westinghouse Electric & Mfg. Co.

Telephone Interference from A -c. Generators Feeding Directly on
Line with Neutral Grounded, J. J. Smith, General Electric Co.

Inversion Currents and Voltages in Autotransformers, A. Boyajian,
General Electric Co.

ELECTRICAL MACHINERY
January 31, 2.00 p. m.

Generalized Theory of Electrical Machinery, Gabriel Kron,
Lincoln Electric Co.

Quiet Induction Motors, L. E. Hildebrand, General Electric Co.
Transient Torque -Angle Characteristics of Synchronous Machines,

W. V. Lyons and H. E. Edgerton, Massachusetts Institute
of Technology

Starting Performance of Salient -Pole Synchronous Machines,
T. M. Linville, General Electric Co.

Ventilation of Revolving -Field Salient -Pole Alternators, C. J.
Fechheimer, Westinghouse Electric & Mfg. Co.

Synchronous Machines, V, (Three -Phase Short Circuit), A. E.
Doherty and C. A. Nickle, General Electric Co.

A. I. E. E. Nominations
The National Nominating Committee of the Institute met at

Institute headquarters, New York, December 6, and selected a
complete official ticket of candidates for the Institute offices that
will become vacant August 1, 1930.

The committee consists of fifteen members, one selected by
the executive committee of each of the ten Geographical Dis-
tricts, and the remaining five elected by the Board of Directors
from its own membership.

The following members of the committee were present: W. L.
Amos, Toronto, Ont.; K. A. Auty, Chicago, Ill.; H. H. Barnes,
New York, N. Y.; C. 0. Bickelhaupt, Atlanta, Ga.; W. H.
Colburn, Boston, Mass.; H. C. Don Carlos, Toronto, Ont.;
H. S. Evans, Boulder, Colo.; Bancroft Gherardi, New York,
N. Y.; J. E. Kearns, Chicago, Ill.; A. M. MacCutcheon, Cleve-
land, Ohio; George A. Mills, Dallas, Texas; H. H. Schoolfield,
Portland, Ore.; C. E. Stephens, New York, N. Y.; G. W. Vinal,
Washington, D. C.; and Assistant National Secretary H. H.
Henline. Mr. B. Gherardi was unanimously elected chairman
of the committee.

The following is a list of the official candidates:

FOR PRESIDENT
William S. Lee, Vice -President and Chief Engineer, Duke

Power Company, Charlotte, N. C.

FOR VICE-PRESIDENTS
North Eastern District: I. E. Moultrop, Chief Engineer,

Edison Electric Illuminating Company of Boston, Boston, Mass.

New York City District: H. P. Charlesworth, Vice -President,
Bell Telephone Laboratories, Inc., New York, N. Y.

Great Lakes District: T. N. Lacy, Chief Engineer, Michigan
Bell Telephone Company, Detroit, Michigan

South West District: G. C. Shaad, Dean, School of Engi-
neering and Architecture, University of Kansas, Lawrence,
Kansas.

North West District: H. V. Carpenter, Dean of Mechanic
Arts and Engineering and Director of Engineering Experiment
Station, State College of Washington, Pullman, Wash.

FOR DIRECTORS

A. B. Cooper, General Manager, Ferranti Electric Limited,
Toronto, Ont.

A. E. Knowlton, Associate Professor of Electrical Engineering,
Yale University, New Haven, Conn.

R. H. Tapscott, Electrical Engineer, New York Edison Com-
pany, New York, N. Y.

FOR TREASURER
George A. Hamilton, Elizabeth, N. J., (re -nominated).
The Constitution and By-laws of the Institute provide that

the nominations made by the National Nominating Committee
shall be published in the January issue of the Institute JOURNAL,
and provision is made for independent nominations as indicated
below:

CONSTITUTION
Sec. 31. Independent nominations may be made by a petition of

twenty-five (25) or more members sent to the National Secretary when and
as provided in the By -Laws; such petitions for the nomination of Vice -
Presidents shall be signed only by members within the District concerned.

BY-LAWS
Sec. 23. Petitions proposing the names of candidates as independent

nominations for the various offices to be filled at the ensuing election, in
accordance with Article VI, Section 31 (Constitution), must be received
by the Secretary of the National Nominating Committee not later than
February 15 of each year, to be placed before that Committee for the
inclusion in the ballot of such candidates as are eligible.

On the ballot prepared by the National Nominating Committee- in
accordance with. Article VI of the Constitution and sent by the National
Secretary to all qualified voters during the first week in March of each



fib INSTITUTE AN I) RELATED "I'IV ITI ES Journal A. I. l'. M.

year, the names or the candidates shall be grooved alahahetIcally natter
the mime or I 110 office tor which melt Is a candidate.

National Nominating Committee
By F. L. II

Secretary.
B10(.11 rilICAL SKETCHES or CArtnit)vil:s

FOR PRESIDENT
W. S. Lee

William States Lee was born in Lancaster, South Carolina,
January 28, 1872, and was awarded the degree of C. E. by the
Citadel, The Military College of South Carolina, in 1894; honor-
ary Degree of Doctor of Science, Davidson College, N. C., 1929.

Following his early engineering experience he was appointed
Resident Engineer at the Anderson (S. C.) Light and Power
Company in 1897; Resident Engineer of the Columbus (Ga.)
Power Company in 1898, and Chief Engineer of the latter in
March 1962. In March, 1903, he was appointed Chief Engineer
and in October of that year Vice -President and Chief Engineer
of the Catawba Power Company, Charlotte, N. C. This Com-
pany was a subsidiary of the Southern Power Company and in
1905 he became Chief Engineer of the latter company. He later
received the appointment of Vice -President and Chief Engineer,
which position he held for about fifteen years. He is at present
Vice -President and Chief Engineer of the Duke Power Company.

Among Mr. Lee's other connections the following should be
included: President of the W. S. Lee Engineering Corporation;
President and Chief Engineer of the Piedmont and Northern
Railway Company; Vice -President and Chief Engineer and
Director, Duke Power Company, Wateree Power Company,
Western Carolina Power Company, Catawba Manufacturing
and Electric Power Company; Director, American Cyanamid
Company; Vice -Chairman and Trustee of the Duke Endowment.
He is also engaged in practise as a Consulting Engineer with
offices in New York City and Charlotte, N. C.

He has been a pioneer in high voltage, hydroelectric power
development and transmission, and is inventor of the Lee Pin.
His Institute activities are as follows: Associate 1904, Member
1907, Fellow 1913, Director 1911-14 and 1929-, and member
for several years of the Committee on Power Transmission and
Distribution, Standards Committee, and Committee on Power
Generation, being at present a member of the latter two and of
the Edison Medal Committee.

Mr. Lee's other Society memberships include American Society
of Mechanical Engineers, American Society of Civil Engineers,
Engineering Institute of Canada, American Electrochemical
Society, and the American Engineering Council.

FOR VICE-PRESIDENTS
I. E. Moultrop

Irving E. Moultrop was born in Marlboro, Mass., July 24,
1865, and started his engineering career in 1882 by going with
the Whittier Machinery Co. of Roxbury, Mass. as an apprentice
in the machine shop. Following his apprentice term he went
into the drafting room, and in due course was promoted to be
head draftsman. He stayed until 1928 when he resigned to
accept a position as engineer on mechanical construction work
with the Boston Edison Company, and has been with the latter
company ever since, advancing progressively to the position
which he now holds, Chief Engineer of the Company. The
Edgar Station, which is the latest generating plant of The Edison
Electric Illuminating Company of Boston, was built by Stone
& Webster, Inc., under the direct supervision of Mr. Moultrop.

He is at present a member of the A. S. M. E., A. I. E. E., Boston
Society of Civil Engineers, N. E. L. A., American Standards
Association, and the Association of Edison Illuminating Com-
panies, as well as being one of the Vice Presidents of the American
Engineering Council. He is at present a member of the Boiler
Code Committee and tie Committee on Power Test Codes of

the A. S. M. E., and Was on the Conneil of tht, A. H. 111. E. for
dime years as manager and two years as Vice -President,

Probably the most important work that Mr. Moultrop has
done for the A. S. M. E. was to serve as chairman of their In-
crease of Membership Committee for Homo live or six years,
taking up this work when the Society had a ItiOnshermhip or about
3000 and increasing that membership to nearly 7500, when he
resigned to fill the position as a representative of the A. S. M. E.
on the Board of Trustees of the United Engineering Society.

lie is at present one of the Directors of the A. I. E. E., and has
been a member of a number of the committees of this organiza-
tion, at the present time serving as a member of the Committee
on Power Generation. lie has also served as Chairman of the
Boston Section of the A. I. E. E.

Mr. Moultrop's prominence in the activities of the engineering
work of the N. E. L. A. has been an _outstanding feature of his
eareer. He has served on the Primo Movers Committee, and
the Steam Turbine and Gas Engineering Committee which
preceded the Prime Movers Committee, some ten or twelve years,
having been chairman of the Primo Movers Committee for some
time, and also Chairman of the Technical Section, N. E. L. A.,
for three years.

At the present time Mr. Moultrop is President of the Engi-
neers Club of Boston and President of the Woodland GoJf Club,
Auburndale, Mass. lie is also a member of the Engineers Club
of New York City and of the Mohawk Club of Schenectady, N. Y.

H. P. Charlesworth
After graduation by the Massachusetts Institute of Tech-

nology in 1905 with the degree of Bachelor of Science, Harry
Prescott Charlesworth entered the Engineering Department of
the American Telephone and Telegraph Company, then located
in Boston. His early assignments had to do with the develop-
ment of telephone circuits and associated apparatus. Later he
was active for a number of years in the development of toll
operating methods and the general related engineering problems
involved in extending and improving telephone service.

With the opening of the war he was specially assigned to handle
problems wherein the Bell System could be of assistance to the
Government in the national emergency. In this capacity he
was, throughout the war, active on communication facilities for
army camps, naval bases, supply depots and particularly for the
Government Departments at Washington, where he also assisted
the Telephone Company on general equipment and traffic engi-
neering matters.

Shortly after the close of the war he became for a short time
Equipment and Transmission Engineer of the American Tele-
phone and Telegraph Company, and in 1920 was appointed
Plant Engineer of that Company, in which position he was con-
cerned with all phases of the engineering of the telephone plant
and with relations with other wire using companies. In Decem-
ber 1928 he was elected Vice President of Bell Telephone Labora-
tories, where he now directs operations involving more than five
thousand people engaged in development, research and related
activities pertaining to the communication art.

Mr. Charlesworth became a Member of the Institute in 1922
and a Fellow in 1928. He was Manager from 1924-1927, Chair-
man of the Meetings and Papers Committee from 1927-1929
and is now Chairman of the New York Section. He has served
on many Institute committees, being at present a member of the
Publication, Edison medal, Lamme Medal, Award of Institute
Prizes, and Meetings and Papers Committees, and a representa-
tive upon the Alfred Noble Prize Committee and the Board of
Trustees of United Engineering Society.

T. N. Lacy
Thomas Norman Lacy, Chief Engineer of the Michigan Bell

Telephone Company, was born at Lititz, Pa., September 23,
1885. His early education was received in the public schools
and Franklin and Marshall Academy. He was graduated from
Lehigh University in 1906 with the degree of E. E.
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After graduation he entered the employ of the American
Telephone and Telegraph Company, Long Lines Department,
at Philadelphia, Pa., and remained with that Department until
192.5. Between 1906 and 1912 he occupied various positions
in plant maintenance, engineering, and construction work in
Philadelphia and New York. In 1912 he was appointed Divi-
sion Plant Engineer for the Southern Division with headquarters
at Atlanta, Ga., and in 1919 was appointed Division Plant
Superintendent in the same division directing construction,
engineering, and maintenance work. In 1925 he was transferred
to the Michigan Bell Telephone Company and appointed Divi-
sion Plant Superintendent at Detroit, Michigan. Since Novem-

ber 1925 he has been Chief Engineer of the Michigan Bell
Telephone Company.

Mr. Lacy joined the Institute as a Member in 1924, and has
been active in the Detroit -Ann Arbor section, serving as Secre-
tary -Treasurer 1929-30 and serving as its representative on the
Associated Technical Societies Council of Detroit.

G. C. Shaad

George Carl Shaad was born in Stratford, New York, May 5,
1878, of German parents. He secured the degree of Bachelor of
Science in Electrical Engineering at the Pennsylvania State Col-
lege in 1900 and the professional degree of Electrical Engineer
was granted him by the same institution in 1905.

On graduation he entered the Testing Department of the
General Electric Company, later transferring to the Switchboard
Engineering Department of that Company 'where he remained
until September of 1902. He was appointed instructor in Elec-
trical Engineering at the University of Wisconsin in 1902 and
taught in that institution until 1906, when he joined the teaching
staff of the Electrical Engineering Department of the Massa-
chusetts Institute of Technology as an assistant professor. In
1907 he was made an associate professor at M. I. T. When the
electrical work at the University of Kansas was separated from
the Department of Physics in 1909 he accepted the appointment
as Professor of Electrical Engineering in charge of the depart-
ment at that institution and he has retained his connection wtih
the University of Kansas to date. He acted as Dean of the
School of Engineering and Architecture and was in charge of

the S. A. T. C. work in 1917-18. Since October, 1927, he has
held the position of Dean of the School of Engineering and
Architecture at the University of Kansas.

He has been employed in engineering work along with his
teaching duties and acts in a consulting capacity in connection
with engineering problems. In addition to local engineering
organizations he is a member of the American Society of Me-
chanical Engineers and the Society for the Promotion of Engi-
neering Education. He became an associate in the Institute in
1903, and transferred to the grade of Fellow in 1913. He has
been associated with the work of Student Branches of the Insti-
tute since its beginning and for the past three years has been
Student Branch Counselor delegate for the Seventh Geographical
District. He has also served as chairman of the Kansas City
Section.

H. V. Carpenter

Hubert Vinton Carpenter, Dean of Mechanic Arts and Engi-
neering and Director of the Engineering Experiment Station at
the State College of Washington, Pullman, was born near Mt.
Carroll, Illinois, January 29, 1875. He was graduated from the
University of Illinois with the degree of B. S. in Electrical Engi-
neering in 1897, and received the degree of M. S. in Mathematics
and Physics in 1899.

He served as assistant in Physics, University of Illinois, from
1897 to 1899 and as Instructor from 1899 to 1901. In .January
1901, he became Assistant Professor of Physics and Electrical
Engineering at the State College of Washington, and was ap-
pointed head of the Department of Mechanical and Electrical
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Engineering in 1903. Since 1917, he has held his present
position as Dean of the College of Mechanic Arts and Engineering.

Dean Carpenter has contributed technical papers to the
publications of the Institute, Physical Review, and other periodi-
cals, and has made developments in electrical measuring instru-
ments and also in water wheel regulating devices. He has won a
high reputation as a teacher and an organizer of educational
work.

Dean Carpenter joined the Institute in 1903, and was trans-
ferred to the grade of Fellow in 1918.

His other memberships include American Society of Mechani-
cal Engineers (Member), Society for the Promotion of Engineer-
ing Education, American Association of University Professors,
Tau Beta Pi, Phi Kappa Phi, and Theta Xi.

FOR DIRECTORS
A. B. Cooper

Ashton B. Cooper was born in Bloomfield, Ontario, on Decem-
ber 31, 1883. After finishing at the local public grade schools

he attended the Somerville Latin School at Somerville, Massa-
chusetts, graduating subsequently from Tufts College in 1903
with the degree of B. S. in E. E.

After graduation Mr. Cooper spent two years in the General
Electric Test Course at Schenectady. In 1906 he became
Inspector for Dr. F. S. Pearson and was located at East Pitts-
burg in connection with the generating plant equipment then
being manufactured by the Westinghouse Electric & Manufac-
turing Company for the Rio de Janeiro Tramway Light & Power
Company. He was subsequently in Brazil for a year in connec-
tion with the installation of the -same equipment.

In 1909 Mr. Cooper returned to the General Electric Company
in the Transformer Sales Department, transferring in 1913 to the
Canadian General Electric Company as Manager of the newly
formed Transformer Sales Department.

Since 1922 he has been General Manager of Ferranti Electric
Limited at Toronto.

Mr. Cooper joined the Institute as a Member in 1916, taking
an active interest in the Toronto Section, of which he was Chair-
man in 1919-20. He was Vice -President of the Institute for
District No. 10 for the term 1927-29, and has served as a member
of the Lighting and Illumination, Membership, and Electrical
Machinery committees.

Mr. Cooper has shown an active interest in local engineering
affairs. He is a Past -President of the Engineers' Club of Toronto
and of the Association of Profesional Engineers of Ontario. He
is a member of the Engineering Institute of Canada and an associ-
ate member of the Institution of Electrical Engineers of Great
Britain.

Archer E. Knowlton

Archer E. Knowlton is Associate Professor of Electrical
Engineering at Yale University, and has been engaged in college
teaching since 1910. He has also been Electrical Engineer of
the Public Utilities Commission of Connecticut since 1911, has
served on other governmental and professional society com-
mittees and has done general consulting engineering. On leave
of absence from Yale during the remainder of the academic year
he will be connected with the Electrical World as Associate Editor.
He has been very active in Institute affairs since 1921 serving on
Section, District and National Committees, at the present time
being Chairman of the Meetings and Papers Committee.

Mr. Knowlton was born in New Haven, Conn., February 16,
1886. After grammar school and high school training, he at-
tended Trinity College from which he received the degrees of
B. S. in 1910 and M. S. in 1912. He attended Columbia Uni-
versity during the summer of 1911 and also took postgraduate
work at Yale where he received the degree of E. E. in 1921.

He started teaching at Trinity College where he was Instructor
in Mathematics and Physics from 1910 to 1914. He was Assis-
tant Professor of Physics at the same institution from 1914 to
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Close of orld Engineering Congress
Tokyo, Japan

The closing sessions of the World Engineering Congress and
the Tokyo Sectional Meeting of the World Power Conference
were held in Parliament House, Tokyo, Thursday, November 7th.

Twenty-six countries were represented. About 500 delegates
and guests from foreign countries were in attendance, about one-
half of whom were from the United States; the total attendance
exceeded one thousand. About 800 papers were presented at the
sessions of the Engineering Congress and approximately 150
at the Power Conference. A large proportion of the 240 Japa-
nese members of the A. I.E. E. were in attendance with the addi-
tion of about 30 foreign members.

The Japanese engineers were untiring in their efforts to make
the visit of the foreign engineers and guests both profitable from
a professional standpoint and enjoyable socially. The general
sentiment of the visitors was expressed in a resolution .un-
animously adopted at the final session of the Congress, Nov. 7th,
highly commending the officers, committees, and others con-
cerned, for the effective manner in which the Congress had been
planned and conducted, both professionally and socially.

The Transactions of the Congress will be published in book
form but will not be available for several months; in the mean-
time pamphlet copies of all the papers that could be printed in
advance will be on file in the Engineering Societies Library,
New York. Correspondence regarding the availability of sepa-
rate copies of the Congress papers may be addressed to Mr.
Maurice Holland, Secretary of the American Committee, 33
West 39th Street, New York; similarly, inquiries regarding the
Power Conference papers may be addressed to 0. C. Merrill,
Chairman, American National Committee of the Conference,
917 15th Street, N. W. , Washington, D. C.

At the final session of the Congress the following resolutions
were adopted upon the recommendation of the Resolutions
Committee:

RESOLUTION NO. I
BE IT RESOLVED that the Delegates of the Various Nations be requested

to explore the situation. with a view to ascertaining the opinion, in their own
Countries. as to the advisability and practicability of bringing forward for
action some plan aiming at WORLD ENGINEERING FEDERATION:

AND that this subject should have a place allotted to it at the ne
WORLD ENGINEERING CONGRESS.

RESOLUTION NO. 2
it is understood that the Netherlands Royal Institute of

Engineers is willing to take the lead in the investigation of certain irrigation
questions of international importance.

BE IT RESOLVED that this congress favors an international investigation,
to be carried on under the auspices of said Institute, Division Netherlands
East India, for report to the next World Engineering Congress on the
following questions:

FIRST. What subsidies, direct or indirect. are paid by various govern-
ments to secure the construction of large irrigation and flood control and
drainage works and with what justification?

RESOLUTION NO. 3
BE IT RESOLVED that the attention of Engineering Society in the various

countries participating in this Congress be directed to the importance of a
full understanding of hydrostatic uplift, internal stresses and other factors
affecting the safety of dams, and that the American Society of Civil Engi-
neers be requested to invite the cooperation of the committee on Dams of
the International Navigation Congress. also the World Power Conference
and the Engineering Organizations of the other countries represented at
this Congress, in a study of this problem.

The daily press of Japan, both Japanese and English, devoted
an unusually large amount of space to the Congress day by day,
many of the papers being printed each day in full or in abstract.

In its leading editorial on Nov. 8th, the Japan Advertiser said in
part:

The reader who has skimmed the daily summaries of the proceedings of the
World Engineering Congress and the sectional meeting of the World Power
Conference must have asked himself if there is anything in the material life
of man which does not come within the vast net of the modern engineer.
    The discussions on scientific management and rationalization
showed how engineers are being aroused to the social consequences of the

progress of their science. The exchange of views on this subject by engi-
neers from old countries where labor is superabundant and where its too
rapid displacement by machines may be the greater of two evils, and new
countries where labor is relatively scarce was a feature of the conference.

One of the acts of the Congress was the appointment of a preparatory
committee to consider the formation of a world federation of engineers.
Such an organization would develop professional spirit and in this way
would form and clarify professional opinion on those large questions.
But the engineers, true to their engrossing tasks, were chiefly engaged in the
pooling of knowledge-the expression par excellence of the professional
spirit-and the merest glance through the daily reports shows what a rich
and varied field they cultivated. The great experiment of holding this
gathering in Japan has been fully justified.

Doctor Shibusawa Elected an
Honorary Member

At a special meeting of the Institute held November 7th in
Parliament House, Tokyo, Japan, Doctor Motoji Shibusawa,
Dean of Engineering at Tokyo Imperial University, was in-
stalled as an Honorary Member of the American Institute of
Electrical Engineers.

The meeting, which was attended by a large number of mem-
bers of the Institute of Electrical Engineers of Japan and of the
American Institute, was presided over by Past -President Frank
B. Jewett of New York, who stated that the Constitution of the
Institute provides that honorary membership may be conferred
upon those who have rendered acknowledged eminent service to
electrical engineering, and only upon the unanimous vote of all
the members of the governing body. There are at present only
eleven men, including Doctor Shibusawa, who have been thus
honored. The election of this distinguished Japanese engineer
occurred on August 6, 1929 in New York and this special
meeting for the purpose of publicly announcing the matter
had been arranged because of the presence in Tokyo of a large
number of American electrical engineers in attendance at the
World Engineering Congress.

Past -President R. F. Schuchardt, outlined the achievements of
Doctor Shibusawa and presented the Certificate of Honorary
Membership to him. Doctor Shibusawa was born in Saitama
Prefecture, Japan, on October 25, 1876. He received his
technical education at the Imperial University of Tokyo, being

cited from the Department of Electrical Engineering in
1900. He continued his studies in Europe and America.

He was appointed an Electrical Engineer of the Electro-
technical Laboratory of the Department of Communications in
1906, and in 1909 was appointed to the additional post of Engi-
neer of the Imperial Railway Board.

In 1919 he was appointed Engineer -in -Chief, Bureau of
Electricity, Ministry of Communications and in 1919 he also
took the additional post of Professor of the Tokyo Imperial
University, to which latter post he was definitely transferred
in 1924.

He was appointed Dean of the Faculty of Engineering,
Tokyo Imperial University, in 1929, and received the degree of
"Kogakuhakushi" (Doctor of Engineering) in 1911.

He was elected President of the Institute of Electrical Engi-
neering of Japan in 1924, and has held the post of President of
the Japanese Electrotechnical Committee since 1921. He has
been a member of the American Institute of Electrical Engineers
since 1905.

Doctor Shibusawa has contributed largely to the technical
literature of Japan.

Others on the platform were President Yamamoto, of the
Institute of Electrical Engineers of Japan, Past -Presidents
D. C. Jackson and P. M. Lincoln, National Secretary, F. L.
Hutchinson, and Elmer A. Sperry, Charter Member of the
American Institute.

Doctor Shibusawa responded with an address in which he
expressed high appreciation of the great honor that had been
conferred upon him.
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Annual $10,000 Prize Award for
Achievement in Science

As announced by 0. B. Capen, President of the Popular
Science Publishing Company, the largest single monetary award in
America for scientific accomplishment has been created by
Popular Science Monthly in an annual prize of $10,000, accom-
panied by a gold medal, to the American citizen who, during the
preceding year, has achieved scientific work of greatest potential
value to the world.

The award was instituted with the dual purpose of heightening
the interest of the American people in laboratory and workshop
benefit to a community, and of focusing attention upon the many
scientific workers who, without thought of personal profit, toil to
better man's control of his physical surroundings.

The first award will be made September 1930, and the initial
period of scientific accomplishment to be considered by the
Committee of Award will be the twelve months ending June 30,
1930. All scientific workers, professional or amateur, academic
or commercial, are eligible. Serving on the Committee of
Award are Charles G. Abbot, Secretary of Smithsonian In-
stitution; Collins P. Bliss, Director of Popular Science Institute;
Samuel A. Brown, Dean of New York University and Bellevue
Hospital Medical College; George K. Burgess, Director of the
United States Bureau of Standards; William W. Campbell,
President of the University of California; Harvey N. Davis,
President of Stevens Institute of Technology; Arthur L. Day,
Director of the Geophysical Laboratory, Carnegie Institution;
E. E. Free, Consulting Engineer; Travis Hoke, Editor of Popular
Science Monthly; Frank B. Jewett, Vice-President of the Ameri-
can Telephone and Telegraph Company; Vernon Kellogg,
Permanent Secretary, National Research Council; Charles F.
Kettering, President of General Motors Research Corporation;
Arthur D. Little, President of Arthur D. Little, Inc.; John C.
Merriam, President, Carnegie Institution; Robert A. Millikan,
Chairman, Executive Council, California Institute of Technology
Henry Fairfield Osborn, President, American Museum of Natural
History; Elmer A. Sperry, Chairman of the Board of Directors,
Sperry Gyroscope Co.; Samuel W. Stratton, President of Massa-
chusetts Institute of Technology; Elihu Thomson, Director,
Thomson Laboratory of the General Electric Co., Lynn, Mass.;
Edward R. Weidlein, Director, Mellon Institute of Industrial
Research; Henry Herman Westinghouse, Chairman of the Board
of Directors, Westinghouse Airbrake Co.; Albert E. White,
Director of the Department of Engineering Research, University
of Michigan; Willis R. Whitney, Director of Research, General
Electric Co., Schenectady, N. Y., and Orville Wright.
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Specifications for Vacuum Tube Bases
The tentative American Standard "Specifications for Vacuum -

Tube Bases" is now available in printed form. It is a single sheet
and can be obtained at ten cents per copy from the Institute of
Radio Engineers, 33 West 39th Street, New York, N. Y.

Recommended Practise on Methods of Indicating Bolt
Heads, Nuts and Screw Threads

A report is now in circulation on Proposed American Recom-
mended Practise on Line Work dealing particularly with
"Methods of Indicating Bolt Heads, Nuts and Screw Threads."
This report is the result of the work of a subcommittee of a Sec-
tional Committee working under the Rules of Procedure of the
American Standards Association and joint sponsorship of the
American Society of Mechanical Engineers and the Society for
the Promotion of Engineering Education. The committee solicits
criticisms and suggestions from those interested in drafting room
practise. Copies of the report may be obtained from the

chairman of the subcommittee, S. Ketcham, 140 Cedar St.,
New York, N. Y. to whom all communications should also be
sent.
Proposed Federal Specifications for Watchmen's Report

and Time Recording Apparatus
The Federal Specifications Board of the United States Govern-

ment has issued a proposed Federal Specification for Watch-
men's Report and Time Recording Apparatus. These specifi-
cations are for installations in large office buildings or groups
of smaller buildings with watchmen's supervisor continuously
on duty. They are in the formative stage and are being sub-
mitted to representative manufacturers for comment. Any ono
interested in this project should write directly to Doctor George
K. Burgess, chairman, Federal Specifications Board, Washing-
ton, D. C.
Report on Method of Indicating Dimensions on Drawings

Subcommittee No. 2 of the Sectional Committee for Drawings
and Drafting Room Practise has submitted a report on "Method
of Indicating Dimensions." This proposal contains sections
on (1) Indicating Dimension Lines and Figures, (2) Expressing
Feet and Inches, (3) Finish Marks, (4) Dimensioning Holes,
(5) Diameters, etc. (6) 'Dimensioning and Limits. Criticisms
and comments of the report are solicited. Copies may be
obtained by addressing E. B. Neil, A. S. M. E. Headquarters,
33 West 39th St., New York, N. Y.

American Standards Association Joins I. S. A.

At the December 18, 1929 meeting of the American Standards
Association announcement was made that A. S. A. had become a
member body of the International Standards Association. In
addition to the United States, the following countries are mem-
bers of I. S. A.: Austria, Belgium, Czechoslovakia, Denmark,
Finland, France, Germany, Holland, Hungary, Italy, Japan,
Norway, Poland, Roumania, Russia, Sweden, Switzerland.

AMERICAN ENGINEERING COUNCIL

A. E. C. ANNUAL MEETING IN JANUARY
The Annual Meeting of American Engineering Council will

be held in Washington, January 9, 10, and 11, at the Mayflower
Hotel. It is expected that 75 delegates representing 24 engi-
neering societies having a constituent membership of over
57,000 engineers will be present.

The meeting of the Assembly, which is the legislative and
policy -forming body of American Engineering Council, will be
preceded by meetings of the Executive Committee and Adminis-
trative Board.

The following delegates representing the various organizations
as listed will attend the meeting as members of the Assembly
for the first time:

Professor Harold B. Smith, A. I. E. E.; Baxter L. Brown,
L. L. Calvert, J. F. Coleman, H. S. Crocker, A. J. Dyer, C. E.
Grunsky, Frank Gunby, A. J. Hammond, J. C. Hoyt, Dean
Anson Marston, C. H. Paul, G. T. Seabury, Francis Lee Stuart,
Frank M. Williams, A. S. C. E.; Thos. D. Campbell, W. B.
Ferguson, Dean Chas. E. Ferris, Prof. W. H. Kenerson, John
H. Lawrence, Chas. Piez, Dean A. A. Potter, A. S. M. E.;
C. L. Harrod, Indiana Engineering Society; W. W. Horner,
Engineers Club of St. Louis.

UNIFORM REGISTRATION LAW FOR ENGINEERS
Following the passage at the annual mooting of the National

Council of State Boards of Engineering Examiners of a resolution
suggesting such a conference, Anson Marston, President of the
American Society of Civil Engineers, called a conference which
met December 7, 1929, in Now York City, to consider the possi-
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bility and desirability of a standard uniform registration law
for engineers.

The meeting was presided over by A. J. Saville of the A. S. C. E. ;
in attendance were: J. 0. G. Gibbons, A. S. M. E.; J. H. Griffin,
A. A. E.; C. S. Hammatt, National Council of State Boards of
Engineering Examiners; H. A. Kidder, A. I. E. E.; T. K. Legare,
Secretary, National Council of State Boards of Engineering
Examiners; J. T. Powers, A. R. E. A.; C. J. Ullrich, A. A. E.;
Gardner S. Williams, A. E. C.

Major Gardner S. Williams, representing the American Engi-
neering Council, stated that in view of the fact that Council had
taken no definite position on the subject of registration, and that
since the question was largely a state problem, he attended the
meeting only in a spirit of helpful cooperation and was not in a
position to commit American Engineering Council to any partic-
ular uniform law. As evidence of the fact that Council was
well informed on the subject, he called attention to a recent
analysis of registration laws of the various states of the U. S.
made by Council, in which 58 different items were analyzed and
recorded about each of the 27 state registration laws.

Great Lakes District Holds Fine Meeting in
Chicago

A meeting of outstanding interest was held under the auspices
of the Great Lakes District of the Institute at the Drake Hotel
in Chicago on December 2, 3, and 4. Six hundred members and
guests were in attendance at the technical and social functions.

Four well attended technical sessions were held; a report of
these is given later in this announcement.

Two sessions for Students were on the program and the
interest which these held was manifested by the attendance of
150 students. A complete report of these sessions is given in the
Student Activities department of this JOURNAL.

Many took advantage of the inspection trips which were ar-
ranged. Among the places visited were Crawford Avenue
Station of the Commonwealth Edison Company and State Line
Generating Station, the stage of the Chicago Civic Opera with
its new equipment for lighting control, a dial -operated exchange
of the Illinois Bell Telephone Company, the Hawthorne Plant of
the Western Electric Company, and a plant of the Illinois Steel
Company.

A dinner dance which was enjoyed by all was held on the even-
ing of December 3.

REPORT ON TECHNICAL SESSIONS
In the following paragraphs is a brief résumé of the technical

sessions. The papers for the respective sessions are listed and
the outstanding points of the discussion resulting given.
Complete discussion on each paper will be published in the
TRANSACTIONS together with the paper itself.

SESSION ON COMMUNICATION

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

The Chicago Long Distance Toll Board, E. 0. Neubauer and
G. A. Rutgers, Illinois Bell Telephone Co.

Manufacture of Telephone Carrier and Repeater Apparatus,
R. C. Glasier, Western Electric Co.

Air -Transport Communication, E. L. Jones and F. M. Ryan,
Bell Telephone Laboratories.

In the discussion following the presentation of these papers,
H. A. Harris explained that the planning of toll line construction
necessitates careful considerations of loads 15 to 20 years in
advance. W. W. Walters drew attention to the superiority of
equipment which is now available for toll circuits.

R. L. Hartman pointed out that the efficient use and operation
of toll circuits is as important as proper design, installation and
maintenance. W. M. Jamison called attention to the need for
hundreds of tests which are made daily on the Chicago long dis-
tance toll board in order to make sure that the circuits remain

in good condition. H. S. Osborne described the general toll
switching plan which covers this country and embraces 2700 toll
centers.

M. M. Fells mentioned that his company, the National Air
Transport, has had considerable trouble with radio reception on
aeroplanes due to the deposition of ice on the antennas. Even
when the antenna is enclosed in an insulating tube the formation
of ice on the tube causes signals to decrease greatly in intensity.

SESSION ON POWER PLANTS

The Future of Higher Steam Pressures, I. E. Moultrop, Edison
Electric Illuminating Company of Boston.

Use and Design of Fault Ground Bus, R. M. Stanley and F. C.
Hornibrook, Byllesby Engg. and Mgt. Corp.

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

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

A 40,000 -Kw. Variable -Ratio Frequency -Converter Installation,
E. S. Bundy, Niagara, Lockport and Ontario Power Co.,
and A. Van Niekirk and W. H. Rodgers, Westinghouse Elec.
&. Mfg. Company.

A. W. Rauth warned that in a station such as Brunot Island
Switch House, extreme care should be taken to avoid connecting
together electrically the insulated sections of the building.
This he pointed out would cause faulty relay operation. H. R.
Summerhayes suggested that the differential -relay system of
protection is preferable to the fault ground bus for stations having
a small number of large -capacity circuits. In a station having a
large number of feeders on each bus, he stated, the fault ground
bus is simpler, cheaper and more reliable. D. D. Higgins
stated that two years' experiences in Chicago have proved that
the fault ground bus is very satisfactory.

R. W. Wieseman stated that he has found mica insulation very
satisfactory for high -voltage generators. P. L. Alger disagreed
with Mr. Laffoon's recommendations for high -potential tests on
the generator windings. He stated that he believed that the best
measure of insulation strength is the life at four times normal
voltage at 100 deg. cent. He recommended a test with slightly
reduced voltage applied for five minutes. Both Mr. Alger and
S. L. Henderson declared that the real advantage to be gained
from high -voltage generators will come from connecting them
directly to transmission lines. Both pointed out that now this is
not possible nor will it be feasible until methods of protecting
against surges are better developed.

In commenting on the paper dealing with double -winding
generators, C. M. Laffoon stated that in his opinion, the most de-
sirable types of double windings for commercial purposes are the
split phase and the alternate pole types. P. W. Robinson called
attention to the advantages of the Scherbius type of control for a
Frequency changer set.

SESSION ON TRANSMISSION AND DISTRIBUTION

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

Low -Voltage A -c. Networks, R. M. Stanley and C. T. Sinclair,
Byllesby Engg. and Mgt. Corp.

An Economic Study of an Electrical Distributing Station, W. G.
Kelley, Commonwealth Edison Co.

Experience with Carrier -Current Communication on a High -
Tension Interconnected Transmission System, Philip Sporn
and R. H. Wolford, American Gas & Electric Co.

Automatic Regulation for Synchronous Condensers Equipped with
Superexcitation, L. W. Thompson and P. J. Walton,
General Electric Co.

Several discussers emphasized the reliability with which the
network protector has functioned in actual operation. They

also spoke of the advantages which the network plan offers in the
expansion of a growing system. Henry Richter warned that
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feeder regulators cannot be omitted in many cases although they
are not used in the system described in the paper. In answer

to a question, Mr. Sinclair stated that the carbon -pile starter
for motors connected to the network has been very satisfactory.
He stated that the problem of voltage fluctuation on his system is

not serious.
Edward Beck stated that over 2500 arresters using the principle

explained in the Slepian, Tanberg, and Krause paper have been
giving satisfactory operating service.

In commenting upon the paper by Messrs. Sporn and Wolford,
R. J. Wensley stated that the double -frequency high -power sys-

tem of communication has given entirely satisfactory service to
the Alabama Power Company and the Indiana Electric Com-
pany. Mr. Sporn agreed that this system is satisfactory in
itself but that where the number of carrier -current channels is
limited, twice as many single -frequency circuits may be used.

SESSION ON RESEARCH AND DEVELOPMENT

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

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

Co.
Effect of Armature Resistance on Stability of Synchronous Ma-

chines, C. A. Nickle and C. A. Pierce, General Electric Co.
Ionization Currents and the Breakdown of Insulation, J. J. Torok

and F. D. Fielder, Westinghouse Elec. & Mfg. Co.
Heat Radiation in Inter -Reflection Cases, A. D. Moore, University

of Michigan.
Several discussers spoke on the great value of the paper by

Dr. Branson referring to the accuracy of the method and par-
ticularly to the great amount of time which its use will save.

J. T. Tykoeiner in connection with the paper by Messrs.
Torok and Fielder, stated that the cathode ray oscillograph has
given some very valuable data on the breakdown of gases but
that further data, such as space distribution of current and po-
tential, are desirable. He suggested that the tools of physicists
and astrophysicists, particularly the spectroscope, might well be
employed to obtain further information.

A. I. E. E. Directors Meeting
The regular meeting of the Board of Directors of the American

Institute of Electrical Engineers was held at the Drake Hotel,
Chicago, Ill., on Tuesday, December 3, 1929, during the Great
Lakes District Meeting.

There were present: President Harold B. Smith, Worcester,
Mass.; Vice -Presidents Herbert S. Evans, Boulder, Colo.;
B. D. Hull, Dallas, Tex.; H. A. Kidder, New York, N. Y.;
W. S. Rodman, Charlottesville, Va.; W. T. Ryan, Minneapolis,
Minn.; E. C. Stone, Pittsburgh, Pa.; Directors J. E. Kearns,
Chicago, Ill.; A. M. MaeCutcheon, Cleveland, Ohio; E. B.
Meyer, Newark, N. J.; C. E: Stephens, New York, N. Y.;
Assistant National Secretary H. H. Henline, New York, N. Y.

The minutes of the Directors meeting of October 18, 1929,
were approved.

Announcement was made of the death, on November 1, of
Honorary Secretary Ralph W. Pope and of Past -President
John W. Lieb, and the following memorial resolutions were
adopted:
WHEREAS, the death of Ralph Wainwright Pope, on November

1, 1929, has removed from the American Institute of Electrical
Engineers a leading pioneer who served faithfully and unceasingly
as its Secretary for more than twenty-six years and has been
Honorary Secretary since his retirement from active duty in 1911;
WHEREAS, during his active service the Institute grew from the

humblest beginning to a large and effective organization; he was
constantly watchful for opportunities to advance the welfare
of the membership, the engineering profession, and the general
good of humanity; and his genial, sympathetic spirit as well as
his high ideals won the gratitude and appreciation of Directors,
members, and a multitude of friends;

WHEREAS, his enthusiastic and indefatigable interest was one
of the strong contributing factors in the development of Sections
and Branches which have done much to bring the advantages
offered by the Institute to members and Students in many widely
separated localities, be it
RESOLVED THEREFORE: That in behalf of the membership,

the Board of Directors hereby expresses its profound sorrow at
the death of one of the Institute's most faithful members and
extends to the members of the family of Mr. Pope its deepest
sympathy in their bereavement; and be it
RESOLVED: That these resolutions be inscribed in the minutes

and a copy be transmitted to the members of his family.

WHEREAS, the death on November 1, 1929, of John William
Lieb, Senior Vice -President of the New York Edison Company,
removed from the profession of electrical engineering one of its
most highly esteemed representatives, and from the Institute a
member who during much of the time since his admission in 1887
served it effectively in numerous capacities, including those of
Manager, Vice -President, and President;
WHEREAS, he was a pioneer in the fields of electric public

utilities and technical education, and his sound judgment,
vigorous leadership, high executive ability, and devotion to duty
won him high respect as a man and as an engineer, be it
RESOLVED: That the Board of Directors in behalf of the

membership of the American Institute of Electrical Engineers
expresses its sense of the great loss which the engineering pro-
fession has sustained in his death; and be it further
RESOLVED: That these resolutions be entered in full in the

minutes and that a copy be transmitted to members of his
family.

The death, on November 7, of Guido Semenza, Local Honor-
ary Secretary of the Institute for Italy, was reported; and the
following minute was adopted:

The Board of Directors of the American Institute of Electrical
Engineers, having learned with profound sorrow of the death of
Guido Semenza, Local Honorary Secretary for Italy, on No-
vember 7, 1929, desires to incorporate in the minutes a tribute to
his memory.

Mr. Semenza was an electrical engineer with great intellectual
ability and charming personality, known and respected inter-
nationally. He had ability to combine to an unusual degree
scientific studies and industrial developments. Through his
sound judgment and progressive ideas he made many notable
contributions to the art of power transmission and distribution,
and became a valued director of many companies, as well as an
active member of numerous scientific and technical societies.
It is, therefore, with keen appreciation of the great loss sustained
by both the profession and the Institute that sincere sympathy
is hereby extended to his family and associates.

A report of a meeting of the Board of Examiners held Novem-
ber 13, 1929, was presented and the actions taken at that meet-
ing were approved. Upon the recommendation of the Board of
Examiners, the following actions were taken: 835 Students were
enrolled; 111 applicants were elected to the grade of Associate;
five applicants were elected to the grade of Member; 29 appli-
cants were transferred to the grade of Member; six applicants
were transferred to the grade of Fellow.

The Board ratified approval by the Finance Committee for
payment, of monthly bills amounting to $23,919.51.

Upon the recommendation of the Committee on Student
Branches, authorization was given for the organization of
Student Branches at Pratt Institute, Brooklyn, N. Y., and
Texas Technological College, Lubbock, Tex.

Mr. C. E. Skinner was nominated, for election by the United
Engineering Society, as a representative of the Institute on the
Engineering Foundation Board for the three-year term beginning
in February 1930.

Report was made of the discharge by the United Engineering
Society of the Committee on War Memorial to American Engi-
neers, which committee handled the details of the donation by
American engineering societies of a clock and carillon to the
University of Louvain. The Board voted that an expression of
appreciation of its work be transmitted to the committee.

Other matters were discussed, reference to which may be found
in this and future issues of the JOURNAL.
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regulation, Radio Commission, AI Usele Shoals, Boulder Dust,
conservation, and governmental reorganization.

Among the President's recommendations dealing with them,
subjects are the following:

Federal Power Commission: "I recommend that authority be
given for the appointment of full time commissioners, the au-
thority of the commission to be extended to certain phases of
power regulation." Radio Commission: "The reorganization of
the Radio Commission into a permanent body." Al wee Shoals:
"It is most desirable that this question be disposed of ....such
parts of these plants as would be useful, and the revenue's from
the remainder should be dedicated for all time to the farmers
of the United States for investigation and experimentation on
a commercial scale in agricultural chemistry .... I do not favor
the operation by the government of either power or manufac-
turing business except as an unavoidable product of some other
major public purpose." Bouldtr Dam: "The Secretary of the
Interior is making satisfactory progress in negotiation of the
very complex contracts required for the sale of the power to bo
generatd at this project. These contracts must assure the return
of all Government outlays upon the project. I recommend
that the necessary funds be appropriated for the initiation of
this work as soon as contracts are in the hands of Congress."
Conservation: "I recommend that Congress authorize a mod-
erate sum to defray the expense of a Commission on Conser-
vation of Public Domain." Government Reorganization: "This
subject has been under consideration for over 20 years. It seems
to me that the essential principles of reorganization are two in
number: First, all administrative activities of the same major
purpose should be placed in groups under single -headed responsi-
bility; second, all executive and administrative functions should
be separated from boards and commission and placed under indi-
vidual responsibility, while quasi -legislative and quasi-judicial
and broadly advisory functions should be removed from individ-
ual authority and assigned to boards and commissions. Indeed,
these are the fundamental principles upon which the Govern-
ment was founded, and they are the principles which have been
adhered to in the whole development of our business structure,
and they are the distillation of the common sense of generations.

Washington Society of Engineers Hold
Annual Banquet

The Washington Society of Engineers held its annual banquet
in the Raleigh Hotel, Washington, D. C., December 11. The
dinner was presided over by Vice -President F. A. Hunnewell,
with approximately 250 engineers in attendance, and apprecia-
tive attention was given addresses which were delivered by
Congressman L. W. Douglas, representative at large from Ari-
zona, and L. W. Wallace, Executive Secretary of American
Engineering Council.

Congressman Douglas, an engineer, gave an interesting and
clear presentation of the subject of Interstate Electric Rate
Regulation. After showing the complexity of the problem and
the many difficulties encountered with various possible solutions,
he proposed the plan of permitting the states themselves to
regulate such matters, under the authority granted by the
constitution of the United States which permits states to formu-
late treaties between themselves.

L. W. Wallace based his address upon a paper "Engineers in
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The Institute and the Engineer'
By CAnic(n.t. 0. II U

This year the American Institute of Electrical Engineers is
forty-five years old. At the turn of the century it had a member-
ship of less than twelve hundred; in 1929 it has a membership of
over eighteen thousand, and during the last fiscal year, more than
twelve hundred new members qualified.

Why do engineers join the Institute? What does the Institute
do for its members? How dues it attract and retain its member-
ship? What do members gain through their affiliation with this
organization? These are pertinent questions, although the size
of membership and its continued growth are prima facie evidence
of its value to the individual engineer.

The objects of the Institute are well known. It is organized
"for the advancement of the theory and practise of electrical engineer-
ing and the allied arts and sciences, the maintenance of a high
professional standing among its members, and the development of
the individual engineer." The engineering profession, however,
has a wider and more fundamental responsibility, which, while
not formally stated in the enumeration of the purposes of the
Institute is nevertheless generally recognized and accepted by
the membership. This is the obligation of the engineer for
civic service.

The engineer has played an important and in many respects
a leading part in the advancement of civilization and the spread
of culture. He has made the world a safer, cleaner, and healthier
place in which to live. His contributions in making life easier
and happier are incalculable and constitute important and
inspiring chapters in world progress. He has created for his
profession a place in our social structure which carries with it
definite responsibilities and obligations that cannot be denied
or avoided. No statement, therefore, of the aims and purposes
of the American Institute of Electrical Engineers would be
complete which did not recognize that which is so much a part
of the creed of the engineer and of his profession,-this fundamen-
tal responsibility to serve.

With the vast complexity of our modern life, we are living in an
epoch in which science and the development of the allied arts are
being served through organized group effort. rather than by the
labor of individual genius. While genius has penetrated and may
yet further penetrate the wilderness beyond the borders of
knowledge, the development of this hinterland and its adaptation
to human purposes and requirements is accomplished in our day
largely by the systematic work of organized groups. Here is one
great reason for the banding together of the profession in a great
organization builded upon foundations of common purpose.

In joining the Institute, the engineer seeks affiliation with those
who are pursuing similar lines of thought and endeavor so that.
his work may count for the greatest progress. He joins the
Institute because he seeks to serve and because he realizes that
his individual service will be integrated with that of others
through channels which the Institute provides. His membership
affords him an opportunity for expression and for discussion with

1. Presented at a meeting of the Birmingham Section A. I. E. E.
Nov.21. 1929.
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his fellows, and provides a means for exchange of ideas and
knowledge and for professional development.

During the last fiscal year the 54 Sections of the Institute
held 460 meetings, with a total attendance of 73,254; the one
hundred Branches held 940 meetings, with a total attendance of
47,408. In addition, there were three national conventions
during the year and regional meetings were held in three Districts.
At these meetings, papers of interest and importance to the
profession were presented and discussed. If it be estimated that
if at each of the more than 1400 meetings held during the year,
an average of only two papers were presented and discussed,
some idea can be had of the importance and scope of this activity
of the Institute.

These papers are carefully scrutinized and digested by com-
mittees, and those of immediate value and importance are made
available for the use of the membership through publication in
the monthly JOURNAL, and those of more permanent value
are recorded in the Quarterly TRANSACTIONS. These publications
constitute a current index of developments in the electrical arts
and provide a record of progress nowhere else available. Their
value to the profession cannot be measured, and the Institute
renders one of its greatest services in collecting, publishing, and
disseminating this vast fund of electrical knowledge.

It is difficult to estimate the educational value of the Institute's
-professional meetings and discussions, particularly to the younger
engineers. The research required to secure the data and to draw
the conclusions necessary to the preparation of a paper or a dis-
cussion cannot help but contribute to the development of the
individual; and writing the paper in itself has a definite edu-
cational value.

Many engineers have difficulty in expressing their ideas either
in writing or in talking before others. This is a difficulty which
may definitely limit the effectiveness of the individual and may
prevent him from doing the work of which he is otherwise
capable.

The day Lord Kitchener sailed for Russia on the British
cruiser Hampshire, which was sunk by a German mine off the
Orkneys, he lunched at Scapa with Admiral Viscount Jellicoe.
In talking about his work at the War Office, Lord Kitchener
referred to the difficulty he experienced in dealing with questions
discussed in the Cabinet, "a difficulty," which Admiral Jellicoe
notes, in relating this last conversation with Lord Kitchener, is
"felt by most soldiers and sailors, whose training does not fit
them to state or argue a case and who frequently find difficulty
in doing so. They are, as a rule, accustomed to carry out their
ideas without first having to bring conviction to the minds of
men who, although possessing great general knowledge and
administrative experience, have naturally but little acquaintance
with naval and military affairs, which in themselves form a life
time study."

Had Admiral Jellicoe been talking about engineers instead of
soldiers and sailors, his statement would have had equal force.
Too often engineers find themselves in similar difficulties and to
an extent which constitutes a real handicap to themselves and td
their work. In providing a vehicle and an incentive for expression
through the preparation and presentation of written papers, and
through informal discussions from the floor of its meetings, the
Institute affords a potent means which any member may take
to improve bis own ability to express himself in writing and in
public presentation and discussion.

Through its affiliation with American Engineering Council,
on the Assembly of which the Institute has proportionate rep-
resentation with other leading engineering societies, the member-
ship is afforded an opportunity for participating in crystallizing
the thought and policy of the engineering profession as a whole
with respect to matters of public welfare in which the profession
is interested. American Engineering Council, the first President
of which now occupies the White House, is an organization

"to further the public welfare wherever technical knowledge and
engineering experience are involved, and to consider and act upon
matters of common concern to the engineering and allied technical

professions."
The work of the Institute in connection with electrical

standards is of great value to the profession. This work is
carried on within the Institute by a general standing committee.
In connection with this work, the Institute is associated with the
American Engineering Standards Committee organized in 1918
to serve as a national clearing house for engineering and indus-
trial standardization and to provide an information service on
standardization matters. It has been stated that if the Institute
performed no other service beyond its work in connection with
electrical standardization matters, its existence would be justified.
This, however, is but one of its many important services.

Through technical committees, of which there are at present
eighteen, each dealing with an important electrical subject, the
Institute studies the problems of the profession and reports to its
membership, acts as a clearing house for specialized technical
knowledge and data, and contributes to the coordination of
effort looking to advances and developments in the electrical arts.

In addition to its activities in association with American
Engineering Council and American Engineering Standards
Committee, the Institute is also represented on the Council of the
American Association for the Advancement of Science, the
National Research Council, National Safety Council, Inter-
national Electroteehnical Commission, and many other organized
groups which are contributing to human progress along lines
in which the work of the engineer is of great and important
service.

With the American Society of Mechanical Engineers, the
American Institute of Mining Engineers, the American Society of
Civil Engineers, and the United Engineering Society, the Insti-
tute maintains in the Engineering Societies' Building in New
York, a free public reference library which contains over 125,000

volumes. Among the interesting items in this library is the
Latimer -Clark collection presented to the Institute by Schuyler
Skaats Wheeler and containing every publication in the English
language on the subject of electricity published prior to 1886.
It includes many rare and valuable volumes published in the
sixteenth and seventeenth centuries. In connection with this
library, the Library Service Bureau maintains a staff of experts
organized to abstract, translate, prepare bibliographies, search
for patent purposes, carry on statistical investigations, and do
other research work at nominal cost.

Of importance to members generally is the employment service
which the Institute has conducted for a long time in conjunction
with similar services of the other great engineering societies.
This service consists principally in acting as a medium in bringing
together employers and engineers seeking employment. The
"Employment Service Bulletin," published monthly in the
Institute JOURNAL, has served to place many engineers in posi-
tions of responsibility throughout the world.

For members traveling in foreign countries, the Institute has
made reciprocal arrangements with a number of European elec-
trical engineering societies which entitle its members while
abroad to membership privileges in foreign societies for a period
of three months. Institute members desiring to avail themselves
of these exchange privileges may secure credentials through the
Institute's National Secretary.

No statement of the Institute's activities would be complete
without reference to the great work it is carrying on among
students in the technical colleges. This work is organized
through Student Branches, of which at present there are more
than one hundred. These Branches constitute a forum in which
the student of electrical engineering may discuss technical
matters with fellow students and with members of the other
groups of the Institute. Through participation in the activities
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activities were held in seven of the ten Geographical Districts.
Also two conferences involving smaller groups of Branches were
hold. These conferences were attended by the st titlent officers
of the Branches and by the Counselors, who are delegated from
the electrical engineering faculties of the colleges. In addition,
SOVVII studeul et/MA.11,14)118 were held along lines similar to the
regional and national meetings of the Institute,. At these con-
ventions, technical papers of real merit were presented by
students and discussed generally.

No one who has been in touch with the student activities of the
Institute can doubt the tremendous value of t his work in helping
the young engineer to get, into his stride and to enter his chosen
field under the most advantageous conditions. This work not
only insures the perpetuation of the ideals and ideas of the
Institute and the profession which it represents, but is a source
of real assistance and inspiration to those who are fitting them-
selves for service through the electrical arts.

These are among the more important contributions of the
Institute to the profession. In a limited way, their enumeration
indicates the scope of the service which the Institute is
performing, and may serve to indicate why engineers join the
Institute.

Just what, however, can the Section do for its members? The
answer to this question seems clear. Through its affiliation with
the national organization, it can bring to its members all of the
advantages which membership in the Institute carries with it.
It provides a means for professional and personal contact between
engineers who live in the same city or neighborhood. Through
Section meetings, problems of special local interest may be dis-
cussed as well as more general technical matters.

Many of the most interesting technical discussions of the
Institute are carried on in Section meetings where there can be
more general participation by those present and where, from
the nature of things, discussion can be had on a less formal basis
than is necessarily required in the larger regional and national
meetings. Interest may be stimulated and contact with develop-
ments in other parts of the country maintained by inviting
prominent speakers from outside the Section. Experience has
indicated, however, that maximum benefit is derived if the
majority of papers are prepared by members of the local Section.
The Section plays an important part also in the student activities
of the Institute, and joint meetings with nearby Student.
Branches have commonly been found to be of inspiration and
help not only to the students but to the Section members par-
ticipating. In short, the Section is the active principle of the
Institute and the engineer gains from his affiliation with the
Section in direct proportion as he contributes to its activities.

It is unnecessary to state that the work of the Institute is
conducted on the highest plane of professional ethics and dignity.
The Institute recognizes no special privilege, and its work is far
removed from any implication or taint of commercialism. It
takes no part in partisan politics and conducts no political
propaganda. It stands, and has always stood for the highest
type of service, for the development of the individual engineer
and for the advancement of the profession. Based upon a long
record of technical accomplishment, professional integrity and
ungrudging service, its character is so well established and so well
known that it fills an important place in representing the electri-
cal profession not only in national, but in world affairs.

I I S. KVAN6 been transferr..1 I rum Albany,
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of the Industrial Department of the company's 1 )1u IT I )1%

Oft. States Vy(jiiiiiig, and Nev,covering
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selielieciady ( leneral Electric (. 'oinputly, has been appointed
Assistant Vice -President on the staff of Viee-President J. O.
Burry. WILLIAM W. MILLER, Assistant :11111111.14(.1* of the ludun-
trial Depart meni has been appointed Manager of that depart-
ment to succeed .11r. Slirc e c.

E. B. Niettoi.s, a well-known worker in t be professional field,
has been appointed Chief Engineer of the Brown Instrument
Company of Philadelphia, Pa. He comes to his new position
from the Technical Stuff of the Bell Telephone Laboratories, Inc.,
and will act in an administrative capacity, supervising the
Engineering Staff, a work for which his broad executive experi-
ence and ability to handle men and materials particularly fits
him.

Bumf M. BEUGLElt, for many years engaged in public utility
work of a diversified nature over many portions of the United
States, has now become associated with the E. Y. Sayer Engi-
neering Corporation, of Baltimore, in connection with various
project engineering and construction undertakings. The
service includes preliminary surveys, development of plans,
construction supervision of public utility and industrial power,
and gas production projects.

IltVING LANGMUIII, noted research worker, Associate Director
of the Research Laboratory of the General Electric Company,
and President of the American Chemical Society, was awarded
the Chandler Medal for 1929 for his achievement in chemical
science. The award was made at a national gathering of scien-
tists at Hayermeyer Hall, Columbia University, December 27,
Dr. Langmuir delivering the annual ('handler lecture on the
subject "Electrochemical Intersections of Tungsten, Thorium
Caecium and Oxygen." The medal was established in 1910
by friends of the late Professor Charles Frederick Chandler,
pioneer of industrial chemistry.

Obituary
John Lee Curtis, Electrical Engineer, Schenectady, New

York, died December 2, at Clifton Springs, New York, after an
extended illness. Mr. Curtis became an Associate of the Insti-
tute in 1906. He was born at Fishkill-on-Hudson March 13,
1879 and was graduated from the Riverview Military Academy,
Poughkeepsie in 1897. He also attended Massachusetts Insti-
tute of Technology, from which he was graduated With a degree
of S. B. in Electrical Engineering in 1902. Entering the Testing
Department of the General Electric Company October 1902, he
remained there until 1905, when he left the Testing Department,
first going into the Drafting Room and later working on experi-
mental telephone research. Ultimately he joined the company's
Foreign Department at Schenectady, as Commercial Engineer,
where he remained until he was taken ill.

Wallace Wheaton Briggs, who has been Vice -President and
General Manager of the Grays Harbor Railway and Light Com-
pany, Aberdeen, Washington, since 1925, and was a prominent
figure in the field of public utility in the West, died in Aberdeen
December 9. Although a native of Newark, New Jersey,
Mr. Briggs received his high school education in San Francisco,
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California. In 1886, when only sixteen years of age, he entered
the employ of the California Electric Light Company, remaining
with it until 1891, when he joined the Electric Improvement
Company of San Francisco. In 1893 he left California and for
two years was with the Ft. Wayne Electric Corporation's Sales
Department in Salmon, Idaho. Returning, however, to San
Francisco, he became Local District Manager for the Westing-
house Electric a Manufacturing Company, and later General
Manager of the Great Western Power Company of California.
In 1918 he came East again to join the Westinghouse New York
organization and subsequently identified himself with the
Federal Light & Traction Company which controls the Gray
Harbor Company, by which he was sent to Aberdeen to assume
the executive duties of Vice -President and General Manager.
At the time of his death he was also a member of the Executive
Committee of the Northwest Electric Light and Power Associa-
tion. He joined the Institute in 1906.

Harry Wallace Jeannin, Vice -President of the Jeannin
Electric Company of Toledo, Ohio, and a Member of the Insti-
tute since 1926, died at his home in Toledo on November 19,
1929.

He was born May 31, 1869 at Cape Girardeau, Mo. After
grade school he turned his talents to engineering, doing intensive
reading and private experimental work in all electrical branches.
In 1890 he was Manager of the Booneville, Mo. Power Station,
followed by managerial positions at the power stations at
Paragould and Jonesboro, Ark. In 1896 he became plant
manager of the Telephone Plant at Pine Bluff, Ark.

In 1899 he joined the Wagner Electric Co. in whose employ
he remained for seven years, part of this time being spent in the
Engineering Department and later as Superintendent. In 1906 he
became Manager of the Lewis Blind Stitch Machine Company,
and in 1907, started the manufacture of the Jeannin Automobile.

In 1908 he became Chief Engineer of the Century Elec. Co.,
St. Louis, Mo., with which he remained seven years. From
1915 for three years he was Engineer at the Peerless Elec. Co.,
Warren 0.; then with the National Electric Welding Co.,
Warren, 0. This was followed by a period of consulting engi-
neering work until he joined the American Magneto Co. in
Toledo, 0. In 1919 he organized the Jeannin Electric Co.,
Toledo, 0. He has taken out quite a large number of patents
relating to motors, particularly of the repulsion induction type.

Maurice A. Oudin, Vice -President of the International
General Electric Company and a member of the Institute since
1894, died December 4 at Schenectady, in the sixty-third year
of his age.

He was born in New York on March 31, 1866 and was edu-
cated in the New York public schools and the College of the City
of New York, from which he was graduated with an A. B. degree
in 1885. From the first he showed an interest in electrical
research, doing postgraduate work in this department at Prince-
ton, where, in 1891, he received degrees of Electrical Engineer and
Master of Science.

Including the field of science, Mr. Oudin's interests were centered
in Italy and the Far East. He was President of the Board of
Trustees of the Italy -America Society, and was decorated last
year with the Order of Commander of the Crown of Italy.
He was Chairman of the Committee of the Italy -America
Society and of the International Electrical Commission which
represented America at the exercises commemorating the
centenary of Volta's death, held at Como, Italy, in 1927. He was
also decorated by the Emperor of Japan with the Order of
the Rising Sun in 1911. He was a member of the Japan Society,
the American Asiatic Association, the American Manufacturers'
Export Association, the National Foreign Trade Council, the
Electrical Manufacturers' Club, the American Institute of
Electrical Engineers and the China Society. His clubs included
the India House, Bankers, Century, University of New York,
Mohawk Golf and Racquet of Washington.

Addresses Wanted
A list of members whose mail has been returned by the postal

authorities is given below, together with the addresses as they
now appear on the Institute records. Any member knowing the
present address of any of these members is requested to communi-
cate with the Secretary at 33 West 39th St., New York.

All members are urged to notify Institute Headquarters
promptly of any changes in mailing or business address, thus
relieving the member of needless annoyance and assuring the
prompt delivery of Institute mail, through the accuracy of our
mailing records and the elimination of unnecessary expense for
postage and clerical work.
C. A. Baer, 1330 Pine St., Philadelphia, Pa.
J. B. Bakker, 440 Hyde St., San Francisco, Calif.
C. W. Bell, P. 0. Box 424, Port Chester, N. Y.
W. T. Birdsall, 6 Vincent Place. Montclair, N. J.
C. W. Bohner, 1989 Bedford Ave., Brooklyn, N. Y.
M. A. Borislaysky, 240 E. 104th St., Apt. 5, Brooklyn, N. Y.
Garry E. Brown, 1280 Dean St., Brooklyn, N. Y.
Lung C. Chin, 200 Claremont Ave., Apt. 57, New York, N. Y.
Marcel A. Collinot, F. W. V. Rm. 1050, 11 W. 42nd St., New

York.
A. A. Cory, 61 Watsessing Ave., Bloomfield, N. J.
James W. Cryder, 5516 Willows Ave., Philadelphia, Pa.
H. H. DeCamp, 414 Ella St., Wilkinsburgh, Pa.
F. S. Degener, 1015 Casgrain Ave., Detroit, Mich.
F. C. De Lay, West Texas Utilities Co., Abilene, Tex.'
H. W. De Salis, Box 66, Fort Frances, Ont., Can.
F. C. Dixon, 100 Elm Ave., Mount Vernon, N. Y.
H. M. Evjen, Calif. lust. of Tech., Pasadena, Calif.
Ernest Fick, A. T. & T. Co., 412 S. Market St., Chicago, Ill.
R. P. Fort in, Elec. & Gas Inspection Ser., 125 Prince William St.,

St. John, N. B.,Can.
Shah 0. Ghous, P. 0. Box 733, Schenectady, N. Y.
Chas. Gorrissen, Hermannstrasse 38, Hamburg, Germany.
Richard It. Grenfell, 442 6th St., Brooklyn, N. Y.
G. R. Hamrick, Sweetwater, Tex.
Henry W. Harbison, R. F. D. 1, Merriam, Kans.
John E. Hardey, Electrical & Engg. Co., Ltd., Box 1055,

Wellington, N. Z.
C. D. Hayward, Calif. Inst. of Tech., Pasadena, Calif.
J. 0. Howell, 405 South Union, Galion, Ohio.
C. Brown Hyatt, Comae and Medary Sts., Philadelphia, Pa.
Edgar A. James, 912 S. Poplar St., Allentown, Pa.
E. H. Kirkland, 6701 Cregier Ave., Chicago, Ill.
F. A. Klein, 1215 Locust St., Philadelphia, Pa.
R. F. Matthews, 123 Livingston St., Brooklym, N. Y.
D. J. McDougall, 1501 W. Pierce St., Phoenix, Ariz.
S. K. Mitra, c/o R. F. Coggeshall, Int'l Gen. Elec. Co., Schenec-

tady, N. Y.
Douglas, Montgomery, c/o Mrs. E. Armour, 170 S. Marengo

Ave., Pasadena, Calif.
F. D. Nims, 70 State St., Boston, Mass.
C. Noome, Catharijnesingel 33, Utrecht, Holland.
R. A. Patrick, 425 Granite St., Reno, Nev.
H. L. Perkins, 129 Marshall St., Petersburg, Va.
W. M. Philp, 433 Morrison St., Niagara Falls, Ont., Can.
Richard T. Quaas, 545 W. 156th St., New York, N. Y.
H. D. Rivers, 298 Central Ave., Lynbrook, L. I., N. Y.

Talking Movie on William Stanley and the
Transformer

At a meeting of the William Stanley Club of Pittsfield, Mass.,
December 11, at which Gerard Swope spoke, an interesting
feature was the showing of a talking movie on "William Stanley
and the Transformer."

The picture opened with G. Faccioli, Associate Manager, sitting
in his car at the Berkshire Hills Country Club and telling the
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story of his association with William Stanley and then he intro-
duces S. W. Ashe who says a few words about Michael Faraday
and the relation of his experiments to Stanley's work.

The scene is here changed to a laboratory where Mr. Ashe
continues with a group of interesting experiments in electro-
magnetic induction and their application to the transformer.

The picture concludes with E. A. Wagner, Manager of the

Pittsfield Works, telling a brief story of the developments of
the transformer and the results of Stanley's work.

This picture is particularly interesting as it shows what can
be done by means of experiments to illustrate the fundamental
laws and to show the practical applications.

The film was made by John Klenke of Schenectady and can be
used on any standard talking movie outfit.
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NEW YORK SECTION ILLUMINATION AND TRANSPORTATION
GROUPS TO MEET THIS MONTH

ILLUMINATION GROUP

On Tuesday, January 7th, 1930, the first meeting of the
Illumination Group of the New York Section will be held at.
7.30 p. m. in Room 2 on the Fifth Floor of the Engineering
Societies Bldg., 33 West 39th St., New York, N. Y. The speaker
for the evening will be 0. P. Anderson of the Commercial
Engineering Section, Edison Lamp Works, Harrison, N. J.
Mr. Anderson will take as his subject "The Heart of the Lighting
System-The Incandescent Lamp." An extremely interesting
speaker, with a background of 20 years in the lamp business,
Mr. Anderson will give those attending a talk outlined to bring
them up to date in the rapidly changing art of lighting. He will
have a stage full of ingenious apparatus designed to show the
fundamental features of lamps and their proper operation in a
clear, yet thoroughly accurate manner.

The New York Section of the Illuminating Engineering Society
have courteously extended an invitation to members to par-
ticipate in their meeting to be held Thursday, January 9, 1930 at
8 p. m. in the Grand Ballroom of the Hotel St. George, Brooklyn,
N. Y. This will be a private showing of the newly installed
decorative lighting effects requiring over 7000 lamps. Here, for
the first time, light in ever changing color constitutes the sole
means of decoration. Admission will be by ticket only. Apply
to J. E. Buckley, Secretary, I. E. S., N. Y. Edison Co., Room
907-S, 4 Irving Pl., N. Y. City.

TRANSPORTATION GROUP

The second meeting of the Transportation Group will be held
on the evening of Monday, January 13, 1930 at 7.30 p. m. in
Room 2, Engineering Societies Bldg., 33 West 39th St., New
York, N. Y. There will be two speakers with subjects as follows:
"New Switching Locomotives for New York Central," by F. W.
Butt, Assistant Engineer, New York Central. He will describe
the combination oil -electric battery -trolley type of locomotive.
The second speaker, L. G. Coleman, Manager, Locomotive
Dept., Ingersoll-Rand Co. will talk on "Progress in Oil Engine
Design and Application." Recent developments will be dis-
cussed by Westinghouse engineers. As is the custom in all
Group meetings there will be discussion open to all and adjourn-
ment by 9.30 p. m.

FUTURE SECTION MEETINGS

Akron
January 10, 1930. The Problem of Public Transportation in

Akron, by L. G. Tighe, Assistant General Manager, Northern
Ohio Power and Light Company.

February-(exact date to be announced later). Delayed
Speech Transmission, by Sergius P. Grace, Vice -President, Bell
Telephone Laboratories.

Cleveland
January 16, 1930. Electricity and the Universe, by David

Dietz, Scientist and Author.

February 20, 1930. Recent Lightning Research, by Dr. J
Slepian, Research Engineer, Westinghouse Elec. & Mfg. Com-
pany.

Detroit -Ann Arbor
January 21, 1930. Ladies' Night. Motoring Through Europe,

by Professor A. H. Lovell, Electrical Engineering Dept., Uni-
versity of Michigan, Ann Arbor.

February 18, 1930. Telephone Toll Service in Michigan, by
R. Foulkrod, Plant Extension Engineer, Michigan Bell Tele-
phone Company, Detroit, Michigan. Meeting to be held at the
Michigan Bell Telephone Auditorium.

Lynn
January 29, 1930. The Mysteries of Science, by Harry C.

White.
Niagara Frontier

January 18, 1930. The Quest of the Unknown, by Professor
Harold B. Smith, President of the A. I. E. E. Hotel Statler,
Buffalo.

February 14, 1930. Problems in Lightning Protection on
Distribution and Transmission Systems, by H. M. Towne,
Lightning Arrester Engineering Dept., General Electric Co.,
Pittsfield, Mass. Meeting at Power House No. 2, Edward Dean
Adams Plant, Niagara Falls, N. Y.

Pittsburgh
January 17, 1930. The Quest of the Unknown, by Professor

Harold B. Smith, President of the A. I. E. E. Dinner meeting,
English Room, Fort Pitt Hotel.

February 11, 1930. Lightning Arrester Developments by E. W.
Beck. Field Investigations of Lightning Phenomena, by J. H.
Cox. (Both of the Westinghouse Elec. & Mfg. Company.)

Toledo
January 15, 1930. Joint meeting of all technical societies and

Toledo Formans Club at the Commerce Club. Dinner. The
Goodyear Rubber Company will have a representative to speak
on Dirigible type of Aircraft.

February 14, 1930. Deion Circuit Breaker, by H. M. Wilcox,
Westinghouse Elec. & Mfg. Company.

FIGURES ON NEED FOR INCREASED LIGHT PLACED
BEFORE NEW YORK SECTION MEMBERS

At the regular monthly meeting of the New York Section of the
Institute held at the Westinghouse Lighting Institute, Grand
Central Palace, New York, N. Y., on the evening of December
18, 1929, an informal committee of engineers of the Section rend-
ered a report which stated that the people of the United States
can use to advantage more than five times as much light as they
are using at present.

That the amount of electric light being used today is only 17
per cent of the minimum recommended level, and but 13 per
cent of the probable level of greatest economic advantage, were
the conclusions of the report on "How Much Light?", the first
ever prepared on the subject, submitted to the meeting by
Frank W. Smith, chairman of the Lamp Committee of the Na-
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tional Electric Light Association, Arthur E. Allen, Vice -President
Westinghouse Lamp Co., and E. E. Free, consulting engineer.
These figures apply only to the indoor lighting of homes, fac-
tories, offices, etc., and take no account of the lighting of streets,
highways, etc.

The report analyzed the light needs of the human eye from the
standpoints of perceiving objects; doing special work, such as
type setting; doing regular productive work in factories; com-
parisons with daylight, for which the eye was created; and
computations from the characteristics of the light perceiving
elements in the retina of the eye.

With data secured in these ways as a basis, the amount of light
needed for each human occupation was determined; then the
needs for the average family, and finally for all the families in the
country.

It was estimated that the present consumption of electricity
for lighting purposes was 20 billion kilowatt-hours a year,
but to secure the probable illumination level of greatest economic
advantage, the consumption at present would be approximately
151 billion kilowatt-hours annually.

"Our present lighting is far too dim to suit the known charac-
acteristics of the human eye," stated the authors of the report.
"If the general illumination level is brought up to that recom-
mended by the data which have been compiled, there will be gains
in comfort, in lessened eye -strain, in economic efficiency, and
In the attractiveness of our homes, offices, etc. A noticeable
step in the right direction will be a very considerable decrease
in glare and all of its undesirable features, because glare is due
in most cases to an effort to overcome by a high local illumina-
tion a too low level of illumination of one's surroundings. By
correcting the general level of illumination, glare will tend to
disappear, just as draughts disappear in a properly heated
and ventilated building."

Following the meeting the Westinghouse Lighting Institute
was thrown open to the inspection of the 500 members and guests
attending.

POWER GROUP HEARS TALKS ON "SYSTEM CONNECTIONS"
Another Very successful meeting of the New York Section

Power Group was held on the evening of Monday, December 9,
1929 at 7:30 p. m. Room 2 in the Engineering Societies Bldg.,
where the meeting was held, was filled to its capacity with the
250 members attending. There were three speakers, each treat-
ing a different phase of the general subject "System Connec-
tions." A. E. Powers of the Westinghouse Elec. & Mfg. Co.,
gave a general conception of stability, both static and transient.
He demonstrated his points very effectively with an ingenious
mechanical model. The second speaker, I. H. Summers of the
General Electric Co., gave a talk on the more commonly em-
ployed schemes of system connection -the ring bus, the syn-
chronizing *bus, double windings, and "synchronized at the
load." The last speaker, T. Maxwell of the United Elec. Lt. &
Pr. Co., gave a résumé of experience with the "synchronized -at
the -load" connection as employed in New York City. A general
discussion followed.

PAST SECTION MEETINGS
Baltimore

Electrification of the Pennsvania Railroad, by J. V. B. Duer,
Electrical Engineer, Pennsylvania Railroad. Discussion
followed. Joint meeting with A. S. M. E. and Engineers'
Club. Dinner preceded meeting. November 15. At-
tendance 300.

Birmingham
What Can the American Institute of Electrical Engineers and

Particularly the Birmingham Section Do for its Members,
by C. 0. Bickelhaupt, Past Vice -President of the A. I. E. E.,
Vice -President of the Southern Bell Tel. & Tel. Co.
Luncheon preceded meeting. November 21.. Attendance 26.

Boston
Electrical Design -15 Mile Fall Development, by E. W. Dillard,

New England Power Association. Illustrated. Discus-
sion followed. November 5. Attendance 250.

Executive Board meeting. Committee appointments announced
Discussion of future Section meetings. November 5.

Chicago
The Quest of the Unknown, by Professor Harold B. Smith,

President A. I. E. E. Illustrated. Joint meeting with
the Western Society of Engineers. Dinner preceded meet-
ing. December 2. Attendance 240.

Cincinnati
Joint meeting with the Engineers' Club in honor of Light's

Golden Jubilee. C. J. Campbell, Westinghouse Lamp
Works, gave a brief analysis of the lighting industry from
its inception to the present time. Demonstrations fol-
lowed. October 17. Attendance 75.

Oliver C. Schlemmer, Ohio Bell Telephone Co., gave a talk on
the important features of the panel type dial telephone
system which has been adopted by the Cincinnati & Subur-
ban Bell Telephone Co. for its central office exchanges.
Illustrated. November 13. Attendance 91.

Cleveland
In the absence of Charles M. Ripley, General Electric Co.,

W. S. Culver delivered the address, Illustrated Review of
Social and Economic Results of Power and Machinery, from
notes written by Mr. Ripley. Illustrated. November 21.
Attendance 54.

Columbus
Magnetic Materials, by T. D. Yensen, Research Dept., Westing-

house Elec. & Mfg. Co. Illustrated. December 6. At-
tendance 35.

Connecticut
Flood Lighting of Large Areas, by Crawford P. McGinnis, Pyle

National Company. Professor W. H. Bristol, President,
Bristol Co., presented pictures of apparatus developed for
sound synchronized moving pictures. Demonstrations
followed. November 19. Attendance 35.

Dallas
New officers introduced. Talk by Vice -President B. D. Hull,

on the Aims of the A. I. E. E. The Trinity Levee Project,
by E. L. Myers, Consulting Engineer. Discussion fol-
lowed. September 17. Attendance 55.

Dance and bridge. November 2. Attendance 126.
Transatlantic Radio Telephony, by J. C. Schelleng, Bell Tele-

phone Laboratories, Inc. Illustrated. Members of the
I. R. E. invited to at tend. November 22. Attendance 152.

Denver
Some Experiences with the Southern California Edison Company

in Connection with the Problems of Transmission Line
Stability, by W. C. DuVall, Professor of Electrical Engineer-
ing, University of Colorado. Illustrations and discussion
followed. Dinner preceded meeting. November 15. At-
tendance 32.

Detroit -Ann Arbor
Power System Planning, by L. W. W. Morrow, Editor, Electrical

World. Dinner meeting accompanied by music and enter-
tainment. November 12. Attendance 250.

Erie
Annual Banquet and Ladies' Night. What Are You Afraid Of?,

by Charles M. Newcomb. Members of Erie Technical
Federation invited. November 19. Attendance 150.

Fort Wayne
The Quest of the Unknown, by Professor Harold B. Smith,

President of the Institute. Illustrated. Professor Smith
also spoke on Institute activities. November. 25. At-
tendance 115.

Ithaca
Dial Telephones, by E. H. Goldsmith, Engineer, New York

Telephone Co. Illustrated. November 22. Attendance 150.
Kansas City

Transatlantic Telephony, by J. C. Schelleng, Bell Telephone
Laboratories, Inc. Recent Developments and Trend in
Turbine Construction, by H. W. Cross, General Electric Co.
Illustrated. Joint meeting with A. S. M. E. and Student
Branches of the University of Kansas and Kansas State
Agricultural College. Refreshments. November 20. At-
tendance 300.
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Lehigh Valley
Inspection trip to the Holland Generating Station of the N. J.

Power & Light Co., preceded by luncheon. The General
Features of Design of the Plant and Mechanical Problems
Which Had to be Solved, by James A. Powell, Designing
Engineer, W. S. Barstow & Co. Electrical Features of the
Plant, by C. R. Kemp, Electrical Engineer of the same
company. Talks by Major Horn and H. G. Harvey.
September 28. Attendance 268.

The Personnel Administration of Coal Mining, by H. S. Gilbert-
son, Lehigh Coal & Navigation Co., Lansford, Pa. Trans-
mission Line Insulation, by R. E. Argersinger, Chief Engi-
neer, Stone & Webster Engg. Corp., Boston, Mass. Illus-
trated. Joint meeting with the Engineers' Society of North
Eastern Penn. October 18. Attendance 184.

Wonders of Sound Transmission, by Sergius P. Grace, Assistant
Vice -President, Bell Telephone Laboratories, Inc. Joint
meeting with the A. I. E. E. Student Branch and the Engi-
neers' Club. November 15. Attendance 813.

Los Angeles
Recent Developments in Wax Recording, by H. A. Frederick, Bell

Telephone Laboratories, Inc. Illustrated. Dinner pre-
ceded meeting. November 19. Attendance 110.

Louisville
Continuous Refrigeration Process, by Clarence Vogt, Girdler

Corporation. P. Hollenbach of the Frozen Pure Ice Cream
Co. explained the apparatus in his plant, which was followed
by an inspection of the same. Joint meeting with A. S. M. E.
November 12. Attendance 65.

Madison
The Quest of the Unknown, by Professor Harold B. Smith,

President A. I. E. E. Illustrated. Meeting preceded by
dinner. November 29. Attendance 66.

Milwaukee
The Quest of the Unknown, by Professor Harold B. Smith, Presi-

dent of the Institute. Illustrated. Professor Smith also
discussed Institute activities. November 26. Attendance
175.

Minnesota
The Quest of the Unknown, by Professor Harold B. Smith, Presi-

dent, A. I. E. E. Illustrated. November 27. Attendance
145.

Oklahoma City
Get -Together and Smoker. Adoption of By -Laws. Committee

appointments announced. Vice -President B. D. Hull
spoke on the activities of the Section. Film -"Trans-
formers." November 6. Attendance 37.

Transatlantic Radio Telephony, by John C. Schelleng, Bell
Telephone Laboratories, Inc. November 21. Attendance
195.

Philadelphia
Turbine Electric Drive for Merchant Vessels of Major Importance,

by Frank V. Smith, General Electric Co., Schenectady, N. Y.
Illustrated. November 18. Attendance 100.

Electrical Engineering of Sound Pictures, by Dr. F. L. Hunt.
Sound Picture Laboratory, Bell Telephone Laboratories,
Inc. Illustrated. December 9. Attendance 450.

Pittsburgh
What's Coming in Aviation, by W. B. Stout, Stout Metal Airplane

Co., Division of Ford Motor Co. Detroit, Michigan. Joint
meeting with the Engineers' Society of Western Pennsyl-
vania and Pittsburgh Aero Club. November 19. At-
tendance 365.

Pittsfield
Across Asia's Snows and Deserts, by J. Clarke, Assistant Direc-

tor, American Museum of Natural History. Illustrated.
Informal dinner preceded meeting. November 5. At-
tendance 873.

Super -Speeded Speech, by John B. Taylor, Consulting Engineer,
General Electric Co. Members of the Springfield Section
and Engineering Society of Western Massachusetts present.
Dinner preceded meeting. November 19. Attendance 650.

How the Underworld Affects our Lives, by Jack Black. Previous
to the meeting Mr. Black was entertained at dinner.
December 3. Attendance 621.

Portland
Some Public Utility Merchandising Problems, by V. H. Moon,

Pacific Power & Light Co.;
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Kilowatt-hour Sales, by J. C. Plankington, Northwestern Electric
Co. Illustrated. Buffet lunch followed the meeting. No-
vember 26. Attendance 84.

Providence
Automatic Switching, by Thomas A. Barry, General Electric Co.

J. W. Young, Narragansett Electric Co., and E. S. Esty,
Blackstone Valley Gas & Elec.Co., outlined briefly the
various automatic substations of their respective companies.
Inspection trip and dinner followed. November 12. At-
tendance 60.

Rochester
Ultra High Frequency Transmission and Reception, by A. Hoyt

Taylor, Naval Research Laboratory;
Television with Cathode Ray Tube for Receiver, by V. Zworykin,

Westinghouse Elec. & Mfg. Co. Joint meeting with the
I. R. E. November 18. Attendance 235.

Modern Safety Methods in Spillway Dam Design, by Carl C.
Cooman, Rochester Gas & Elec. Co. This lecture preceded
an inspection trip to the hydraulic laboratory of the Roches-
ter Gas & Elec. Co. to witness a demonstration of tests on
the model of a dam. Joint meeting with the Rochester
Engineering Society and local Section American Society of
Civil Engineers. December 6. Attendance 79.

St. Louis
Transatlantic Radio Communication, by J. C. Schelleng, Bell

Telephone Laboratories, Inc. Illustrated. Resolution
passed to send letter of condolence to the family of the late
Walter H. Milian. November 19. Attendance 73.

San Francisco
All -day excursion to the Benicia Arsenal as guests of the War

Department, with other San Francisco technical societies.
Luncheon furnished by the Benicia Chamber of Commerce.
Address by Major General David P. Barrows, ex -President
of the University of California. September 19. At-
tendance 155.

Russia as Seen by a Western Engineer, by Joseph S. Thompson,
President, Pacific Electric Manufacturing Co.;

Contemporary European Engineering, by L. E. Reukema, As-
sociate Professor of Electrical Engineering, University of
California. Dinner preceded meeting. October 25. At-
tendance 145.

Chain Broadcasting, by Donald I. Cone, Transmission & Protec-
tion Engineer, The Pacific Tel. & Tel. Co., and Don E.
Gilman, Vice -President, National Broadcasting Co. Dinner
preceded meeting. November 21. Attendance 74.

Schenectady
Super -Speeded Speech, by J. B. Taylor, General Electric Co.

Illustrated. November 15. Attendance 250.
Seattle

.4 pplications of Electricity on Farms, by Glen Cushing, Puget Sound
Power & Light Co., and Indirect Lighting, by Lyman D.
Morgan, Pittsburgh Reflector Co. Talk by A. F. Darland
on the work of the Membership Committee. November 19.
Attendance 48.

Sharon
The Quest of the Unknown, by Professor Harold B. Smith, Presi-

dent of the Institute. Illustrated. Film, "Hydroelectric
Power Production in the New South" preceded the lecture.
Professor Smith entertained at dinner before the meeting.
October 31. Attendance 134.

Springfield
Announcements regarding National and District prizes. John

Newton spoke briefly on the objects of the A. I. E. E. and
urged those present to secure new members. Address by
F. C. Barton, Radio Engineering Dept., General Electric
Co., on sound pictures, illustrated with films and slides.
November 12. Attendance 114.

Toledo
Applications of Electricity to the Manufacture of Brass, by C. F.

Anderson, American Brass Co. Film, "Mine to Consumer"presented. November 15. Attendance 50.
Meeting conducted by Messrs. Green, Webb, and Gildersleeve

of the Standard Underground Cable Co. Mr. Gildersleeve
described the Type H cable. and temperature tests made
underground. Discussion followed. November 23. At-tendance 36.
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Toronto
Professor R. W. Angus spoke on his recent trip to Europe, giving

interesting accounts of European developments in the field
of hydraulic engineering. Illustrated. Joint meeting with
the Engineering Institute of Canada, Toronto Branch, and
Ontario Section of the A. S. M. E. November 7. At-
tendance 250.

W. J. Moulton -Redwood gave an address on New Zealand, its
geography, scenery, the habits and customs of its native
inhabitants, all being illustrated with slides loaned through
the courtesy of the New Zealand Government. November
22. Attendance 58.

Utah
New Source of Ultra -Violet Rays, by Edward A. Evans, Westing-

house Lamp Co. Two -reel film-"Hydroelectric Power
Production in the New South." November 11. At-
tendance 21.

Washington
Modern Control for Traffic Signals, by K. W. Mackall, Crouse -

Hinds Co. Dinner preceded meeting. November 12.
Attendance 111.

Worcester
Future Possibilities of Lighter -Than -Air Craft, by B. R. Jacobs,

Goodyear Tire & Rubber Co. November 20. Attendance
200.
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STUDENT ACTIVITIES AT CHICAGO DISTRICT MEETING

MONDAY MORNING SESSION

The first session of the District Meeting held in Chicago,
December 2-4, 1929, was devoted to a discussion of Branch
activities. Professor W. T. Ryan, Vice -President, Great Lakes
District No. 5, called the meeting to order and presided during
the transaction of a few items of business.

Professor L. S. Foltz, Counselor, Michigan State College
Branch, was elected to fill the vacancy on the executive com-
mittee of the District Committee on Student Activities caused
by the resignation of Professor A. N. Topping. Professor F. A.
Fish, Counselor, Iowa State College Branch, was elected as the
incoming member of the committee. Professor F. A. Rogers,
Counselor, Lewis Institute Branch, being the senior member
of the executive committee, will become chairman on August 1,
1930. H. E. Wulfing, Commonwealth Edison Company, is to
continue as the practising engineer member of the executive
committee.

Vice -President Ryan then turned the meeting over to Professor
J. H. Kuhlmann, Counselor, University of Minnesota Branch
and Chairman of the District Committee on Student Activities.
Reports of the activities of their respective Branches were pre-
sented by the Chairmen of all the fifteenBranches in the District.

Previous to the opening of the program, the following judges
had been appointed to award a prize of $10.00 to the Student who
presented the best report: Professor W. S. Rodman, Vice -Presi-
dent, District No. 4, H. E. Wulfing, practising engineer member
of executive committee of the District Committee on Student
Activities, and H. H. Henline, Assistant National Secretary.
The judges were unanimous in the decision to award the prize
to E. G. Conroy, Chairman of the University of Notre Dame
Branch.

Upon the request of the Chairman, H. H. Henline, Assistant
National Secretary, reported beiefly upon the proposed plan for
encouraging enrolled Students to become Associates immediately
after the expiration of their enrolment. After a thorough dis-
cussion, the Committee on Student Activities approved the
general plan proposed.

TUESDAY AFTERNOON SESSION

The efforts of the Committee on Student Activities to secure
student papers for presentation at the District meeting resulted
in the receipt of thirteen papers which were presented at the
Tuesday afternoon session, at which Professor J. H. Kuhlmann
presided. The complete program of this session is given below:
Relation between the Branches and the Institute, by H. H. Henline,

Assistant National Secretary.
Determination of the Temperature of Underground Power Cables

from Load, by J. E. Dean, Michigan State College Branch.
Electricity on a Modern Ocean Liner, by Clement J. McDonald,

Armour Institute of Technology Branch.
Electric Power Transmission in Iowa, by Ellis M. Ellingson, The

State University of Iowa Branch.

Personnel Selection in a Public Utility, by Alois Altstadt, Mar-
quette University Branch.

Headlight Testing, by John C. Newhouse, University of Minne-
sota, Branch.

A Discussion of the Recent Public Utility Investigation at Washing-
ton, by Edward G. Conroy, University of Notre Dame
Branch.

Mercury Arc Rectifiers, by Willard L. Taylor, Lewis Institute
Branch.

Methods of Teaching Engineering, by Rocco D. Perone, University
of Notre Dame Branch.

Cooperative Engineering Education, by R. J. Abele and F. J.
O'Keefe, University of Detroit Branch.

Testing of Reduction Gear Units, by George Mauer, Marquette
University Branch.

Recent Trends in Stage Lighting Control, by Gordon Dahlem,
Marquette University Branch.

Experience with the Single -Phase Condenser Motor, by Stanley
Burgduff, Marquette University Branch.

A Summer with Western Electric Company, by Lewis H. Austin,
Iowa State College Branch.

The Students showed a keen interest in their subjects and
appreciated the opportunity of presenting and discussing their
papers at the District Meeting.

MEETING IN DISTRICT NO. 4

TECHNICAL SESSION

The third annual meeting in District No. 4 for the discussion
of student activities and the presentation of student technical
papers was held at the University of Virginia, Charlottesville,
November 29 and 30, 1929. Following the registration on Friday
morning and a luncheon at University Commons, the first
session was held at 2 p. m. with Professsor W. J. Seeley, Chair-
man, District Committee on Student Activities, presiding.
The following program was presented:
Welcome for A. I. E. E. Professor W. S. Rodman, Vice -Presi-

dent, Southern District (No. 4), and Counselor, University
of Virginia Branch.

Power Progress, by J. R. Gilbert, Georgia School of Technology
Branch.

The Electrical Engineering College Graduate and Life, by W.
Farrell Barksdale, Chairman, Mississippi A. and M. College
Branch.

The Theory and Application of the High Frequency Furnace, by
David Lawrie, University of Florida Branch. (Second
Prize)

The Saluda River Project, by Gerald H. Preacher, Chairman,
University of South Carolina Branch. (First prize).

Cooperative Method of Engineering Education as Applied at the
University of Louisville, by Hardin T. Clark, Chairman,
University of Louisville Branch.
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The Ricer Broil Ste um Station, by J. II. Nichols, North Carolina
State College liraneh. (Third Prize).

The Measurement el Heat Transfer Throteyh 114sulatiny Materials,
by A. W. Payne, University of Florida Branch.

The first., second, and third prizes of $25.00, $15.00, and $10.00,
respectively, wore awarded as indicated above. The prizes
were the results of joint contributions of the five Sections in
District No. 4, and the W. S. Lee Engineering Corporation.

The seven papers named above were selected from eleven
which had been previously submitted. The students showed an
unusual amount of interest in this program, and the presentation
and discussion of a number of the papers were excellent.

CONFERENCE ON STUDENT ACTIVITIES

In the evening, a dinner for Counselors and Branch Chairmen
was held at the Monticello Hotel, and this was followed im-
mediately by the annual Conference on Student Activities with
Professor W. J. Seeley presiding.

The subjects named below were presented:

Report of Counselor Delegate to Swampscott, Mass., Conven-
tion -Professor W. J. Seeley, Chairman, Committee on
Student Activities, District No. 4.

Selection of Branch Papers for Presentation at A. I. E. E. Con-
ferences -Introduced by Professor T. F. Ball, Counselor,
University of South Carolina Branch.

Recommended Programs for Regular Meetings of Branches -
Introduced by Professor L. L. Patterson, Counselor, Mis-
sissippi A. and M. College Branch.

The Question of Freshmen and Sophomore Membership in Local
Branches -Introduced by Professor 'S. R. Rhodes, Coun-
selor, Clemson College Branch.

Methods of Getting Students to Write Papers -Introduced by
Professor W. W. Hill, Counselor, Alabama Polytechnic
Institute Branch.

Branch Attendance at Meetings to be Addressed by President
Smith in February and March -Introduced by Professor
W. S. Rodman, Vice -President, District No. 4.

All Branches in the District except one were represented at
this conference, and' the Branch Chairmen took an unusually
keen interest in the 'discussion of the subjects presented. The
Chairmen carried on a large part of the discussion.

In the discussion of Professor Ball's topic, considerable em-
phasis was placed upon the desirability of a thorough discussion
of means of increasing the interest of Students in the Institute,
and also the importance of distinguishing properly between the
two types of meetings; namely, the Conference on Student
Activities, and the Student Technical Session.

After a thorough discussion of freshmen and sophomore mem-
bership in Branches, the following resolution was adopted:

We believe that it is of real benefit to the engineering
student to early come into contact with the practical side
of his chosen profession, and therefore, we believe that
students of the Freshmen and Sophomore classes should be
encouraged to attend the meetings of the local Branches of
the National Engineering Societies.

In this discussion the fact was brought out that the sophomores
who attended Branch meetings are usually among the most active
members in their junior and senior years.

It was decided that the next Student Activities Meeting will
be held in Louisville in connection with the District Meeting in
November' 1930, and that the Counselor of the University of
Louisville Branch at that time should be Chairman of the
District Committee on Student Activities.

Saturday morning was devoted to an inspection trip to Monti-
cello, the birthplace of Thomas Jefferson who founded the Uni-
versity of Virginia.

PAST !MANCH mr.rrirms
Alabama Polytechnic Institute

N/, tch of Life. at ROTC Camp, by Secretary O.'1'. Allen. Chair-
1111111 'I', S. Winter spoke on his trip to the Eta Kappa N
( ention at the 'University of Illinois. November 14.
Attendance

D. 0. Baird, Student, explained his trip to the E. C. M. A. CT::
vention at I University. November
tendanee 24.

Professor W. W. 11 ill, Counselor, and Chairman T. S. Winter
explained the Student Convention at Charlottesville.
December 5. Attendance 19.

University of Arizona
Electric Burglar Alarm, by George Walton, Student; and
Summer Experiences with 7'ucson Gas & Electric Co., by C. Wilcox,

Student. October 4. Attendance 13.
Magnetic Nail Picker for Highways, by Fred Denny, Student; and
Magnetic Alloys of Iron, Nickel, and Cobalt, by Itoy Gear,

Student. October 11. Attendance 13.
Street Railways, by John McBride, Student; and
Screen Grid Vacuum Tubes, by Kenneth Kelton, Student.

October 18. Attendance 13.
Film -"Story of Anaconda." October 25. Attendance 121.

Armour Institute of Technology
The Fundamental Unit in the Electric Utility Field, by Alex. D.

Bailey, Commonwealth Edison Co. Joint meeting with
A. S. M. E. Branch. November 15. Attendance 74.

Brooklyn Polytechnic Institute
Three -reel film-"Conowingo Hydroelectric Development."

November 13. Attendance 80.

Buckn el I University
Demonstration of Tesla Coil and various gas filled tubes by

Professor Irland. November 20. Attendance 49.

California Institute of Technology
Engineering Progress in the Last Twenty -Five Years, Especially in

Southern California, by H. H. Cox, Los Angeles Bureau of
Power and Light. Luncheon preceded meeting. November
19. Attendance 34.

University of California
History and Present Development of Short Wave Radio Communi-

cation, by W. G. Wagener, Research Engineer, Federal
Telegraph Co.; and

Résumé of Recent Hetch Hetchy A. I. E. E. Trip and Brief Descrip-
tion of the Project, by R. W. Hollis, Jr., Student. Illustrated.
Refreshments. November 20. Attendance 33.

Carnegie Institute of Technology
The Problems of an Industrial Control Engineer, by R. L. Allewelt,

Sales Engineer, General Electric Co. Illustrated. De-
cember 11. Attendance 36.

Case School of Applied Science
Mr. Merrill, N. E. L. A., gave an illustrated talk on illumination

in the home. Dinner preceded meeting. November 19.
Attendance 32.

University of Cincinnati
X -Rays, X -Ray Tubes, and their Uses, by E. B. Graves, Kelley-

Keott Co., Covington, Ky. Illustrated. Refreshments
served. November 20. Attendance 30.

Clarkson College of Technology
Committee reports presented. Discussion of future activities.

November 12. Attendance 19.
Inspection trip to the Aluminum Plant at Massena, N. Y., where

the largest converter station in the world is located.
November 19. Attendance 19.

Inspection trip to the Aluminum Plant at Massena, N. Y.
November 21. Attendance 22.

Clemson Agricultural College
Radio Tests to Eliminate Fading, by J. J. Butler, Student;
How Engineers View Life, by J. M. McPherson, Student;
Cab Signals for Railroad Signaling, by D. R. Bostick, Student;
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Current Events, by C. V. Rentz, Student; and
The life of Thomas A. Edison, by W.M. Estes, Student. Illustrated.

John Klenke outlined the possibilities for college men in the
General Electric Co. November 21. Attendance 54.

Arc Welding in Building Construction, by E. C. Byrd, Student;
Reliability of 220 Kilovolt Transmission Lines, by W. D. Craig,

Student;
World's Largest Transformer, by H. W. Dorset, Student; and
Report of Student Conference, by G. W. Sackman. Student.

Luncheon. December 5. Attendance 25.

Colorado Agricultural College
Characteristics that make for Success, by Dean S. Arthur Johnson.

November 25. Attendance 12.
University of Colorado

The Engineering Features of the Boulder Dam, by H. F. McPhail,
Electrical Engineer, U. S. Reclamation Bureau. Illustrated.
Discussion followed. Film -"Driving the Longest Railroad
Tunnel in the Western Hemisphere." November 20.
Attendance 62.

Experiences at Westinghouse, by Bryan R. Burke, Student;
Electrical Standards in Public Utility Work, by Paul Shelton,

Student. Illustrated. Inspection trip through Professor
C. M. McCormick's Standardizing Laboratory. December
4. Attendance 38.

Cooper Union
Some Side -Lights on Communication, by C. F. Farnell, Curator,

Bell Telephone Laboratories Museum. November 20.
Attendance 47.

Cornell University
Railway Signaling, by R. M. Shumway, Student; and
Sound Pictures, by C. Breen, Student. Refreshments. Novem-

ber 15. Attendance 38.
University of Denver

The Latest Developments in the Electrical Industry, by William
Hooper, Westinghouse Electric & Mfg. Co. November 13.
Attendance 24.

Dr. James L. Trayon, Massachusetts Institute of Technology,
spoke on the graduate courses offered at M. I. T. Novem-
ber 25. Attendance 45.

University of Detroit
General Principles of the Street Car, by A. C. Colby, Supt. Equip-

ment Dept., Detroit Street Railways. Luncheon at Peter
Pan Restaurant. November 7. Attendance 50.

Relation of Biology to Engineering, by Dr. R. A. Muttkowski,
Head of Biology Dept.;

Induction Motors in Industry, by Norman S. Yost, Howell Electric
Co., Howell, Mich.;

Film -"Modern Manufacturing with the Stable -Are Welder."
Joint meeting with the University of Detroit Engineering
Society and the Society of Chemical Engineers. Refresh-
ments. November 18. Attendance 250.

Reports on the Chicago District meeting, by Professor Harry 0.
Warner, Head of Electrical Engineering Department, and
R. F. Abele and W. F. Haldeman, Students.

Films-"Eleetrical Transmission of Speech" and "Pictures by
Wire." December 5. Attendance 55.

Drexel Institute
Talking Motion Picture Machinery, by Jack T. Seiler, Student;

and
Railroad Electrification, by Edwin K. Cliver, Student. December

2. Attendance 20.
Duke University

Branch activities discussed. Three Students discussed papers
presented at Student meeting in Charlottesville. December
10. Attendance 16.

University of Florida
Short Wave Radio, by D. C. Trafton, Student; and
Graduation -Then What?, by F. H. Worthington, General

Electric Co. Entertainment and smokes. December 2.
Attendance 28.

Georgia School of Technology
Film -"Wizard of Wireless." Lee B. Mann, Branch Chairman,

spoke on the advantages of Student enrolment. November
5. Attendance 55.

State University of Iowa
Election of officers. September 25. Attendance 3.
Hydrogen Cooling of Motors and Generators, by P. G. Arvidson,

Student;
Internal Combustion Engines in Railroad Service, by E. R. Arvid -

son, Student; and
Muscle Shoals Project, by D. Cozine, Student. October 2.

Attendance 31.
Railway Signal Line, by E. G. Dunn, Student; and
lighting Arrangements to Stretch the Sporting Day, by J. D.

Fitzgerald, Student. October 9. Attendance 23.
Iowa's Electric Transmission Lines and Plants, by E. M. Elling-

son, Student. October23. Attendance 30.
Film -"Principles of Magnetism"-Part One
Telephone Circuits, by W. W. Elwell, Student; and
Keokuk Power Plant, by R. K. Hemphill, Student. October 30.

Attendance 35.
Talk by Vice -President Guernsey of the American Tel. & Tel. Co.

Joint meeting of all engineering societies. November 6.
Film -"Principles of Magnetism" -Part Two
Transformer Oils, by B. F. Gibney, Student;
Neon Gas, by 0. B. Hathaway, Student; and
Purpose of A. I. E. E., by T. F. Taylor, Branch Chairman.

November 13. Attendance 30.
Film -"Principles of Electrostatics"
Applications of Neon Gas, by L. L. Halets, Student. November

20. Attendance 33.
Talking Movies, by D. Jenkins, Student. November 27. At-

tendance 33.
University of Kansas

Transatlantic Telephony, by J. C. Schelleng, Bell Telephone
Laboratories, Inc.;

Recent Development and Trend in Turbine Construction, by H. R.
Cross, General Electric Co., Chicago. Joint meeting with
A. S. M. E. Branch. November 20. Attendance 250.

University of Kentucky
Professor W. E. Freeman, Counselor, spoke on the Theremin, a

musical instrument played by waving the hands over two
coils. Chairman W. F. Steers spoke on the aims of the
Institute. November 12. Attendance 44.

Lehigh University
New Materials and Devices that have Affected the Art of Communi-

cation, by Sergius P. Grace, Assistant Vice-President, Bell
Telephone Laboratories, Inc. Demonstrated. Joint meet-
ing with Lehigh Valley Section and Engineers Club.
November 15. Attendance 800.

Lewis Institute
John B. Holmberg, Holmberg Air Mapping Co., gave a lecture

on aerial photographic surveys. Photographs exhibited.
November 15. Attendance 85.

Louisiana State University
Election of officers. November 21. Attendance 22.
Fred H. Fenn, Chairman, spoke on his trip to the Student

Convention at Charlottesville. December 2. Attendance 22.

University of Louisville
Messrs. Talcott and Lips, Students, spoke on Chain Broadcasting

and Diverter Pole Generators, respectively. November 14.

Marquette University
Branch activities discussed. Mr. Gates, Graduate Student,

spoke on standardization of electrical machinery at the
Allis-Chalmers Mfg. Co. November 7. Attendance 56.

Massachusetts Institute of- Technology
Inspection trip to the Lynn Works of the General Electric Co.

November 12. Attendance 60.
An Introduction to the Bell System and Its Work, by J. H. Bigelow,

New York Telephone Co. Motion pictures and slides pre-
sented. Dinner meeting. November 22. Attendance 306.
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Michigan State College
Business meeting. November 21. Attendance 17.

University of Michigan
Pioneering Railroad Electrifications, by N. W. Storer. Talks by

Professor A. D. Moore, and A. M. Dudley, Engineering
Supervisor of Development, Westinghouse Elec. & Mfg.
Co. November 18. Attendance 120.

Human Problems in Corporate Industry, by C. E. Eveleth, Vice -
President General Electric Co. December 2. Attendance
100.

School of Engineering of Milwaukee
Meeting to celebrate Edison's Golden Jubilee and the Tenth

Anniversary of the A. I. E. E. Student Branch. Dr. J. D.
Ball gave an informal chat on the life and achievements of
Edison. Refreshments and entertainment. October 21.
Attendance 303.

Mississippi A. & M. College
Film -"The Single Ridge". November 21. Attendance 20.

Montana State College
A Change in the Power Distribution System of Bozeman, by E.

Fitzstephens, Student;
Handling 54 Messages an Hour on the World's Fastest Liner, by

Wm. F. Matthews, given by Norman Hovey, Student;
The Electrification of a Large Gold Mine, by J. F. Wiggert, given

by Carl F. Hollensteiner, Student. November 14. At-
tendance 154.

Recent Developments in the Talking Movies, by C. R. Hanna,
given by William McKay, Student;

Paper Insulation on Transformer Conductors Increases Quality,
by E. G. Reed, Westinghouse Elec. & Mfg. Co., given by
Paul 0. Koetitz, Student;

Diesel Electric Passenger Locomotive for the New York Central
Railway, by S. T. Dodd, given by Mr. Micka, Student.
November 21. Attendance 159.

Electric Melting Improves Cast Iron, from Electrical World, given
by Erwin F. Sauke, Student;

Number Nine Thousand, from World's Work, given by Arthur
Shelden, Student; and

An Ammeter for Motor Starting Currents, by H. B. Smith, West-
inghouse Elec. & Mfg. Co., given by Roy W. Ryden, Student.
December 5. Attendance 159.

University of Nebraska
Three -reel film -"Arc Welding." A Talk on a Technical Ques-

tion, by Darrell Schneider, Branch Chairman. November
20. Attendance 22.

Film, "Hydroelectric Power Production in the New South."
Talk by Dr. E. B. Roberts, Educational Dept., Westing-
house Elec. & Mfg. Co. outlining the qualifications neces-
sary for the various divisions of engineering, and the
opportunities for the engineering graduate in his chosen
field. Joint meeting with A. S. M. E. Branch. December
4. Attendance 84.

Newark College of Engineering
Joseph Allan, Bendix Aviation Corp., spoke on electrical equip-

ment of airplanes. December 2. Attendance 27.
College of the City of New York

Inspection trip to the Southwark Mfg. Co., Philadelphia, Pa.
and the Baldwin Locomotive Works, Chester, Pa. Novem-
ber 22. Attendance 52.

Inspection trip to the Holophane Co., N. Y. C. Lectures by
Messrs. Tuck and Dixon on the various phases of illumina-
tion. December 4. Attendance 21.

New York University
Talk by Mr. Prebble, Vice -President and Chief Engineer,

Mechanical Handling Systems, Detroit, on the application
of all types of conveyors to manufacturing processes. Illus-
trated. Talk by a representative of Spencer Lens Co.,
Buffalo, on the Delineascope, which is a new type of pro-
jector for slides. Discussion of Branch activities. Novem-
ber 25. Attendance 46.

North Carolina State College
Banquet. Activities of A. I. E. E. and Norwood Plant and other

Hydroelectric Plants, by F. M. Nash, Supt., Norwood Plant,
Carolina Power & Light Co. November 19. Attendance 48.

River Bend Steam Station, by J. H. Nichols. This paper
received third prize when presented at the Student Conven-
tion at Charlottesville. H. W. Homey, Branch Chairman
gave a report of the Student Convention. Decembr 3.
Attendance 34.

University of North Carolina
Illustrated talks by six students on the projects inspected while

attending the student meeting in Charlottesville. November
21. Attendance 27.

University of North Dakota
Talk on Western Electric Sound Pictures and summer experiences

at the Western Electric Co. by John S. McKechnie. No-
vember 13. Attendance 13.

New Methods of Protecting Telephone Wires from Lightning and
Power Arc Follow -Up, read by Mr. Nelson of the North-
western Bell Telephone Co. Demonstrated. November
20. Attendance 33.

Three -reel film-"Conowingo Hydro -Electric Plant." Decem-
ber 4. Attendance 43.

University of Notre Dame
The Life of Michael I. Pupin, by Clarence Klein, student.
The National Broadcast Chains, by D. A. Ransom, American

Tel. & Tel. Co., Detroit. Illustrated. Joint meeting with
Engineers' Club. Refreshments and smokes served. No-
vember 18. Attendance 217.

Ohio Northern University
Reclaiming Rubber and Power Used, by H. A. Leatherman,

Student; and The Use of Turbo -Electric Drive in Ships, by
P. D. Luikhart, Student. November 7. Attendance 29.

Ohio State University
New Deion Circuit Breaker, by H. L. Rawlins, Graduate Student.

Discussion followed. Dinner preceded meeting. Novem-
ber 21. Attendance 25.

Ohio University
Election of officers. November 13. Attendance 16.

Oklahoma A. & M. College
Film -"The Single Ridge." November 14. Attendance 65.
Two films -"Hydroelectric Power Production in the New

South," and "New York's Newest Subway." December
3. Attendance 45.

University of Oklahoma
The Engineering of Buttons, by Elden M. Curry, Student. Dis-

cussion of plans for future meetings. Music and enter-
tainment. November 18. Attendance 24.

Oregon State College
Professor F. 0. McMillan, Counselor, spoke on Student enrol-ment in the Institute. Ben Griffith, Branch President,

related experiences at the Pacific Coast Convention. Com-
mittee appointments announced. October 9. Attendance 40.

Electrolysis Survey of Telephone Cables in Portland, by A. L.
Albert, Instructor in Electrical Engineering. Discussion
of plans for future meetings. November 11. Attendance
28.

University of Pittsburgh
The Relation of Ohm's Law to Human Behavior, by C. S. Coler,

Manager, Educational Dept., Westinghouse Elec. & Mfg.
Co. Film -"Movie Nit e". Refreshments and music.
November 7. Attendance 60.

Professor H. E. Dyche, Counselor, gave a talk for the benefit ofthe freshmen. November 7. Attendance 73.
Transatlantic Communication, by Guy McCracken, Student.

Mr. Curtiss, Radio Engineer, Westinghouse Elec. & Mfg.
Co. gave a short explanation of the new type radio. Novem-ber 14. Attendance 69.

On the Bottom, by F. C. Rankin, Student. November 21. At-
tendance 68.

Princeton University
Photoelectric Cells, by W. R. MacNamee, Graduate Student.

Discussion of the electrification of the Pennsylvania Railroad
System between New York and Philadelphia. November21. Attendance 6.
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Purdue University
Power Systems in Central America, by S. Q. Hayes, Westinghouse

Electric & Mfg. Co. Illustrated. November 21. At-
tendance 100.

Engineering Appraisals, by W. Y. Armstrong, American Ap-
praisal Co. November 26. Attendance 25.

Rhode Island State College
Film -"Power." November 20. Attendance 125.
Electrification of Railroads, by Oust Verros. Discussion of plans

for smoker. December 5. Attendance 18.

Rose Polytechnic Institute
The Development of a Pleasing Personality, by J. R. Gibbons, Stu-

dent. Discussion followed. November 25. Attendance 29.

Rutgers University
Internal Combustion Engines in Railroad Service, by F. C. Wegel,

Student; and
High Voltage Phenomena During 7'hunderstorms, by F. P. Fisher,

Student. October 22. Attendance 20.
Conveyors as an Aid in. Industrial Productive Processes, by Nor-

man H. Preble, Vice -President and Chief Engineer, Me-
chanical Handling Systems, Inc. Joint meeting with
the A. S. M. E. Branch and A. S. C. E. Chapter. November
5. Attendance 22.

University of South Carolina
Radio Communication for Railways, by Professor T. F. Ball,

Counselor. Film-" The Cascade Tunnel." November S.

Attendance 30.
Talk on the General Electric Test Courses, by J. K. Persons,

General Electric Co. November 15. Attendance 35.

Film -"Hydroelectric Developments." Discussion of student
meeting at the University of Virginia. December 1. At-
tendance 20.

South Dakota State School of Mines
Discussion of plans for annual frolic. November 21. Atten-

dance 22.
University of South Dakota

Abolishing Traffic Intersections without Grade Separation, by
Carl Bauman, Student. October 7. Attendance 7.

Film -"Modern Manufacturing with a 'Stable Are' Welder."
October 31.

The Golden Jubilee of Light, by Myron Cole. November 4.
Attendance 9.

University of Southern California
I. L. Bateman, Graduate Student, spoke on his experiences

while connected with the Bell Telephone Laboratories, Inc.
November 13. Attendance 33.

Telephone Interference, by Ted Blakesley, Graduate Student.
November 20. Attendance 38.

Southern Methodist University
Business meeting. November 20. Attendance 18.
Plans for future meetings discussed. November 26. Atten-

dance 13.
Transmission over Cable, by H. P. Lowther, Transmission Dept.,

Southwestern Bell Telephone Co. December 4. Atten-
dance 14.

Stanford University
Illustrated talk by Mr. Bridges, Westinghouse Elec. & Mfg. Co.,

on the common types of Westinghouse meters. A. W.
Copley commented on the development of meters.
November 13. Attendance 28.

Swarthmore College
Election of officers. Rectifiers, by G. B. Hoadley, Student; and
Power Factor Correction, by D. C. Haskell, Student. October 18.

Attendance 26.
The following papers presented by Students:
Development of Radio Loud Speaker, by L. E. Jewett
Analysis of Indicator Cards, by P. C. Smith

Otto and Diesel Cycles, by R. Lamey
Transmission of Power by Belts, by L. Rushmore
Recent Developments in the Uses of Natural Gas, by R. Battin.

November 22. Attendance 31.
Syracuse University

The Romance of High -Voltage Transmission, by Charles W.
Riley, Student. Illustrated. November 19. Attendance 9.

Street Railway Practise, by D. A. MacGregor, Student. Novem-
ber 25. Attendance 10.

Main Line Electrification, by Robert Fitzgerald, Student.
December 2. Attendance 10

The Klydonograph, by 0. Belayeff, Student. December 9.
Attendance 20.

University of Tennessee
Film -"The Paths of Progress." Illustrated talk by J. F.

Hazencamp, Student, on Television. Report of the Senior
Power Plant Surrey, by T. B. Elam, Branch Chairman.
November 19. Attendance 28.

University of Texas
The Life of Edison, by Clark Blankenship, Student. Illustrated.

Joint meeting with the A. S. M. E. Branch and A. S. C. E.
Chapter. October 21. Attendance 100.

Some Modern Telephone Toll Cables, by Professor J. W. Ramsey,
Electrical Engineering Dept. Illustrated. October 24.
Attendance 20.

University of Utah
Business meeting. November 19. Attendance 13.
7'hc Relation of Electrical Engineering to the Telephone Industry,

by Henry W. Oddie, Transmission Engineer, Mountain
States Tel. & Tel. Co. November 26. Attendance 27.

University of Vermont
The History of the Incandescent Lamp, by R. A. Daily, Student.

October 15. Attendance 15.
Sound Recording and Reproduction, by R. H. Jeffrey, Student.

Illustrated. October 29. Attendance 16.
Virginia Military Institute

The Electrification of Brick Plants, by D. B. McKenzie, Student;
Coal Mining in Southern West Virginia, by J. T. Walker, Student;
Diesel Power Plants, by W. B. Miller, Student; and
The Application of Electricity to Lumber Industry, by C. B.

Johnson, Student. November 22. Attendance 48.

University of Washington
Biography of Nikola Testa, by J. M. Nelson, Student. Novem-

ber 8. Attendance 23.
General discussion. November 15. Attendance 40.
Where Do We Go from Here?, by L. W. Ross, Personnel Dept.,

Pacific Tel. & Tel. Co. November 22. Attendance 34.

Washington University
Recent Electric Developments in South America, by S. Q. Hayes,

Westinghouse Elec. & Mfg. Co. Illustrated. November
20. Attendance 39.

West Virginia University
The following papers were presented by Students: Ammeters for

Starting Motors, by H. W. Unger; Progress and Success of
Electrical Engineering, by H. 0. Webb; Influence of Tem-
perature on Large Commutator Operation, by D. B. Spangler;
Radio Interference Problem, by S. B. Wolfe; The Electric Dog,
by M. Suppa; Electrolytic Rectifiers, by F. E. Houck; Effect
of Magnetic Particles on Insulation, by J. I. Steele; Locating
Rail Cancers, by C.F. Stewart. November 18. Attendance 46.

Worcester Polytechnic Institute
Summer experiences reviewed by Messrs. Albert M. Goodnow,

Eugene C. Center, and Allen G. Hall, Students. November
19. Attendance 19.

Yale University
Relay Protection of Transmission Systems, by R. B. Whittledge,

Student. System Planning, by E. L. Gittleson, Student.
Discussion followed. December 3. Attendance 17.
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Engineering Societies Library
The Library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of

Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan-
ical Engineers. It is administered for these founder societies by the United Engineering Society, as a public reference
library of engineering and the allied sciences. It contains 160,000 volumes and pamphlets and receives currently
most of the important periodicals in its field. It is housed in the Engineering Societies Building, e9 West Thirty-
ninth St., New York.

In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance.
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 transportation, is charged.

The Director of the Library will gladly give information concerning charges for the various kinds of service to
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may
understand clearly what is desired.

The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during
July and August, when the hours are 9 a. m. to 5 p. m.

BOOK NOTICES, NOVEMBER 1-30, 1929
Unless otherwise specified, books in this list have been pre-

sented by the publishers. The Society does not assume responsi-
bility for any statement made; these are taken from the preface
or the text of the book.

All books listed may be consulted in the Engineering societies
Library.
ATLAS METALLOGRAPHICUS. Lief. 3-5; Tafel 17-40.

By Hanemann & Schrader. Berlin, Gebriider Borntraeger,
1929. 3 parts, plates, 11 x 8 in., paper portf., pt. 3, 6,60 r. m.;
pts. 4 & 5, 6,75 r. m. each.

These three new sections of this useful atlas contain 143 photo-
micrographs of the structure of steel after various heat treat-

photography is good and the structures are clearly
shown. A clear description accompanies each plate.
BALBENBRilCIECEN.

By W. Gehler. (Handbuch fur Eisenbetonbau, edited by
F. Emperger. 3rd edition, v. 6, lief. 1). Berlin, Wilhelm Ernst
& Sohn, 1929. 96 pp., illus., diagrs., 10 x 7 in., paper. 6,80 r. m.

This pamphlet contains the first chapter of the volume on
girder bridges in Emperger's Handbuch fur Eisenbetonbau;
edition three. It deals with the general arrangement of these
bridges, discussing the field for them and the basic forms of
girders used in practise. Attention is paid to the esthetics of
design. The treatment is descriptive, rather than mathematical,
and numerous drawings and illustrations assist in presenting a
good account of modern developments.
DIE BERECHNUNG DER KURZSCHLUSSSTRoME VON ROCHSPAN-

NUNGSNETZEN.

By Willi Dorbecker. Charlottenburg, Rom-Verlag, 1927.
69 pp., diagrs., 8 x 6 in., cloth. 5.-r. m.

This new method is based on a new dynamo reactance, that of
the armature reaction, by use of which the author is able to
eliminate all estimates and develop an accurate formula for
calculating short-circuit currents. Exact results can be ob-
tained simply and quickly, it is claimed. The method is adapted
for use graphically or analytically. Results obtained by former
methods are claimed to be 50 per cent too low.
BUSINESS REPORTS; Investigation and Presentation.

By Alta Gwinn Saunders and Chester Reed Anderson. N. Y.,
McGraw-Hill Book Co., 1929. 411 pp., 9 x 6 in., cloth. $3.50.

The first part of this book describes the steps in investigating
a business; the analysis of the problem, the preparation of a plan
of work, the collection and recording of the data, and its analysis
and interpretation. In the second part, which is the main

concern of the book, the principles of presenting information in
written (form are given and advice on procedure which
will secure the reading of reports and acceptance of their
recommendations.
LE CALCUL VECTORIEL.

By Raoul Bricard. Paris, Armand Colin, 1929. 199 pp.,
7 x 5 in., paper. 10,50 fr.

A concise, clear elementary text, setting forth the principles
of vector analysis and discussing the applications of the method
to geometry, mechanics, and electricity.
CANALS AND INLAND WATERWAYS.

By George Cadbury and S. P. Dobbs. N. Y., Isaac Pitman &
Sons, 1929. (Pitman's Transportation Library). 160 pp.,
illus., map, 9 x 6 in., cloth. $2.25.

A textbook for students of transportation, in which the place of
the canal in a national system of transportation is defined and its
competition from road and railroad discussed. Attention is
given chiefly to conditions in Great Britain, but the canal systems
of other European countries are also outlined briefly.
CITY PLANNING. . . . edited by John Nolen. 2d. edition.

N. Y. & Lond., D. Appleton & Co., 1929. 513 pp., illus.,
maps, plans, 8 x 5 in., cloth. $3.50.

A carefully related series of essays by 16 authorities which,
taken together, cover the essential elements of a city plan. The
problems that confront practically all cities and towns are dealt
with, and the best practise in investigation, planning, and control
is discussed in readable form for the interested public. This
edition contains new chapters on zoning and regional planning.
CONTRIBUTION A LA TlItORIE DE L'HtLICE PROPULSIVE.

By Maurice Roy. (Aero-Club de France. Travaux du
Cercle d'Rtudes Aerotechniques. Fascicule 3). Paris, Le
Centre de Documentation Aeronautique Internationale de
l'Aero-Club de France, 1929. 38 pp., diagrs., tables, 10 x 8 in.,
paper.

A mathematical investigation of theories of the screw -propellor
with special reference to the airscrew. Particularly the author
discusses the conceptions developed by Rankine and Froude
concerning the ideal screw, and points out certain modifications
and corrections that are necessary.
DIE DAMPFMASCHINEN. v. 2; Ball and Betrieb der Dampf-

maschinen.
By Friedrich Barth. 4th edition. Berlin, Walter de Gruyter

& Co., 1929. 160 pp., illus., diagrs., 6 x 4 in., cloth. 1,50 r. m.
The second volume of this brief text deals with design and

construction. The treatment is designed to the requirements of
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engine -men and owners, rather than to those of designers, being

largely'descriptive.
EINFLUSS DER VERUNREINIGUNGEN IM SAUERSTOFF und IM

AZETYLEN AUF DIE WIRTSCHAFTLICHKEIT LIND Gills DES
SCHNITTES und DER SCHWEISSNAHT.

By W. Rimarski, C. Kantner and E. Streb. (Forschungs-

arbeiten. . . heft 317) Berlin, V. D. I. Verlag, 1929. 44 pp.,
illus., diagrs., tables, 12 x 9 in., paper. 6.-r. m.

Reports the methods used and the conclusions reached in an
extensive laboratory investigation. Both hand and machine
welding were investigated. The effect of impurities upon speed
and quality was determined.
THE ELECTROMAGNETIC FIELD.

By Max Mason and Warren Weaver. Chic., University of
Chicago Press, 1929. 390 pp., 10 x 7 in., cloth. $6.00.

An introduction to the mathematical field theory of electro-
dynamics, in which an attempt is made to keep clear the relation
between the mathematical mechanism and the physical reality.
The aim of the authors is to familiarize students with the Maxwell
field equations in such a way that they will be prepared to
evaluate without prejudice new developments in electrical theory.
The book covers ground not covered by any other work in
English.
GAS ANALYSIS.

By L. M. Dennis and M. L. Nichols. Revised edition.
N. Y., Macmillan Company, 1929. 499 pp., diagrs., tables,
8 x 5 in., cloth. $4.00.

Dennis' Gas Analysis has long been an accepted authority, and
the new revision, the first in sixteen years, brings in the important
advances during this interval. Among the new topics are
methods of analysis based upon thermal conductivity, new pro-
cedures for determining specific gravity, the interferometer and
its use, and a discussion of specific absorption and of the correc-
tion of barometric readings. The book covers the subject
comprehensively.
HANDBOOK OF CHEMISTRY AND PHYSICS. 14th edition.

By Charles D. Hodgman and Norbert A. Lange. Cleveland,
0., Chemical Rubber Publishing Co., 1929. 1386 pp., tables,
7 x 5 in., leather. $5.00.

The new edition of this useful work has been further enlarged
by data on a dozen new subjects of importance. Shrinkage con-
version tables have been added to the section on ceramics, and
the heats of formation and combustion of gases, coals and other
organic compounds are now given, together with the physical
constants of common minerals. Other new tables include the
wavelengths of the principal lines of the emission spectra of the
elements, the transmission of ultra violet and infra red light by
various glasses, the properties of dry and saturated air, and
altitude and density tables of air. The book contains a great
amount of physical and chemical data frequently wanted by
scientific workers.
Iowa, ELECTRONS AND IONIZING RADIATIONS.

By Xames Arnold Crowther. 5th edition. N. Y., Longmans,
Green & Co., 1929. 253 pp., illus., diagrs., tables, 9 x 6 in., cloth.
$5.00.

Professor Crowther has thoroughly revised his book with the
aim of bringing it into harmony with current scientific thought.
Some sections have been condensed, others expanded, and new
sections covering important recent work have been added. The
volume is intended to give students who have a knowledge of the
more elementary portions of physics a systematic presentation of
the latest developments.
KOMPRESSORLOSE DIESELMASCHINEN.

By Friedrich Sass. Berlin, Julius Springer, 1929. 395 pp.,
illus., diagrs., 11 x 8 in., bound. 52.-r. m.

This text -book on the design of Diesel engines is based on the
author's experience as director of the oil -engine division of the

Allgemeine Elektricitats-Gesellschaft, and his lectures at the
Berlin Technical High School. The scientific principles in-
volved are set forth in the opening chapters, in which fuels,
ignition and combustion, the formation of mixtures, fuel in-
jectors, fuel pumps, fuel lines and the calculation of the main
dimensions are discussed. About one-half of the book is given
to a thorough discussion of the working drawings of the principal
elements of the engines, in much greater detail than is usual.

DIE KRACKVERFAHREN UNTER ANWENDUNG VON DRUCK.

By Erwin Sedlaczek. Berlin, Julius Springer, 1929. 402 pp.,
illus., 9 x 6 in., cloth. 45.-r. m.

After a brief discussion of the theory of the cracking of petro-
leum, this book describes the 23 processes most widely used in
America. On the basis of these approved methods, the author
then reviews systematically the patent literature on cracking
processes and apparatus. Although absolute completeness is not
claimed for the book, it is a very careful compilation, which will
be very useful to all those interested in cracking.
MECHANICAL EQUIPMENT OF BUILDINGS, V. 1; Heating and

Ventilation.
By Louis Allen Harding and Arthur Cutts Willard. 2nd

edition. N. Y., John Wiley & Sons, 1929. 963 pp., illus.,
diagrs., tables, 9 x 7 in., fabrikoid. 110.00.

Brings together the theoretical and Commercial data required
by the designer of heating and ventilating plants for buildings of
all kinds, providing a comprehensive reference book of decided
practical value. The new edition has been thoroughly revised,
new material added throughout and manychapters rewritten.

MITTEILUNGEN DER DEUTSCHEN MATERIALPRUFUNGSAN-

STALTEN, Sonderheft 9. Kaiser Wilhelm-Institut fur
Metallforschung und dem Staatlichen Materialprufungsamt
zu Berlin-Dahlem. Berlin, Julius Springer, 1929. 149 pp.,
illus., diagrs., tables, 12 x 8 in., paper. 22,50 r. m.

The twenty reports collected in this volume discuss various
structural and mechanical properties of industrial metals.
The influence of lead on the structure of brass; age -hardening of
silver -aluminum alloys, the influence of various metals on the
properties of cast-iron, the aging of duralumin, and a variety
of problems connected with metal crystals are investigated.
PHOTO PROCESSES IN GASEOUS AND LIQUID SYSTEMS.

By R. 0. Griffith and A. McKeown. N. Y., Longmans,
Green & Co., 1929. (Textbooks of Physical Chemistry). 691

pp., diagrs., tables, 9 x 6 in., cloth. $8.50.
Intended as a textbook for senior students and research

workers. The first half is devoted to those topics in modern
physical theory, such as atomic and molecular structure and
spectra, photoluminiscence and chemiluminescence, which are
the fundamentals of photochemistry. The remainder deals with
photochemical changes, their energetics, kinetics and reaction
mechanisms. The book is concerned especially with the in-
tensive research work of the past fifteen years.
PROJEKTIERIING VON SELEKTIVSCHUTZANLAGEN NACH DEM

IMPEDANZPRINZIP.
By M. Walter. Charlottenburg, Rom-Verlag, 1928. 56 pp.,

illus., diagrs., tables, 8 x 6 in., cloth. Price not indicated.
Intended for designers and managers of high -voltage systems,

this little book is a ready reference work on the design of pro-
tective installations, giving a systematic outline of the method.
The method of design is outlined, the necessary formulas are
explained and practical examples of design given.
RADIOTECHNIK, V. 1; Allgemeine Einfithrung.

By I. Hermann. 2d edition. Berlin, Walter de Gruyter.& Co.,

1929. 128 pp., illus., diagrs., 6 x 4 in., cloth. 1,50 r. m.
A general introduction to radio engineering, which avoids

mathematical expression as far as possible, and is intended for use
by laymen, as well as students and radio men. A good general
description of principles is given, but space limits forbid much
detail.
TEXTBOOK OF INORGANIC CHEMISTRY, edited by J. Newton

Friend, vol. 6, pt. 3, Vanadium, Niobium and Tantalum.
By Sydney Marks. Lond., Charles Griffin & Co., Phila.,
J. B. Lippincott Co., 1929. 222 pp., 9 x 6 in., cloth. $10.00.

A concise treatise on the chemistry of these elements, which
aims to supply ordinary needs and to furnish adequate refer-
ences to the leading works and memoirs dealing with them.
One-half of the text is devoted to vanadium.
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Engineering Societies Employment Service
...... III

Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat-
ing with the Western Society of Engineers. The service is available only to their membership, and is maintained as a
cooperative bureau by contribution from the societies and their individual members who are directly benefited.

Offices: -31 West 39th St., New York, N. Y .,-W V. Brown, Manager.
1216 Engineering Bldg., 205 W. Wacker Drive, Chicago, Ill., A. K. Krauser, Manager.
57 Post St., San Francisco, Calif., N. D. Cook, Manager.

MEN AV AI LABLE.-Brief announcements will be published without charge but will not be repeated except upon
requests received after an interval of one month. Names and records will remain in the active files of the bureau for aperiod of three months and are renewable upon request. Notices for this Department should be addressed to
EMPLOYMENT SERVICE, 31 WEST 39th Street, New York City, and should be received prior to the 15th day ofof the month.

OPPORT UNI TIES.-A Bulletin of engineering positions available is published weekly and is available to
members of the Societies concerned at a subscription of $3 per quarter, or 810 per annum, payable in advance. Posi-
tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly.

VOLUNTARY CONTRIBUTIONS.-Members obtaining positions through the medium of this service are
invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after
placement, on the basis of one and one-half per cent of the first year's salary: temporary positions (of one month or less)
three per cent of total salary received. The income contributed by the members, together with the finances appropriated
by the four societies named above will it is hoped, be sufficient not only to maintain, but to increase and extend the service.

REPLIES TO ANNOUNCEMENTS.-Replies to announcements published herein or in the Bulletin, should
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded
to the Employment Service as above. Replies received by the bureau after the positions to which they refer have been
filled will not be forwarded.

POSITIONS OPEN
ENGINEER, for utilities commission. Must

be college graduate in electrical or mechanical
engineering with experience in utility operation or
evaluation. Apply by letter. Salary $3600-$4000
a year. Location, South. W-14.

ELECTRICAL ENGINEER, who has had
broad experience in the design and development
of fractional horse power a -c. and d -c. motors.
Also experience in application engineering. Apply
by letter giving full particulars. Location, Mid-
dle West. W -67-C.

RADIO ENGINEER, a growing research and
development organization, having offices in New
York City and manufacturing associations of
international scope offers an excellent opportunity
for a man with good theoretical training, ex-
perienced in the study of radio communication
problems and the development of radio apparatus.
Apply by letter giving details of experience,
education and age. W-108.

ELECTRICAL ENGINEER, with experience
in design and developnient of apparatus for wire
communication. Opportunity. Apply by letter
giving details of education and experience. Loca-
tion, New York. W-99.

ELECTRICAL DRAFTSMAN, with some
experience on substation and powerhouse layout.
Opportunity. Apply by letter giving full informa-
tion as to age, education, experience, when avail-
able, etc. Location, New England. X-9341.

ENGINEERS, 22-35, with considerable worth-
while radio experience for installation and servic-
ing of talking picture equipment. Must have good
personality, initiative, tact and willingness to
assume responsibility. Normal hearing over en-
tire musical scale essential and keen interest in
music and quality reproduction of sound very
desirable. Apply by letter. Location, Canada.
W -161-C.

ELECTRICAL ENGINEER, young, as sales-
man of electrical instruments. Apply by letter.
Location, New England. W-203.

COIL ENGINEER, ELECTRICAL ENGI-
NEER, who is capable of heading up a general
coil winding department in all its detail; namely,
machinery design, coil engineering, cost and sales.
Reply should state technical education, age,
past experience, in fact all pertinent information.
Location, Middle West. W-212.

MEN AVAILABLE
DISTRIBUTION ENGINEER, age, 30, 10

years' varied experience in utility work, desires
position as superintendent of distribution or
construction in a moderate size company. Prac-
tical technical and executive ability. Desires

Eastern location, New York or New Jersey pre-
ferred. C-3516.

ELECTRICAL ENGINEER, age 29, five years'
varied experience; test floor, application, design,
construction and maintenance. Now in charge of
electrical department for mining company.
Desires position as assistant plant engineer or
assistant electrical engineer with large industrial
plant. Good personality and very well recom-
mended. B-9001.

ELECTRICAL ENGINEER, age 38, married.
Experience, test floor, trouble shooter, sales,
both correspondence and direct contact.
Specialize motor, generator, control equipment.
Have had charge of large repair shop. Available
30 days' notice. C-6710.

ELECTRICAL ENGINEER, 31, married,
B. S. in E. E. 1923. Five years' experience with
large eastern utility on aerial, underground con-
struction standards, methods, equipment, and
costs, also some statistical, appraisal, and account-
ing experience. One and one-half years in large
industrial plant as engineering assistant to
mechanical superintendent. Location, immater-
ial. C-6732.

ELECTRICAL ENGINEER, 30, university
graduate, experienced in design of power plants
and substations, economics, export, foreign
languages; Spanish and German. Location,
United States or abroad. Available on short
notice. C-3534.

PUBLIC UTILITY EXECUTIVE, head of
department of large holding company having
personal jurisdiction over operation and engineer-
ing. Work includes planning for periods of five,
ten years, development of power systems including
steam, hydro -generation, transmission, distribu-
tion, negotiations of intercompany contracts,
large power contracts, etc. Previous position,
district manager of electric public utilities.
C-6704.

POWER OR MECHANICAL SUPERIN-
TENDENT, 41, experienced steam, gas, air,
hydraulic, electric power plant construction and
operation; institutional, industrial, and building
mechanical design and maintenance. Now em-
ployed middle northwest, desires good industrial
connection; 30 days' notice. Specialty, straight-
ening out, revamping and coordinating power
services. C-987.

GRADUATE ENGINEER, with strong theo-
retical background. Extensive practical experi-
ence in public relations, valuation, ratemaking,
special economic studies, investigations and
research. Well qualified as a junior executive
for large industrial or public utility corporation,
or director of research, special investigations or

publicity. Now employed as executive. Avail-
able on reasonable notice. C-6733.

GRADUATE ELECTRICAL ENGINEER,
wide  experience in construction, operation,
maintenace, generating transmission at 100.000
volts, underground transmission, 6600 and 22,000
volts, outdoor and in -door substations, with
installations. Has had sales and managing
experience Latin -America, and India. Speaks
English, Spanish, German, French and Hindu-
stani. Location, immaterial. Now employed.
C-4222.

DISTRIBUTION ENGINEER, B. S. Johns
Hopkins 1917, M. S. University of Illinois 1925.
Two years Westinghouse student and test floor,
five years teaching at University of Illinois,
three years distribution design with Duquesne
Light Co., Pgh., Pa. Teaching, design, research,
or development also considered. B-2758.

GRADUATE ELECTRICAL ENGINEER,
42, married, American, Stanford 1909, General
Electric Co., Schenectady Test, power and mining
engineering, sales engineering, manufacturing
engineering. Five years with prominent designing
and construction engineer on construction and
design of hydroelectric projects, including 220-kv.
transmission and the electric features of large
industrial plants. Interview solicited. C-6748.

ELECTRICAL ENGINEER, 40, with 15
years' experience covering design and construction
of central stations and substation equipment,
negotiations, specifications, also industrial work.
Desires connection with public utilities, consult-
ing engineer or industrial organization. Excellent
references. C-4533.

ELECTRICAL ENGINEER, university grad-
uate, 36. Wide knowledge of electrification
including generation, substations, distribution,
motor application, control, lighting, etc., as
applied to mining, cement mills, and other in-
dustries. Experience covers estimates, designs
and layout, construction and maintenance.
Desires to correspond with large industrial concern
requiring the services of a man of above qualifi-
cations. B-9113.

GRADUATE ELECTRICAL ENGINEER,
28, married, nine years' experience, engineering,
construction and operation of underground and
overhead transmission and distribution systems.
Last three years as division engineer for large
metropolitan utility. Desires position in en-
gineering or construction division of a large
holding company or industry. Location, imma-
terial. B-9408.

GRADUATE, ELECTRICAL ENGINEER,
36, fifteen years' experience in design, construction
and operation of hydraulic power plants in Latin
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America Four 3 -oars superintendent and District
Manager.Speaks fluently Spanish and French
I`ersonalit y. A VA i I a file short not ice Er.reirrn

countries preferred 11-S.-0.13

FM; INEF,11. experienced, electrical and me-

chanical l'osierplant design const rum fon, op.
erA ion, N-aluat ton Desires connection with pull-

lic utility or induo rial. permanent or 0111.101 -

MR Specialty n :tinning and coordinating
power seri fees .4-7s2

GR.1111..ATF. EI.F.('TRIC %I. ENGINEER
specially aequatntevt with the selection and

application of electrical equipment for power
suhtatinm. industrial plants. relay and

meter practise. wiring diagrams. sit itchlward

design With operating experience liesires
position with a public milli) or industrial concern
location preferred Middle W4,01 or Nail ('-ins*:

ELE('Tfill'Al. E\tiINEF;R. merriest grad-
uate. ?in : ears experience in design et intatirtg and
ONntruci Sin of copier smelters. reflneriew and eke-
troly lir plants. also familiar with concentrator and
steel mill practise nyant sear. with I. Ales. mere
and Anaconda swelter Desires nsisseible po-
sition a engineer chief draftymian or in similar

eapacitt Available within two semi. 11-73 4.3

IN sT121 1ssl sTA NT PlitiFEs-
SOH. 2s. 1 nii emit y of NI iehigan terNi for
position in one of the larger college. ('-o:

RICOMMENOtO FON TIRASFER
The Ward of Examiner at its meeting of

110 -ember 11. 1929. rerv.toreended the following
member., k I cartAfcr to the grade or ro,errotw.e.mip
indicated Any- oh tort ton to throe t roosters ithesiki
be filed at once with the Nat folio) sorreion,

To Grotto of Yellev
DEARBORN. 121C11 %RD 11 . Bead .1 Dept of

Electrical Eusimerin,g. ttreron Mate C4,46141`
Cost -gills. I lesson

To Grade of Member
ft A 12 A11411,1) F Research Engineer.

North Eact .kppl lance C..rp . Reehroter.
N V

CliIPPEN. REID P .Aol.tant 1Elertriel En-
gineer Electric Bond A Share Ce New
Vert. N I

1.1=1--N EN I ENANI1ER A . Resident Electrical
Engineer Cia Kier- trica Parralenwe. S

Chihuahua. Chih . Mexico
NEUNAN. RoltEllT. Local rupt . The South

ern sierras Power . Bernardino Calif
S AI.. S Electrical Engineer in Sind.

and .Assistant Electrical Engineer. Sind Eke -
W Bombay. India

STANLEY. JOI1N I.. Ce,nsniting Engineer.
nonillion. Bermuda

W EDER. F I . Chief Electrical Engineer. lin-von
Insurance Rating Unman Portland Oregon

.APPLICATIONS FOR ELECTION
Applications have been received by the Sec-

retary front the following candidates for election
to membership in the Institute Unless otherwise
indicated. the applicant has applied for admis-
sion as an Associate If the applicant has applied
for direct admission to a grade higher than Asso-
ciate. the grade follows immediately after the
name Any member objecting to the election
of an) of these candidates should as Inform the
Secretary before January 31.

Attach. C. R.. American Tel. k Tel. Co New
York. N. Y

Albright. R. H. Railway A Industrial Engineering
Co.. Greensburg, Fa.

Atkin. R.. National Broadeas.ting Co.. New York.
N. Y.

ENGINEER. ELE('TIIICAL. MECHANI-
CAL. age 30, single. speaks and writes Russian
and French Elie years experience. with Euro-
pean manufacturing concern. Now employed with
cert.-lilting engineer. corporation I balms position
ac assistant plant engineer or arwietant electrical
engineer with large industrial plant. or with
consulting engineers Available on 1.: days'
not ice

TECIINIC.11,1.Y TRAINED ENI.INEER.
with worn 'ears' general experience with leading
utilitycompany inciroting electrical and some it3s
const niet ion engineering operation maintenance
eerier and 1'14VIIIir et perience Desire. change
to smaller property preferably 9.5.111111..r wed ream
.ge 30. unntarried. and physically sound C.e.713

F.I.ECTRIC A I. EN( . 'NEER .10. untie. grad
116%h -A from 1 niversity of California 192: .

y arieti et perience in Reiter holm, work. rewarch
and testing as assistant PrlailriPet al.. In engineer
jog depart men t of electrical manufacturing
concern I totter* powat (mon in engineering deport-
ment of public utility Now empleyed
t-alual ion 1 oration. preferred New York
C -1173

EI.E1-T111C.1. A1 NIEl11 %Nit* Al KN.
H. 1-3 martini technical university grid-

nate In years of reset ical et neckties. In the
.feign test any' ,,perati,ori 2,..e and rriosors

generators: rein ys. contactors and control aim:Ira-
I le.. sw lichleard panels. F.leiator elitist runt ion.
hoisting equipment and installation.. Develop-
ment and pnwhict ion work. I A-wca t Ion preferably

Kase 11-5210
ELF:CTROPIUYSICIST, it. five years' in-

dustrial. re 'arch. development in radio. pl
graph. talkie... ACE.1,51 les Formerly professor
physic. and research in X -ra) s. pwxithe and
raihiwle ears. Photography and electric. mea-
suring Mot rtintentx `,Y ttttt erom patents. inven-
tions_ practical achievements aton-e lines Now
with large emerrn. merger 'leered tat e. new
connection with future Wishes industrial
position pnifesiorship or In.triletorship s It

researeh ('-41411:
ELE1-1-14 It'Al.. IIEFI N -
It Y ENG INEEll. Is. experieneol with power

stollen. imbstations. mains. moires. water and oil
ptimphottors. pipe line'. refinery .1ictlllatinn.
refining etc . nearly In years with large oil
eottlfan11 In East Steaks Hindustani l'ersian.
and English l'en.triertien and maintenance
work sham plant using .coil. oil or gas dis-
engaged t

ilk Alit' ATE IiF THE 111.1.1!. EI.ECTItICAl.
.4114...1.. class of 1027. with wide elperiencie
and gywwl references dcwares connect ion with
(twit tarter or industrial concern Isea t ion.

immaterial Available any liens

kpplication., Electiow.. Transfers, Etc.

Austin. it C Modes -in t.ae A Eirettir
M atittort. `0 it

Baker. 1) 11 . Michigan Ikea Telephone .

Detroit. Mich
lielcher. A G . Public Set -sirs, co of (:nto _Denver_

Colo
Bitterns:on. !looney Enrol, A Tool Works.

Allentown. Pa
Mack. M . Telephone IA horateriew New

York. 
Itlacionore. F Weatinstinuse Eke A 'Mfg Co

Sharon. Po
Niro. 11 iL . Michigan State College. NAM Lan-

sing. Mich
Work. .Warner Electric Corp . Loan. NI.
Itoloir. J . Clark. MacNI-411.,n A Rik,. Now

York N
R NI . Jr General Railway SilCnai ("r. .

limner J Aleediet,
Rids . Houston. Tex

Bryant. C F . Westinghouse Eire A Mfg Cr'
East Pittsburgh. Pa

Ittidner. It H . A C Electric Co . Milwaukee, We
CilaullA_ 1 J . NIeniber . Electric Hoed A Share

C., New Yori.. N
Cease ay . NV Chesapeake A Potomac Telephone

Co Washington. I) C
C F . Atueric-a.n Tel A Tel Co . Cincinnati.

Ohio
Davids. N H . General Electric Co.. Schenectady.

N Y.
Dasts. J A . Jr . Virginia Electric & Power Co .

Norfolk, Va
De Laura. F... Teleregisier Corp.. New York. N Y.
Dickinson. A_ H . Mass Institute of Technology.

Cambridge. Mass.
Dix. M W . Chesapeake A Poiorn.ac Tel Co. of

West Virginia. Char -lemon. W. Va.
Dunn. C Y . Kansas City Power A Light Co.

Kansas City. Mo.
Faulkner. E. L.. Southwestern Bell Telephone

Ca.. Houston Tex.
Fibel. A.. Brooklyn Edison Co.. Brooklyn. N. Y
Fingerman, S.. Jr . U. S Signal Corps. Oceanport.

N.J.
Fisher. R. R.. Wisconsin Telephone Co.. Madison.

Wis.

1(121 Host -Dispatch

Ifilenaltirk II 11 Allis-Chalnwts Mfg Ce. pins.
burgh. ha

Emmet, r C . Engineering seised of Nlilwalikee.
Milwaukee_ Wis

Friedman_ T Columbia Metal nos Co New

York. N V
tisimari. A . Electrical Engineers Equipment eo .

Meiroan Park. Ill
Goodall. W . 11.11 Telephone idahncat...riat.

deal. N J
fieseskidits. W N . General Electric Co .

Nlaan
tinadasoft. I. I . Puget Sound Power A Light Co.

Itretnerton. Wash
(gray. C J Western Electric Co Kearny_ N J
toronseth. 1 11 NIember lkw.rd of Woter

Electric Light Commissioners. Lansing. Mich.
Gruner. ./ E. Union F.Jectror 1.1 A Pr Co st

tools NI.,
W H . ('be sapestise A Potomac Telephone

Washingt.n. 1) C
M Texas Pipe Line Co . Houston.

Tex
Hamlin. W B . Southwestern Bell Telephone Co .

Houston. Tex.
Morning_ P New York Edison Co.. New York.

N V.
Haw. R C Southwestern Bell Tel. Co.. St

Louis.. Mo.
Hatch. 0. P.. General Electric Co.. Pitt -afield.

:Mass
Horan_ J F B11 E Market St . Dan silk. Ps_
Horscb. W. G . Member). Vacuum Oil Co..

Paulsboro. N J.
inglis. W. C . Oklahoma (:s.. A Electric Co..

Oklahoma City. Okla.
Johnson. H. A.. C. F. Henderson. San Francisco.

Calif.
Joyce. J. W.. Johns Hopkins University. Balti-

more. 3.1d

Ke.mpster. F. B.. Jr.. General Railway Signal Co..
Rochester. N. V.

Kilby. W. D.. Public Service Electric A Gas Co..
Irvington. N.J.

Knight. R. A_. Pennsylvania Power Co.. Green-
ville. Pa.

Knopf. K. K.. Westinghouse Elec. A Mfg. Co..
Sharon. Pa.
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Kramer, P. J., General Electric Co., Philadelphia,
Pa.

Kremser, A. W., Allis-Chalmers Mfg. Co., Pitts-
burgh. Pa.

Kroll, S. A., N.Y., N.H. & 11.1t.R. Co., New York,
N. Y.

Kuhn, J. G., Cornell University, Ithaca, N. Y.
Lack, N. M., Dielectric Products, Inc., Newport,

Dol.
Lawrence, J. R., Lake Shore Power Co., Wauseon,

Ohio
Leo, R. E., General Electric Co., Schenectady,

N.Y.
Lee, W. S., Jr., W. S. Lee Engineering Corp.,

Charlotte, N. C.
Leniayski, A. A., (Member), Dominion Govern-

ment of Canada, Fort Churchill, Man., Can.
Lietzke, I. R., Public Service Co. of No. Illinois,

Waukegan, Ill.
Long, L. W., Allis-Chalmers Mfg. Co., Pitts-

burgh, Pa.
Lowentritt, L. L., Noon Tube Sign Corp., New

York, N. Y.
Lyons, C. F., (Member), Trojan Engineering

Corp., New York, N. Y.
Macalpine, W. W., International Communications

Labs., New York, N. Y.
MacLeod, A. D., Champion Radio Works, Dan-

vers, Mass.
Manor, R. L., Toledo Edison Co., Toledo, Ohio
May, J. P., General Electric Co., Schenectady,

N. Y.
McEachern, C. C., Phoenix Utility Co., Monroe,

La.
McGee, W. R., Pennsylvania Power & Light Co.,

Allentown, Pa.
Miller, N. A., Public Service Co. of No. Illinois,

Chicago, Ill.
Miron, S., Swedish American Prospecting Corp.,

Houston, Tex.
Morrel, W. G., Virginia Military Institute,

Lexington, Va.
Motl, L. F., Wisconsin Telephone Co.. Milwaukee,

Wis.
Nimmo, W. F., Virginia Electric & Power Co.,

Norfolk, Va.
Norton, C. M., Phoenix Utility Co., Jackson, Miss.
Nowacki, L. M., General Electric Co., Erie, Pa.
Otto, R. S., RCA Photophone Inc., Hollywood,

Calif.
Partello, M. C., U. S. Navy, Annapolis, Md.
Pavey, F. L., Duncan Electric Mfg. Co., New

York, N. Y.

Perkins, 11. It., (Member), Ilehr-Mattning Corp.,
Watervliet, N. Y.

Pollock, H. II., Kansas City Power & Light Co..
Kansas City, Mo.

Price, A. L., ti mural Electric Co., Schenectady,
N. Y.

Robbins, I., Hartford Steam Boiler inspection &
Insurance Co., Buffalo, N. Y.

Roush, 0. F., Westinghouse Lamp Co., Bloom-
field, N. J.

Roxburgh, J. L, Commonwealth Edison Co..
Chicago, Ill.

Rugge, R., American Tel. & Tel. Co., Kansas
City, Mo.

Sanderson, G.
Reading, Pa

Scholz, W. P.,
Chicago, Ill

Schoonover, C.
N. C.

Schreiber, E. L
St. Louis, M

Smith, 0. T.,

F., Metropolitan Edison Co.,

A. S. Schulman Electric Co.,

M., Duke Power Co., Charlotte,

., Union Electric Lt. & Pr. Co.,
o.
Jr., New York Telephone Co.,

Brooklyn, N. Y.
Smith, W. F., Signal Engineering Co.. Now York,

N. Y.
Soorin, A. J., Interborough Rapid Transit Co.,

New York, N. Y.
Spaulding, H. C., Nagel Electric Co., Toledo,

Ohio
Starr, F. M., General Electric Co., Schenectady,

N. Y.
Stoughton, C. B., Tallassee Power Co., Alcoa,

Tenn.
Summers, C. M., General Electric Co., Fort

Wayne, Ind.
Swalwell, D., North Kansas City Water Dept.,

Kansas City, Mo.
Talbott, H., General Electric Co., Erie, Pa.
Tarr, D. T., Electrical Research Products, Inc.,

Los Angeles, Calif.
Taylor, R. Z., Shell Oil Co., Long Beach, Calif.
Tines, A., City of Los Angeles, Dept. of Water &

Power, Los Angeles, Calif.
Townley, A. J., Phoenix Utility Co., Jackson,

Miss.
Trickey, P. H., Westinghouse Elec. & Mfg. Co,

East Springfield, Mass.
Ulmer, A. R., Victor X -Ray Corp., Houston, Tex.
Van Sciver, L. F., American Brown Boveri Co.,

Inc., Camden, N. J.
Vogel, M. A., Combustion Utilities Corp., Linden,

N. J.

W amlinif , 11. W Wont Penn Yowor('ii., (70miellm

Webevii.,11'.,PI.Monongahela West Peen Public Ser-
vice Co., Fairmont., W. Vu.

Wohr, K. F., Cleveland Illuminating Co., (Novo-
land, Ohio

West, O. IC., Federal Telegraph Co,, Palo Alto,
Calif.

Wheeler, K. L., Blackstone Valley Gan & Electric
Co., Pawtucket, R. I

Whipple, R. It., State College of Iowa. Iowa City,
Iowa

Wienand, W. F., Allis-Chalmers Mfg. Co., Pitts-
burgh, Pa.

Williams, 0. II., National Tube Co., Pittsburgh,
Pa.

Willson, L., General Electric Co., Columbus,
Ohio

Wilson, T. E., 331 Seventh Ave., Pelham, N. Y.
Wing, K. A., Duquesne Light Co., Pittsburgh, Pa.
Wise, B. L., Westinghouse Elec. & Mfg. Co.,

Pittsburgh, Pa.
Wolfe, W. A., Kansas Gas & Electric Co., Wichita,

Kans.
Wood, J. A., Jr., University of Rochester, Ro-

chester, N. Y.
Zarwell, C. E., Globe -Union Mfg. Co., Milwaukee,

Wis.
Total 126

Foreign
Butler, J. A., Metropolitan -Vickers Electric Co ,

Ltd., Trafford Park, Manchester, Eng.
Chaube, R. K., L. E. E., Raipur, C. P., India
de Beer, L. A., Cableries du Hainaut, Dour,

Belgium
Jebb, T. K., Technical College, Launceston,

Tasmania
Klovekorn, H. W., China Electric Co.. Shanghai,

China
Moore, E., Andes Copper Mining Co., Chanaral,

Chile, So. America
Moore, H. F., Pan-American Petroleum Corp.,

Aruba, Dutch
Ochi, T., Sumitomo Bes-shi Mining Co., Niihama,

Nilgun, Eheme Prefecture, Japan
Rajan, N. S., (Member), Government Trades

School, Mangalore, India
Wardley, T. B., Borough of Inglewood. Inglewood,

Victoria. Australia
Total 10

ORDER FORM FOR REPRINTS OF PAPERS ABRIDGED IN THIS ISSUE OF THE JOURNAL*
(January 1930)
Number Author Title

O 29-147 J. Slepian, R. Tanberg and C. E. Krause Theory of a New Valve Type Lightning Arrester
111 29-149 E. 0. Neubauer and G. A. Rutgers The Chicago Long Distance Toll Board
O 29-151 R. L. Jones and F. M. Ryan Air Transport Communication
O 29-153 W. J. Branson Polyphase Induction Motors
 29-155 J. J. Torok and F. D. Fielder Ionization Currents and the Breakdown in Insulation

29-161 W. B. Kouwenhoven and 0. R. Langworthy Effects of Electric Shock
O 29-163 A. D. Moore Dissipation of Heat Radiation
O 30-1 A. E. Kennelly Magnetic Circuit Unit
 30-4 F. E. Terman, T. L. Lenzen, C. L. Freedman and

K. A. Rogers The General Circle Diagram of Electrical Machinery
R. E. Doherty and C. A. Nickle Three -Phase Short -Circuit Synchronous Machine-V
H. B. West Tap Changing Under Load

ri 3 0-5

El 3 0-7

*Members, Enrolled Students, and Jonartm,
subscribers are entitled to one complete copy
of each paper free of charge; additional copies
25 cents each.

Name

Address

Please order reprints by number. Address Order Department A. I. E. E., 33 West 39th Street, New York, N. Y.
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Officers A. I. E. E. 1929-1930
PRESIDENT

(Term expires July 31, 1930)
HAROLD B. SMITH

JUNIOR PAST PRESIDENTS
(Term expires July 31, 1930) (Term expires July 31, 1931)

BANCROFT GHERARDI R. F. SCI1UCHARDT
VICE-PRESIDENTS

(Terms expire July 31, 1930)
E. B. MERRIAM (District No. 1)
H. A. KIDDER (District No. 3)
W. T. RYAN (District No. 5)
B. D. HULL (District No. 7)
G. E. QUINAN (District No. 0)

(Terms expire July 31, 1930)
I. E. MOULTROP
H. C. DON CARLOS
F. J. CHESTER MAN

(Terms expire July 31, 1931)
F. C. HANKER
E. B. MEYER
H. P. LIVERSIDGE

NATIONAL TREASURER

(Terms expire July 31, 1031)
HERBERT S. EVANS (District No.6)
W. S. RODMAN (District No. 4)
C. E. FLEAGER (District No. 8)
E. C. STONE (District No. 2)
C. E. SISSON (District No. 10)

DIRECTORS
(Terms expire July 31. 1932)
J. ALLEN JOHNSON
A. M. MAcCUTCHEON
A. E. BETTIS
(Terms expire July 31, 1933)
W. S. LEE
J. E. KEARNS
C. E. STEPHENS

NATIONAL SECRETARY
(Terms expire July 31. 1930)

GEORGE A. HAMILTON F. I.. HUTCHINSON

GENERAL COUNSEL
I'ARKER & AARON

30 Broad Street. New York
PAST PRESIDENTS-I5M-1929

NORVIN GREEN, 1884-5-6.

FRANKLIN L. Porn, 1886-7.
T. COMMERFORO MARTIN, 1517-1.
EDWARD WESTON.
ELM` TflostsoN, 1889-90.
 Wita_last A. ANTHONY, 1890-91.
*ALEXANDER GRAHAM BELL, 1891-2.
FRANK JULIAN SPRAGUE, 1892-3.
* EnwiN J. HOUSTON, 1893-4-5.
*Loots DUNCAN, 1895-6-7.
*FRANCIS BACON CROCKER, 1918-.19
A. B. KENNELLY. 1898-1900,
 CARL HERING, 1900-1.
*CHARLES P. STEINMETZ. 1901-2.
CHARLES F. Scott. 1902-3.
BION J. ARNOLD, 1903-4.
 JOHN W. LIEU, 1904-5.
SCHUYLER SKAATS WHEELER, 1905-6
SAMVEL StiELtiox, 1906-7.
*HENRY G. STOTT, 1907-S.
Deceased.

LOUIS A. FEE. usoN. 1908.9.
LEWIS B. STILLWELL, 1909-10.
Duitaisi C. JACKSON, 1910-11.
GANG DUNK, 1911-12.
RALPH I). MERSIloN, 1912-13.
C. 0. Maitaiii-x, 1913-14.
PAUL M. LINCOLN. 1914-15.
Jonx J. CARTY. 1915-16.
II. W. BUCK. 1916-17.
E. W. RICE, JR.. 1917-18.
COMFORT A. AnAMS. 1918-19.
CALVERT TOWNLEY. 1919.20.
A. W. IlEgsmsrogn, 1920-21.
WILLIAM MCCLELLAN. 1921-22.
FRANK B. JEWETT, 1922-23.
HARRIS J. RYAN. 1923-24.
FARLEY OSGOOD. 1924-25.
M. I. Purt8, 1925.26.
C. C. CHESNEY. 1926-27.
BANCROFT GlIERARDt, 1927-28.
R. F. SCIIITHARDT. 1928.29.

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. S. W., Australia.
Frederick M. Servos. Rio de Janeiro Tramways l.t. & Pr. Co.,

Rio de Janeiro. Brazil, S. A.
A. P. M. Fleming, Metropolitan Vickers Elec. Co.. Trafford Park. Manchester.

England
A. S. Garfield, 45 Bd. Beausejour, Paris 16 E., France.
F. W. Willis, Tata Power Companies. Bombay House. Bombay. India.
P. H. Powell, Canterbury College, Christchurch, New Zealand.
M. Chatelain, Lesnoi Polytechnic Institute, Apt. 27. Leningrad. U. S. S. R
Axel F. Enstrom, Ingeniorsvetenskapsakademien, Stockholm. Sweden.
W. Elsdon-Dew. P. 0. Box 4563. Johannesburg. Transvaal. Africa.

A. I. E. E. Committees
GENERAL STANDING COMMITTEES

EXECUTIVE COMMITTEE
Harold B. Smith, Chairman. Worcester Polytechnic Institute. Worcester. Mass.
F. J. Chesterman, G. A. Hamilton. H. A. Kidder.
Bancroft Gherardi, J. Allen Johnson. E. B. Meyer.

FINANCE COMMITTEE
E. B. Meyer. Chairman, SO Park Place, Newark, N. J.

H. A. Kidder, C. E. Stephens.
MEETINGS AND PAPERS COMMITTEE

A. E. Knowlton, Chairman. Dunham Laboratory. Yale University, New Haven,
Conn.

E. H. Hubert, Secretary, 33 W. 39th St., New York, N. Y.
V. Bush, H. A. Kidder, C. E. Skinner.
H. P. Charlesworth, L. W. W. Morrow. H. R. Woodrow,
W. H. Harrison. T. A. Worcester.
Chairman of Committee on Coordination of Institute Activities. ex -officio.
Chairmen of Technical Committees. ex -officio.

PUBLICATION COMMITTEE
W. S. Gorsuch. Chairman. 600 W. 59th Street, New York, N. Y.
H. P. Charlesworth, F. L. Hutchinson, E. B. Meyer.

A. E. Knowlton,

COMMITTEE ON COORDINATION OF INSTITUTE ACTIVITIES
H. A. Kidder, Chairman, 600 W. 59th Street, New York. N. Y.
W. S. Gorsuch. A. E. Knowlton. E. B. Meyer,
F. L. Hutchinson. W. B. Kouwenhoven, L. F. Morehouse.

BOARD OF EXAMINERS
E. II. Everit. Chairman, Southern New England Tel. Co., New Haven, Conn.
J. T. Barron,
F. J. Chesterman,
H. W. Drake.
H. Goodwin, Jr..

S. P. Grace, L. W. W. Morrow,
Erich Hausmann, A. L. Powell,
A. H. Kehoe, S. D. Sprong,

George Sutherland.

SECTIONS COMMITTEE
W. B. Kouwenhoven, Chairman, Johns Hopkins University. Baltimore. Md.
E. S. Lee, W. S. Rodman, W. H. Timbie.

I. M. Stein.
Chairmen of Sections, ex -officio.

COMMITTEE ON STUDENTZBRANCHES
W. 11. Timbie. Chairman, Massachusetts Institute of Technology, Cambridge,

Mass.
J. L. Beaver. Edward Bennett. Charles F. Scott.

Herbert S. Evans,
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(Terms expire July 31, 1932)

H. P. Charlesworth, C. C. Chesney.

COMMITTEE ON CODE OF PRINCIPLES OF PROFESSIONAL CONDUCT
F. B. Jewett. Chairman, 105 Broadway, New York, N. Y.
A. H. Babcock, Harris J. Ryan, R. F. Schuchardt,
G. Faccioli, John 13. Whitehead.

COMMITTEE ON COLUMBIA UNIVERSITY SCHOLARSHIPS
W. I. Slichter, Chairman, Columbia University, New York, N. Y.
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V. Bush, W. 13. Kouwenhoven, II. Nyquist,
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AMERICAN COMMITTEE ON ELECTROLYSIS
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COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF
INDUSTRIAL ENGINEERS

C. Francis Harding
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SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION
BOARD OF INVESTIGATION AND COORDINATION
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L. F. Blume

II. 11. Caku
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T. F. Barton, General Elec. Co.,
120 Broadway, New York

Urbana

Utah

Vancouver

(5)

(9)

(10)

M. A. Faucett

A. C. Kelm

J. Teasdale

droelec. Sys., 225 Yonge St.,
Toronto, Ont., Canada

C. E. Skroder, Univ. of Ill.,
Urbana, Ill.

L. B. Fuller, Utah Pr. & Lt. Co.,
Salt Lake City, Utah

D. Robertson, Canadian Gen.Niagara Frontier

North Carolina

Oklahoma

(1)

(4)

(7)

Raymond T. Henry

E. P. Coles

C. Walker

E. P. Harder, Buffalo General
Elec. Co., 205 Electric Bldg.,
Buffalo, N. Y.

Marshall E. Lake, Duke Pr. Co.
Power Bldg., Charlotte, N. C.

homa, Norman, Okla.

Washington (2) W. A. E. Doying

Elec. Co., Ltd., Vancouver,
B. C., Canada

G. L. Weller, Chesapeake &
Potomac Tel. Co. & Assoc.
Cos., 725 -13th St., N. W.,
Washington, D. C.Panama (3) Worcester (1) H. H. Newell R. P. Bullen, General Elec. Co.,Philadelphia (2) R. H. Silbert J. L. MacBurney, Elec. Stor-

age Battery Co.,1055 Hunting 704 State Mutual Bldg., Wor-
cester, Mass.Park Ave., Philadelphia, Pa. Total 57
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Akron, Municipal Univ. of, Akron, Ohio
Alabama Polytechnic Inst., Auburn, Ala
Alabama, Univ. of, University, Ala

(2)
(4)
(4)

Glenn 0. Hite
R. F. Ham

G. G. Clark
G. A. Beavers

J. T. Walther
W. W. Hill

Arizona, of, Tucson, Ariz (8) Barney Shehane F. F. Denney J. C. ClarkArkansas, Univ. of, Fayetteville, Ark (7) D. J. Morrison G. W. May W. B. StelznerArmour Inst. of Tech., 3300 Federal St., Chicago, Ill (5) J. Dollenmaier S. Janiszewski E. H. FreemanBrooklyn Poly. Inst., 99 Livingston St., Brooklyn, N. Y (3) F. J. Mullen R. G. O'Sullivan Clyde C. WhippleBucknell University, Lewisburg, Pa (2) E. C. Metcalf R. G. Tingle W. K. RhodesCalif. Inst. of Tech., Pasadena, Calif (8) E. C. Lee J. L. Hall R. W. SorensenCalif., Univ. of, Berkeley, Calif (8) C. W. Mors R. W. Hollis L. E. ReukemaCarnegie Inst. of Tech.,Pittsburgh, Pa (2) J. R. Britton S. A. Bottonari B. C. DennisonCase School of Applied Science, Cleveland, Ohio (2) IZ. B. McIntosh H. L. Brouse H. B. DatesCatholic Univ. of America, Washington. D. C (2) T. J. Dunn E. C. McCleery Thos.J. MacKavanaughCincinnati, Univ. of, Cincinnati, Ohio (2) V. G. Rettig R. D. Bourne W. C. OsterbrockClarkson College of Tech., Potsdam. N. Y (1) R. N. Roberts F. W. Truesdell A. R. PowersClemson Agri. College, Clemson College, S. C (4) G. W. Sackman Walter C. Snyder Sam. R. RhodesColorado State Agri. College, Ft. Collins, Colo (6) G. R. Branch L. Haubrich H. G. JordanColorado, University of, Boulder, Colo (6) Wm. J. Dowis E. E. Stoeckly W. C. DuVallCooper Union, New York, N. Y (3) H. Reuter H. Grissler A. J. B. FairburnCornell University, Ithaca, N. Y (1) Alexander B. Credle J. D. McCurdy Everett M. StrongDenver, Univ. of, Denver, Colo (6) L. J. Wright R. B. Convery R. E. NyswanderDetroit, Univ. of, Detroit, Mich (5) Wm. F. Haldeman W. R. Moyers H. 0. WarnerDrexel Institute, Philadelphia, Pa (2) D. M. Way 0. L. Eichna E. 0. LangeDuke University, Durham, N. C (4) R. H. Stearns H. M. Sherard W. J. SeeleyFlorida, Univ. of, Gainesville, Fla (4) J. W. McKay A. L. Webb J. M. WeilGeorgia School of Tech., Atlanta, Ga (4) Lee B. Mann J. W. Hall T. W. FitzgeraldIdaho, University of, Moscow, Idaho (9) Wayne McCoy C. E. Conway J. H. JohnsonIowa State College, Ames, Iowa (5) H. H. Stahl H. Kirk A. FishIowa State University of, Iowa City, Iowa (5) T. F. Taylor L. N. Miller E. B. KurtzKansas State College, Manhattan, Kansas (7) L. N. Lydick L. C. Paslay R. M. KerchnerKansas, Univ. of, Lawrence. Kansas (7) M. W. Hammond H. W. Yenzer G. C. ShaadKentucky, Univ. of, Lexington, Ky (4) Wm. F. Steers R. I. Fort W. E. FreemanLafayette College, Easton, Pa (2) E. C. Albert Wm. F. Titus Morland KingLehigh University, Bethlehem, Pa (2) B. 0. Steinert J. E. Zeaser L. BeaverLewis Institute, Chicago, Ill (5) G. W. Malstrom E. R. Borden F. A. RogersLouisiana State University, Baton Rouge, La (4) Fred H. Fenn M. B. VoorhiesLouisville, University of, Louisville, Ky (4) H. T. Clark 0. M. Arehart D. C. Jackson, Jr.Maine, University of, Orono, Maine (1) A. E. Crockett H. R. Mayers Wm. E. Barrows. Jr.Marquette University, 1200 Sycamore St., Milwaukee. Wis (5) H. W. Haase G. C. Reichert J. F. H. DouglasMassachusetts Institute of Technology, Cambridge, Mass (1) R. H. Swingle C. M. Twelves, Jr. W. H. TimbieMichigan College of Mining and Technology, Houghton, Michigan (5) Charles F. Sawyer B. G. Swart G. W. SwensonMichigan State College, East Lansing, Mich (5) R. L. Clark G. A. Whitfield L. S. FoltzMichigan, University of, Ann Arbor, Mich (5) Charles W. Doane Glen R. Severance B. F. Bailey
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Milwaukee, School of Engineering of, 163 East Wells St., Milwaukee, Wis
Minnesota, University of, Minneapolis, Minn

(5)
(5)

T. J. Coleman, Jr.
R. W. Fenton

K. 0. Werwath
W. M. Taylor

Oscar Werwath
J. H. Kuhlmann

Mississippi Agricultural & Mechanical College, A. & M. College, Miss
Missouri School of Mines & Metallurgy, Rolla, Mo
Missouri, University of, Columbia, Mo

(4)
(7)
(7)

W. F. Barksdale
George W. Douglas
L. G. Weiser

A. H. Peale
J. D. Shelton

L. L. Patterson
I. H. Lovett
M. P. Weinbach

Montana State College, Bozeman, Mont (9) E. B. Wilson 0. Van Horn J. A. Thaler
Nebraska, University of, Lincoln, Neb (6) D. E. Schneider H. G. Wiltse F. W. Norris
Nevada, University of, Reno, Nevada (8) A. McCullom A. B. Chace S. G. Palmer
Newark College of Engineering, 367 High St., Newark, N. J
New Hampshire, University of, Durham, N. H

(3
(1))

H. Harri
P. Nuddson

A. L. Davis
D. Googins

J. C. Peet
L. W. Hitchcock

New Mexico, The University of, Albuquerque, New Mexico (7) F. A. Stortz, Jr. W. I. Abbott F. M. Denton
New York, College of the City of, 139th St. & Convent Ave., New York, N. Y.. (3) R. Fassnacht F. J. Wodicka Harry Baum
New York University, University Heights, New York, N. Y
North Carolina State College, Raleigh, N. C

(3)
(4)

N. G. Schutt
H. W. Homey

T. S. Humphrey
E. R. Price

J. Loring Arnold
R. S. Fouraker

North Carolina, University of, Chapel Hills, N. C (4) J. J. Alexander F. R. Toms J. E. Lear
North Dakota Agricultural College, State College Station, Fargo, N. D. (6) L. C. Langaunet R. W. Scott H. R. Rush
North Dakota, University of, University Station, Grand Forks, N. D (6) R. W. Olson G. E. Glass H. F. Rice
Northeastern University, 316 Huntington Ave., Boston 17, Mass (1) R. W. Littlefield R. J. Edwards Wm. L. Smith
Notre Dame, University of, Notre Dame, Ind (5) E. G. Conroy Ben South j. A. Caparo
Ohio Northern University, Ada, Ohio (2) J. D. McGahan R. I. Hartshorn I. S. Campbell
Ohio State University, Columbus, Ohio (2) W. M. Webster R. C. Moser F. C. Caldwell

Ohio University, Athens, Ohio (2) Thomas A. Elder E. R. McCoppin A. A. Atkinson

Oklahoma A. & M. College, Stillwater, Okla (7) H. V. Anderson E. F. Neal Albrecht Naeter
Oklahoma, University of, Norman, Okla (7) E. E. Brady C. W. Anthony F. G. Tappan
Oregon State College, Corvallis, Oregon (9) B. G. Griffith D. H. Moreland F. 0. Mc Millaa
Pennsylvania State College, State College, Pa (2) W. C. Mason Wallace J. Wood L. A. Doggttt
Pennsylvania University of, Philadelphia, Pa (2) R. R. Creighton N. Smith C. D. Fawcett
Pittsburgh, University of, Pittsburgh, Pa (2) W. A. Aeiperlie G. L. Bolender H. E. Dyche
Princeton University, Princeton, N. J (2) C. F. Nesslage N. T. Humphrey Malcolm MacLaren

Purdue University, Lafayette, Indiana (5) P. C. Sandretto R. T. Orth A. N. Topping
Rensselaer Polytechnic Institute, Troy, N. Y (1) Wm. M ayott R. N. Palmer F. M. Sebast
Rhode Island State College, Kingston, R. I (1) K. K. Sperl C. Pagella Wm. Anderson
Rose Polytechnic Institute, Terre Haute, Ind (5) D. E. Henderson J. H. Corp C. C. Knipmeyer
Rutgers University, New Brunswick, N. J (3) G. E. Weglener E. R. Crawford Paul S. Creager
Santa Clara, University of, Santa Clara, Calif (8) T. L. Selna J. D. Gillis L. J. Neuman
South Carolina, University of, Columbia, S. C (4) G. H. Preacher B. F. Karick T. F. Ball
South Dakota State School of Mines, Rapid City, S. D (6) H. E. Sattler B. Hagmann J. 0. Kammerman
South Dakota, University of, Vermillion, S. D (6) E. Johnson E. E. Lovejoy B. B. Brackett
Southern California, University of, Los Angeles, Calif (8) Del Mar Wright 0. M. Robertson Philip S. Biegler
Southern Methodist University, Dallas, Texas (7) W. Cox P. Lindsley, Jr. E. H. Flath
Stanford University, Stanford University. Calif (8) D. H. Ring H. E. Hill T. H. Morgan
Stevens Institute of Technology, Hoboken, N. J (3) F. C. Gilman G. Habach F. C. Stockwell
Swarthmore College, Swarthmore, Pa (2) George B. Hoadley David C. Haskell Lewis Fussell

Syracuse University, Syracuse, N. Y (1) D. A. MacGregor M. J. Wright C. W. Henderson
Tennessee, University of, Knoxville, Tenn (4) F. P. Elam A. M. Howery Joseph G. Tarboux
Texas, A. & M. College of, College Station, Texas (7) S. L. Moseley T. M. Sowell H. C. Dillingham
Texas, University of, Austin, Texas (7) C. B. Norris R. W. Chase J A. Correll
Utah, University of, Salt Lake City, Utah (9) L. A. Moore S. Blomquist J. H. Hamilton
Vermont, University of, Burlington, Vt (1) F. E. Beckley A. E. Merrill L. P. Dickinson
Virginia Military Institute, Lexington, Va (4) W. T. Saunders A. S. Britt, Jr. S. W. Anderson
Virginia Polytechnic Institute, Blacksburg, Va (4) L. Backer C. V. West Claudius Lee
Virginia, University of, Univwsity, Va (4) H. R. Holt C. H. Dickinson W. S. Rodman
Washington, State College of, Pullman, Wash (9) T. Mathison J. Livie R. D. Sloan
Washington University, St. Louis, Mo (7) Wm. L. Knaus C. Hortsmann H. G. Hake
Washington, University of, Seattle. Wash (9) K. E. Hammer J. E. Burrell G. L. Hoard
Washington & Lee University, Lexington, Va (4) R. W. Dickey
West Virginia University, Morgantown, W. Va (2) C. E. Moyers G. H. Hollis A. H. Forman
Wisconsin, University of, Madison, Wis (5) G. H. Brown A. N. O'Neill C. M. Jansky
Worcester Polytechnic Institute, Worcester, Mass (1) E. C. Milde C. S. Greco E. W. Starr
Wyoming, University of, Laramie, Wyoming (6) E. C. Moudy G. H. Sechrist
Yale University, New Haven, Conn (1) F. H. Eastman A. K. Wing, Jr. R. G. Warner
Total 104 AFFILIATED STUDENT SOCIETY
Brown Engineering Society, Brown University, Providence, R. I

GEOGRAPHICAL
No. 1-North Eastern District
No. 2-Middle Eastern District
No. 3-New York City

Also all foreign countries
(Canada excepted)

No. 4-Southern District

R. E. Tanner

DISTRICTS
No. 5-Great Lakes District
No. 6-North Central District
No. 7-South West District
No. 8-Pacific District
No. 9-North West District
No. 10-Canada
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Year
Title issued

Vol.
No.

Pate
or

serial
No.

CABLES
Testing High -Tension Impregnated Paper -Insu-

lated Lead -Covered Cable E. S. Lee 1925
Metallic Polar -Duplex Telegraph System for

Long Small -Gage Cables

44 p. 104

John H. Bell, R. B. Shanck, D. E. Branson 1925
Voice -Frequency Carrier Telegraph System for

44 p. 316

Cables B. P. Hamilton, N. Nyguist, M. B.
N. W. A. Phelps 1925

Oil -Filled Terminals for High -Voltage Cables
44 p. 327

Eugene D. Eby 1925
Investigation of High -Tension Cable Joints

44 p. 592

E. W. Davis, G. J. Crowdes 1925
Loaded Submarine Telegraph Cable

0. E. Buckley 1925
Ionization Studies in Paper -Insulated Cables-I

44

44

p. 600

p. 882

C. L. Dawes, P. L. Hoover 1926
Qualit Rating of High-Tnsion Cable with

Impregnated Paper insulation

45 p. 141

D. W. Roper, Herman Halperin 1926
Tests of Paper -Insulated High -Tension Cable

45 p. 528

F. M. Fanner 1926
Effect of Internal Vacua upon the Operation of

45 p. 553

High -Voltage Cables W. A. DelMar 1926
Accuracy Required in the Measurement of Di-

electric Power Factor of Impregnated Paper -

45 p. 572

Insulated Cables C. F. Hanson 1926
Use of the Dynamometer Wattmeter for Mea-

suring the Dielectric Power Loss and Power
Factor of the Insulation of High -Tension

45 p. 613

Lead -Covered Cables E. S. Lee 1926
Carrier -Current Communication on Submarine

45 p. 620

Cables H. W. Hitchcock 1926
High -Voltage Measurements on Cables and

45 p. 1169

Insulators C. L. Kasson 1927
Joints in High -Voltage Multiple -Conductor

46 p. 635

Cable T. F. Peterson 1927 46 p. 963
New 132,000 Volt Cable Joint D. M. Simons 1927
Printing Telegraphs on Non -Loaded Ocean

46 p. 240

Cables H. Angel 1927
Proximity Effect in a Seven -Strand Cable

46 p. 884

J. E. L. Tweeddale 1927
Influence of Internal Vacua and Ionization on

the Life of Paper Insulated High -Tension

46 p. 1148

Cables Alex Smouroff, L. Mashkileison 1928
Recent Developments in the Process of Manu-

facturing Lead Covered Cable C. D. Hart 1928
Corrosion of Cable Sheath in Creosoted Wood

Conduit R. M. Burns, B. A. Freed 1929
Calculation of the Capacitance between Two

Wires of a Three -Conductor Cable, Y. W. Lee 1929
Guarding and Shielding for Dielectric Loss

Measurements on Short Lengths of High -

47

47

48

48

S 28-1

p. 281

S28-116

S28-132

Tension Power Cables E. H. Salter 1929 48 S29-78

Palle
or

Year Vol. serial
Title issued No. No.

Heat Flow from Underground Electric Power
Cables Neil P. Bailey 1929

Ionization Studies in Paper -Insulated Cables, II
C. L. Dawcs, H. H. Reichard, P. 11.

Humphries 1929
Losses in Armored Single -Conductor Lead -

Covered A -C. Cables
0. R. Schurig, 11. P. Kuehni, F. H. Buller 1929

Progress in High -Tension Underground Cable
Research and Development

G. B. Shanklin, G. M. J. Mackay
Reduction of Sheath Losses in Single -Conductor

Cables Herman Halperin, K. W. Miller
Some Problems in High -Voltage Cable Develop-

ment E. 1V. Davis. W. N. Eddy

CIRCUIT BREAKERS AND SWITCHES
The Oil Circuit Breaker Situation from an

Operator's Viewpoint E. C. Stone
The High -Speed Circuit Breaker in Railway

Feeder Net works J. W. McNairy
Vacuum Switching Experiments at Calif. Inst.

of Technology
R. W. Sorensen, H. E. Mendenhall

Tests on High -and Low -Voltage Oil Circuit
Breakers P. Sporn, H. P. St. Clair

Development of Automatic Switching Equip-
ments in the United States and Europe

A. H. DeGoede
High -Speed Circuit Breakers J. W. McNairy
High -Speed Circuit Breakers for Railway

Electrification H. M. Wilcox
Improvements in Moderate Capacity Oil Cir-

cuit Breakers J. B. MacNeill
Operating Experience with High -Speed Oil Cir-

cuit Breakers B. F. Bardo
Protection of Electric Locomotives and Cars to

Operate with High -Speed Circuit Breakers
E. H. Brown

Superimposed High -Frequency Currents for
Circuit -Breaker Control Leon R. Ludwig

Automatic Switching of Incoming Lines and
Transformers Supplying Power to A. C.
Substations A. E. Anderson

Automatic Reclosing High -Speed Circuit
Breaker Feeder Equipment for D -C. Railway
Service A. E. Anderson

Automatic Reclosing of High -Voltage Circuits
E. W. Robinson. S. J. Spurgeon

Field Tests of the Deion Circuit Breaker
B. G. Jamieson

Structural Development of the Deion Circuit
Breaker up to 15.000 Volts. The.

R. C. Dickinson, B. P. Baker
Theory of the Deion Circuit Breaker J. Slepian
The High -Speed Circuit Breaker in Service on

the Illinois Central Railroad
W. P. Monroe, R. M. Allen

1929

1929

1929

1925

1926

1926

1927

1927
1928

1928

1928

1928

1928

1928

1928

1929

1929

1929

1929
1929

1928

CENTRAL POWER STATIONS (STEAM)
Artificial Representation of Power Systems

H. H. Spencer, H. L. Hazen 1925
Predicting Central Station Demand and Output

Farley C. Ralston 1925
Trenton Channel Plant of the Detroit Edison

Company C. F. Hirshjeld 1925
Power Possibilities at Muscle Shoals, Alabama

S. S. Wyer 1925
Supervisory Systems for Electric PowerApparatus C. Lichtenberg 1926
Power Generation Committee Report 1926
Auxiliary Power at Richmond Station

,7, IV. Anderson. A. C. Monteith 1927
Characteristics of Interconnected PowerSystems L. F. Blume 1927
Combined Light and Power Systems for A. C.

Secondary Net works H. Richter 1927
The Holtwood Steam Plant F. A. Allner 1927
Power Generation Committee Report 1927
Standardization of Voltage Ratings for Power

Systems and Equipment
A. E. Silver, A. L. Harding 1927

Voltage Standardization from a Consulting
Engineer's Point of View R. E. Argersinger 1927

Voltage Standardization, its Relation to the
Interconnected Power Companies of theSoutheast

H. J. Scholz, W. W. Eberhardt, S. M. Jones 1927
Voltage Standardization of A. C. Systems from

the Viewpoint of the Electrical Manufacturer
F. C. Hanker, H. R. Summerhayes 1927

Voltage Standards for Electrical Distribution
H. B. Gear 1927

Automatic Stations Committee Report 1928

48 S28-113

48 S 29-10

48 S 29-40

48 S 29-21

48 S 29-14

48 S 29- 4

44 p. 750

45 p. 962

45 p. 1102

46 p. 289

46 p. 660
47 S28-104

47 S 28-91

47 S 28-37

47 S28-109

47 S28-107

47 S28-78

47 S 28-42

48 S 29-41

48 S 29-74

48 S 29-37

48 S 29-35
48 S 29-25

47 828-108

44 p. 72

44 p. 130

44 p. 355

44 p. 714

45 p. 211
45 p. 843

46 p. 827

46 p. 590

46 p. 216
46 p. 815
46 p. 748

46 p. 175

46 p. 172

46 p. 187

46 p. 161

46 p. 185
47 S28-102

'
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A New Method and Means for Measuring Di-
electric Absorption R. E. Marburg

Dielectric Absorption and Theories of Dielectric
1925 44 p. 775

Behavior J. B. Whitehead
Theory of Absorption in Solid Dielectrics

1926 45 p. 102

V. Karapetoff
Ionization Studies in Paper -Insulated Cables

1926 45 p. 124

C. L. Dawes, P. L. Hoover 1926 45 p. 141

Phase Difference in Dielectrics J. B. Whitehead 1926
Standards for Measuring the Power Factor of

Dielectrics at High Voltage and Low Fre-
quency H. L. Curtis 1926

Accuracy Required in the Measurement of
Dielectric Power Factor of Impregnated

45

45

p. 607

p. 611

Paper -insulated Cables C. F. Hanson
The Use of the Dynamometer Wattmeter for

Measuring the Dielectric Power Loss and
Power Factor of the Insulation of High -Ten-
sion Load -Covered Cables E. S. Lee.

Some Aspects of the Dielectric Loss Measure-
ment Problem B. W. St Clair

Mechanism of Breakdown of Dielectrics

1926

1926

1926

45

45

45

p. 613

p. 620

p. 644

P. L. Hoover
Controlling Insulation Difficulties in the

1926 45 p. 983

Vicinity of Great Salt Lake B. F. Howard 1926
Electric Strength of Solid and Liquid Dielectrics

45 p. 1176

W. A. Del Mar, 11'. F. Davidson. R. H. Marvin
The Electrical Resistivity of Insulating

1927 46 p. 1049

Materials H. L. Curtis
Maxwell's Theory of the Layer Dielectrics

1927 46 p. 1039

F. D. Murnaghan 1927 46 p. 259

Oil Breakdown at Large Spacings D. F. Miner
Theory of Imperfect Solid Dielectrics

1927 46 p. 248

M. G. Mali
Boltzmann -Hopkinson Principle of Super-

position as Applied to Dielectrics

1927 46 p. 616

F. D. Murnaghan
Electric Conduction in Hard Rubber, Pyrex.

1928 47 5 28-3

Fused and Crystalline Quartz H. 11. Race
Improvements in Insulation for High -Voltage

1928 47 S 28-66

A -C. Generators C. F. Hill
Influence of Residual Air and Moisture in

Impregnated Paper Insulation

1928 47 S 28-50

J. B. 'Whitehead, F. Hamburger. Jr.
Relation between Transmission Line Insula-

tion and Transformer Insulation W. 1V. Lewis
Residual Air and Moisture in Impregnated

Paper Insulation-II
J. B. Whitehead, W. B. Kouwenhoven,

F. Hamburger

1928

1928

1928

47

47

47

p. 314

S 28-62

S 28-53

Surge Impulse Breakdown of Air J. J. Torok
Thermal Method of Standardizing Dielectric

Power Loss Measuring Equipment

1928 47 S 28-5

J. A. Scott, II. IV. Housman. R. R. Benedict
Anomalous Conduction as a Cause of Dielectric

Absorption

1928 47 S 28-51

J. B. Whitehead, R. II. Marvin
Ionization Studies in Paper -Insulated C.ibles. II

1929 48 S 29- 1

C. L. Dawes, II. If. Reichard, P. H. Humphries
Power Factor and Dielectric Constant in Viscous

1929 48 S 29-10

Dielectrics Donald W. Kitchin 1929
Predominating Influence of 1oisture and Elec-

trolytic Material upon Textiles as Insulators,
The R. R. Williams, E. J. Murphy 1929

Purified Textile Insulation for Telephone Cen-
tral Office Wiring H. H. Glenn, E. B. Wood 1929

Some Problems in Dielectric -Loss Measure-
ments C. L. Dawes, P. L. hoover,

II. II. Reichard 1929

ELECTRIC CIRCUIT THEORY (AND
TRANSIENTS)

220 KV. Transmission Transients and Flash-
overs R. J. C. Wood 1925

Mechanical Force Between Electric Circuits

48

48

48

48

44

S 29-24

5 29-22

S 29-32

S 29-84

p. 961

R. E. Doherty, R. H. Park 1926 45 p. 240
Properties of the Single Conductor Carl Hering
Heaviside's Proof of His Expansion Theorem

1926 45 p. 414

M. S. Vallarta
Cosmic Harness of Moving Electricity-Presi-

dent's Address M. I. Pupin
Some Graphical Solutions of A. C. Circuits

Founded upon Non -Euclidian Geometry

1926

1926

45

45

p. 429

p. 806

F. W. Lee
Measurement of Transients by the Lichtenberg

1926 45 p. 948

Figures K. B. McEachron
Synchronizing Power in Synchronous Machines

under Steady and Transient Conditions

1926 45 p. 712

H. V. Putman
Current Analysis in Circuits Containing a

1926 45 p. 1116

Resistance Modulator L. S. Grandy 1927 46 p. 421

The Electric Arc K. T. Compton
The Empirical Analysis of Complex Electric

1927 46 p. 868

Waves J. W. Horton 1927 46 p. 535
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1928
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serial
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S 28-49

S 28-48

S28-130

CENTRAL POWER STATIONS (STEAM)
(Continued)

Design Studies for Gould Street Generating
Station

F. T. Leilich, C. L. Follmer, R. C. Dannetel
Gould Street Generating Station of the Con-

solidated Gas, Electric Light and Power
Company A. L. Loizeaux

Economies in Central Power Service as Illus-
trated by the Duke Power System W. S. Lee

47

47

48

Automatic Stations Committee Report
Power Limit Tests on Southeastern Power and

Light Company's SystemS. Murray Jones, Robert Treat
Southeastern Power and Light System

A. T. Hutchins
System Stability as a Design Problem

R. H. Park, E. H. Bancker
Calculations of System Performance

S. B. Geiscom
Fundamental Plan of Power Supply, A

A. II. Kehoe

1929

1929

1929

1929

1929

1929

48

48

48

48

48

48

S 29-98

S28-130

S28-142

S28-129

S 29-91

S 29-90

Power Generation Committee Report
Rehabilitation of Steam Power Plants

1929 48 S29-119

C. F. Hits/Veld
Southeastern Power & Light System

1929 48 S 29-81

A. T. Hutchins
System Tests and Operating Connections

1929 48 S28-142

II. R. Searing, G. R. Milne

CENTRAL POWER STATIONS (HYDRO)
Hydroelectric Development of the Saguenay

River-The Duke -Price Power Company,
Ltd. at Isle Maligne, Quebec. Canada

1929 48 S 29-92

W. S. Lee
The Rocky -River Hydroelectric Development

of the Connecticut Light and Power Co.

1925 44 p. 722

E. J. A mberg
Economies in Central Power Service as Illus-

trated by the Duke Power System W. S. Lee

CONTROL DEVICES
Automatic Control for Substation Apparatus

1928

1929

47 S 28-69

828-130

W. H. Milan
Synchronous Motor Drive for Rubber Mills

with Special Reference to Dynamic Braking

1925 44 p. 398

Control for Safety Stopping C. W. Drake 1925
Transformer Tap Changing Under Load

44 p. 559

H. C. Albrecht
Starting Characteristics and Control of Poly-

phase Squirrel -Cage Induction Motors

1925 44 p. 581

H. M. Norman
Remote -Controlled Substations of the New

York and Queens Electric Light and Power

1926 45 p. 369

Co. W. C. Blackwood
The Remote Control of Multiple Street Lighting

1926 45 p. 957

W. T. Dempsey
Carrier -Current Selector Supervisory Equip-

ment C. E. Stewart. C. F. i'hitney
Development of Automatic Switching Equip-

ments in the United States and Europe

1926

1927

45

48

p. 1228

p. 431

A. H. de Goede
The Use of High -Frequency Currents for

1927 46 p. 660

Control C. A. Boddie
Automatic Control of Edison Systems as Ap-

plied in the St. Charles Street Substation of
the Union Electric Light and Power Company

0. J. Roily, E. L. Hough
Operating Experiences at Gould Street Station

1927

1928

48

47

p. 975

S 28-7

A. L. Penniman, F. W. Quarles
Protection of Supervisory Contrpl Lines Against

1928 47 S 28-52

Overvoltage E. F. W. Beck
Superimposed High -Frequency Currents for

1928 47 S 28-6

Circuit -Breaker Control L. R. Ludwig
Voltage Regulators

1928 47 S 28-78

C. A. Nickle, R. M. Carothers
Application of Induction Regulators to Distri-

bution Networks

1928 47 S 28-39

E. R. Wolfe:1. T. J. Brosman
Carrier -Current and Supervisory Control on

Alabama Power Company System

1929 48 S29-115

W. I. Woodcock, E. W. Robinson
Power Supply for Railway Signals and Auto-

matic Train Control C. F. King, Jr.
Telemetering, C. H. Linder, C. E. Stewart.

1929

1929

48

48

S28-143

S28-119

H. B. Rex. A. S. Fitzgerald

DIELECTRIC PHENOMENA
Dielectric Properties of Fibrous Insulation as

Affected by Repeated Voltage Application

1929 48 S 29-31

F. M. Clark 1925 44 p. 193
Corona in Oil A. C. Crago J. K. Hodnette
Oil -Filled Terminals for High -Voltage Cables

1925 44 p. 211

E. D. Eby 1925
Investigation of High -Tension Cable Joints

44 p. 592

E. W. Davis, G. J. Crowdes 1925 44 p. 600
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E. S. Lee. C. M. Faust 1927
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Characteristics under Transient C Mitosis

40 p. 339

B. E. Doherty, C. A. Nickle 1927 411 p. 1

Transmission Line Voltage Surges J. 11. Cos 1927
Excitation Systems -Their influence on Short

46 p. 330

Circuit anti Maximum Power B. H. Doherty 1928 47 44 28-41
Extinction of an A -C. Arc J. Slepian 1928
Superexcitation on Synchronous Condensers

47 S 28-76

D. M. Jones 1928Transients Due to Short Circuits 47 S 28-57
R. J. C. Wood, Lloyd F. Hunt, S. B Griscom 1928

Lightning investigation on New England Power
47 527-395

Company System E. W. Dillard 1928
1926 Lightning Experience on 132 -KY. Trans-mission Lines P. Sporn 1928
Quantitative Mechanical Analysis of Power Sys-tem Transient Disturbances

47

47

828-100

S 28-77

B. C. Beryoull, P Robinson 1928
Stove Voltage Investigation on Transmission

47 )3 28-47

Lines IV. W. Lewis 1928
Transients Due to Short Circuits

47 S 28-83

B. J. C. Wood, Lloyd F. Hunt, S. B. Griscom 1928
Movements of Overhead Line Conductors dur-

ing Short Circuits
47 S27-395

W. S. Peterson, II. J. McCracken, Jr. 1929 48 828-112
Lightning Arrester Problems A. L. Atherton 1929
High -Voltage Phenomena in Thunderstorms

48 S28-118

M. A. Liss/wan 1929
Calculation of the Capacitance between Two

48 828-120

Wires of a Three -Conductor Cable W. Lee 1929
Flux Linkages and Electromagnetic Induction In

48 S28-122

Closed Circuits L. V. Bewley 1929
Graphical Theory of Traveling Electric Waves

between Parallel Conductors. A V. Karape/off 1929
Residual Voltages and Currents in Power

48

48

S 29-17

)3 29- 3

Systems L. J. Corbett 1928
Short -Circuit Torque in Synchronous Machines

without Damper Windings G. It'. Penney 1929
System Stability as a Design Problem

48

48

4428-121

829-114

B. II. Park, E. II. Randier 1929 48 S28-129
Corona Ellipses, Vladimir Karapetoll 1929

GENERATORS-A-C.
Initial and Sustained Short Circuits in Syn-

chronous Niachines V KarapHoff 1925
Short -Circuit Currents of Synchronous

48

-14

S 29- 5

p. 403

Machines B. F. Franklin 1925
The Measurement of Electrical Output of Large

A -C. Turbo Generators during Water -Rate

44 p. 420

Tests E. S. Ler 1925
Three -Phase, 00,000 Kv-a. Turbo Alternators

for Gennevilliers E. Both 1925
Hydrogen as a Cooling Medium for Electrical

M ichinery

44

44

p. 623

p. 905

E. Knowlton, C. W. Rice, E. II. Freibarghouse 1925
Contribution to Research on the Experimental

Determination of the Losses in Alternators
E. Roth 1926

Ventilation of Turbo Alternators-Concluding
Study C. J. Fechheimer, G. W. Penney 1926

The Cross -Field Theory of Alternating Current
Machines II. B. West 1926

Variable Armature Leakage Reactance in
Salient -Pole Synchronous Machines

V. Karapeloti 1926
Fire Protection of Water -W heel Type( tenerators

J. A. Johnson, E. J. Burnham 1926
The Retardation Method of Loss Determination

as Applied to the Large Niagara Falls
Generators J. A. Johnson 1926

Synchronous Machines
B. E. Doherty, C. A. Nickle 1926

Multiplex Windings for D.C. Machines
C. C. Nelson 1926

44

45

45

45

45

45

45

45

45

p. 922
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p. 735

p. 747
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p. 976
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INTERCONNECTION
Characteristics of interconnected Power Sys-

tems L. F. Blaine 1927 46 p .590
Voltage Standardization, Its Relation to the

Interconnected Power Companies of the
Southeast

II. J. Scholz, W. W. Eberhardt, S. AI. Jones 1927 40 p 187
Application of Relays for the Protection of

I CJ' System Interconnections
/.. A'. Crichton, II. C. Graves. Jr. 1928 47 827 -411

Int creinineCtion of Power and Railroad Traction
Sy blentS by Means of Frequency Changers

L. Entle 1925 47 8 28-60
liltereo019.011)0 In the Southwest. Geo. A. Malls 1929 18 S 29-00

INSTRUMENTS AND MEASUREMENTS
Use of an Oscillograph in Mechanical Measure-

ments //. L. Cur/i. 1925 44 p 264
Accuracy of Alternating -Current Test instru-

ments S. C. Hoare 1925 44 p 618
Instruments and Measurements CommitteeReport 1925 44 p. 679
The Quadrant Electrometer

II'. B. Komvenhoven 1925 44 p. 761
Study of Time Lag of the Needle Gap

E. B. Mc Eachron, E. J. Wade 1025 44 p. 832
Some Features and Improvements of the High-

Voltage 'Wattmeter J. S. Carroll 1925 44 p. 1(110
New Wave -Shape Factor and Meter

L. A. Drawn. J. W. Heim, M. W. While 1920 45 p. 435
Compensation for Errors of the Quadrant Elec-

trometer in the Measurement of Power Factor
D. M. Simons, Wm. S. Brown 1926 45 p 638

Zero Method of Measuring Power with the
Quadrant Electrometer

IV. B. Kottivenhoven, Paul L. Bet: 1926 45 p. 649
Flux Voltmeter for Magnetic Tests G. Canting 1926 45 p 721Instruments and Measurements CommitteeReport 19241 45 p. 814
Vibration Recorder .1. V. Mershon 1926 45 p. 1007
Frequency Measurements with the Cathode

Ray Oscillograph F. J. Basouissen 1926 45 p. 1256
Shielded Bridge for inductive impedance

W. J. Shackelton 1920 45 p 1266
An Instrument for Measuring Short -CircuitTorque G. IV. Pcnney 1927 46 p. 683A New Thermionic instrument S. C. Hoare 1927 46 p. 541Notes on the Use of a Radio Frequency Volt-meter Iv. Goodwin, Jr. 1927 46 p. 479The oscilloscope. a Stabilized Cathode -Ray

44scilksgraph with Linear Time -Axis
F. Bedell. II. J. Reich 1927 46 1). 546Stroboscopic Method of Testing %Vat t hourMeters IL P. Sparkes 1927 46 I). 405Theory of Action of the induction WatthourMeter and Analysis of its Temperature Errors

D. T. Canfield 1927 46 p. 411Demand Metering Equipment
Stanley Stokes, L. V. Nelson 1928 47 8 28-31

High -Speed Graphic Voltmeter
A. F. Llamdi, I!. D. Braley 1928 47 S 28-59

High -Speed Recorder C. I. /tall 1928 47 8 28-65
Instruments and Measurements Committee

Report 1928 47 S 28-99
The Saturation Permeameter S. L. Gokhule 1928 47 S 28-17
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S 28-23

S 29-97

S 29-61

S 29-43

S 29-5.3

S 29-51

S 29-45

S 29-78

INSTRUMENTS AND MEASUREMENTS
(Continued)

The Thermal Volume MeterG. W. Penney. C. J. Fechheirner
Instruments and Measurements Committee

Report
New Type of Hot Cathode Oscillograph. A

R. II. George

132-Kv. Shielded Potentiometer for Deter-
mining the Accuracy of Potential Trans-
formers C. T. Weller

Bushing -Type Current Transformers for
Metering A. Boyajian, W. F. Skeats

Cathode Ray Oscillograph Study of Artificial
Lightning Surges on the Turners Falls Trans-
mission Line

K. B. Mc Earhron, V. E. Goodwin
Electrical Instruments Used in the Measure-

ment of Flow W. II. Pratt
Guarding and Shielding for Dielectric Loss

Measurements on Short Lengths of High -Ten-
sion Power Cable E. II. Salter

Lightning Studies of Transformers by the
Cathode Ray Oscillograph

1928

1929

1929

1929

1929

1929

1929

1929

47

48

48

48

48

48

48

48

F. F. Brand, K. K. Palueff 1929 48 S 29-68

Magnetic Shielding S. L. Gokhale
Oscillographs for Recording Transient

1929 48 829-118

Phenomena W. A. Marrison
Precautions against Stray Magnetic Fields in

Measurements with Large Alternating

1929 48 S 29-54

Currents Francis B. Silsbee
Quick -Response Generator Voltage Regulator

Field Tests Made with Oscillograph

1929 48 S 29-83

E. J. Burnham. J. R. North, I. R. Dohr
Shielding and Guarding Electrical Apparatus

Used in Measurements-General Principles

1929 48 S 29-62

Harvey L. Curtis
Shielding in High -Frequency Measurements

1929 48 S 29-85

John G. Ferguson 1929
Sphere -Gap and Point -Gap Arc -Over Voltage

48 829-108

Joseph S. Carroll, Bradley Cozzens 1929

Totalizing of Electric System Loads
48 S28-128

P. M. Lincoln
Use of the Oscillograph for Measuring Non -

Electrical Quantities

1929 48 S 29- 2

D. F. Miner, W. B. Batten

MOTORS, A. C. AND D. C.
New Alternating -Current General -Purpose

1929 48 S 29-39

Motor H. Weichsel 1925 44 p. 7

Single -Phase Induction Motor L. M. Perkins
Effect of Full Voltage Starting on the Windings

of Squirrel -Cage Induction Motors

1925 44 p. 4

J. L. Rylander
Another New Self -Excited Synchronous Induc-

tion Motor Val A. Fynn
Squirrel -Cage Induction Motor Core Losses

1925

1925

44

44

p. 53

p. 64

T. Spooner
Complete Synchronous Motor Excitation Char-

acteristics

1925 44 p. 155

J. F. H. Douglas. E. D. Engeset, R. II. Jones
Initial and Sustained Short Circuits in Synchro-

nous Machines V. Karapetoff
Short -Circuit Currents of Synchronous Ma-

chines R. F. Franklin

1925

1925

1025

44

44

44

p. 164

p. 403

p. 420
Self -Excited Synchronous Motors J. K. Koslko
Synchronous Motor Drive for Rubber Mills with

Special Reference to Dynamic Braking Con-
trol for Safety Stopping C. W. Drake

1925

1925

44

44

p. 447

p. 559
Universal Type Motors L. C. Packer
Factors Affecting the Design of D. 0. Motors

for Locomotives R. E. Ferris
Starting Characteristics and Control of Polyphase

Squirrel -Cage Induction Motors

1925

1025

44

44

p. 587

p. 172

II. M. Norman
Variable Armature Leakage Reactance In

Salient- Pole Synchronous Machines

1926 45 p. 369

V. Karapetoff
Synchronous Machines

1926 45 p. 735

B. E. Doherty. C. A. Nickle.
Multiplex Windings for I) C. Machines

1926 45 p. 912

Carl G. Nelson 1926 45 p. 976

A -C. Elevator Motor Drive E. Ii. Thurston 1927

Additional Losses of Synchronous Machines
40 p. 397

C. M. balloon, J. F. Calvert
Starting Performances of Synchronous Motors

//. V. Putman
Synchronous Machines III, Torque Anglo

Characteristics under !Transient Conditions

1927

1927

46

46

p. 84

p. 30

It. E. Doherty, C. A. Nic/de
Transverse Reaction In Synchronous Machines

1927 46 p. 1

J. F. II. Douglas
A.C. Elevator Motors of the Squirrel -Cage Type

1927 40 p. 30

E. E. Dreese 1928 47 8 28-81
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Title
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Design and Application of Two -Pole Synchro-
nous Motors

D. W. McLenegan, I. H. Summers 1928 47 S 28-25

Squirrel -Cage Motors with Split Resistance
Rings Ii. Weichsel 1928 47 S 28-35

Synchronous Motors for Driving Steel Rolling
Mills W. T. Berkshire, II. A. Winne 1928 47 p. 237

Effect of Transient Conditions on Application of
D -C. Compound Motors Leon R. Ludwig 1928 47 S 28-18

Condenser Motor, The B. F. Bailey 1929 48 S 29-29
Fundamental Theory of the Capacitor Motor,

The II. C. Special 1929 48 S 29- 8
Induction Motor Operation with Non -Sinusoidal

Impressed VoltagesL. A. Doggett, E. R. Queer 1929 48 S 29-79
Line -Start Induction Motors C. J. Koch 1929 48 S 29-23
No -Load Induction Motor Core Losses

I. Spooner, C. W. Kincaid 1929 48 S 29-13
Revolving Field Theory of the Capacitor Motor,

The Wayne J. Morrill 1929 48. S 29-38

PROTECTIVE DEVICES
Protective Devices Committee Report 1925 44 p. 638
Operating Performance of a Petersen Earth

Coil-II J. M. Oliver, W. W. Eberhardt 1926 45 p. 165

Theory of the Autovalve Arrester J. Slepian 1926 45 p. 189

Current Limiting Reactors F. H. Kierstead 1926 45 p. 178

Fire Protection of Water -Wheel Type Genera-
tors J. A. Johnson, E. J. Burnham 1926 45 p. 735

Protective Devices Committee Report 1926 45 p. 877
Lightning, A Study of Lightning Rods and

Cages, with Special Reference to the Protec-
tion of Oil Tanks F. W. Peek. Jr. 1926 45 p. 1131

Directional Ground Relay Protection of High -
Tension Isolated Neutral Systems

J. V. Briesky, J. R. North, G. W. King
Ground Relay Protection for Transmission

Systems B. M. Jones, G. B. Dodds 1927 48 p. 847

Protective Devices Committee Report 1927 46 p. 791

Protective Devices Committee Report 1929 48 929-107
Applications of Relays for the Protection of

Power System Inter -Connection
L. N. Crichton, II. C. Graves 1928 47 p. 259

Automatic Stations Committee Report 1928 47 S28-102
Carrier -current Pilot System of Transmission

Line Protection A. S. Fitzgerald 1928 47 p. 22

Hall High -Speed Recorder E. M. Tingley 1928 47 p. 252
Lightning Protection for Oil Storage Tanks and

Reservoirs
R. W. Sorensen, J. H. Hamilton, C. D. Hayward 1928 47 p. 184

Lightning Protection for the Oil Industry
E. R. Schaeffer 1928 47 p. 174

Protective Devices Committee Report 1928 47 S 28-86
Protective Devices Committee Report 1922 48 929-107

1927 46 p. 853

RADIO
Design of Non -Distorting Power Amplifiers

E. W. Kellogg 1925 44 p. 302
Notes on the Development of a New Type of

Hornless Loud Speaker
C. W. Rice, E. W. Kellogg 1925 44 p. 481

Echo Suppressors for Long Telephone Circuits
A. B. Clark, R. C. Mathes 1925 44 p. 481

Frequency Multiplication-Principles of Ferro -
Magnetic Methods

N. Lindenblad, W. W. Brown 1925 44 p. 491
Refraction of Short Radio Waves in the Upper

Atmosphere W. G. Baker, C. W. Rice 1920 45 p. 302
Behavior of Radio Receiving Systems to Signals

and to Interference L. J. Peters 1928 45 p. 581
Polarization of Radio Waves

E. F. W. Alesanderson 1926 45 p. 690
Radio Broadcast Coverage of City Areas

L. Espensrhicd 1920 45 p. 1278
Carrier -Current Selector Supervisory Equip-

ment C. E. Stewart, C. Whitney 1927 43 p. 146
Electromagnetic Waves Guided by Parallel

Wires S. A. Levin 1927 46 p. 983
Methods for the Measurement of Radio Field

Strengths C. R. Englund, H. T. Friis 1927 46 p. 492
Quantitative Determination of Radio Receiver

Performance //. I). On/clef) 1927 40 p. 498
Carrier -Current Pilot System of Transmission

Lino Protection A. S. Fitzgerald 1928 p. 22
Coupling Capacitors for Carrier Current Ap-

plications A. E. Bch 1028 p. 31

Tuned Radio Frequency Amplifiers
R. S. Glasgow 1028 S 28-34

Power- Line Carrier Telephony
L. F. Fuller, W. A. 7'olson 1920 S28-131

Problems In Power -Line Carrier Telephony
W. V. Wolfe, .1. D. Sarni!. 1929 S28-124

Carrier Telephone System for Short Toll
Circuits

S. Black, M. L. Alniviiist, L. M. Ilgenfritz 11)29 828-127
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The Transmission or Iiig lermintiney Currents

for ('ominunical me over Existing PowerNet a urIss .1 Boddie, R. C. Curtis 1939 828-139!toile Finding in Ilydrog-ruph) Jerry It, Servile 111211 48 p 198
Radio IiitortViVikell 1111111 Linii I

E. l'ati Ally, E. I.. White 1929 48 8211-132
Vries of Radio as an Aid to Air Navigation

J. II. IkIlinuer 1921/ 48 8 29-28
Vector Presentation of Broad -Band WaveFilters R. F. Alialinti, 0. Iiiiiickintiss 1929 48 14 29-11

RECTIFIERS
Rectification of Alternating Currents with Steel-

Enclosed Mercury Arc Power Rectifiers and
Their Auxiliary Device 0. K. Muth 1926 45 p. 1168

Rectifier Voltage Control D. C. Prince 1926 45 p 688
Mercury Arc Rectifiers D. C. Prince 1026 45 p. 998
Mercury Arc Power Rectifiers, Their Applica-

tions and Characteristics
0. K. Marti, II. Winograd 1927 46 p. 437

Mercury Arc Rectifier Phenomena D. Prince 1927 46 p. 1064
A New Electronic Rectifier

L. 0. Grolidahl, P. II. Geiger 1927 46 p. 457
Effect of Street Railway Mercury Arc Rectifiers

on Communication Circuits C. J. Daly 11)28 S 28-64
Gas -Filled Thermionic Tubes A. W. Hull 1928 S 28-74
Operation and Performance of Mercury Arc

Rectifier C. Anloniono 1928 p. 228
Vacuum Tube Rectifier

J. II. Kuhlmann, J. P. Barton 1928 p. 299
Automatic Mercury Arc Power Rectifier

L. J. Turley 1929 828-124
Automatic Mercury Rectifier Substations in

Chicago A. M. Garret! 1929 48 S 29-55

SUBSTATIONS
Automatic Control for Substation Apparatus

W. II. Milian 1925 44 p. 398
Remote -Controlled Substations of the Now

York and Queens Electric Light and Power
Company W. C. Blackwood 1026 45 p. 957

Automatic Control of Edison Systems as
Applied in the St. Charles St. Substation of
the Union Electric Light and Powet Co.

0. J. Hotly, E. L. Hough 1928 S 28-7
Automatic Switching of Incoming Lines and

Transformers Supplying Power to A -C. Sub-
stations A. E. Anderson 1028 S 28-42

Automatic Substation and Its Relation to the
Electric Distribution System, The

S. J. Lisberger 1929 48 S28-114
Automatic Transformer Substations of the

Edison Illuminating Co. of Boston
William W. Edson 1920 48 S 29-76

D -C. Railway Substations for the Chicago
Terminal Electrification A. M. Garrett 1929 48 829-102

Electrified Railway Substation of the Pennsyl-
vania Railroad, An J. V. B. Duer 1919 48 8 29-80

TELEGRAPH
Metallic Polar -Duplex Telegraph System for

Long Small -Gage Cables
J. II. Bell, R. B. Shanek, D. E. Branson 1925 44 p. 310

Voice -Frequency Carrier Telegraph System for
Cables
B. P. Hamilton, II. Nyquist, M. B. Long

IV. A:
Long,

1925 44 p. 327
Polarized Telegraph Relays

J. R Fry, L. A. Gardner 1925 41 p. 333
Communication Committee Report 1925 44 p. 707
Loaded Submarine Telegraph Cable

0. E. Buckley 1925 44 p. 882
Cipher Printing Telegraph Systems

G. S. Vernon? 1926 45 p. 295
Measurement of Telegraph Transmission

II. Nyquist, R. B. Shanck, S. I. Cory 1927 46 p. 367
A Non -Rotary Regenerative Telegraph Re-

peater A. F. Connery 1927 46 p. 897
Printing Telegraphs on Non -Loaded Ocean

Cables H. Angel 1927 46 p. 884
Telegraph Traffic Engineering

II. Mason, C. J. Walbran 1927 46 p. 377
Certain Topics in Telegraph Transmission

Theory H. Nyq II iSi 1928 S 28-29

TELEPHONE
Theory of Probability and Some Applications

to Engineering Problems E. C. Molina 1925 44 p. 294
Notes on the Development of a New Type of

Hornless Loud Speaker
C. W. Rice, E. W. Kellogg 1925 44 p. 461

Echo Suppressors for Long Telephone Circuits
A. B. Clark, R. C. Mathes 1925 44 p. 481

t"l'IV 'TIES Journal I

r.d.
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If rot Vul. serialTilly lisauril No. Nu.

fewer Distributlim and Telephone Cinailts
Inductive and Physical Relation.

IL rfortsioild, /./. /. Coo, 192r, 14 is 10'.2
111,1'1011m friiiii Street Lighting

En...cid Tolopli iiiii s II G. /1/, Cot du 1025 41 is I Ow,
sIoIn,mnl unit Application of howling for

1.114.1 lw. 'i culls
Thomas Slimy, Wm. Fundiller 1926 41, p

Mt-4110dpi of high Quality iteedirding and Repro-
proihwhig Ni toile and Speech Bawd on
relepl itelosirch

J. P. Maelield, I!. C. Harrison 1920 45 p a1I
Trtiiiriiiilstilon Foul tirom of TritiowinitItiontal

Telephony //. II. Nonce, D. II. Jacobs 1926 45 p. 1159
othodki of alum/miring the !emulation of 'hilts -
phone Lines at High Frequencies If. / Green 1927 46 p. 514

Advance Pluuning of Elio 'Telephone Toll Plant
J. N. chumberihi 1928 P. I

Carrier -Current Pilot System of Transmission
Line Protection .4. S. Fitzgerald 1928 P. 22

Carrier Systems on Long Distance 'relent) iiiii
Lines If. A. A.Ifel, C..1'. Demurest, C. %V. Green 1928 5214-110

Coupling Capacitors for Carrier Current Appli-
cations T. A. E. Bell 1928 p. 31

Planning of Telephone Exchange
W. /1. Stephenson 1928 8 28-44

Telephone Toll Plant in the Chicago Region
Burke Smith. G. Il. West 1928 p. 291

Carrier -Current and Supervisory Control on
Alabama 1 'owor Com r.iny System

W. /. Wood, "II, E. W. Robinson 1929 48 828-143
Carrier Telephone Systems for Short Toil Cir-

cuits //. S. Week, M. I.. A linguist,
h. M. Ilyerifritz 1929 48 828-127

Electrical Wave Analyzers for Power and
Telephone Systems

R. G. McCurdy, P. W. BIM 1929 48 S 29-77
Master Reference System for Telephone Trans-

mission. It'. H. Marlin, C. H. G. Gray 1929 48 529-110
Meeting Long Distance Telephone Problems

H. R. Frit:, II. P. Lowther, Jr. 1929 48 8 29-63
Power -Line Carrier Telephone

I.. F. Fuller, IV. A. Tolson 1929 48 528-131
Precision Regulator for Alternating Voltage, A.

//. Al. Stoller, J. It. Power 1029 48 8 29-26
Problems in Power -Line Carrier Telephony

W. V. Wolfe, J. D. Sarros 1920 48 828-124
Purified Textile Insulation for Telephone Cen-

tral Office Wiring II. II. Glenn, E. Ii. Wood 1920 48 S 29-32
Recent Developments in Telephone Con-struction Practises

B. S. Wagner, A. C. Burroway 1929 48 S 29-56
Telephone Circuits for Program Transmission

F. A. Cowan 1029 48 S 29-75
Telephone Transmission Networks, Types and

Problems of Design 7'. E. Shea, C. E. Lane 1929 48 S 29-67
Transmission of High -Frequency Currents for

Communication over Existing Power Net-
works, The C. A. Boddie, It. C. Curtis 1929 58 828-139

TRANSFORMERS
Predetermination of Self -Cooled Oil -Immersed

Transformer Temperatures before Conditions
are Constant W. II. Cooney 1925 44 p. 011

Transformer Harmonics and Their Distribution
0. G. C. Dahl 1925 44 p. 792

Resolution of Transformer Reactance intoPrimary and Secondary Reactances
Aram Boyajian 1925 44 p. 805

Current Transformers with Nickel -Iron Cores
7'. Spooner 1926 45 p. 701

General Theory of the Auto -Transformer
W. L. Upson 1926 45 p. 1048

Constant -Current Regulating TransformerCharacteristics II. C. Louis, A. Albaugh 1927 46 p. 77
Design of Reactances and Transformers which

Carry Direct Current C. It. Hanna 1927 46 p. 155
Mechanical Forces in Transformers J. E. Clem 1927 46 p. 577
Reduction of Transformer Exciting Current to

Sine -Wave Basis G. Camilli 1927 46 p. 892
Suggested Transformer Voltage Standards,Their Relationship to Pacific Coast Practise,

Committee Report II. II. Minor 1927 46 p. 195
Application of Wound Type Current Trans-

formers Installed in High -Voltage Oil Cir-
cuit Breaker 'ranks J. C. Bea 1928 S 28-81

Relation between Transmission Line Insulation
and Transformer Insulation W. IV. Lewis 1928 S 28-83

Surge Voltage Investigation on the 140-Kv.
System of the Consumers Power Company
during 1927 J. G. Hernstreet, J. R. Eaton 1928 El 28-75

Surge Voltage Investigation on the 132-Kv.
Transmission Lines of the American Gas &Electric Company P. Sporn 1928 S 28-77

BushingType Current Transformers for Meter-
ing A. Boyajian, W. F. Skeals 1929 48 S 29-53
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Title

Page
or

Year Vol. serial
issued No. No.

TRANSFORMERS (Continued)
Current Transformer Excitation under Tran-

sient ConditionsD. E. Marshall, P. 0. Langguth 1929
Effect of Transient Voltages on Power Trans-

former Design K. K. Palueff 1919

Lightning Studies of Transformers by the
Cathode Ray Oscillograph

F. F. Brand. K. K. Palueff 1929
New High Accuracy Current Transformer, A

M. S. Wilson 1929

132-Kv. Shielded Potentiometer for Deter-
mining the Accuracy of Potential Trans-
formers C. T. Welters 1929

Safe Loading of Oil -Immersed Transformers
E. T. Norris 1929

Some Notes on Transformer Design
E. H. Waldo 1929

TRANSMISSION LINES
Artificial Representation of Power Systems

H. H. Spencer, If. L. Hazen
Power System Transients V. Bush, R. D. Booth
Over -Voltage on Transmission Systems Due to

Dropping of Load E. J. Burnham
Corona Investigation on an Artificial Line

M. F. Gardner
220-Kv. Transmission Transients and Flash-

overs R. J. C. Wood
Fundamental Considerations of Power Limits

of Transmission Systems
R. E. Doherty, H. H. Dewey

Transmission Stability C. L. Fortescue
Mississippi River Crossing of Crystal City

Transmission Line H. W. Eales, E. Ettlinger
Sleet and Ice Troubles on Transmission Lines

in New England C. R. Oliver
Long Span Across the Narrows at Tacoma

A. F. Darland, J. V. Gongwer
An Investigation of Transmission -System Power

Limits C. A. Nickle. F. L. Lawton
Steady -State Stability in Transmission Systems

E. Clarke
Practical Aspects of System Stability

R. Wilkins
Studies of Transmission Stability

R. D. Evans, C. F. Wagner
Transmission Systems with Over -Compounded

Voltages H. B. Dwight
Same Notes on Electricity Transmission

G. F. Chellis
Circle Diagram of a Transmission Network

F. E. Terman
Rural Electrification C. C. Neff
Important Features of a Successful Plan for

Rural Electrification G. G. Post

1925
1925

1925

1925

1925

1925
1925

1925

1925

1925

1926

1926

1926

1926

1926

1926

1928

1926

1926

Lightning and Other Experiences with 132-Kv.
Steel Tower Transmission Lines

M. L. Sindeband, P. Sporn 1926

Vincent 220-Kv. Transmission Line Engi-
neering and Construction Features

C. B. Carlson, H. Michener 1926

Construction of the 110-Kv. Transmission Line
of the Washington Water Power Company

L. R. Gamble 1926

Notes on the Vibration of Transmission Line
Conductors T. Varney 1926

Sag Calculations for Transmission Lines
H. B. Dwight 1926

Recent Investigation of Transmission Line
Operation J. G. Hemstreet 1927

Transmission Line Voltage Surges J. H. Cox 1927

Power Transmission and Distribution Com-
mittee Report 1927

Application of Relays for the Protection of
Power System Inter -Connections

L. N. Crichton, H. C. Graves, Jr. 1928

Approximate Solution for Electrical Networks
when These are Highly Oscillatory

48 S29-144

48 S 29-34

48 S 29-68

48 S 29-36

48 5 29-43

48 S29-103

48 S29-111

44 p. 72
44 p. 80

44 p. 872

44 p. 897

44 p. 981

44 p. 972
44 p. 984

44 p. 378

44 p. 574

44 p. 954

45 p. 1

45 p. 22

45 p. 41

45 p. 51

45 p. 95

45 p. 760

45 p. 1081
45 p. 511

45 p. 515

45 p. 770

45 p. 1053

45 p. 1071

45 p. 791

45 p. 796

46 p. 835
46 p. 330

46 p. 783

p. 359

E. A. Guillemin 1928 S 28-2

American Institute
of Electrical Engineers

Title---
Carrier-Current Pilot System of Transmission

Line Protection A. S. Fitzgerald
Cathode Oscillograph as Used in the Study of

Lightning and Other Surges on Transmission
Lines H. Norinder

Communication System of the Conowingo
Development W. B. Beals, E. B. Tuttle

Electric Oscillations in the Double -Circuit
Three -Phase Transmission Line Y. Satoh

High -Voltage Oil Circuit Breakers for Trans-
mission Networks E. A. Crellin, Roy Wilkins

Lightning Investigation on New England Power
Company System E. W. Dillard

1926 Lightning Experience on 132-Kv. Trans-
mission Lines P. Sporn

Oscillograph Recording Apparatus for Trans-
mission Line Studies J. W. Legg

Power Transmission and Distribution Com-
mittee Report

Bessel Functions for A -C. Problems
Herbert Bristol Dwight

Cathode Ray Oscillograph Study of Artificial
Lightning Surges on the Turners Falls Trans-
mission Line

K. B. Mc Eachron, V. E. Goodwin
Graphic Solution of A -C. Transmission Line

Problems, The F. M. Denton
System Stability as a Design Problem

R. H. Park, E. H. Bancker
Transmission and Distribution Committee

Report
Movements of Overhead Line Conductors dur-

ing Short Circuits

Year
issued

Page
or

Vol. serial
No. No.

1928 p. 22

1928

1928

1928

1928

1928

1928

1928

1928

1929

1929

1929

1929

1929

Wm. S. Peterson, H. J. McCracken, Jr. 1929

28-84

S 28-45

p. 58

p. 148

S28-100

5 29-4

p. 135

828-103

48 829-112

48 S 29-51

48 S 29-20

48 S28-129

48 S 29-96

48 S28-112

WELDING
Arc -Welded Structures and Bridges

A. M. Candy 1928 S 28-66

Electric Welding Committee Report 1928 S 28-94

Electric Welding of Pipe Lines J. D. Wright 1928 S 28-79

Metallic Arc Welding Electrodes, A Study of
the Effects of Surface Materials J. B. Green 1928 S 28-16

Stability of the Welding Arc P. Alexander 1928 S 28-8

Welding and Manufacturing of Large Electrical
Apparatus A. P. Wood 1928 S 28-10

Rationalization of Transmission System Insu-
lation Strength P. Sporn 1928 5 28-67

Relation between Transmission Line Insulation
and Transformer Insulation W. W. Lewis 1928 S 28-62

Surge -Voltage Investigation on the 140-Ky.
System of the Consumers Power Company
during 1927 J. G. Hemstreet, J. R. Eaton 1928 S 28-75

Surge Voltage Investigation on the 132-Kv.
Transmission Lines of the American Gas &
Electric Company P. Sporn 1928 S 28-77

Surge Voltage Investigation on Transmission
Lines W. W. Lewis 1928 S 28-83

Transmission Experience of the Public Service
Company of Colorado

M. S. Coover, W. D. Hardaway 1928 S 28-69

The Chicago Regional Power Systems
E. C. Williams 1928 p. 246

Formula for Minimum Horizontal Spacing of
Transmission Line Conductors as Affected by
Danger of Contact in the Span P. H. Thomas 1928 S28-101

Utilization of Lodgepole Pine Timber for Poles
R. W. Lindsay 1928 S 28-90

Vibration of Transmission -Line Conductors
T. Varney 1928 S 28-36

Arc Welding of Steel Buildings and Bridges
Frank P. McKibben 1929 48 S 29-57

Electric Welding Committee Report 1929 48 S29-101

All papers published before 1928 include any discussion
on same when presented al meetings. Institute mem-
bers are entitled to receive, without charge, one un-
abridged copy of any paper printed in the JOURNAL
after 1927 in condensed form,-provided such request
is made within one year from publication of JOURNAL
abridgment. Subsequent orders from members for
such papers involve a charge of 28 cents each.

33 West 39th Street
- - New York



94 INDUSTRIAL NOTES Journal A. I. E. E.

DIGEST OF CURRENT INDUSTRIAL NEWS
........ .......

NEW CATALOGUES AND OTHER PUBLICATIONS
Mailed to interested readers by issuing companies

Distribution Transformers.-Cata1og GEA-607A, 80 pp.
Describes General Electric distribution transformers. General
Electric Company, Schenectady, N Y.

Printing Press Controllers.-Bulletin 115, 8 pp. Describes
automatic magnetic reversing printing press controllers for d -c.
motors. Monitor Controller Company, Baltimore, Md.

Armature Testers.-Bulletin, 4 pp. Describes Martindale
adjustable "growlers" for testing motor armatures. Martindale
Electric Company, 1260 West 4th Street, Cleveland, 0.

Capacitors.-Bulletin GEA-77C, 20 pp. Describes General
Electric capacitors for power factor correction. General Electric
Company, Schenectady, N. Y.

Bus Supports.-Bulletin 30, 28 pp. Describes Pacific
Electric outdoor bus fittings, connectors and supports. Pacific
Electric Mfg. Corp., 5815 Third Street, San Francisco, Cal.

Outdoor Switch Houses.-Bulletin C-1861, 8 pp. Describes
outdoor switch houses with oil circuit breakers. Westinghouse
Electric & Manufacturing Co., East Pittsburgh, Penna.

Carrier Current Telephone Equipment.-Bulletin GEA-
1169, 8 pp. Describes General Electric carrier current telephone
equipment, type KCA-100. General Electric Company, Sche-
nectady, N. Y.

Automatic Switching Equipment.-Bulletin GEA-89B,
8 pp. Describes General Electric automatic switching equipment
for outdoor a -c. reclosing feeder service, 440 to 73,000 volts.
General Electric Company, Schenectady, N. Y.

Apparatus Insulators.-Bulletin 1858, 20 pp. Describes
outdoor apparatus insulators for switchgear apparatus such as
bus supports, disconnecting switches, etc. Westinghouse
Electric & Manufacturing Company, East Pittsburgh, Penna.

Induction Voltage Regulators.-Bulletin GEA-1030, 112
pp. Describes the design, characteristics and application of
General Electric induction voltage regulators, General Electric
Company, Schenectady, N. Y.

Heat Flow Meters.-Bulletin 4800, 12 pp. Describes
Weston heat flow meters which have been developed as a result
of extensive study and scientific research in Germany under the
guidance of Dr. Ernest Schmidt. Weston Electrical Instrument
Corporation, 584 Frelinghusen Avenue, Newark, N. J.

Constant Speed Motors.-Bulletin 1006-A. Describes
constant speed motors in ratings from 1/30 to 1/12 horsepower,
such as are used on household machines, office equipment, small
pumps, control devices, signal control, etc. These motors are for
both alternating and direct current. Bodine Electric Company,
2254 W. Ohio Street, Chicago, Ill.

Recording Instruments.-Catalog 1009, 92 pp. Describes
Bristol recording gauges for pressure and vacuum. Capacities
range from full vacuum to 12,000 pounds per square inch. These
instruments are designed to cover practically every known re-
quirement for vacuum and pressure of gases, steam, air and
liquids. The Bristol Company, Waterbury, Conn.

Lighting Data Bulletins.-A series of illustrated publica-
tions describing illumination for specific applications. "Flood
Lighting," bulletin LD-159, 50 pp.; "Looking Ahead in Aviation
Lighting," bulletin LD-158, 58 pp.; "Electric Light on the
Farm," bulletin LD-153A, 38 pp.; "Luminous Harmony in the
Home," bulletin LD-137C, 34 pp. Edison Lamp Works of
General Electric Company, Harrison, N. J.

High Voltage Switches.-Bulletin 29, 18 pp. Describes
Pacific Electric type "S" switches, a development of the standard
type "K" (1400) switch, pioneered in 1914. This is the original
square -shaft, single rocker -insulator switch, the design of which
has now been so widely adopted. The outstanding improvement
in this device is the new rocker bearing and rocker shaft mount-

ing. Pacific Electric Manufacturing Corporation, 5815 Third
Street, San Francisco, Cal.

NOTES OF THE INDUSTRY
The Wagner Electric Corporation, St. Louis, has removed

its Chicago sales office and service station to 1935 Indiana Avenue.
The Rockbestos Products Corporation, New Haven,

Conn., manufacturer of asbestos insulated wires and cables,
announces the appointment as sales manager of H. 0. Anderson,
formerly special sales engineer for the company.

The Delta -Star Electric Company, Chicago, announces
the appointment of Paul H. Butler as manager of its New York
office. For the past five years Mr. Butler has been engaged in
engineering and sales work in this office of the company.

The Locke Insulator Corporation, Baltimore, Md., has
removed its Philadelphia office to 1405 Locust Street. J. G.
Dellert, district manager, G. M. Ruoff, covering Pennsylvania
and New Jersey, and W. F. Schoonmaker covering Virginia,
Maryland and Delaware will have headquarters at this office.

The Copperweld Steel Company, Glassport, Penna.,
announces the following appointments: F. A. Whitehead,
formerly superintendent of rolling mills, is now general superin-
tendent; S. L. Gibason, formerly assistant superintendent of
rolling mills has become superintendent of rolling mills; J. C.
Glover is now assistant superintendent of rolling mills.

New Glass Top Fuse Plugs.-The General Electric Company
has introduced a new type of fuse plug, with a "Pyrex" glass
top shaped as a lens, which insures clear vision and magnifies the
fuse strip. Since this fuse plug has a non-metallic insulated top,
there are no exposed metal parts when it is inserted in a cutout.
The new G. E. fuse plug has an added safety feature in that the
"Pyrex" glass top is tough and does not shatter. The link is
enclosed in a deep porcelain cup in which the arc is ruptured.

Improved Cell Type Capacitors.-The Electric Machinery
Manufacturing Company of Minneapolis, Minn., has recently
announced a new improved line of cell type capacitors for use in
power factor improvement. These capacitors are built for either
indoor or outdoor use, the outdoor type capacitor being com-
pletely enclosed in a sheet steel housing. The E -M capacitor
consists of an assembly of capacitor cells securely mounted on a
rugged steel stand. Each cell is a complete capacitor unit, and
by connecting two or more cells in parallel, any desired kv-a.
may be obtained.

1930 Program for New York Power Companies.-The
New York Edison Company and associated electric light and
power companies serving Manhattan, Bronx, Brooklyn, Queens
and Yonkers will in 1930 spend 876,848,053 for construction
purposes, according to Matthew S. Sloan, president of these
companies. In 1929 about 880,000,000 was spent. The budget
covers both supplies and labor, and wages represent a
substantial portion of the total. The principal items are
as follows: Generating Stations, 820,581,095; Substations,
81,204,008; Buildings and Yards, $2,458,000; Transmission and
Distribution, 850,250,950; Miscellaneous, 82,354,000, of which
transportation equipment will take 81,000,000.

New Laboratory for Westinghouse.-An expenditure of
81,500,000 will be made by the Westinghouse Electric and
Manufacturing Company in the construction of a central en-
gineering laboratory and an addition to the present direct current
power laboratory, both in East Pittsburgh. Test circuits of
almost any voltage and frequency will be provided for. The
new laboratory will eventually replace numerous smaller labora-
tories and experimental test sections now scattered throughout
the plant. Work has already started on the laboratory, an
eleven -story structure 80 feet wide and 225 feet long. Adjacent
to this building will be the 125 -foot extension to the direct
current laboratory.
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Find Out What This Improved Winding
Process Means to Your Product

The extent to which economies or
higher efficiencies may be applied in
the manufacture of any product in-
volving the use of coils is best deter-
mined by actual demonstration of a
sample coil, built by Rome.

There is a wide variety of Rome Pre-
cision Coils for any purpose; accurate-
ly made to exacting specifications.

Through a higher factor of space
utilization, as well as increased accu-
racy of turns, the Rome Winding Proc-
ess adds far-reaching advantages to
Rome Precision Heavy Wire Coils.

Your product may be benefited most
by increased coil dependability. Or

smaller over-all coil dimensions. Or
greater accuracy of measurements.
Or positive uniformity-higher thermal
efficiency-lower watts -loss.

In some degree, all of these refine-
ments will undoubtedly improve your
product. The sum of them all produces
results so important that you will un-
questionably find them worth investi-
gation, whatever your present source
of coils may be.

ROME WIRE COMPANY
Division of General Cable Corporation
ROME, NEW YORK

ROME PRECISION COILS
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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othing but
RESISTANCE UNITS!

made to meet most

requirements of radio,

television, sound ampli-

fication, talkie movies,

x-ray .... and all other

electrical work ....
FOR many years this organization has

specialized in the designing and
manufacturing of resistance units

Standardized DURHAM Resistors, Grid

Suppressors, Powerohms in ranges to meet

an exceedingly wide variety of conditions.

. also special types, designed in co-

operation with leading electrical engineers

and experimental laboratories.

Today DURHAM resistance units stand

second to none in point of accuracy and

efficiency and as a natural result are now

specified as standard equipment by many

of the largest manufacturers of radio and

allied products in this country.

New uses for Durham Resistances are

constantly being discovered as a result of

the co-operative work we are continually
carrying forward with electrical engineers

in our experimental laboratories.

The facilities of this organization of
resistance specialists are available to all
electrical engineers, just as our wide
experience in this field is yours to com-
mand.

A standard Durham Metal-
lized resistance unit, made
in a wide variety of ranges
and used by the millions in
the radio industry.

RESISTORS & POWEROHMS
INTERNATIONAL RESISTANCE CO.
2006 Chestnut Street, Philadelphia, Pa.

Please mention the JOURNAL of the A. I. E. E. when writing to:advertisers.
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PERFORMANCE IS THE ONLY
MEASURE OF QUALITY

QUALITY is only too frequently misunderstood even
by those who talk most about it. No addition-no
refinement is truly an indication of the quality of the
product unless such refinements are reflected in in-
creased satisfaction and improved performance.
In an insulator, as in all else, these are the only true
guides by which quality may be determined. High-
sounding processes and erudite theories are valueless
unless they mean better service.
The reputation which Locke Insulators have won is
based solely on the record for unfailing service which
they have established in the field for thirty-seven years.
That's quality.

III

11 III

..........

....
11

LOCK
PORCELAIN INSULATORS
LOCKE INSULATOR_ CORPORATION - BALTIMORE MARYLAND

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Helping to Maintain
uninterrupted
Service

TS -6 Oil Testing Set

TO facilitate the periodic testing of oil in transformers-so
necessary to maintain their efficient operation-American

Transformer Company engineers have designed the Type TS -6
Testing Set. It is a complete, portable oil testing outfit.

The TS -6 Testing Set has a 1 KVA, 60 cycle, 110 volt primary, 30,000
volt secondary transformer, volt meter, main line switch, circuit breaker,
pilot light, potentiometer regulator and oil testing cup. The complete
equipment, mounted in a strong case with angle iron protecting pieces on
the corners, and padlocked doors for protection of the mechanism, is so
compact it can be transported easily between sub -stations, or to trans-
formers on poles or in manholes.

Power* and industrial* companies find the TS -6 Testing Set very use-
ful and practical for maintaining high quality oil in power and distribu-
tion transformers, oil circuit breakers, or any other oil immersed apparatus
in their operating departments.

For more detailed information about this and other special industrial
transformers write for Bulletin 1130. There is an American Transformer
for every laboratory and industrial application.

AMERICAN TRANSFORMER COMPANY
180 Emmet Street

 Names furnished on request.

Representatives
Atlanta, Ga.-H. Douglas Stier, 101
Marietta Street
Chicago, C. Hermann, 4433 North
Richmond Street, Ravenswood Station
Knoxville, Tenn.-Arthur L. Pollard
Minneapolis, Minn.-Elliott Equipment
Co., 708 Sixth Avenue, South.

Newark, N. J.

Montreal, Canada-W. 0. Taylor 86 Co.,
Ltd., 415 Canada Cement Bldg.
Philadelphia, Pa.-L. D. Joralemon, 112
South 16th Street
San Francisco, Calif.-James H. Southard,
682 Mission Street
St. Louis, Mo.-J. W. Jones, 432 Pennant
Building

AMERICANTRANS FORMERS
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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New relays for better protection
Types SC, SC -1, and SV Current Relays-for
use wherever an instantaneous relay is desired
to protect circuits or apparatus from over cur-
rents or undervoltage. Applicable on a -c. and
d -c. circuits. They are small, simple, durable
relays of great accuracy.

Types MA, ML, and MX Auxiliary Relays-
These relays are  reciprocating contactors for
miscellaneous automatic and remote control
switching. Applicable to a -c. and d -c. without
restriction.

WESTINGHOUSE engineering, guided
by sound research and broad experi-

ence, leads in the development of instruments
and relays. Their relays, here illustrated,
typify Westinghouse achievements in this
field.

The pers'onnel of the Westinghouse
Company includes men who have created
instrument and relay history. Individ-
ually, they are outstanding in their

Type CWC Time -Element Power Relay-for
ground protection on systems operating with
grounded neutrals. Faulty operation of the
directional feature is impossible, and the relay
will not trip unless the fault current flows on a
line protected by the relay.

Type BG Bus Ground Relay-for protection
when a heavy ground current flows, whether it
be a -c. or d -c. Operates on less current than any
other relay having the same maximum current -
carrying capacity. It is of low cost, small, fast,
sturdy and easily mounted.

respective work; collectively, they constitute
the highest authority on every phase of in-
strument and relay manipulation.

When you consult a Westinghouse Relay
Specialist, you get the services ofa complete
engineering and manufacturing organization,

the most competent advice obtainable.

Literature will be furnished gladly by
our nearest district office.

WESTINGHOUSE ELECTRIC & MANUFACTURING COMPANY
NEWARK WORKS NEWARK. N. J.
SALES OFFICES AND SERVICE SHOPS IN ALL PRINCIPAL CITIES

Westinghouse
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Illustrated above: Types of Gillett
Solderless service taps and connec-
tors employing Monel Metal bolts
and screws as standard equipment.
Mfd. by PARK METALWARE

CO., Orchard Park, N. Y.

GILLETT
SOLDERLESS CONNECTORS

have bolts of dependable

Monel Metal

SOLDERLESS connectors represent a long step
forward in the march toward trouble -free

transmission lines. The combination of solder -
less connectors and Monel Metal bolts is now
recognized as the safest and most dependable
type of equipment in many branches of electric
service.

In this instance, as in many others, Monel
Metal bolts are employed because they offer the
essential combination of corrosion -resistance with
high tensile strength. In general, Monel Metal's
advantages for outdoor transmission service
may be summed up as follows:

1. It possesses high tensile strength (well over
100,000 p. s.

2. It is rust -proof and resists corrosion -cracking -

3. It gives freedom from fatigue failures -
4. It is distinguished by dependable, rolled uni-

formity.

If you feel that solderless connectors will fit
into your plans, may we suggest that you specify
Monel Metal bolts and thus secure the depend-
able performance which only Monel Metal
bolts insure.

WRITE FOR BOOKLET-"BOLTS THAT WILL NOT FAIL"

©KIEL MAL
Monel Metal Is a technica y controlled Nickel -Copper alloy of high Nickel content.
It le mined. melted. refined, rolled and marketed solely by The International
Nickel Company. The name "Monel Metal" ie a registered trade mark.

THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL STREET, NEW YORK, N. Y.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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SANGAMO
POLYPHASE METERS

. . bottom - connected

all capacities

two- and three -disk...

WITH the develop-

ment of the art of metering
electric service, Sangamo Meters

are kept abreast of the require-

ments of the Electric Light and

Power industry.

All Sangamo Polyphase Me-

ters, two -disk as illustrated, or

three -disk, are temperature com-

pensated using HC elements and

standardized bottom -connected

bases with removable molded

individual terminals.

Pilot lights in the potential

circuits, as shown, can be sup-

plied when specified in any bot-

tom -connected polyphase meter

at a slight extra charge.

SANGAMO ELECTRIC COMPANY
SPRINGFIELD ILLINOIS

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
8331-16
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TRANSFORMERS

.21F4S.

;AIR ;AMP. nAV- -

6667 KVA.
73,000 Volts

EXPERIENCE gives to the master workman the
technique of his craft. Years of experience has

given MOLONEY engineers and workmen the prac-
tical knowledge that tempers the theoretical. And this
vast store of experience is employed today in the building
of all classes of quality transformers from the smaller dis-
tribution sizes up to 132,000 volts in large power units.

MOLONEY ELECTRIC COMPANY, St. Louis, Mo.

Keane mention the JOURNAL of the A. I. F. I. when writing to advertincrn.
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ARMORCLAD SWITCHGEAR

TYPE C
DOUBLE BUS, HAND OPERATED UNIT

The type C switchgear units are available in current carry-
ing capacities up to 800 amperes, voltages up to 15,000 and in-
terrupting capacities up to 175,000 K.V.A. They may be fitted
with hand, solenoid, or motor operated mechanisms. Units may
be equipped with instruments and instrument transformers to
suit the particular requirements. Note the substantial appearance
of the unit. Allis-Chalmers Reyrolle switchgear is built in other
styles and ratings.

Let us show you how Armorclad Switchgear can be used
for your next oil circuit breaker installation.

II
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Type LG circuit breaker -2000 amperes at 220 volts
A. C. 2 phase, 4 wire -4 poles -4 direct -acting over-
load coils with 4 direct -acting time limits (Dalites)
-non closable on overload or short circuit (Autoite).

Type S circuit breaker- 150 amperes at 250 volts
D. C.- 2 poles -2 direct -acting overload coils with
2 direct -acting time limits (Dalites)-poles close
independently but are tripped together on overload
or short circuit or by hand.

Padlocked U-Re-Lite-method of padlocking box to
prevent unauthorized changes of overload settings-
also method of locking handle so U-Re-Lite cannot
be closed while men are working on the line. All
U-Re-Lites and Auto U-Re-Lites can be locked in
this manner.

I -T -E CIRCUIT BREAKER COMPANY
19th and HAMILTON STS., PHILADELPHIA

Birmingham, American -Traders Bank Building; Boston, 201 Devonshire; Buffalo, Ellicott Sq. Bldg.;
Chicago, 333 N. Michigan Ave.; Cincinnati, Union Trust Bldg.; Cleveland, 439 Terminal Tower Bldg. ;
Dallas 1810 Allen Bldg.; Denver, Tramway Bldg.: Detroit, Penobscot Bldg.; Duluth, 611 Providence
Bldg.;Kansas City, Midland Bldg.: Los Angeles, 106 W .3rd; Minneapolis, Plymouth Bldg.; Montreal,
151 Lagauchetlero St. West; New Orleans, Hibernia Bank Bldg.: New York, 12 E. 41st St.: Omaha.
Electric Bldg.; Philadelphia, 1505 Race St.; Pittsburgh, Park Bldg.; St. Louis, Bank of Commerce
Bldg.; San Francisco. Russ Bldg. ; Seattle, 802 33rd Ave.: Toronto, 149 Adelaide Street East; Van-
couver, 600 Beatty Street.
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"Well, boys, this is the end
of the Greatest Circuit
Breaker Show On Earth.
When it's dependable pro-
tection for 750 volts D. C.
or 550 volts A. C. or less, it
will pay you to come to
headquarters-forty-one
years of making circuit
breakers and making them
right. I've shown you
twenty-six different types
and sizes of I -T -E equip-
ment. Write for the new
I -T -E catalogue and get the

low-down on the
whole line!"

t,w,...A.qtI':(0:1,A1:5P':o.,:i it

-.AAAA,: 4
latx=o2w..4484ta t

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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When
a nation orders

wires and
cables

IF industry had reached its peak, if inventions were to cease, the
present Standard line of electric wires and cables would be

sufficient to meet the needs of the nation. For Standard products
include all types and sizes of aerial, underground and submarine
cables.

But requirements continue to change! The uses of electricity
increase. So we are constantly searching out improvements, econ-
omies, greater efficiency for the wires and cables that carry elec-
tricity to the homes and industries of the country.

For over half a century this has been Standard practice. Yet
today, even more than ever before, our whole organization-
from practical field men to research engineers-is keyed to the
development of new contributions to the electrical industry.

You will find Standard representatives quick to grasp your
peculiar problems, and equally quick to place "at your service"
our increased manufacturing and engineering facilities.

We will welcome your inquiry for consultation, specifications,
or prices.

STANDARD UNDERGROUND CABLE COMPANY
Division of General Cable Corporation

Perth Amboy, N. J.

STANDARD
UNDERGROUND

CABLE COMPANY
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Condit M-210 is a new
oil circuit breaker built
to control and protect
underground lines re-
quiring moderate inter-
rupting capacity.

It is compact, water -tight,
full -automatic.

Condit principles of de-
sign and Condit stand-
ards of workmanship
give the new Type M-210
a safety, dependability
and efficiency that cover
generously the exacting
demands of modern sub-
way and manhole service.

Features of the New
Type M-210

Trip free automatic
Provision for 6 bushing type current

transformers
Position indicator
Provision for venting
Mechanism rust -proof by parkerizing
Provision for 6 trip coils
Large expansion chamber
Easy to install and maintain
Lead covered cables terminate in com-
pound filled pot heads 'inside breaker.

ee

not in loud/ with &ILO,
c o NDIT ELECTRICAL MFG. CORPORATION

Manufacturers of Electrical Protertive Devices

BOSTON, MASS.
Northern Reark Company

LIMITED

Dimiributor for the Dominion of Canada

SPECIFICATIONS: 400 amperes, 15,000 volts. Estimated interrupting capacity 60,000 Kv-a.

0
3273

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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ore and still more
telephones for tomorrow

Your voice starts new factories
a-building

Day by day, the telephone becomes a more significant factor
in social and business intercourse. As a means of communication
on land and across the ocean, its use grows steadily and it is
soon destined to become an accepted adjunct to travel in the air.

More and more equipment will be needed-telephones by
the million, copper wire by the millions of miles, parts and
accessories ranging from delicate springs to giant reels of
cable, from the simple transmitter mouthpiece to the highly
complex telephone switchboard.

To meet this program of expansion Western Electric's man-
ufacturing facilities are being doubled. Huge additions to
plants at Chicago and at Kearny, N. J.-a new factory at Balti-
more-all this is evidence that however great the demand for
telephones in 1930 or 1940, that demand will be satisfied.

In homes

In offices

In airplanes

Across the ocean

Western ElectricMAKERS OF YOUR TELEPHONE
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

This busy scene
is typical of
resternElectric
growth at Bal-
timore,Chicago
andKearny,N.
J. It is growth
made necessary
to _provide tel-
ephone appara-
tus whenever
and wherever
needed.
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MINERALLAC ELECTRIC CO.
25 NORTH PEORIA ST. CHICAGO

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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44 KV Cable
Transmission
Efficiency

(Cable Buried in 1,000 -ft. Lengths

Tennessee Coal, Iron & Railroad Com-
pany Power Station, Birmingham, Ala.

Single Conduc-tor Pothead-
Three at end of

each cable.

Cable Reels arriving at the Tennessee
Power House.

A pamphlet illus-
trating and describ-

ing details of thisinstallation awaits
your request. Write

office nearest you.

Individually Leaded Three -Conductor Paper
Insulated Underground Power Cable for
44,000 Volt 3 -Phase Operating Potential,
made by American Steel & Wire Company.

Single Conductor Joints
with Oil Reservoirs and

Cast Iron Housing.

Cables in ground
prior to back filling.

The above illustrations point the way to securing (over all) transmission economy and high efficiency by:
(a) Eliminating conduits and manholes-using American Steel and Wire Buried Cable. (b) Cutting downnumber of joints-installing cable in 1000 ft. lengths. (c) Transmitting at high voltage-44KV carried bythree -conductor American Steel and Wire Buried Cable.

American Steel 8 Wire Company
Subsidiary of United States Steel Corporation

208 South La Salle St., Chicago 30 Church St., New York
Other Sales Offices: Atlanta Baltimore Birmingham Boston Buffalo Cincinnati Cleveland Dallas Denver Detroit Kansas CityMemphis Milwaukee Minneapolis -St. Paul Oklahoma City Philadelphia Pittsburgh Salt Lake City St. Louis Wilkes-Barre WorcesterU. S. Steel Products Co.: San Francisco Los Angeles Portland Seattle HonoluluExport Distributors: United States Steel Products Co., 30 Church St., New York City

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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USE A "KONDU"
INSTEAD OF A THREAD

Subtract half of your labor costs!
Figure for yourself what you'll save by using KONDU

GET out your figures for any conduit lines. Whether threaded or not KONDU
installation that you have made holds tight.

lately with ordinary fittings. REAL SPEED IN INSTALLING:
Divide the labor cost by two, and you'll Slip KONDU over the ends of the con -

get a close estimate of the savings that duit, turn up the nuts, and the fitting is
KONDU Threadless Fittings will make. in place to stay. Vibration can't loosen.

These modern fittings give some sur- EASIEST FITTING TO CHANGE:
prising short-cuts to lower costs. Any KONDU fitting can be taken out of

NO THREADS TO CUT with the line and replaced with a different style,

KONDU, no threading machines or pipe without disturbing any conduit whatever-

stocks and dies. No scraping of enamel an exclusive feature.

off conduit, as KONDU'S grounding rings There are many more time -saving
bite right through. and cost-cutting points that you'll

USE ODD LENGTHS OF CON- like about KONDU. Write for
DU I T: Put old lengths hack into the Catalog "J."

FIRST
IN THE FIELD OF

THREADLESS
FITTINGS -

CAN BE TAKEN
OUT OF THE LINE

ANYWHERE
AT ANY TIME

ERIE MALLEABLE IRON COMPANY
Kondu Division 670 West 12th Street, ERIE, PA.

Canadian Representative: Kondu Manufacturing Co., Ltd., Preston, Ont.

N

Erie Malleable
Iron Company

Kondu Division
670 West 12th St.,

Erie, Pa.
Gentlemen:

Send me Catalog "J,"
showing how KoriDu

Fittings speed up con-
duit installations.

(Your Namo)

(Company Name)

(Address)

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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SOLD
THESE THREE

THESE four banks of Kuhlman Transformers are in a foundry
belonging to one of the World's largest automobile manufactur-

ing companies. The bank shown at the top was the original instal-
lation. Its performance resulted in the selection of Kuhlman Trans-
formers for the other three banks. This is additional evidence of the
dependability and operating economy of Kuhlman Transformers.

KUHLMAN ELECTRIC CO., BAY CITY, MICH.

ag&MAM
TIREMITCXER2M2

Alr

Offices

Akron, Ohio
Electric Motor & Repair Co.
High and Barges Sts.

Atlanta, Georgia
E. K. Higginbottom
1431 Healy Bldg.

Baltimore, Md.
Industrial Power Equip. Co.
421 W. Camden St.

Boston, Mass.
Geo. H. Wahn Co.
69-71 High Street

Buffalo, N. Y.
John E. Hoffman
280 Carolina St.

Chicago, m.
John R. Smith
844 Rush St.

Cincinnati, Ohio
S. L. Currier
833 Union Trust Bldg.

Cleveland, Ohio
Public Service Supply Co.
627 Union Trust Bldg.

Dallas, Texas
F. T. Morrissey & Co.
1408 Allen Bldg.

Denver, Colo.
Joy & Cox, Inc.
314 Tramway Building

Detroit, Michigan
Richard P. Johnson
10-230 General Motors Bldg.

Indianapolis, Indiana
Scott Jacque Co., Inc.
202 Indiana Terminal Whse.

Lincoln, Neb.
Enterprise Electric Co.
1425-35 M. St.

Los Angeles, Cal.
Thomas Machinery Co.
912 E. 3rd St.

Milwaukee, Wis.
Wm. H. Fernholz
1031 Clybourn St.

Minneapolis, Minn.
Joseph L. Barnard
2101 Blaisdell Ave.

Montreal, Quebec
W. 0. Taylor & Co.
415 Canada Cement Bldg.

New Orleans, La.
Lyman C. Reed
1230 Hibernia Bank Bldg.

New York, N. Y.
D. F. Potter, Jr.
Graybar Bldg.
New York (Export)
Parr Electric Export Corp.
77 Warren St.
Omaha, Neb.
J. H. Nicholson
6315 N. 33rd St.

Philadelphia, Pa.
J. Edward Bolich
1015 Chestnut St.
Pittsburgh, Pa.
Continental Sales & Eng. Co.
839 Oliver Bldg.
Rochester, N. Y.
Geo. W. Foote
601 Temple Bldg.

San Francisco, Cal.
C. F. Henderson
Call Building

Seattle, Wash.
Equipment Sales Co.
514 Lloyd Bldg.

Tampa, Fla.
Tampa Hardware Co.
Polk & Morgan Ste.

Toledo, Ohio
Howard J. Wittman
319 Spitzer Bldg.

York, Pa.
Harry W. Motter
25 N. Duke St.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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SHUNT WOUND

THE DIVER
CONSTANT

VOLTAGE INHERENT

BATTERY CHARGER

ERATOR
RUNS AS

MOTOR SAFELY

FOR ALL KINDS OF BATTERY CHARGING WITH SAFETY ECONOMY

BUT ESPECIALLY FOR FULL FLOATING

Diverter Pole generator sets as installed in the Leaside substation
of the Hydro Electric Commission of Ontario. Generator on the right
is floating with 120 cell battery on main bus control, and generator
on the left is floating with 24 cell battery on supervisory control.

OVER 40 generating companies, from Maine to California, and from
Montana to Texas, are now using Diverter Pole Generators in control

service and more than two-thirds have placed repeat orders with us.

Some recent comments of central station operators-
"We have not touched the field rheostat of the
Diverter Pole generator in sub No. 19 since
July 7th". The above statement made on
October 31st, 1929.

"I had a heck of a time getting my first requisi-
tion 0. K'd, but after seeing the Diverter

Pole generator in operation everybody was
pleased."
"We thoroughly blow out and clean all our
equipment once a month, but we never touch
our Diverter Pole generator otherwise."
"Our Diverter Pole generator set is 100%."

Send for descriptive bulletin

ROCHESTER ELECTRIC PRODUCTS CORP.
87 Allen Street Rochester, N. Y.

BUILDERS OF D. C. MOTORS AND GENERATORS FOR 30 YEARS

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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FERRANTI
TRANSFORMERS

30,000 K. V. A., 132,000 Volts. three phase transformer
supplied for the British Super Power System

FERRANTI, INC. FERRANTI, LTD. FERRANTI ELECTRIC
130 W. 42nd Street liollinwood Limited

New York England Toronto, Canada

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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ON
KEARNEY FUSE SWITCH

IN SUPPLYING carloads of our Vacuum Process por-

celain For the Jas. R. Kearney Corp., St. Louis, we are

proud to co-operate in the very rapid growth of that

concern, whose success is pronounced and well merited.

SINCERE DESIGNING

outlet tr,

\--729 macs
tor mon,

Of VACUUM

Inlel for liquid clay

De -aerated
liquid c1a9-

Here's how the Lapp Vacuum
Procegy sets.

»» GOOD MATERIALS >> >> SERVICE

FUSE
SWITCH DOUBLE DUTY

CUTOUT

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Load Ratio
est

A three-phase regulating
transformer with load ratio
control at the Gadsden
Substation of the Alabama
Power Company. Rated
10,000/20,000 kv-a. (out-

put), 46,000 volts

Six single-phase power transformers with load
ratio control at the Westmoreland Substation
of the Philadelphia Electric Company. Each

rated 20,000 kv-a., 72,450 to 13,800 voltsGENERA
GENERAL ELECTRIC COMPANY, SCHENECTADY, N.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Control

Four single-phase power transformers with load ratio control at the Saugus
Station of the Southern California Edison Company. Each rated 25,000

kv.a, 220,000 to 72,000 volts

-- now used by practically every
large operating company

IN the comparatively short period of seven
years, G -E equipment for changing

transformer ratio under load has been applied
almost universally. It has been so generally
accepted that the power thus regulated
totals millions of kv-a. This attests the com-
prehensive experience of General Electric
in the production of load ratio control and
demonstrates the unqualified success of the
G -E method and design.

JOIN US IN THE GENERAL ELECTRIC HOUR, BROADCAST EVERY
SATURDAY AT 9 P.M., E.S.T. ON A NATION-WIDE N.B.C. NETWORK

S A L E S 0 FFICE C

23

Features of
General Electric Design

The voltage steps are uniform regard-
less of load or power -factor, because
each ratio is obtained directly from a
separate tap.
Complete oil immersion, so important
in the successful operation of high -
voltage apparatus, affords the necessary
high degree of reliability.
The usual nine ratios are obtained with
only two current -interrupting contacts
per phase, requiring but one inspection
annually.
Extreme compactness is an important
feature of G -E design; in some cases no
additional floor space is required.

S I N PRINC

410-22

R I CIPALCITIES
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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G &WCAPNUT TERMINAL

THREADS
ARE LOCKED
BY CLAMPING
EFFECT OF
HOOD NUT

VELLUMOID
GASKET

PORCELAIN
GROUND TO
PLANE SURFACE j

COMPOUND/

SOLDERING
HOLES

PORCELAIN

STYLE 3
AERIAL LUG

COMPLETELY
CLOSED
HOOD NUT

MONEL METAL
CAP SCREWS

HOOD NUT
OVERLAPS
PORCELAIN

LOCKING FINS
CANNOT
WEDGE in PORE
CELAIN SLOT

N

CONNECTOR
EARS WILL
NOT CHIP

PORCELAIN

&oh_
CONDUCTOR

G &W devices are successful because
they are produced by distribution
engineers who have a modern factory
and a complete laboratory to work
with. Add twenty-five years' experi-
ence to this and it is small wonder
G & W products lead the field.

Simple and Effective
The combined simplicity and effectiveness
of this G &W hoodnut is the result of con-
siderable research in the field and labora-
tory. Many engineers and operating men
have indicated that this design is exactly
what they have been looking for.

Look at the illustration. See how the hood -

nut, in addition to keeping the water out
and covering the threads, seals against oil
or compound leakage. Yet the whole as-
sembly is composed of only a one-piece,
wet -process porcelain tube and a three-

part copper terminal. Easily detached
clamp type aerial lugs arefurnished

to suit any layout. Simplicitywith-
out sacrifice of performance

means a direct saving to
you in original cost,

installation, and
maintenance.

CABLE TERMINAL DEVICES

&W Electric Specialty Co.
7780 DANTE AVENUE, CHICAGO, ILLINOIS REPRESENTATIVES IN PRINCIPAL CITIES

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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VACUUM OIL COMPANY

"We wish to thank you not only for
the interest your company has shown in
the erection of this new power house but
also the co-operation which was shown
our engineers during the course of our
negotiations and construction.

"We also appreciate the savings
which you have shown over your original
estimate."

Extracts from letter from
Vacuum Oil Company to
Stone & Webster, Inc.

STONE & WEBSTER
ENGINEERING CORPORATION

Please mention the JOURNAL of the A. I E. E. when writing to advertisers.
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ANANDA
from mine to consumer

REG.U.S

Anaconda - safe-
guards quality from
mine to consumer-
provides a nation-
wide service, prompt,
dependable and
complete.

A complete wire
and cable service

HE NEW YEAR finds Anaconda Wire and Cable Com-

pany in a better position than ever before to offer a
complete wire and cable service to the electrical industry.

NINE WIRE MILLS, strategically located throughout the coun-

try and supplemented by convenient warehouse stocks, make

possible a coast -to -coast service unequalled for promptness
and dependability. Modern and efficient mill equipment
strengthens production facilities and speeds deliveries. The
coordinated supervision by a single organization from ore
to finished product from mine to consumer-guarantees
the high conductivity and uniform quality of all Anaconda

wire and cable products.

FIFTEEN SALES OFFICES dot the map between Boston and

San Francisco, making Anaconda service immediately avail-
able everywhere. Our Engineering Department, with its back-
ground of metallurgical experience covering more than one
hundred years, offers its facilities to electrical engineers to
assist in the design and construction of cables to meet special

and unusual requirements.

IN A WORD, Anaconda offers a complete wire and cable
service-wires and cables for every electrical requirement-
and makes available to the industry the vast resources and
technical facilities of the Anaconda organization. We wel-
come the opportunity of cooperating with you.

1-0

0

0

1 0

4

p

4

4
4

ANACONDA WIRE & CABLE COMPANY
General Offices: 25 Broadway, New York
Chicago Office: 111 West Washington St.

Sales Offices in Principal Cities
F

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Wire Cost versus Labor Cost!

Bulletins covering
the following as-
bestos insulated
wires are available.
Sendr for those you
are interested in.
Wires and Cables
Heater Cord
A. V. C. Cables
Switchboard Wire

and Cable
Motion Picture

Cable
Fixture Wire
Range Wire
Magnet Wire

The Ohio River
Edison Co. at To-
ronto, Ohio.

Rockbestos Cable connections
between field rheostats and
grids on main generators, at
the Toronto Station of the
Ohio River Edison Company,
designed and constructed by
Stevens & Wood, Incorpora-
ted, New York City.

HIS installation of Rockbestos-the asbestos insulated cable-
in the Toronto Station of the Ohio River Edison Co. is note-

worthy for two reasons at least:
First, because it is a superb piece of wiring and we compliment the
Stevens & Wood men who did it.
Second, the cost of the cable used was nothing compared to the labor
cost of doing this splendid job.
Where labor cost is high, only the best wire obtainable
should be used.
Replacement of poor wire means double costs for wiring.
It is natural that Rockbestos should be used on this and
all like jobs because no finer asbestos insulated wires and
cables are made.
Rockbestos will not deteriorate with age, it is perma-
nently flexible and it will not cause nor communicate fire.
Public Utilities as well as industrial plants recognize in
Rockbestos, the dependable asbestos insulated wire.

ROCKBESTOS

'I'

the asbestos covered wire

ROCKBESTOS PRODUCTSC OR P O R A T I 0 N
NEW HAVEN, CONN.

5942 Grand Central Term. Bldg., New York 903 Clark Bldg., Pittsburgh, Pa. 716 Madison Term. Bldg., Chicago
On the Pacific Coast-Anaconda Wire & Cable Co.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Dossert Connectors
are used in this 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 loth year book. Write for a copy.

DOSSERT & CO. H. B. Logan, Pres. 242 West 41st St., New York

ices or or Cables come Together

SS rti:5
THE TAPERED SLEEVE
SOLDERLESS CONNECTORS

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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A 12,000 -kw. converter
with closed system of
ventilation, Southern
California Edison Com-
pany, Vestal substation

20,000 -kw. set, United Electric Railways Company,
Providence, R. I.

Two 5000kw. variable -frequency sets, New York,
New Haven and Hartford Railroad Company at
Connecticut Light & Power Company's substation,

Devon, Conn.

One of two 6750 -kw. frequency converters for the Great Northern
Railway electrification

GENEGENERAL ELECTRIC COMPANY, ALNECTADY, N. Y.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers



ADVERTISING SECTION

Three 15,000 -kw. sets, Delaware County Electric
Company, Chester, Pa.

utstanding
Frequency-Converter

Installations

31

THE most economical use of prime movers often
requires an interchange of power. Hence, the important

place occupied by the frequency converter in the continued
growth and interconnection of power and transmission
systems.

The General Electric Company, a principal builder, has
frequency converters in successful operation up to 40,000
kw. capacity. The illustrations show typical machines.

SALES OFFICES IN PRIN

JOIN US IN THE GENERAL
ELECTRIC HOUR, BROADCAST
EVERY SATURDAY AT 9 P.M.,
E.S.T. ON A NATION-WIDE

N.B.C. NETWORK

10,1-1R C
CCIP AL ITIES

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Above. An Edison 250 -light type
K generator in use from 1883 to
1928. Equipped with copper leaf

brushes.

At right. Modern 4200 KW Rotary
Converter, 285 volts, 14,800 am-
peres. Equipped with National

Pyramid Brushes.

50 YEARS
have seen a revolution in the

generation of direct current

THE past fifty years have witnessed tremendous
changes in the design of electrical machinery for
the supply of direct current. Throughout these
years, National Carbon Company, Inc., has been an
outstanding leader in developing new and more
efficient carbon brushes for the successful operation
of these machines.

When the incandescent lamp was in its infancy,
the Edison generator illustrated above was used as
the source of electrical power. This generator was
belt -driven from a steam engine. Its approximate
capacity of 25 kilowatts was considered high.

Compare this with the methods of today. Most
direct -current power in use today is initially gen-
erated as alternating current, often by units with a
capacity of over 100,000 KVA. It is transmitted at
high voltage to sub -stations where it is transformed
to lower voltage and converted to direct current by
means of huge rotary converters. The modern
rotary converter illustrated herewith is a typical
example.

The various designs of machinery necessary for

the collection and redistribution of electrical energy
in this highly efficient way would be impossible
without carbon brushes. Scientific research in the
up-to-the-minute Research Laboratories of National
Carbon Company, Inc., always has kept (and still
keeps) pace with the ever-changing demands placed
on the many types of carbon brushes required.

Engineering science in our laboratories and care-
fully supervised workmanship in our factories are
maintaining for National Pyramid Brushes the
leadership established through the years.

NATIONAL CARBON COMPANY, INC.

Unit of Union Carbide and Carbon Corporation

Carbon Sales Division
SILVER STRAND

CABLE
Cleveland, Ohio

Branch Offices and Factories
New York Pittsburgh Chicago Birmingham San Francisco

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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20 Horse Power Century Type SCN
Squirrel Cage Induction 3 and 2 Phase 60 Cycle Motor

Low Starting Current
Normal Torque 6 6 6 General Purpose

When a Century Type SCN Squirrel Cage Induction 3 and 2 Phase

Motor is thrown directly across the line, in 30 horse power and
smaller sizes, the starting current is within N. E. L. A. recom-
mendations . . . . The starting torque of the Type SCN Motor is
practically the same as that of the standard Type SC Motor.

Therefore, Century Type SCN Squirrel Cage Induction Motors
are particularly suitable where a normal starting torque is satis-
factory, and less starting equipment is desirable.

Century Type SCN Motors, 30 horse power and smaller sizes,
are more economical to install and maintain, because they re-
quire no current -limiting starting equipment ....They take full
advantage of the current drawn from the line, because no cur-
rent is dissipated in starting equipment....Line disturbances are
lessened. Built in standard sizes from 712 to 75 horse power.

CENTURY ELECTRIC COMPANY
1806 Pine St. St. Louis, Mo.

40 U. S. and Canadian Stock Points and More Than 75 Outside Thereof

"THEY KEEP A -RUNNING"
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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61-7532-3

*

If you are selling motor -driven appliances you should not

buy motors by the horsepower . . . they should be
chosen to give the best your machine has to give,

with a minimum of service trouble. Wagner Motors

are kept up-to-date ... quietness, efficiency, power -

factor, bearings and other construction details. Check

your requirements with latest Wagner developments.

There is a right Wagner Motor for every job, because
Wagner builds every commercial type of a. c. motor.

Literature on Request

*I- WAGNER ELECTRIC CORPORATION
6400 Plymouth Ave., St. Louis

Sales and Service in 25 Principal Cities
PRODUCTS . . . FANS . . . DESK . , , WALL , , . CEILING*el TRANSFORMERS . . . POWER . . , DISTRIBUTION , . , INSTRUMENT
MOTORS . . . SINGLE-PHASE . . . POLYPHASE . . . DIRECT CURRENT

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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1,500,000 operations
before contacts need be renewed

Thompson Gibb Electric
Welding Co. No. 2 Weld-
ing Press equipped with
EC&M Type ZS Mag-
netic Contactor.

STANDARD EC&M Type ZS Con-
tactors are capable of withstanding

this terrific service as shown by tests con-
ducted by the Thompson Gibb Electric
Welding Co. of Bay City, Michigan, on one

of their welding presses.
It is because of this ability not only to

perform efficiently but also to last under
the most extreme duty cycles that this
..ompanv uses large quantities of EC&M
Type ZS Contactors.

This, we believe, establishes a record for

contact life. However, each part of EC&M

Type S direct current contactors and

Type ZS alternating current contactors is

designed to meet such exacting requirements.

Like this company, many steel mill

operators know from experience with

EC&M Contactors on screw -down, mill

table and charging
machine controllers that,
from the standpoint of
low maintenance cost,

long life and high arc -
rupturing capacity,
EC&M Contactors have
no equal.

Write for specification
sheets Si, S2 and S-18:de-

scribing these contactors.

THE ELECTRIC CONTROLLER & MFG. CO.
NEW YORK -50 CHURCH ST.
CHICAGO-CONWAY BLDG
DETROIT -DIME BANK BLDG.
BIRMINGlIANI -BROWN-MARX BLDG.

CINCINNATI -IEARIONAL BA1N lif6
DENVER- KITTREDGE BLDG

CLEVELAND,01110
LOS ANGELES- 912 E.THIRD ST.
HOUSTON - ICOE, NASH I NGTON AVE.
TORONTO-REFORD BLDG

PHHADE121i1A -WIDEESPID BLDG.
PITTSBURGH-OLIVER BLDG.
SAN FRANCISCO -CALL BUILDING
MONTREAL -CASTLE BLDG
TULSA-217EARCHER51
SEATTLE -ALASKA BLDG

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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g`rouhle-trese
MOTORS

and
GENERATORS

THE products of Electric Specialty
Company have made noteworthy

records, not only for efficiency but
long life as

well. In other words, the "wearing
out" elements which cause motor
trouble and shorten motor life, have
been reduced to the practical limit.

In achieving this, NORMA- HOFFMANN
Precision Bearings have been a helpful factor,
practically eliminating the bearing friction
which is one of the chief sources of motor
trouble, undue motor maintenance cost, and
loss of motor service.

Our engineers will gladly aid you with prac-
tical suggestions on every detail of bearing
applications.

VFF
PICZCI 11VN, ;Et

N-1042

CA

Motors and motor -generator
units typical of the line of
Llectric Specialty Company,

Stamford, Conn.

NCRMA - WC/FFMANN BE/IRINOS CC/RPM.- STAIMFC/Rri CC/NN.
111111110211Mar

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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and Uniformity
ofBeldenamel

Have BeenCa lyMaintained!
Saps

THORDARSONAowo 'rtso
R AN 5_FORMERS F0 1iZVETr1;1:1--R POSE

''^*IVWDANSOI
000 W W VPON

ST COP NWOSOUP

ktt .c7.

November
26, 1929

Mr. N. B. Parsons,
Vice Pres.,

Belden Mfg.
Company,

Chicago,
Illinois.

Dear Mr. parsons:

We have
used your wire continuously

for over twenty

years in the manufacture
of Thordarson

Transformers

and in the high
standard of quality

maintained by us

the uniform
quality of

your product
has played

a very

important
part.

During the
past two

radio seasons
while the

demand for

quantity has
been in

excess of any previous
period in

our experience,
the quality

and uniformity
of Belden-

amel have been consistently
maintained by you, regard-

less of the excessive
demand, which

might have induced

you to increase
your quantity

production
at a sacrifice

of quality.

We must
have the

best raw
material we

can obtain to

meet the exacting
requirements

of our customers
and

I want to
congratulate you

on the exceptional
quality

of Beldenamel
which you

have always
maintained.

Very truly yours,

TBORDARSON
ELECTRICCO.MFG.

d',274,1/J,7,1

elden

°THE accompanying letter is
1 self-explanatory. During the

last two years, the unprecedented
demand for Beldenamel Magnet
Wire has placed a tremendous
premium on production.
Despite the pressure for big pro-
duction throughout this critical
period, the Belden password has
been, "The Quality and Uni-
formity of Beldenamel Must Be
Maintained."
Although periodical tests have
regularly shown that Beldenamel
standards were being maintained,
this letter from an old customer
is very gratifying.
Belden Manufacturing Co.
2316-B S. Western Ave. Chicago

Beldenamel and Textile Magnet Wire  Bakelite Moldings
Coil Windings 4 Automotive Wires and Cables  Airplane
Assemblies  Radio Wires, Cords and Cables  Rubber Covered
Wires  Armored Cables 4 Flexible Armature Wires 4 Motor Lead
Wires  Braided and Stranded Copper Cables  Cotton Sleeving

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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400% PRODUCTION INCREASE
BALANCING ROTORS AT

LINCOLN ELECTRIC COMPANY
Working over a wide range of weights
(40 lbs. to 1200 lbs. ), an Olsen -
Lundgren Balancing machine has not
only speeded up production but has
saved the Lincoln Electric Company
money and has resulted in a more
accurately finished product.

"We are convinced that the machine
shows the correct position and amount
of unbalance, and if the rotor or arma-
ture is not in balance after being cor-
rected the error is a human one and not
due to any fault of the Olsen -Lundgren
Balancing machine."

"Testing and Balancing Machines for All Purposes"

LCU-tyTESTING MACHINE COMPANY
5(12 N. 12th Street PHILADELPHIA, PA.

Please mention the JOURNAL of the A. I. E. E. wiicn writing to advertisers.
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Modern production Jeman
MOfern

locking

NO matter what your
product - there is a

place for SHAKEPROOF. A
neater job, a faster job, mon-
ey saved, time saved - and
the teeth of twisted steel
can't let go. A hundred and
one different industries are
using SHAKEPROOF. Mail
the coupon below for sam-
ples - you should be using
SHAKEPROOF, too.

U.S. Patents 1.419.564: 1,604.122: 1.697.954.
Other Patents Pending. Foreign Patents.

Type I I External Type 12 Internal Type 20 Terminal

mom, mon=

FREE SHOP TEST SAMPLES
SHAKEPROOF LOCK WASHER COMPANY
2517 North Keeler Avenue
Chicago, Illinois
Please send me samples of:
 SHAKEPROOF Lock Washers to fit bolt size

0 . SHAKEPROOF Locking Terminals size

Firm Name

Address

Town State

By

SHAK EPRO Lock Washer Company
of Illtnots Tool llork, I

2517 North Keeler Avenue Chicago, Illinois
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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FACTS-
Bunker Hill Zinc
In Die Castings

10% Increased Tensile
Strength

10% Increased Brinnell
Hardness

100% Increased Elon-
gation

50% Increased Impact
Resistance

3 -Times Longer Steam
Test Life

Greater Ductility

BUNKIER
4sTalvi ILL

99.99% ZINC
THE BEST

for DIE CASTINGS
Remarkable increases in strength, hardness, ductility and steam
test life are the obvious advantages of Bunker Hill Zinc.

Another great asset is its unvarying uniformity -99.99+% pure today,
tomorrow, forever! Insist on "Bunker Hill." Your die casting man
is anxious to tell you all about it-just ask him.

S eI: JOSEPH LEAD Oa
SALES OFFICES "2250 PARK AVE., NEW YORK

`telephone Eldorado 8191

AlW1111111111111111111111111111111111111111111MIIIIIIin

E. - Complete
Vapor Proof Motor

 Starting Installation
g WHEN it's
-g

a motor
starting instal -

1 lation and you
are confronted

E with the prob-
lem of atmos-
pheric condi-
tions, it will
pay you to
investigate

I Rowan's corn-.
plete line of
oil immersed
equipment.

Please mention

allifill1111PS

The Pioneer Manufacturer
- of _

Interpole & Ball Bearing
Motors

I to 1000 H. P. D. C. and A. C.

Type "S" Ball Bearing Motor

ELECTRO DYNAMIC COMPANY
Manufacturers of Ball Bearing Motors Since 1904

BAYONNE, N. J.
Sales Offices in Principal Cities

"Qualttp for Malt a Centurp"

the JOURNAL of the A. 1. E. E. when writing to advertisers.
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HEAT FLOW
MEASUREMENTS

And now
ELECTRICAL SCIENCE

has the situation
well in hand

The Instrument

Its Application

pi Pit"'

Direct indications on a meter scale of B. T. U:s
per sq. ft. per hour with almost the same facility
and ease as reading current on an ammeter.

Another Electro-Mechanical Robot, heat
sensitive to a remarkable degree, comes to
the aid of industry. Once again the Art of
Electrical Measurement rises triumphant
over the foes of progress.
True to its traditional achievements Wes-
ton now offers an instrument which re-
leases heat flow measurement from the
tyranny of slow, costly and uncertain
methods-placing it under the control of
EXACT SCIENCE.
The problems which have long been per-
plexing to heating engineers can now be
quickly and definitely solved.

This new instrument, known as the Weston Model 553
Heat Flow Meter, offers a simple and direct method of de-
termining heat insulation values, thermal gradients and other
desired units without interrupting service or impairing the
system involved. The equipment is compact, light -weight,
readily portable, and easily applied and operated.

The Model 553 Heat Flow Meter will be found of incal-
culable value to many process industries where heat control
within close limits is of vital importance. Technical schools,
engineering laboratories, power and industrial plants, as well
as heating engineers and consultants have a decided need for
this instrument in connection with heating surveys and in
correcting operating troubles.
Write for Bulletin No. 4800, a complete technical treatise
on the use of the Weston Heat Flow Meter.

fe9 tO4
PIONEERS
SINCE 1888

NI ST U
WESTON ELECTRICAL INSTRUMENT CORP,
584 Frelinghuysen Avenue Newark, N. J.

-ff

=-

-74

ROLLER -SMITH
makes

Circuit Breakers
of all types for all purposes

AMPERES
.5 ampere to 12,000 amperes.

VOLTS
Up to 600 volts, A. C. and D C.

TRIPS
Overload, Underload, Over -voltage,

Under -voltage, Shunt -trip, Reverse
Current.

POLES
One, two, three, four and five.

OPERATION
Manual and Electrical.

Also Special Features such as
I. Both 20° and 30° ratings.
2. Dead front mounting.
3. Non -closable on overload.
4. Direct acting time limit.
5. Open and enclosed styles.
6. Equalizer contacts.
7. Mechanical lockout.
8. Independent and Rigid arms.
9. Back and Front connections.

Bulletins AE -520, AE -530, AE -550 and AE -580
give all the details. Send for them.

"Over thirty-five years' circuit breaker experience
is back of Roller -Smith"

OLLER-SMITH COMP
Electrical Measuring and Protective Apparatus

MAIN OFFICE: WO WORKS:
12 Park Place, NEW YORK -"* Bethlehem, Penna.

(Vices in Principal Cities In U. S. and Canada
Representatives in Australia, Cuba, Japan and Philippine Islands

3
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"COPPEIRWELD"
LINE WIRE

For Permanent, Reliable
Overhead Construction E

g
E g
.g. E

Copperweld Steel Company E_

E g
E- E

g E

General Offices and Mills

Glassport, Penna.

\ I /1 43)

s a td,484 11 .

one

/re
where a molehill

is a mountain/

\

EVERYTHING fades before that rather
small object -a new center of his

universe.
Bus connectors are small items until
storm, shock or corrosion makes one sit up
and wonder if the main line current will
pass thru them much longer. Burndy Con-
nectors are designed for a lifetime-that
is why over 4,000 substations have them.

IIIIIINDIF
ENGINEERING CO. INC
10 EAST 43RD STREET  NEW YORK

BURKE
Positive Grip
Connectors

The only connector
which can be

partially assembled
on the ground.

Made from high
conductivity copper

Tobin Bronze or
Monel Metal Bolts.

Bulletin on Request.

BURKE ELECTRIC CO.

Pacific Coast-JONES-LYMAN, INC., San Francisco, Los Angeles

a Quebec District Office London Office612 Transportation Bldg. 343 Abbey House, 4 Victoria Street
Montreal, Ou. London, S. W. 1.

INSULATORS

a

CANADIAN PORCELAIN CO.,
-z- Hamilton-Ontario-Canada

ERIE, PA.
Offices in Principal Cities

Ltd.

KEARNEY
Manufacturers of

Screw Anchors; Ill -Tension 4 -in -1 Expansion An-
chors; Solderless Service Connectors; Double Duty
Fuse Cutouts; 7500, 12,000 and 15,000 volt Fuse, Dis-
connect and Fuse -Choke Coil Switching Equipment;
Fuse Pullers; Plug Cutouts; Guy Wire Clips; Sleeve
Twisters with In terchangeable Dies; Hot Tap Clamps;
Yokes; Economy Cable Clamps; Live Line Mainten-
ance Tools and Accessories, previously Tip's Tools.

A Complete Catalog Will be Sent on Request

JAMES R. KEARNEY CORPORATION
4220 Clayton Avenue . ST. LOUIS, MO.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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PORCELAIN HOUSED
MATTH EWS
FUSWITCH ES
and DISCONNECTING SWITCHES

INTERCHANGEABLE

the 900+
rating

150 amperes
7500/12,500 Y volts

dry flashover
53,000 volts

wet flashover
30,000 volts

the 800
rating 60 amperes 7500 volts

dry flashover 48,000 volts
wet flashover 28,500 volts

CORPORATION
Sr LOUIS.0 S

CS,Atrgint
18S9

the 600
rating

60 amperes
5000 volts

dry flashover
48,000 volts

wet flashover
22,000 volts

These Features Make Them
DEPENDABLE

Genuine Wet Process Porcelain Housing
No Live Parts On The Door

Double Tube Matthews Cartridge
Fast Blowing Matthews Fuse Links

Flat Surface Pressure Type Contacts
No Radio Interference

These Fuswitches have been thoroughly tested for rupturing
capacity and will safely clear 25 times their Delta rating. Get
complete information. W. N. Matthews Corporation , , Engi-
neers and Manufacturers , ,37C6 Forest Park Blvd., St. Louis, Mo.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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TRANSFORMER SALE
Every Working Day in the Year

30 to 60% Saving
Stecl Co.

St. Louis, Mo.
The Electric Service Co., 212 Walnut St.,

Cincinnati, Ohio
Gentlemen: In answer to your letter with
regard to transformers you have furnished
us, we are very well satisfied with them
and wish to add have had no trouble. We
are also pleased with the service you have
given and you can rest assured that at any
time we are in the market for anything of
this kind we shall be glad to take the matter
up with you.

Yours very truly,
Purchasing Agent.

We have 5,000 transformers in capacities from 1 to 1,000
kva. and 110 to 66,000 volts in stock. About one-half of
them are brand new-all leading standard makes-and have
never been in service. We purchased them by liquidation
of public utility stocks preceding "change overs."

All used transformers have been thoroughly .re -built by
expert workmen in our own shops.

Every transformer we sell is tested to A. I. E. E. standard
and is GUARANTEED by us.

Visit our shops-get our low prices.

We will also repair your broken down transformers-singly or in quantity lots - at substantial
savings to you. Over 20 years' experience. Highest quality workmanship. Investigate this
money saving transformer maintenance service.

WE BUY MODERN TYPE TRANSFORMERS-ANY SIZE-ANY QUANTITY

Specially interested in large size transformers in not less than carload lots

(cjhe ELECTRIC SERVICE CO:ini
Americas Used Transformer Clearing House

212 Walnut Street Cmc i nn at ,Ohi o

JI

Specify

tbomas
Qualitp

Insulators
for

Permanently
Dependable

SERVICE

THE R. THOMAS & SONS CO.
Lisbon, Ohio

New York Boston Chicago London

anisiimissorimrsissinimmismismisimmisinnimiimmisinsiiissiiimissisussmismosssissmossismisissississum
g

-E-

Memco builds 1
this equipment g
in all standard i
and special g
sizes-ask for
bulletins of in- g
terest to you. gs

M M
Insulator Clamps
Copper Fittings
Splicing Sleeves

Disconnects
Choke Coils

Fuse Mountings
Substation Combinations

Air Break Switches
Bus Supports

Memco Engineering & Manufacturing Company, Inc.
381 Hamilton Street, Long Island City, N. Y.

timillivonwilipirminiimmnimninnimmtimumuminimunumitmounnifulmilmnimminnminiumminimumniiiiimung

CHAmpioN swiTcH CO
K E 0VA HZ;;U;N- W.

CRIMMONaimri

SWFTCHES EQu'PmENT BUS SUPPORTS
HEAVY DUTY OUTDOOR AND INDOOR EQUIPMENT

CATALOGUES UPON REQUEST
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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O -B Flecto Iron
Here are two identical test pieces of
hot -dip Galvanized Malleable Cast Iron.
Both were made from the same raw
materials, in the same furnace, and
under the same conditions.
What is the difference?
Simply this.
The test piece on the left is galvanized
O -B Malleable Iron, treated by the
Flecto Process. It bends. It is duc-
tile. It will not break in service. It
is your insurance against broken or
brittle malleable fittings.
The other is just regular, good hot -dip
malleable iron.

NEW YORK PITTSBURGH
PHILADELPHIA BOSTON

Please mention

AFTER 18 YEARS
Malleable Iron Still

First Choice
THE first design of an O -B Strain Clamp was introduced in

1911. Throughout the many years since, these first
clamps, and the many thousands which have followed

them in the construction of transmission systems throughout
the world, have been establishing outstanding records for long
continued effective service.
From the electrical standpoint the clamp design has unusually
good characteristics. The important mechanical factors such
as holding strength, compact mass, and proper design to min-
imize crystallization or damage to the conductor have all been
taken care of. But another important factor should not be
overlooked. That factor is material.
For the first' clamps, O -B engineers selected malleable iron.
Malleable iron still remains the first choice. Tests and known
metallurgical characteristics indicated in 1911, that malleable
iron would serve best-weather longest. Experience since has
conclusively proved the correctness of that selection. Malleable
iron, in itself retards corrosion and rust. Hot -dip galvanizing
with which this metal may be so effectively coated, gives it an
even greater life.
So it is not surprising to find that today, after eighteen years
of service, malleable iron-vastly improved, it is true, by the
Flecto process-is still recognized as the best material for O -B
Strain Clamps. Present day Strain Clamps of malleable iron
are rendering 100% efficient service the world over on every
voltage, and under every operating condition.
The industry has found that O -B Strain Clamps of malleable
iron-of Flecto malleable iron-render the dependable service
so imperative to uninterrupted operation of high voltage
transmission lines.

Ohio Brass Company, Mansfield, Ohio
Canadian Ohio Brass Co., Limited

Niagara Falls, Canada
I144H

rass
CHICAGO CLEVELAND ST. LOUIS ATLANTA

SAN FRANCISCO LOS ANGELES DALLAS
the JOURNAL of the A. I. E. E. when writing to advertisers.

PORCELAIN
INSULATORS

LINE MATERIALS
RAIL BONDS

CAR EQUIPMENT
MINING

MATERIALS
VALVES
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Trade "ESCO" Mark

ELECTRIC SPECIALTY CO.
Manufacturers

DESIGN -
DEVELOP -
PRODUCE -

TYPE NA AIRPLANE GENERATOR

Small Motors, Generators, Dynamotors,
Motor Generators, Rotary Converters, Etc.

FOR SPECIAL PURPOSES-Send Us Your Problems
222 South Street, STAMFORD,

CONN., U.S.A.lmnnuuuummnmuunnuminlnmmmnlmmunmmuuumunummuuumnnuuuunumnunuuuuunmmunumuuuuuuunnunnuuummuum

Roebling
Electrical Wires and Cables

High in Conductivity
and Reliability

John A. Roeblings' Sons Company
Trenton, New Jersey

--=""

Elevator Control Cable

ACME WIRE PRODUCTS
Magnet Wire - All Insulations

Coils-Magnet Wire Wound
Varnished Insulations

Parvolt Filter and By Pass Condensers

All products made to Recognized Com-
mercial Standards including those of:

National Electric Mfrs. Assn.
Radio Manufacturers Assn.

American Society for Testing Materials

For 25 years manufacturers and suppliers
to the largest and most discriminating users.

THE ACME WIRE CO.
New Haven, Conn.

Branch Offices
New York Cleveland

52 Vanderbilt Ave. Guardian Bldg.
Chicago

842 N. Michigan Ave.

Efiumniniiiinunnimunimmiliiiiimummimummuninimmimmunininsiniiininnitninniuminunniminimminninimnion0

ELECTROSTATIC
CONDENSERS
for All Purposes

The Accepted Standard
for Exacting Service as well as

General Application on
Land and Sea and

in the Air

WIRELESS SPECIALTY
APPARATUS COMPANY

Est. 1907
Jamaica Plain Boston

Standard -Signal Generator
The Type 403-B Standard -Signal Generator

is a calibrated oscillator for delivering known
radio -frequency voltages which are localized
between two terminals. Its principal use is in
measuring radio field intensity (field strength)
and in taking sensitivity, selectivity, and fidelity
characteristics on radio receivers. It may be used
either with or without modulation; a 400 -cycle
modulating oscillator is contained in the in-
strument and there is provision for supplying
modulating voltages from an external oscillator.

Its range is from 500 to 1500 kilocycles, but
others can be built to cover other bands on
special order.

GENERAL RADIO COMPANY
Manufacturers of Electrical and Radio Laboratory Apparatus

30 State Street CAMBRIDGE, MASSACHUSETTS

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Pacific Electric Six Break
Oil Circuit Breakers

FEATURES:

I. SIX BREAKS PER
PHASE IN SERIES
WITH No ADDED SUP-
PORTING INSULATION.

2. HORIZONTAL BREAKS
WHICH DRAW ARCS
THROUGH OIL AWAY
FROM THEIR NAT-
URAL COURSE.

3. ONE MAIN ROTATIN(,
ELEMENT OF BAKEL-
ITE SIMPLE IN DESIGN
AND OF VERY RUGGED
CONSTRUCTION.

4. FULL FLOATING SELF -
ALIGNING CONTACTS
AND OVERSIZE ARC-
ING TIPS THAT ARE
EASILY REMOVED.

Send for a copy of
Bulletin No 11

SINGLE -POLE UNIT, TYPE R-45--
73 KV., 400 AMP., PACIFIC ELEC-
TRIC OIL CIRCUIT BREAKER.

Pacific ecfric Nanufacturme. Corp.
5815 THIRD STREET. SAN FRANCISCO, CALIF.

P. O. BOX 1214, GARY, IND.
Representatives in Principal Cities

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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A Reduction
in Long Distance Telephone

Rates
An Advertisement of the

American Telephone and Telegraph Company

Ox JANUARY I, 1930, there is effective a reduction in various long
distance telephone rates in the Bell System which on the present
volume of calls means a saving of more than $5,000,000 a year to

the telephone -using public in the United States. This is the
fourth reduction in long distance'rates within a little more than
three years. On October I, 1926, they were reduced by $3,00o,000.
On December 1, 1927, a reduction of $1,5oo,000 went into effect.
On February I, 1929, there was a reduction of $5,000,000.

THESE REDUCTIONS are in accordance with the aim of the Bell
System to continue to furnish the best possible telephone ser-
vice at the least cost to the public. Earnings must, of course, be
sufficient to permit the best possible telephone service at all
times and to provide a reasonable payment to stockholders with
an adequate margin to insure financial safety. Earnings in excess

of these requirements will either be spent for the enlargement
and improvement of the service, or the rates for the service will
be reduced. This is fundamental in the policy of the management.
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Scientifically made
Thoroughly inspected

Carefully shipped

Choose YourWIRE
Every electrical or radio engineer

knows the great importance of proper se-
lection of wire for every product or purpose.

Here are shown fourteen popular types of
wire and insulations produced at the Dudlo
plant-each made in a full range of com-
mercial sizes.

1. Silk Covered Eameled Wire.
2. Silk Covered Magnet Wire.
3. "Ducotto Wire." A cotton covered wire, enam-

eled.
4. Cotton Covered Enamel Wire.
5. Cotton Covered Magnet Wire.
6. High Frequency Cables, Litzendraht wire,

enameled strands, silk covered.
7. Cables.
8. Bare or Tinned Copper Wire.
9. Square and Rectangular Magnet Wire.

10. Stranded and Braided Cables.
11. Enameled Magnet Wire.
12. Flexible Coil Leads, stranded or braided,

tinned, silver plated-cotton or silk insulated.
13. Antenna Wire-stranded, enameled or bare,
14. Square and Rectangular Wire.

Regardless of size or type, the same high Dudlo
Standards are always rigidly maintained.

Special wires made
to specifications

DUDLO MANUFACTURING COMPANY, FORT WAYNE, INDIANADivision of General Cable Corporation
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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a

PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in the Fields of Engineering, and Related 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.

W. S. BARSTOW & COMPANY
Incorporated

Engineering Design
Construction

50 Pine Street, New York
412 Washington St., Reading, Pa.

BATTEY & KIPP
Incorporated

ENGINEERS
Complete Industrial Plants

Power Plants & Electrical Installations
Engineering Reports, Analyses & Appraisals
231 South LaSalle Street CHICAGO

BLACK & VEATCH
Consulting Engineers

Water, Steam and Electric Power Investiga-
tions, Design, Supervision of Construction,

Valuation and Tests.

Mutual Building KANSAS CITY, MO.

ROBERT C. BURT, E. E., Ph. D.
DONALD H. LOUGHRIDGE, Ph.D.

Consulting Physicists
Designers and Makers of

Scientific Instruments
PASADENA

327 So. Michigan Ave. California

BYLLESBY
ENGINEERING AND MANAGEMENT

CORPORATION

231 S. La Salle Street
CHICAGO

New York San Francisco

EDWARD E. CLEMENT
Fellow A. I. E. E.

Attorney and Expert
in Patent Causes

Soliciting, Consultation, Reports,
Opinions

McLachlen Bldg. Washington, D. C.
700 10th St., N. W.

DAVID V. FENNESSY

Consulting Power Engineer

MILLS BUILDING EL PASO, TEXAS

FORD, BACON & DAVIS
Incorporated

ENGINEERS

115 Broadway, New York

Philadelphia Chicago San Francisco

FRANK F. FOWLE & CO.

Electrical and Mechanical
Engineers

MONADNOCK BUILDING CHICAGO

FREYN ENGINEERING COMPANY

Industrial Electric Power
Generation-Application-Purchase

Combustion Engineering
Electric Furnace Installations

310 South Michigan Ave. CHICAGO

HOOSIER ENGINEERING CO.
Erectors of

Transmission Lines and Substations
100 W. Monroe Street

CHICAGO
NEW YORK INDIANAPOLIS
31 Nassau Street 5 E. Market Street

Dugald C. Jackson
Edward L. Moreland

JACKSON & MORELAND
CONSULTING ENGINEERS

31 St. James Ave. Boston, Mass.

ROBERT S. KRUSE

Consultant for Radio
Stations and Manufacturers

103 Meadowbrook Road Telephone
West Hartford, Conn. Hartford 4-5327

N. J. NEALL
Consulting Engineer

for
Electrical and Industrial Properties

12 Pearl Street 100 Broadway
BOSTON, MASS NEW YORK CITY

NEILER, RICH & CO.
Electrical and Mechanical

Engineers
Consulting, Designing and

Supervising

431 So. Dearborn St. - - - Chicago

To appear in the following
issue, cards must be re-
ceived not later than the
20th day of the month.

OPHULS & HILL, INC.
ENGINEERS AND CONSTRUCTORS

Steam Generating and Electric Power Plants
Ice Making and Refrigerating Plants

112 WEST 42nd ST.
NEW YORK CITY

FARLEY OSGOOD
Consultant

Design, Construction, Operation
Inter -Connection

of
PUBLIC UTILITIES

National Bank of Commerce Building
31 Nassau Street, New York, N. Y.

Tel.: Rector 7878 Cable Address: Fargood

G. R. SACKMAN, M. E
Assoc. A. I. E. E.

Counsellor at Law
PATENT ATTORNEY

1860 BROADWAY NEW YORK CITY
Suite 1715-16 Phone: Columbus 8945

SANDERSON & PORTER
ENGINEERS

PUBLIC UTILITIES & INDUSTRIALS
Design Construction Management

Examinations Reports Valuations

Chicago New York San Francisco

When you require technical advice
Or a solution to an engineering problem --

CONSULT THIS DIRECTORY

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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PROFESSIONALPROFESSIONAL ENGINEERING DIRECTORY
For Consultants in the Fields of Engineering, and Related Arts and Sciences

SARGENT & LUNDY
Incorporated

ENGINEERS

20 NORTH WACKER DRIVE
CHICAGO, ILLINOIS

SCOFIELD ENGINEERING CO.
CONSULTING ENGINEERS
Utility and Industrial Plants

Design, Construction, Operation
Valuations and Appraisals

PHILADELPHIA

JOHN A. STEVENS, INC.
Established 1909

CONSULTING ENGINEERS
Power Plants Paper Mills
Dye Houses Surveys

LOWELL, MASSACHUSETTS

STEVENS & WOOD
INCORPORATED

Engineers and Constructors
60 JOHN STREET, NEW YORK

Youngstown, 0. Jackson, Mich.
Chicago, Ill.

STOCKBRIDGE & BORST

Patent Law

41 PARK ROW NEW YORK CITY

STONE & WEBSTER
Incorporated

DESIGN AND CONSTRUCTION
EXAMINATIONS REPORTS

APPRAISALS
INDUSTRIAL AND PUBLIC SERVICE

PROPERTIES
New York Boston Chicago

PERCY H. THOMAS
Consulting Engineer
ELECTRIC POWER

Generation-Transmission
Applications

120 BROADWAY NEW YORK

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
42 EXCHANGE PLACE NEW YORK

J. G. WRAY & CO.
Engineers

J. G. Wray, Fellow A. I. E. E. Cyrus G. Hill

Utilities and Industrial Properties
Appraisals Construction Rate Surveys
Plans Organizations Estimates
Financial Investigations Management

2130 Bankers Bldg., Chicago

YOUR
CARD in each issue of this publication -12 times a

year, will keep your name and specialized service con-
stantly before the electrical industry.
Qualified advertisers in the Professional Engineering
Directory are invited to send for rates.

41111111111411411HIMIHNiiIIIHIllt1H1111111111111111111111111111111111111111111111111111111111111111111111111111111111111

ELECTRICAL
TESTING

LABORATORIES

IIII

(1)

(2)

(3)80th Street and East End Ave.
NEW YORK

Inspections - Tests - Research
Tests may be used by the purchaser for the following purposes:

To determine the quality of competing samples. This enables the purchase
of the best quality for the money.

To make sure that shipments comply with specifications. This makes possible
h b lthe assurance to the customer that shipments mate uying same es.

To furnish an impartial decision in case of disputes between purchaser and
manufacturer.

Testing places the whole buying problem on a sound basis.

Use the
ENGINEERING SOCIETIES
EMPLOYMENT SERVICE

when you need to fill important
executive or engineering positions.
It saves time.
It supplies qualified men.

The Engineering Societies Employment
Service

33 West 39th St.
New York

1.,limoolumniumininiummumiliouitiminuintimilitimmitioninimuoiniumminimminimmiiiiimmimmiumioniummintimin

Please mention the JOURNAL of the A

a

a

205 W. Wacker Dr. 57 Post St. 3

Chicago San Francisco

a

I. E. E. when writing to advertisers.

To . . . . . Engineers
Manufacturers v. Inventors

We possess exceptional facilities for doing your
experimental work . .. models, dies, tools, in-
struments, light machinery . .. general manu-
facturing . inventions developed. Customer's
supervision in machine shop permitted. Over
thirty years' specialized experience. Clients
include Bell Telephone Laboratories, All -America
Cables, Inc., and other well known organizations.

MANUFACTURERS' & INVENTORS' ELECTRIC CO.
Incorporated 1897

228 West Broadway, New York
(Smith Building at Franklin St.)

Tel. Walker 8687-8688 Cable Address "MANDIBLECO"
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Classified Advertiser's Index for Buyers
Manufacturers and agents for machinery and supplies used in the

Note: For reference to the advertisements see the Alphabetical List
AIR COMPRESSORS

Allis-Chalmers Mfg. Co., Milwaukee
General Electric Co., Schenectady
Western Electric Co., All Principal Cities

AMMETER COMPENSATING COILS
Minerallac Electric Co., Chicago

AMMETER, VOLTMETERS
(See INSTRUMENTS, ELECTRICAL)

ANCHORS, GUY
Copperweld Steel Co., Glassport, Pa.
Kearney Corp., Jas. R., St. Louis
Matthews Corp., W. N., St. Louis

BALANCING MACHINES, STATIC DYNAMIC
Olsen Testing Mach. Co., Tinius, Phila-

delphia
BATTERY CHARGING APPARATUS

Electric Specialty Co., Stamford, Conn.
General Electric Co., Schenectady
Rochester Electric Products Corp., Roches-

ter, N. Y.
Wagner Electric Corp., St. Louis
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
BEARINGS, BALL

Norma -Hoffmann Bearings Corp., Stamford,
Conn.

BOXES, FUSE
General Electric Co., Schenectady
Kearney Corp., Jas. R., St. Louis
Metropolitan Device Corp., Brooklyn, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
BOXES, JUNCTION

G & W Elec. Specialty Co., Chicago
Metropolitan Device Corp., Brooklyn, N. Y.
Standard Underground Cable 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
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
BUS BARS, ALUMINUM

Aluminum Co. of America, Pittsburgh
BUS BAR FITTINGS

Burndy Engineering Co., Inc., New York
Champion Switch Co., Kenova, West Va.
General Electric Co., Schenectady
Memco Engg. & Mfg. Co., L. I. City, N. Y.
Ohio Brass Co., Mansfield, 0.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
BUSHINGS, PORCELAIN

Ohio Brass Co., Mansfield, 0.
CABLE ACCESSORIES

Champion Switch Co., Kenova, West Va.
Dossert & Co., New York
G & W Electric Specialty Co., Chicago
General Electric Co., Schenectady
Minerallac Electric Co., Chicago
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

CABLE RACKS
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.

CARRIER CURRENT TELEPHONE EQUIP-
MENT

Wireless Specialty Apparatus Co., Boston
CASTINGS, ALUMINUM

Aluminum Co. of America, Pittsburgh

CIRCUIT BREAKERS
Air-Enclosed

Condit Elec. Mfg. Corp., Boston
I -T -E Circuit Breaker Co., The, Philadelphia
Roller -Smith Co.. New York
Western Electric Co., All Principal Cities

Oil
Condit Electrical Mfg. Corp., Boston
General Electric Co., Schenectady
Pacific Electric Mfg. Corp., San Francisco
Roller -Smith Co., New York
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
CLAMPS, INSULATOR

Champion Switch Co., Kenova, West Va.
Memco Engg. & Mfg. Co., L. I. City, N. Y.

CLAMPS, GUY & CABLE
Bumdy Engineering Co., Inc., New York
Kearney Corp., Jas. R., St. Louis
Matthews Corp., W. N., St. Louis

COILS, CHOKE
Burke Electric Co., Erie, Pa.
General Electric Co., Schenectady
Kearney Corp., Jas. R., St. Louis
Memco Engg. & Mfg. Co., L. I. City, N. Y.
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 SEGMENTS AND RINGS

Mica Insulator Co., New York
CONDENSATION PRODUCTS

Bakelite Corporation, New York
CONDENSERS, COUPLING

For Carrier Current Telephone
Wireless Specialty Apparatus Co., Boston

CONDENSERS, RADIO
General Radio Co., Cambridge, Mass.
Sangamo Electric Co., Springfield, Ill.
Wireless Specialty Apparatus Co., Boston

CONDENSERS, STEAM
Allis-Chalmers Mfg. Co., Milwaukee
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

CONDUIT
Interior

Erie Malleable Iron Co., Erie, Pa.
Underground

National Fireproofing Co., Pittsburgh
CONNECTORS, SOLDERLESS

Champion Switch Co., Kenova, West Va.
Dossert & Co., New York
Kearney Corp., Jas. R., St. Louis
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
CONTACTS, TUNGSTEN

General Electric Co., Schenectady
CONTROLLERS

Electric Controller & Mfg. Co., Cleveland
General Electric Co., Schenectady
Rowan Controller Co., Baltimore, Md.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

electrical and allied industries.
of Advertisers on page 60.

CONVERTERS-SYNCHRONOUS
Allis-Chalmers Mfg. Co., Milwaukee
Electric Specialty Co., Stamford, Conn.
Wagner Electric Corp., St. Louis
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
COPPER CLAD WIRE

Belden Mfg. Co., Chicago
Standard Underground Cable Co., Pittsburgh

COPPERWELD WIRE
Copperweld Steel Co., Glassport, Pa.

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.
Wagner Electric Corp., St. Louis
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
DIVERTER POLE GENERATORS

Rochester Electric Products Corp., Roches-
ter, N. Y.

DYNAMOS
(See GENERATORS AND MOTORS)

DYNAMOTORS
Burke Electric Co., Erie, Pa.
Electric Specialty Co., Stamford, Conn.
Rochester Electric Products Corp., Roches-

ter, N. Y.
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 & Gasoline
. Allis-Chalmers Mfg. Co., Milwaukee

Oil
Allis-Chalmers Mfg. Co., Milwaukee

Steam
Allis-Chalmers Mfg. Co., Milwaukee

EXPERIMENTAL WORK
Manufacturers' and Inventors' Electric Co.

New York
FANS, MOTOR

Century Electric Co., St. Louis
General Electric Co., Schenectady
Wagner Electric Corp., St. Louis
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
FLOW METERS

General Electric Co., Schenectady
FURNACES, ELECTRIC

General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
FUSES

Enclosed Refillable
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Enclosed Non -Refillable

General Electric Co., Schenectady
Open Link

General Electric Co., Schenectady
Metropolitan Device Corp., Brooklyn, N. Y.

High -Tension
Metropolitan Device Corp., Brooklyn, N. Y.

FUSE MOUNTINGS
Champion Switch Co., Kenova, West Va.
Memco Engg. & Mfg. Co., L. I. City, N. Y.

FUSE PULLERS
Kearney Corp., Jas. R., St. Louis

Is your
name on our
mailing list
for bulletins

-' and catalog?

\\\ \\,
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

Morganite
Brush Co., Inc.

3302.3320 Anable Ave.,
Long Island City,

N.Y.
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gentlemen...
let's test
this Screw

Send for
this Survey

Westinghouse saved $3,120 a
year on one job alone!

I want to read this report of the survey made at the
Westinghouse Electric & Manufacturing Co.

Name and Tide

Company

Adele:Me

Let's test this Screw for our work . . . recommended a Westing-
house inspector at a meeting of the shop committee on better
manufacturing methods.
So samples of Hardened Self -tapping Sheet Metal Screws were
obtained . . . fastenings were made to switchboard sections with
an ease and speed that won instant approval . . . then a vibrat-
ing machine tested the fastenings for security. They held . . .

and Westinghouse adopted Self -tapping Screws. They were
first used for switchboard wiring work, replacing lead anchors
and wood screws, for fastening cleats and other wiring devices.
On this job alone, Self -tapping Screws saved $3,120.00 in time
and labor in a single year.
This is one of a number of fastening jobs described in detail
in the report of an independent firm of engineers who made a
cost study of the use of Self -tapping Screws at the plant of
the Westinghouse Electric & Manufacturing Company. All
facts and figures are verified by Westinghouse officials.

Clip the coupon to your letterhead for a copy. Ten minutes with
it may result in savings of thousands of dollars to your company.

PARKER-KALON CORPORATION, 198 Varick Street, NEW YORK, N. Y.
Distributed in Canada by Aikenhead Hardware Ltd., 19-21 Temperance Street, Toronto

PARKER-KALON
HARDENED SELF-TAPPING

Sheet Metal Screws
PATENTED APR. I. 1019 No. 1299232 - MAP. 20. 1422 - No. 1411104
AUG 14.1923- No.1400140 -FED 10 1920 -140.1020102 -OTHER, P41401.413

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Classified Advertiser's Index for Buyers-Continued
GEARS, FIBRE

Fibroc Insulation Co., Valparaiso, Ind.
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
Rochester Electric Products Corp., Roches-

ter, N. Y.
Wagner Electric Corp., St. Louis
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
GENERATING STATION EQUIPMENT

Allis-Chalmers Mfg. Co., Milwaukee
Burke Electric Co., Erie, Pa.
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
GROUND RODS

Copperweld Steel Co., Glassport, Pa.
HARDWARE, POLE LINE AND INSULATOR

Ohio Brass Co., Mansfield, 0.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
HEADLIGHTS

Ohio Brass Co., Mansfield, 0.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
HEATERS, INDUSTRIAL

General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
INDICATORS, REMOTE, WATER LEVEL

Bristol Co., The, Waterbury, Conn.
INDICATORS, SPEED

Bristol Co., The, Waterbury, Conn.
Roller -Smith Co., New York

INSTRUMENTS, ELECTRICAL
Graphic

Bristol Co., The, Waterbury, Conn.
Cambridge Instrument Co., New York
Ferranti, Ltd., Hollinwood, England
Ferranti, Inc., New York
Ferranti Electric, Ltd., Toronto, Ont.
General Electric Co., Schenectady
Roller -Smith Co., New York
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Indicating

Bristol Co., The, Waterbury, Conn.
Cambridge Instrument Co., New York
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
Sangamo Electric Co., Springfield, Ill.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Weston Elec. Inst. Corp., Newark, N. J.

Integrating
Ferranti, Ltd., Hollinwood, England
Ferranti, Inc., New York
Ferranti Electric, Ltd., Toronto, Ont.
General Electric Co., Schenectady
Sangamo Electric Co., Springfield, Ill.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Radio

Cambridge Instrument Co., New York
General Radio Co., Cambridge, Mass.
Jewell Elec. Instrument Co., Chicago
Roller -Smith Co., New York

Repairing and Testing
Cambridge Instrument Co., New York
Electrical Testing Laboratories, New York
Jewell Elec. Instrument Co., Chicago
Roller -Smith Co., New York

Scientific Laboratory, Testing
Cambridge Instrument Co., New York
General Electric Co., Schenectady
Jewell Elec. Instrument Co., Chicago
Metropolitan Device Corp., Brooklyn, N. Y.
Roller -Smith Co., New York
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Weston Elec. Inst. Corp., Newark, N. J.

INSULATING MATERIALS
Board

Acme Wire Co., New Haven, Conn.
General Electric Co., Bridgeport, Conn.
West Va. Pulp & Paper Co., New York

Cloth
Acme Wire Company, New Haven, Conn.
General Electric Co., Bridgeport, Conn.
Mica Insulator Co., New York
Minerallac Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

INSULATING MATERIALS-Continued
Composition

American Lava Corp., Chattanooga
Bakelite Corporation, New York
Belden Mfg. Co., Chicago
Fibroc Insulation Co., Valparaiso, Ind.
General Electric Co., Bridgeport, Conn.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Compounds

General Electric Co., Bridgeport, Conn.
Mica Insulator Co., New York
Minerallac Electric Co., Chicago
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Fibre

Belden Mfg. Co., Chicago
Fibroc Insulation Co., Valparaiso, Ind.
General Electric Co., Bridgeport, Conn.
West Va. Pulp & Paper Co., New York

Lava
American Lava Corp., Chattanooga, Tenn.

Mica
Chicago Mica Co., Valparaiso, Ind.
Mica Insulator Co., New York
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Paper

Acme Wire Company, New Haven, Conn.
General Electric Co., Bridgeport, Conn.
Mica Insulator Co., New York
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Silk

Acme Wire Company, New Haven, Conn.
General Electric Co., Bridgeport, Conn.

Tape
Belden Mfg. Co., Chicago
General Electric Co., Bridgeport, Conn.
Mica Insulator Co., New York
Minerallac Electric Co., Chicago
Okonite Co., The, Passaic, N. J.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Varnishes

Acme Wire Company, New Haven, Conn.
General Electric Co., Bridgeport, Conn.
Mica Insulator Co., New York
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.
Champion Switch Co., Kenova, West Va.
General Electric Co., Schenectady
Lapp Insulator Co., Inc., LeRoy, N. Y.
Locke Insulator Corp., Baltimore
Ohio Brass Co., Mansfield, 0.
Thomas & Sons Co., R., Lisbon, 0.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Post Type

Ohio Brass Co., Mansfield, 0.
INSULATORS, TELEPHONE & TELEGRAPH

Hemingray Glass Co., Muncie, Ind.
Ohio Brass Co., Mansfield, 0.

INSULATOR PINS
Ohio Brass Co., Mansfield, 0.
Thomas & Sons Co., R., Lisbon, 0.

LAMP GUARDS
Matthews Corp., W. N., St. Louis

LAVA
American Lava Corp., Chattanooga

LEAD
St. Joseph Lead Co., New York

LIGHTNING ARRESTERS
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
LOCOMOTIVES, ELECTRIC

General Electric Co, Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
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.
Mica Insulator Co., New York
Westinghouse Elec. & Mfg. Co., E. Pitts.

burgh

MOLDED INSULATION
Bakelite Corporation, New York
Belden Mfg. Co., Chicago
Burke Electric Co., Erie, Pa.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

MOTORS
(See GENERATORS AND MOTORS)

OHMMETERS
Jewell Elec. Instrument Co., Chicago
Roller -Smith Co., New York
Weston Elec. Instr. Corp., Newark, N. J.

OIL SEPARATORS & PURIFIERS
Sharpies Specialty Co., The, Philadelphia
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

PANEL BOARDS
(See SWITCHBOARDS)

PATENT ATTORNEYS
(See PROFESSIONAL ENGINEERING

DIRECTORY)

PLATING GENERATORS
Burke Electric Co., Erie, Pa.
Chandeysson Elec. Co., St. Louis
Electric Specialty Co., Stamford, Conn.
Rochester Electric Products Corp., Roches-

ter, N. Y.

PLUGS
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

POLE LINE HARDWARE
Ohio Brass Co., Mansfield, 0.

POTHEADS
G & W Electric Specialty Co., Chicago
Ohio Brass Co., Mansfield, 0.
Standard Underground Cable Co., Pittsburgh

PULLERS, SLACK
Matthews Corp., W. N., St. Louis

PUMPS
Allis-Chalmers Mfg. Co., Milwaukee

RADIO LABORATORY APPARATUS
General Radio Co., Cambridge, Mass.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
RAILWAY SUPPLIES, ELECTRIC

General Electric Co., Schenectady
Ohio Brass Co., Mansfield, 0.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
REACTORS

General Electric Co., Schenectady
Metropolitan Device Corp., Brooklyn, N. Y.

RECTIFIERS
General Electric Co., Schenectady
Wagner Electric Corp., St. Louis
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
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
RELAYS

Condit Elec. Mfg. Corp., Boston
Electric Controller & Mfg. Co., Cleveland
General Electric Co., Schenectady
Roller -Smith Co., New York
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
RESISTOR UNITS

General Electric Co., Schenectady
International Resistance Co., Philadelphia
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
RHEOSTATS

General Electric Co., Schenectady
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., Trenton, N. J.

SCREWS
Drive Hardened Metallic

Parker-Kalon Corp., New York
Self -Tapping Hardened

Parker-Kalon Corp., New York
Sheet Metal, Hardened Self -Tapping

Parker-Kalon Corp., New York

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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STABLE-because a

PYREX
STABLE
4. So placed as to resist forces

tending to cause motion; of such
structure as to resist distortion
or molecular or chemical dis-
turbances. Also strong, or re-
sistant to a breaking force.

.. WEBSTER

Webster thus defines one of the out-
standing qualities in the Pyrex Power
Insulator
. . . . a product of research.
To grasp fully the advantages presented
by Pyrex insulation, the engineer cannot
resort to comparisons.
Many of the inherent shortcomings of
other materials do not exist in Pyrex
Power insulators.
It is only in terms of what benefits accrue
to the utility that any comparison can be
made.
These are some of the main advantages of
the Pyrex insulators which you may com-
pare with those of any other insulator:

(a) No depreciation due to porosity-
They cannot become porous.

(b) No deterioration due to cement.
There is no cement.

(c) Greatest resistance to power arcs.
(d) Resistance to lightning impulse

voltages without failure.
(e) Not affected by temperature

changes.
These advantages are due to the materials
from which Pyrex insulators are made.
In the development of Pyrex Insulators,
the organized laboratory research at
Corning was not confined to perfecting
existing materials. Rather, the research
was for new materials with which to pro-
vide new boundaries for progress.
Though this has been accomplished in the
Pyrex Power insulation - the work of
research will ever be a part of Corning's
service to the electrical industry.

A PRODUCT OF COR

T. M. REG. U. S; PAT. OFF.

Power Insulator

PYREX Insulators
Specific Gravity 2 25

Modulus of Elasticity 9x1.08 lb. per sq. in.

Ax. Cantilever Strength of Insulators 3000 lb.

Thermal Coeff. of Expansion .. .. 0.0000018 per ° F.
Sunlight Transmission through 1 in. of material. 96%

Dielectric Constant 4 48

Dielectric Strength 350 kv. per in.

Power Factor 0 28% (30,000 cycles)

Volume Resistivity 4x10113 ohms per cu. in.

Surface Resistivity
at 34% humidity 10" ohms per sq. in.

at 84% humidity 14x108 ohms per sq. in.

PYREX Insulators withstand
Power Arcs of 2000 amp. for 2 sec. without failure
Lightning Impulse Voltages of 1M million volts

without failure

Sales Offices
501 Fifth Ave., New York
193 Second St., San Francisco
Poison Building, Seattle
I. W. Hellman Bldg., Los Angeles Oliver Bldg., Pittsburgh

Brown -Marx Bldg., Birmingham

79 Milk St., Boston
Candler Building, Atlanta

 3152 Cambridge Ave.; Chicago

NING GLASS WORKS
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Classified Advertiser's Index for Buyers-Continued
SEARCHLIGHTS

General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-burgh

SLEEVE TWISTERS
Kearney Corp., Jas. R., St. Louis

SLEEVES, SPLICING
Memco Engg. & Mfg. Co., L. I. City, N. Y.

SOCKETS AND RECEPTACLES
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
SOLENOIDS

Acme Wire Company, New Haven, Conn.
Belden Mfg. Co., Chicago
Dudlo Mfg. Co., Ft. Wayne, Ind.
Electric Controller & Mfg. Co., Cleveland
General Electric Co., Schenectady
Roebling's Sons Co., John A., Trenton, N. J.
Sundh Electric Co., Newark, N. J.
Westinghouse Elec. & Mfg. o., E. Pitts-burgh

SPRINGS
American Steei & Wire Co., Chicago

STARTERS, MOTORS
Condit Electrical Mfg. Corp., Boston
Electric Controller & Mfg. Co., Cleveland
General Electric Co., Schenectady
Roller -Smith Co., New York
Rowan Controller Co., Baltimore, Md.
Sundh Electric Co., Newark, N. J.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
STOKERS, MECHANICAL

Westinghouse Elec. & Mfg. Co., E. Pitts-
burgh

SUB -STATIONS
Champion Switch Co., Kenova, West Va.
Delta -Star Electric Co. Chicago
General Electric Co., Schenectady
Memco Engg. & Mfg. Co., L. I. City, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
SWITCHBOARDS

Allis-Chalmers Mfg. Co., Milwaukee
Bull Dog Electric Products etroit
Condit Electrical Mfg. Corp.,

Co.,ioston

General Electric Co., Schenectady
Metropolitan Device Corp., Brooklyn, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
SWITCHES

Automatic Time
General Electric Co., Schenectady
Minerallac Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Disconnecting

Burke Electric Co., Erie, Pa.
Champion Switch Co., Kenova, West Va.
Condit Electrical Mfg. Corp., Boston
General Electric Co., Schenectady
Kearney Corp., Jas. R., St. Louis
Matthews Corp., W. N., St. Louis
Memco Engg. & Mfg. Co., L. I. City, N. Y.
Pacific Elec. Mfg. Corp., San Francisco
Roller -Smith Co., New York
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Fuse

Bull Dog Electric Products Co., Detroit
General Elearic Co., Schenectady
Kearney Corp., Jas. R., St. Louis
Matthews Corp., W. N., St. Louis
Metropolitan Device Corp., Brooklyn, N. Y.

Knife
Electric Controller & Mfg. Co., Cleveland
General Electric Co., Schenectady
Matthews Corp., W. N., St. Louis
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Oil

Condit Electrical Mfg. Corp., Boston
General Electric Co., Schenectady
Pacific Elec. Mfg. Corp., San Francisco
Roller -Smith Co., New York
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Remote Control

Condit Electrical Mfg. Corp., Boston
General Electric Co., Schenectady
Roller -Smith Co., New York
Rowan Controller Co., Baltimore, Md.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
TELEPHONE CONNECTORS

Kearney Corp., Jas. R., St. Louis
TESTING LABORATORIES

Electrical Testing Labs., New York
TESTING MACHINES, MATERIAL
For Tension, Compression, Ductility, Endurance,

etc.
Olsen Testing Machine Co., Tinius, Phila-

delphia

TRANSFORMERS
Allis-Chalmers Mfg. Co., Milwaukee
American Transformer Co., Newark, N. J.
Electric Service Co., Cincinnati
Ferranti, Ltd., Hollinwood, England
Ferranti, Inc., New York
Ferranti Electric, Ltd., Toronto, Ont.
General Electric Co., Schenectady
Kuhlman Electric Co., Bay City, Mich.
Moloney Electric Co., St. Louis
Sangamo Electric Co., Springfield, Ill.
Wagner Electric Corp., St. Louis
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Factory

American Transformer Co., Newark, N. J.
Kuhlman Electric Co., Bay City, Mich.
Moloney Electric Co., St. Louis
Wagner Electric Corp., St. Louis

Furnace
Allis-Chalmers Mfg. Co., Milwaukee
American Transformer Co., Newark, N. J.
Moloney Electric Co., St. Louis
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Metering

American Transformer Co., Newark, N. J.
Ferranti, Ltd., Hollinwood, England
Ferranti, Inc., New York .

Ferranti Electric, Ltd., Toronto, Ont.
Roller -Smith Co., New York
Sangamo Electric Co., Springfield, Ill.

Radio
American Transformer Co., Newark, N. J.
Ferranti, Ltd., Hollinwood, England
Ferranti Inc., New York
Ferranti Electric, Ltd., Toronto, Ont.

Street Lighting
Kuhlman Electric Co., Bay City, Mich.

TRANSFORMERS, USED
Electric Service Co., Cincinnati

TROLLEY LINE MATERIALS
General Electric Co., Schenectady
Ohio Brass Co., Mansfield, 0.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
TURBINES, HYDRAULIC

Allis-Chalmers Mfg. Co., Milwaukee
TURBINES, STEAM

Allis-Chalmers Mfg. Co., Milwaukee
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
TURBO -GENERATORS

Allis-Chalmers Mfg. Co., Milwaukee
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
VALVE CONTROL, ELECTRIC

Bristol Company, The, Waterbury, Conn.
VALVES, BRASS

Gas, Water, Steam
Ohio Brass Co., Mansfield, 0.

VARNISHES, INSULATING
General Electric Co., Bridgeport, Conn.
Mica Insulator Co., New York
Minerallac Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
WASHERS, LOCK

Shakeproof Lock Washer Co., Chicago
WELDING MACHINES, ELECTRIC

General Electric Co., Schenectady
Ohio Brass Co., Mansfield, 0.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
WELDING WIRES & RODS

Aluminum Co. of America, Pittsburgh
American Steel & Wire Co., Chicago
Ohio Brass Co., Mansfield, 0.

WIRES AND CABLES and A. C. S. R.
Aluminum

Aluminum Co. of America, Pittsburgh
Armored Cable

American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago
General Electric Co., Schenectady
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., Perth

Amboy, N. J.
Western Electric Co., All Principal Cities

Asbestos Covered
American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago
General Electric Co., Schenectady
Rockbestos Products Corp., New Haven,

Conn.
Rome Wire Company, Rome, N. Y.

Automotive
American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago
General Electric Co., Schenectady
Kerite Ins. Wire & Cable Co., New York
Roebling's Sons Co., John A., Trenton, N. J.
Rome Wire Company, Rome, N. Y.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Perth

Amboy, N. J.
Western Electric Co., All Principal Cities

WIRES AND CABLES-Continued
Bare Copper

American Steel & Wire Co., Chicago
Anaconda Wire & Cable Co., New York
Belden Mfg. Co., Chicago
Roebling's Sons Co., John A., Trenton, N. J.
Rome Wire Company, Rome, N. Y.
Standard Underground Cable Co., PerthAmboy, N. J.
Western Electric Co., All Principal Cities

Copper Clad
Belden Mfg. Co., Chicago
Standard Underground Cable Co., PerthAmboy, N. J.
Western Electric Co., All Principal Cities

Co pperweld
Copperweld Steel Co., Glassport, Pa.

Flexible Cord
American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago
General Electric Co., Schenectady
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Rome Wire Company, Rome, N. Y.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., PerthAmboy, N. J.

Heavy Duty Cord
American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago
Okonite Company, The, Passaic, N. J.
Rome Wire Company, Rome, N. Y.
Simplex Wire & Cable Co., Boston

Fuse
Aluminum Co. of America, Pittsburgh
American Steel & Wire Co., Chicago
General Electric Co., Schenectady
Roebling's Sons Co., John A., Trenton, N. J.
Lead Covered (Paper and Varnished Cambric

Insulated)
American Steel & Wire Co., Chicago
Anaconda Wire & Cable Co., New York
General Electric Co., Schenectady
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Okonite-Callender Cable Co., The, Inc.,Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Rome Wire Company, Rome, N. Y.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., PerthAmboy, N. J.
Western Electric Co., All Principal Cities

Magnet
Acme Wire Company, New Haven, Conn.
Aluminum Co. of America, Pittsburgh
American Steel & Wire Co., Chicago
Anaconda Wire & Cable Co., New York
Belden Mfg. Co., Chicago
Dudlo Mfg. Corp., Fort Wayne, Ind.
General Electric Co., Schenectady
Roebling's Sons Co., John A., Trenton, N. J.
Rome Wire Company, Rome, N. Y.
Standard Underground Cable Co., PerthAmboy, N. J.
Western Electric Co., All Principal Cities

Rubber Insulated
American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago
General Electric Co., Schenectady
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Rome Wire Company, Rome, N. Y.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Perth

Amboy, N. J.
Western Electric Co., All Principal Cities

Tree Wire
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Simplex Wire & Cable Co., Boston

Trolley
American Steel & Wire Co., Chicago
Anaconda Wire & Cable Co., New York
Copperweld Steel Co., Glassport, Pa.
Roebling's Sons Co., John A., Trenton, N. J.
Rome Wire Company, Rome, N. Y.
Standard Underground Cable Co., Perth

Amboy, N. J.
Western Electric Co., All Principal Cities

Weatherproof
American Steel & Wire Co., Chicago
Anaconda Wire & Cable Co., New York
Copperweld Steel Co., Glassport, Pa.
General Electric Co., Schenectady
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Rome Wire Company, Rome N. Y.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Perth

Amboy, N. J.
Western Electric Co., All Principal Cities

WOOD RESIN
Hercules Powder Co., Wilmington, Del.

ZINC
St. Joseph Lead Co., New York
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Principal A. I. E. E. PublicationsE
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a.
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P.

P.

JOURNAL. Published monthly.
E

.

2- An engineering periodical containing in full or in abstract engineering and theoretical papers as

presented before meetings of the Institute and its Sections and Branches; descriptions of new develop-

-g ments characterized by notable advances, and items relating to the activities of the Institute and other =_

organizations.
Subscription price $10.00 per year. Agents, publishers and dealers are allowed 20 per cent dis-

E count; a special discount of 50 per cent is allowed on single subscriptions received directly from college g:

or public libraries. Postage to Canada on annual subscription $0.50 additional, and to foreign coun- ..E. --

E.

.---_

tries, $1.00. (Postage should not be included when computing discounts).

E JOURNAL BINDERS. A loose leaf binder, especially designed for the JOURNAL of the A. I. E. E.

is now available. The new binder is attractively finished in a long-wearing, processed material, g

resembling brown leather. From one to six copies of the JOURNAL, can be inserted. The name of

TA the publication is embossed in gold on the front cover and backbone. The binders are sold in sets a
.

of two at $2.25 or $1.25 for one.
I

g.

E

g -

g TRANSACTIONS. Published quarterly.
g

E

Contains such of the technical papers and reports published by the Institute in the JOURNAL

E and elsewhere as are selected and authorized by the Publication Committee; also the discussions on -g

the technical papers. The TRANSACTIONS form a permanent record of the progress of electrical

g

E -

engineering.
.

The subscription price to A. I. E. E. members is $2.00 per year for pamphlet binding and $4.00

---

E

for cloth binding. To non-members the cost is $10.00 per year for pamphlet binding, and $12.00 for

cloth binding.
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.
P. Discounts allowed on the current volume are as follows: 20 per cent to publishers and subscrip- a.

g tion agents 50 per cent to college and public libraries upon direct subscription to Institute headquarters.

P. INDEX TO TRANSACTIONS. Published every ten years. Vol. III of the TRANSACTIONS .z.

Index (Jan. 1, 1911 to Jan 1, 1922) is a practical bibliography (168 pp.) of all A. I. E. E. papers and

discussions printed during the period 1911-1922. Price to members and non-members $2.00, with

dealers' discount of 20 per cent.
E

--g

A. I. E. E. STANDARDS.
g.
F..,..--

E-

g

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

E Board of Directors and are available in pamphlet form, as follows:
E-

1 -General Principles Upon Which Temperature (.30); 26 -Automatic Stations, (.30); 30 -Wires and
E
E

Limits are Based in the Rating of Electrical Machinery, Cables. (.40); 33 -Electrical Measuring Instruments,

($.20); 4 -Measurement of Test Voltages in Dielectric (.30); 34 -Telegraphy and Telephony, (.30); *36-Stor- R

E
Tests (.30); 5 -Direct -Current Generators and Motors age Batteries, (.20); *37-Illumination, (.30); 38-Elec-

and Direct -Current Commutator Machines in General, tric Arc Welding Apparatus, (.40); 39 -Electric Resis- g

E
g

(.40); 7 -Alternators, Synchronous Motors and Syn- tance Welding Apparatus, (.30); 41 -Insulators, (.30);
chronous Machines in General, (.40); *8-Synchronous *42 -Symbols for Electrical Equipment of Buildings,

E
E.

Converters, (.40); 9 -Induction Motors and Induction (.20); 45 -Recommended Practise for Electrical Installa- g.

Machines in General, (.40); 10 -Direct -Current and tions on Shipboard, ($1.50); *46--Hard Drawn Alumi- g

Alternating -Current Fractional Horse Power Motors, num Conductors, (.20); *60--Specifica,tions for Tinned

E (.30); *11 -Railway Motors, (.30); 13-Transformers, Soft or Annealed Copper Wire; *61 -Specifications for g

E Induction Regulators and Reactors, (.40); *14-Instru- Soft or Annealed Copper Wire, (No. 60 and 61 published

E ment Transformers, (.30); *15 -Industrial Control as one pamphlet), (.30); *63-Specifications for 30 Per

Apparatus, (.40); *16 -Railway Control and Mine Cent Rubber Insulation for Wire and Cable for General a

E
Locomotive Control Apparatus, (.40); *17f-Mathemati- Purposes, (.30); *69 -Specifications for Cotton Covered

E
E

cal Symbols, (.30); *17g1 -Letter Symbols for Electrical Round Copper Magnet Wire; *70-Specifications for
Quantities, (.20); 17g6 -Graphical Symbols for Tele- Silk Covered Round Copper Magnet Wire; *71-Specifl-

E

a
g

g
phone and Telegraph Use, (.20) ; 19 -Oil Circuit Breakers, cations for Enameled Round Copper Magnet Wire,

g
(.30); 22 -Disconnecting and Horn Gap Switches, (No. 69, 70 and 71 published as one pamphlet), (.30).

E *Approved as American Standard.

E

A discount of 50% is allowed to Institute members. Numbers of the Standards Sections should =

be given when ordering.
E

E

E

i NEW STANDARDS BINDERS. A new and different binder is now available which will hold

E
all the present Standards pamphlets and reports, and still have room for additional sections. Price

E $1.75.
P_

-4

=

YEAR BOOK OF THE A. I. E. E.
:.m. 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 Ea:

in geographical order. The Year Book contains general information regarding the scope and .E.

-.1. iactivties of the Institute, including the Constitution and By -Laws, lists of Sections and Branches, g

the
P.:

various committees, governing body, etc. Single copies will be supplied to members without 1'

I charge upon application.
E

E

.P.

g

.s
P.-

American Institute of Electrical Engineers g
_.t.:

P.

o

33 West Thirty-ninthF.. Street, New York, N. Y. .-.2

EI

E

P_
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CONDEX PARK CA I 1]

"The specially applied steel tape armor guarantees protection"
CONDEX Park Cable is designed specially for use

on series lighting circuits for municipal street light-
ing, "white way" or traffic signal installations and
park, playground or airport illuminating systems.

The cable consists of an insulated, lead -covered
conductor such as is ordinarily used for series street
lighting circuits, protected by an overlapping, inter-
locking steel tape, under which is a bedding and over
which is a serving of jute, both being thoroughly
saturated with a preservative compound.

The CONDEX steel tape is the outstanding feature
of the cable, affording complete coverage under all
conditions and offering great resistance to crushing.

Further

Another important feature is the thoroughnehh uithe saturating process. A. non -hardening compound
is applied at four different stages of construction -
over the lead, inner serve, CONDEX tape and finally
the outer serve. This saturant acts as a preserva-tive and prevents rotting or deterioration of the
fabrics by moisture or other causes. It also com-
pletely covers the steel tape and protects it againstrust.
CONDEX Park Cable solves distribution problems

underground wherever park cable is required. Con-
duits are unnecessary; manholes need not be con-
structed and practically no digging is required toobtain a satisfactory installation.

information on request.

&MIX NORE &CABE @
MANUFACTURERS

201 DEVONSHIRE ST., BOSTON
BRANCH SALES OFFICES

CHICAGO. 564 W. Monroe St. SAN FRANCISCO, 390 Fourth St.
NEW YORK. 1328 B'way CLEVELAND, 2019 Union Trust Bldg.

JACKSONVILLE, 1010 Barnett Nat'l Bank Bldg.
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A Chief Engineer's Experience
with

TEXACO REGAL OIL

Here' s his letter:

The Te,cas
Company,

Grand
Rapids,

ichigan

We are using your Regal
13 Turbine

Oil in our turbines;
2-1000

K-. V A., 1-300
IC.V A. and 1-375

IC. V A. all direct connected
to

Dear Sirs-.

-this oil is giving
-us very good service

and we are well satisfied
with it.

In the seven years we have used't
we have not had one particle

of oil

alternators
and running

at 3600
RPM'

trouble.
Mie renew the sin

in ticie systems
once a year and use the old

oil to lubricate
machine

the
factory At one time we operated

one of

the 1000 lc. V . turbines of

montbs
on Regal

Oil itho-ut

a change a
sample

of this oil was sent to -your laboratories
and they re-

ported
it unaarnaga

but we drew
the oil out and filled the system

with

new oil. -o filters are installed
in any

of these
oiling systems.

Tbe warm-

est bearing
is a steam end bearing

that runs 140 degrees
Fahrenheit.

'The excellent
service

given us by this oil in. our turbines
influenced

us to use
it on our engines

aud we are at the present
time using

it in.

one simple
Corliss

en.gme,
one Cross Compound

Corliss
and in one

Arnes
Uniflow

and we are well satisfied
with the results.

61

TEXACO REGAL OIL is everywhere.
highly recommended for 'effective turbine
lubrication. Call up The Texas Company first:

TEXACO LUBRICANTS
THE TEXAS COMPANY, 17 BATTERY PLACE, NEW YORK CITY

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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The Most Frequently Encountered Reactor Arrangements Are Shown in the Above Diagram

Outdoor reactor

911,

Open type station
reactor

MURRAY
Low Loss*
Reactors

Designed for every
system requirement

METROPOLITAN
DEVICE CORPORATION
1250 Atlantic Ave., Brooklyn, N. Y.

trade mark registered

Type T feeder
reactor

Three phase
reactor

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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WIRES AND
INSULATED

CABLES

(bonne Productsts
OKONITE

VARNISHED
CAMBRIC
CABLES

OKONITE
INSULATING TAPE

MANSON and
DUNDEE

FRICTION TAPE
OKONITE
CEMENT

OKOCORD
O KOLOOM

Olton t to-Calle nth r
Products

IMPREGNATED
PAPER CABLES

SUPER -TENSION
CABLES

SPLICING
MATERIALS
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ORE TO SHORE
The new highway bridge that spans
Lake Champlain between Crown Point,
N.Y., and Chimney Point, Vt., was
recently opened to traffic. So much
needed was this new link between the
Empire and Green Mountain States
that its receipts have far exceeded the
expectations of the Lake Champlain
Bridge Commission which planned it.

Both approaches and the broad road-
way of the bridge itself are brilliantly
lighted from handsome lighting -unit
standards, with all wiring concealed.
From shore to shore and in the ap-
proaches OKONITE and HAZARD
cables carry the power supply-a 100%
OKONITE-HAZARD installation.

THE OKONITE COMPANY
FounclPr11878

HAZARD INSULATED WIRE WORKS
Division of The Okonite Co.

Factories: Passaic, N. J. Wilkes Barre, Pa.

SALES OFFICES:

ST. LOUIS SAN FRANCISCO NEW YORK LOS ANGELES

SEATTLE CHICAGO ATLANTA DALLAS BOSTON PITTSBURGH BIRMINGHAM
Novelty Electric Co., Philadelphia, Pa. F.D.Lawrence ElectricCo.,Cincinnati3O.

Canadian Representatives: Cuban Representatives:
Engineering Materials Limited, Montreal Victor G.Mendoza Co., Havana

OKONITE QUALITY CANNOT BE WRITTEN INTO A SPECIFICATION



Your Present Plant--

What of its FUTURE
Electric al Needs?

Bull Dog
Bus -DUCT

Bull Dog
SAFtoFUSE
Panelboard

Bull Dog
Trolley -DUCT

7

Bull Dog
Wire -DUCT

LOOK AHEAD
with

BULL DOG AMP

In this day, electrical installations of extreme flexibil-
ity and mobility are required to meet quick and
soipetimes radical changes in Industrial Plant ached-
,ules. Bull Dog AMP systems meet such requirements.
Bull Dog Wire -DUCT in conjunction with SAFtoFUSE
Feeder Panels give the efficiency of permanent with
the speed of temporary wiring and provide for the
addition of future Circuits.
Bull Dog Bus -DUCT is a Busbar "plug in" system of
electrical distribution so that wherever machines or
motors are moved, power is instantly available.

Write for Catalog

BULL DOG ELECTRIC PRODUCTS CO.
Detroit, Michigan, U. S. A.

Patent
applied

for

APPARATUS FOR MASS PRODUCTION

ti


