
NATIONAL ACADEMY OF SCIENCES
OF THE UNITED STATES OF AMERICA

BIOGRAPHICAL MEMOIRS
VOLUME XXII—FIFTH MEMOIR

BIOGRAPHICAL MEMOIR

OF

ARTHUR EDWIN KENNELLY
1861-1939

BY

VANNEVAR BUSH

PRESENTED TO THE ACADEMY AT THE AUTUMN MEETING, 1940
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To few, and only to the few, has been granted the inestimable
privilege of active and close participation in almost the entire
range of development of such an enormous and such a useful
field as that of electrical engineering, from the pioneer days of
the telegraph and submarine cable, through the earliest stages
of practical application of the storage battery, the electric light,
and the telephone, and on to the flowering of the art as repre-
sented by the present status of electric power generation, trans-
mission, and utilization and of electrical communication. And
to few only has there been granted the friendship, esteem, and
professional respect of so many outstanding contemporaries in
any art as are represented by such names as Rowland, Elihu
Thomson, Edison, Steinmetz, Sprague, Houston, and Brush in
the United States; Heaviside, Clark, Lord Kelvin, Fleeming-
Jenkin, and Preece in England; Mascart, Blondel, and Ferrie in
France; von Helmholtz in Germany, Marconi and Giorgi in Italy;
Nagaoka in Japan; and many others throughout the world. But
to Arthur Edwin Kennelly was granted both the privilege of
such a participation in an art and such a friendship and esteem
from the principal joint authors of its development. With his
death on June 18, 1939, Harvard University and the Massachu-
setts Institute of Technology lost a deeply respected professor
emeritus of electrical engineering, the profession lost one of its
early pioneers and most striking figures, and the National Acad-
emy of Sciences lost a distinguished and valued member.

Dr. Kennelly was born at Colaba, Bombay, India, on Decem-
ber 17, 1861. His father, David Joseph Kennelly of Cork,
Ireland, had gone to sea as a midshipman in 1845, served as a
frigate commander in the Indian Mutiny of 1856-58, and was
harbor master at Bombay from 1858-1868. His mother, Kath-
erine Heycock Kennelly, born in Leeds, England, was a daughter
of Edwin and Mary Heycock, who had settled in Bombay and
built the first cotton mill in East India. Mrs. Kennelly died of
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Indian fever in 1864 1 when Arthur was only three years old,
and the child was sent to England because of the unfavorable
climate of Bombay for rearing white children. He attended
schools in France, Belgium, Scotland, and England, and par-
ticularly the University College School at Gower Street, Lon-
don, where he received prizes in language and stenography. In
later years his linguistic accomplishments were attested by his
fluent command of French, German, and Italian. More sig-
nificantly, he had inherited from his father an aptitude for
arithmetic and geometry, although he modestly contended that
his skill in mental arithmetic was only half that of his father.

Inspired at the age of twelve by a public lecture on "Sub-
marine Telegraphy," given in Albert Hall, London, by Latimer
Clark, the well-known telegraph engineer and inventor of the
Clark potentiometer and the Clark cell, he decided to enter tele-
graph engineering, which, except for electroplating, represented
the only industrial application of electricity at that time. This
was before electrotechnical schools had been anywhere estab-
lished. At fourteen he left school and entered the London office
of the Society of Telegraph Engineers (later to become the
Institution of Electrical Engineers) as office boy and assistant
secretary. In this office he found the Ronalds' Electrical Library,
and all his spare time was spent in studying electro-physics in
the excellent collection of Ronalds' books, bequeathed to the
Society by that pioneer telegrapher.

In 1876 at the age of fifteen he was appointed probationer
telegraph clerk in the service of the Eastern Telegraph Com-
pany at its Porthcurno station near Land's End in Cornwall,
England. This company owned and operated an extensive net-
work of submarine telegraph cables connecting England with
the continent of Europe, and through the Mediterranean Sea
with Egypt, India, and the Far East. A year later he was sent
to the Eastern Telegraph Company's Malta station as a junior
operator, where he was allowed to assist in the periodical elec-

1 Autobiographical notes sent to the National Academy of Sciences,
Washington, D. C, give the date as 1863. In an Abridged Record of
Family Traits, also in possession of the National Academy of Sciences,
Kennelly gives the date as 1864.
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trical tests of the cables landing at Malta. In 1878 he was trans-
ferred from the operating staff to the cable-ship staff as assistant
electrician on board the 5". 5". Chiltern, remaining in this branch
of service for eight years. In 1881 he was promoted to chief
electrician on cable ships. His duties in this capacity were to
test, repair, and lay submarine cables in various parts of the
Eastern Telegraph Company's system, sharing the engineering
responsibilities with the captains of the ships.

During these years Kennelly took part in numerous impor-
tant cable repairs and the laying of cables from Gibraltar to
Tangier, from Alexandria to Port Said, and in other places and
served as chief electrician on a number of cable ships in all
parts of the Eastern Telegraph Company's network between
England and Bombay.

In 1887 after Kennelly had reached the position of senior
chief electrician on the ship's staff of the Eastern Telegraph
Company, he left that service to become assistant to Thomas A.
Edison at his new laboratory in West Orange, New Jersey. He
remained as Mr. Edison's principal electrical laboratory assist-
ant for six years and during that time carried on a number of
electrical researches. Between the years 1893 and 1901 he did a
large amount of consulting electrical engineering work, first
with the Edison General Electric Company and the General
Electric Company of New York for a year and then with Edwin
J. Houston in the firm of Houston and Kennelly in Philadelphia.

In 1902 the Mexican Government and the Safety Insulated
Wire and Cable Company of New York placed Kennelly in
charge of laying submarine telegraph cables from Vera Cruz
to Frontera and Campeche. In the same year he was appointed
professor of electrical engineering at Harvard, where he re-
mained until his retirement as professor emeritus in 1930. From
1913-1925 he was also professor of electrical communication at
the Massachusetts Institute of Technology; he directed its elec-
trical engineering research for many years, was chairman of its
faculty from 1917-1919, and became professor emeritus in 1930.

Besides his regular teaching at Harvard and Massachusetts
Institute of Technology, Kennelly responded to invitations to
lecture at many other universities in the United States, in
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Canada, and in Europe. In 1921-22 he was sent by seven co-
operating American universities (Columbia, Cornell, Harvard,
Johns Hopkins, Massachusetts Institute of Technology, Penn-
sylvania, and Yale), to lecture as their first exchange professor
in engineering and applied sciences at six universities of France.
And in 1931 he was appointed first visiting lecturer on the
Iwadare Foundation at five universities in Japan. During the
War he served as Civilian Liaison Officer in the Signal Corps
of the United States Army overseas.

His publications were numerous and broad in scope. Of the
twenty-eight books bearing his name on their title pages, he
was sole author of ten. And in the course of his career he pre-
sented more than 350 papers before the leading scientific and
technical societies here and abroad.2

Honorary degrees were conferred upon him by four uni-
versities: the University of Pittsburgh, 1895; Harvard Uni-
versity, 1906; the University of Toulouse, 1922; and the Tech-
nische Hochschule of Darmstadt, Germany, 1936. In 1939 he
was made a member of the Royal Swedish Academy of Sciences.
Among the many honors and awards received by him were the
Institution Premium in 1887 and the Fahie Premium in 1889
from the Institution of Electrical Engineers, London; the How-
ard Potts gold medal from the Franklin Institute at Philadel-
phia for his invention of a hot wire anemometer, 1917; the
Cross of a Chevalier de la Legion d'Honneur from France,
1922; the silver Volta medal, the Centenary medal of the Italian
Government, received at the Como Convention, the annual gold
medal of honor of the Institute of Radio Engineers, 1932; and
the Edison Medal for 1933 from the American Institute of Elec-
trical Engineers, awarded in January 1934. He was President
for two terms of the American Institute of Electrical Engi-
neers, 1898-1900; President of the American Metric Society,
Washington, 1904; President of the Illuminating Engineering
Society, New York, 1911 ; President of the Metric Association,
1915-1934; President of the Institute of Radio Engineers, New

2 See List of Books and Papers by Dr. A. E. Kennelly, Journal of the
Electrotechnical Society of Waseda, XIII (June-Aug. 1932), No. 7-8.
See also bibliography below.
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York, 1916; Honorary President of the Union Radio Scien-
tifique Internationale, 1935; Vice President of the Edison
Pioneers, 1938-1940; and in addition held memberships or
honorary memberships in a score of other technical and scien-
tific societies both here and abroad. He held appointments
from time to time on some thirty scientific commissions and
conferences, among which may be mentioned the following:
Secretary and later Chairman of the Standards Committee of
the American Institute of Electrical Engineers from the date of
its inception to 1917; official delegate from the United States
to the International Electrical Congress of Paris in 1900 and its
Vice President; Chairman of the Committee on Nomenclature
and Standards of the Illuminating Engineering Society, New
York, from 1915-1921; technical adviser to the United States
Delegation of the International Commission of Weights and
Measures, Paris, 1921; delegate to the International meeting
of the Conference of Large Electric Systems, Paris, 1921, and
its Vice President; Research Associate of the Carnegie Insti-
tution of Washington, 1924-1936; Chairman of the Engineering
Section of the National Academy of Sciences, 1932; and Vice
Chairman of the Division of Foreign Relations of the National
Research Council in 1933.

In July 1903 Kennelly married Dr. Julia Grice of Philadel-
phia, whose death preceded his by a few months. Their only
surviving child, Reginald Grice Kennelly, was graduated summa
cum laude from Harvard University in 1931 and received his
doctor's degree from the same institution in 1935.

Expressive of the character of Kennelly and indicative of
some of the achievements which he most valued in his career
was the bookplate designed for him by Mr. W. A. Dwiggins,
artist of Hingham and Boston, Massachusetts, in the winter of
1915-1916. It features a central ellipse enclosing a shield and
scallop of the coat of arms of the Kennelly family. The legend,
"Ora et Labora," is the family heraldic motto. Around the
ellipse are twelve mathematical formulae relating to electrical
circuits, for the formulation of which he was largely responsible.
Another revealing item is his abridged family genealogy filed
with the National Academy of Sciences, in which he particularly

87



NATIONAL ACADEMY BIOGRAPHICAL MEMOIRS—VOL. XXII

notes that three generations of Kennellys have been total ab-
stainers from both alcohol and tobacco.

To appreciate fully the position which Kennelly occupied in
the development of the science and art of electrical engineering,
one needs to have a clear idea of the roles of the originator and
the interpreter. Kennelly was both; yet while his origination
of theoretical matters was ample to assure him of a permanent
position in history as a man of science, it was in the equally
important aspect of interpretation that he was decidedly a unique
figure. His carefully chosen nomenclature, his crystal clear
exposition, his meticulous mathematical presentations, led thou-
sands to employ powerful methods of analysis which would
otherwise have remained abstruse and hence available only to a
few. It is not too much to say that he changed the whole course
of the methods of the electrical engineer by his leadership in
this regard. As he interpreted mathematics for engineering
use, he also originated new methods and new formulations. It
is not necessary to inquire meticulously into all of these matters
in regard to the ultimate credit for origination. The power of
Kennelly to render clear and useful was his greatest contribu-
tion, and this often transcended the question of whether what
he presented was new in an absolute sense, or new in the some-
times equally important sense of being unknown and inaccessible
to those who could best employ it in bringing to the public the
benefit of the applications of science in an economical manner.

This comment applies especially to Kennelly's extensive con-
tributions in the field of circuit theory. The direct-current cir-
cuits on which the early advances in electrical engineering were
based, required for their analysis only simple a'gebra. Hence,
as soon as instruments for reasonably precise measurement were
available, the use of such circuits proceeded without impediment
from lack of analysis. Alternating-current circuits were of a
very different nature, and the transient phenomena of circuits
of more difficult nature still. In a field of application where
the flow of energy can ordinarily be neither seen, heard, nor
felt, procedure by rule of thumb, design on the basis of quali-
tative experience, could not have gone far. The revolution in
our daily lives, due to the widespread use of alternating currents
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in power applications and communication, has been possible pri-
marily because electrical engineers can precisely analyze in ad-
vance the performance of the complex electrical networks in-
volved. This has been accomplished largely because those
engineers use in their daily work mathematical methods of
analysis in exceedingly convenient form and of extraordinary
power. Kennelly was distinctly in the forefront of the advance
which made this possible.

The mathematicians had long dealt with so-called imaginary
and complex variables, and had met them in connection with
the solution of some of the differential equations of physics.
Heaviside had approached the problems of electrical circuits
with no mathematical inhibitions whatever, and, by unorthodox
methods sometimes entirely divorced from all questions of rigor,
had produced the extraordinary results for which we are so
greatly indebted to him. There was needed, however, some
individual who could regularize, interpret, simplify, and extend
the mathematical approach in order to create a keen working
tool. This was Kennelly's great work.

Fortunately we have Kennelly's own recital of the various
steps in this process of development of electric circuit theory,
and his own meticulous statements as to the specific accomplish-
ments which he claimed as the result of his own origination,
preserved in his Academy autobiography. The most important
parts of this document have been quoted by Professor Dawes
in a biography of Kennelly published in Science shortly after
his death, and there is hence no need for further quotation here.
The record seems rather to need expansion in order that scien-
tists in other fields may more fully appreciate the significance
of the work which Kennelly performed in the specialized fields
in which he was long engaged.

As early as 1887 n e published his method of localizing elec-
trically faults in submarine cables by varying the testing current
strength.3 This method he had invented by observing the ap-
parent resistance of a copper exposure at a break and relating

SA. E. Kennelly, "The Resistance of Faults in Submarine Cables,"
Journal of the Society of Telegraph Engineers and Electricians, XVI
(March 17, 1887), pp. 219-249.
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it to the square root of the testing current through the exposure.
It should be noted that there were no ammeters in existence at
the time, and the establishment of a relationship of this sort
called for great ingenuity and resourcefulness in measurement.
Kennelly's paper on the subject received the "Institution Pre-
mium" of the Society of Telegraph Engineers, London, and
the method set forth continues to be a recognized one for fault
localization.

Neat generalizations and apt formulations soon began to ap-
pear. The idea of the "center of gravity" of cable faults 4 led
to the application of the same general thought in regard to the
complex loads of polyphase systems.5 The fact that certain
circuits are equivalent in external reaction, so that one may be
freely substituted for its equivalent in either analysis or prac-
tice, is a far-reaching thought. The most striking substitutions
involve "delta" and "star" arrangements, each of three branches
and arranged respectively in triangular or radial conformation.
Kennelly showed the complete conditions for equivalence in
very convenient form in 1899.6

His most notable accomplishment along these lines had to do
with Ohm's law. This was the law of proportionality of current
and potential difference which was basic to all work with steadily
flowing currents. When alternating-current circuits appeared,
with sinusoidally varying parameters, no such convenient tool
was at hand. The basis of analysis resided, it is true, in the
mathematical theory of vibrations, but the application to elec-
trical circuits was far from obvious or direct. Kennelly's paper
of 1893, entitled "Impedance," 7 crystallized the matter in such
form that engineers soon began to use plane vectors and com-
plex numbers with freedom and precision. Complex algebra

4 A. E. Kennelly, "On the Analogy between the Composition of Deriva-
tions in a Telegraph Circuit into a Resultant Fault and the Composition
of Gravitation on the Particles of a Rigid Body into a Center of Gravity,"
Electrical Review, New York, XI (November 5, 1887), pp. 2-3.

5 A. E. Kennelly, "On the Determination of Current Strength in Three-
Pointed Star Resistance Svstems," The Electric World and Engr., XXXIV
(August 19. 1899), pp. 268-270.

6 A. E. Kennelly, "The Equivalence of Triangles and Three-Pointed
Stars in Conducting Networks," ibid. (September 16, 1899), pp. 413-414.

7 A. E. Kennelly, "Impedance," Transactions of the American Institute
of Electrical Engineers, X (April 18, 1893), pp. 175-216.
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rendered the alternating-current circuit almost as readily amen-
able to treatment as had been the direct-current circuits which
preceded.

After this advance the treatment of circuits of discrete param-
eters in the steady state was well ordered. A similar clarifica-
tion soon followed in regard to those circuits, such as long
transmission or communication lines, where the parameters are
distributed. Again the fundamental differential equations fol-
lowed immediately from those of Maxwell and had long been
known. Heaviside had given in 1891 the solutions in terms of
hyperbolic functions expressed in scalon form. The subject
was much advanced, however, when Kennelly in 1894 8 gave a
clear and explicit solution in terms of complex hyperbolic func-
tions, and still further when he introduced a. notation for polar
complex quantities and published sets of tables and charts of
the trigonometrical functions of complex angles.

The same clarification also appeared in connection with cir-
cuits in free oscillations. Here there was a large mathematical
background indeed in regard to the behavior of free mechan-
ical systems, which applied as well to the equivalent electrical
networks. The parallelism between this behavior and that of
the steady state became fully clear to many only when Kennelly
published in 1915 9 a treatment in which notation was carefully
carried over from one to the other.

It is not necessary to review in detail the work on dissym-
metrical networks,10 nor the large amount of accomplishment
in regard to artificial lines.11 In some of this, largely as a by-
product, he extended the knowledge of certain types of con-

8 A. E. Kennelly, "On the Fall of Pressure in Long Leads Traversed by
Alternating Currents," The Electrician, XXXII (January 5, 1894), pp.
239-240.

0 A. E. Kennelly. "The Impedances, Angular Velocities and Frequen-
cies of Oscillating-Current Circuits," Proceedings of the Institute of Radio
Engineers, November 1915.

10 A. E. Kennelly, "Dissymmetrical Electrical Conducting Networks,"
Journal of the American Institute of Electrical Engineers (February
1923), pr>. 112-122.

11 A. E. Kennelly, "Artificial Lines for Continuous Currents in the
Steady State," Proceedings of the American Academy of Arts & Sciences,
XLIV (November 1908), pp. 97-130; "The Equivalent Circuits of Com-
posite Lines in the Steady State," ibid., XLV (November 1909), pp. 31-75;
Electric Lines and Nets, New York: McGraw-Hill Book Company, 1928.
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tinued fractions.12 He also investigated at length the phenome-
non of "skin-effect" by which the current crowds toward the
periphery of alternating-current conductors, and followed this
matter both theoretically and experimentally.13 There was ex-
tensive work on the heating of wires carrying current,14 and
upon the performance of the telephone receiver.15

Lest it be thought, however, that all of Kennelly's work had
to do with precise analysis, mention should be made of his
accomplishments of a somewhat different nature.

Most notable of these was the brilliant inspiration by which
he dissipated the mystery surrounding the progress of radio
waves over the surface of the earth. In 1901 Marconi an-
nounced the reception in Nova Scotia of radio signals from a

12 A. E. Kennelly, "The Expression of Constant and Alternating Con-
tinued Fractions in Hyperbolic Functions," Harvard Annals of Mathe-
matics, IX, second series (January 1908), pp. 85-96.

13 A. E. Kennelly, "Impedance," Transactions of the American Institute
of Elec. Engrs., X (April 18, 1893), pp. 175-216; A. E. Kennelly, F. A.
Laws, and P. H. Pierce, "Experimental Researches on Skin Effect in
Conductors," ibid., XXXIV (September 1915), pp. 1953-2021 ; A. E.
Kennelly, F. H. Achard, and A. S. Dana, "Experimental Researches on
Skin Effect in Steel Rails," Journal of the Franklin Institute, CLXXXII
(1916), pp. 135-139; A. E. Kennelly and H. A. Affel, "Skin Effect Re-
sistance Measurements of Conductors at Radio Frequencies up to 100,000
Cycles per Second," Proceedings of the Institute of Radio Engineers (De-
cember 1916), pp. 523-574; A. E. Kennelly, "Notes from the Research
Division Electrical Engineering Department, Mass. Inst. Tech.," Journal
of the Franklin Institute, CLXXXIII (1917), pp. 509-511.

"A . E. Kennelly, "Heating Conductors by Electric Currents," Con-
vention of the Assoc. Edison Ilium. Cos., Niagara Falls, New York
(August 13, 1889), pp. 11-32; A. E. Kennelly, C. A. Wright and J. S.
Van Bylevelt, "The Convection of Heat from Small Copper Wires,"
Transactions of the American Institute of Electrical Engineers, XXVIII
(June 1909), pp. 363-393; A. E. Kennelly and H. S. Sanborn, "The
Influence of Atmospheric Pressure upon the Forced Thermal Convection
from Small Electrically Heated Platinum Wires," Proceedings of the
American Phil. Society, LIII (April 1914), pp. 55-57; A. E. Kennelly
and E. R. Shepard, "The Heating of Copper Wires by Electric Currents,"
Proceedings of the American Institute of Electrical Engineers, XXVI
(June 1907), pp. 969-995; A. E. Kennelly, F. D. Everett and A. A. Prior,
"Thermal Insulation Tests of Electrical Ovens," Electric World, LXV
(March 27, 1915), p. 779.

15 A. E. Kennelly, "A Contribution to the Theory of Telephony,"
Electrical World, XXIII (February 27, 1894), p. 208; A. E. Kennelly
and W. L. Upson, "The Humming Telephone," Proceedings of the Ameri-
can Philosophical Society (July 1908), Vol. 47, pp. 329-365; A. E. Ken-
nelly and G. W. Pierce, "The Impedance of Telephone Receivers as Af-
fected by the Motion of Their Diaphragms," Electrical World, LX (Sep-
tember 14, 1912), pp. 560-565.
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station in England. The received energy was far greater than
could have been expected from any simple three-dimensional
wave expansion. Moreover, if one assumed free propagation
in the entire region above the earth and complete shielding by
the conducting earth itself, which would have been quite rea-
sonable at the time, there was no reason for expecting any
signal at all. Yet Marconi, perhaps because he was fortunate
in not possessing the incomplete current knowledge of the phe-
nomena involved, tried the experiment, and the signals were
received. Kennelly provided the explanation,16 by reason of
the reflection of the waves from an upper stratum of ionized
air, basing his explanation on some of the properties of rarefied
gases which had just been announced by J. J. Thomson. The
ionized reflecting layer is usually called the Kennelly-Heaviside
layer in view of the fact that Heaviside published essentially the
same explanation later in the same year in the Encyclopaedia
Britannica. Since that time there has been much study of the
phenomena, and the layer is found to be multiple with extraordi-
nary variations in position and composition.

Kennelly made important contributions to illumination 17 at a
time when the art was greatly in need of better methods of
measurement. In the course of many years his influence was
felt in nearly every aspect of electrical engineering. Entirely
apart from his strictly scientific and technical achievements, his
influence on standardization and international interchange was
profound.

M A. E. Kennelly, "On the Elevation of the Electrically-Conducting
Strata of the Earth's Atmosphere," Elec. World mid Engr., XXXIX
(March 15, 1902), p. 473.

17 E. J. Houston and A. E. Kennelly, "An Instrument for Measuring the
Mean Spherical Candlepower of Arc Lamps," The Electric World,
XXVII (May 9, 1896), p. 509; A. E. Kennelly and S. E. Whiting, "The
Frequencies of Flicker at which Variations in Illumination Vanish," ibid.,
XLIX (June 1907), pp. 1208-1209; A. E. Kennelly, G. R. Carter, S. C.
Li, and E. A. Healey, "Flicker on Fixed and Rotating Targets," Proceed-
ings of the Ilium. Engineering Society (February 1911), p. 120; A. E. Ken-
nelly, "A New Graphic Method for Determining the Mean Spherical In-
tensity of a Lamp by the Length of a Straight Line when the Curve of
Mean Meridional Intensity is Given," Electrical World, LI (March 28,
1908), pp. 645-649: "A Rectilinear Graphical Construction of the Spherical
Reduction Factor of a Lamp," Proceedings of the Ilium. Engineering
Soc'cty (February 1908).
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All who were his students remember him as a remarkable
teacher, whose clarity and precision of expression made smooth
the path of those struggling with the often abstruse intricacies
of electrical phenomena. Moreover, there was always a bit of
humor to relieve the tedium.

He was at his best at a scientific meeting, where his geniality
and ready wit enlivened many a discussion. In international
gatherings in particular his precision of language, his unfailing
courtesy, and his wide acquaintance aided greatly in bringing
about understanding and good will.

After his formal retirement from active teaching in 1930 he
remained a valued member of the academic community in
Cambridge. His eyesight failed rapidly, but he continued
actively, and worked at his office every day even when nearly
totally blind. Under these conditions he wrote several of his
last papers, aimed at simplifying and coordinating the systems
of units used by electrical engineers.

Arthur Edwin Kennelly died on June eighteenth, 1939,
honored by scientific men everywhere, and leaving as a monu-
ment to his work some three hundred and fifty publications of
constant contribution to the art and science of electrical engi-
neering.
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Eng. and Electr., Vol. 16, pp. 219-249. Paper received "Institu-
tion" Premium of the Society, Vol. 16, p. 641.

(6) On the Localisation of a Complete Fracture in a Submarine Cable
by Bridge Measurement to Instrument Zero. Electrician, Vol.
19, pp. 480-482 and 489-499.

(7) On the Superiority of the "Earth-Overlap" Method in Localising
Small Faults in Submarine Cables when No Loop is Available,
as Evidenced by Recent Practical Results with a Fault of 40,000
Ohms in a Cable of 1140 Ohms Conductor Resistance. Jour. Soc.
Elec. Eng. and Electr., Vol. 16, pp. 581-585.

* A number of scattered titles are missing from this list, probably more
than fifty. About five hundred unsigned editorial articles were also printed
in the Electrical World between 1895 and 1921. Two editorials a week
were sent in from 1895-1915; after that, less often.
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(8) On the Analogy between the Composition of Derivations in a Tele-
graph Circuit Into a Resultant Fault and the Composition of
Gravitation on the Particles of a Rigid Body into a Center of
Gravity. Dated London, Oct. 1887. Elec. Rev., Vol. 11, pp. 2-3.

(9) Letters from Learners. Electrician, Vol. 20, pp. 30, 52, 75, 128,
153, 179.

(10) The Edison Ground Detector for Electric Light Circuits. Elec.
World, Vol. 12, p. 6.

(11) Tests of Primary Batteries. Elec. World, Vol. 12, pp. 107-108.
(12) Notes on the Reduction of Ballistic Observations to Absolute

Measure. Electrician, Vol. 21, pp. 694-696.
(13) On the Voltametric Measurement of Alternating Currents. Electri-

cian, Vol. 21, pp. 724-725.

1889

(14) On Certain Phenomena Connected with Imperfect Earth in Tele-
graph Circuits. Jour. hist. Elec. Eng. and Elect., Vol. 18, pp.
129-146. Paper received "Fahie" Premium, Vol. 18, p. 826.

(15) Iron Sheathing and Speed in Submarine Cables. Elec. World, Vol.
13, P. 158.

(16) Correction of Error in the Scale of Thompson Galvanometers Due
to the Doubling of Deflection Angles by the Reflected Beam of
Light. Elec. World, Vol. 13, p. 216.

(17) The Law of Probability of Error as Applied to the Observed Re-
sistance of the Human Body. Elec. World, Vol. 14, pp. 73-74.

(18) Heating Conductors by Electric Currents. Convention of the Assoc.
Edison Ilium. Cos., Niagara Falls, N. Y., pp. 11-32. Abstracted
also in Electrician, Vol. 24, pp. 142-3, 169-72, 194-6; also in Elec.
World, Vol. 14, pp. 135, 336, 355, 372, and 386.

(19) Convenient Null Method of Measuring Mutual Inductance. Elec.
World, Vol. 14, p. 230.

1890

(20) Alternating versus Continuous Currents in Relation to the Human
Body. Electrician, Vol. 25, p. 17.

(21) Permeability of Iron at Right Angles to the Direction of Mag-
netisation. Electrician, Vol. 25, pp. 111-114, and 141-144. Men-
tioned by Ewing in same volume, p. 515.

(22) On the New Standard Edison Electrolytic Meter. Elec. World,
Vol. 16, p. 230.

(23) On the Best Dimensions for Standard Optical Ammeters and Volt-
meters. Electrician, Vol. 25, pp. 701-703.

(24) An Account of an Experiment Made to Determine Whether
Gravitation Force Varies with Temperature. Proc. Astr. Soc.
Pacific, pp. 23-26.
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(25) Electricity in the Household. A chapter in "Electricity in Daily
Life." Charles Scribner's Sons, N. Y., 1890. pp. 239-260. First
appeared as an article in Scribner's Magazine, 1890.

(26) Inductance and Its Proposed Unit the Henry. Trans. Amer. Inst.
Elcc. Engs., Vol. 8, pp. 2-18. Also Electrician, Vol. 26, pp. 267,
305, 385-

1891

(27) Note on the Relative Degree of Disturbance Caused by Electro-
static and Electromagnetic Induction between Telephone Circuits.
Electrician, Vol. 26, p. 763. Also Elec. World, Vol. 17, p. 277.

(28) Experiments on the Ratio of Electrostatic to Electromagnetic In-
ductive Disturbance between Neighboring Telephone Circuits.
Electrician, Vol. 27, pp. 35-36.

(29) Magnetic Reluctance. Trans. Am. Inst. Elcc. Engs., Vol. 8, pp. 485-
517-

(30) Report of Committee on Units and Standards. List of New Units
Practically Needed for Convenience in Dealing with Magnetic
Circuits. Trans. Am. Inst. Elec. Engs., Vol. 8, pp. 533-534.

1892

(31) Physiological Observations at the Mcllvaine Electrocution. Elcc.
Eng., Vol. 13, p. 157.

(32) Economy in Primary Batteries Employed for Generating Power.
Elec. Eng., Vol. 13, pp. 326-329.

(33) Measurements of the Hysteretic Loss of Magnetic Energy in
Nickel. Electrician, Vol. 28, pp. 666-667. Also Elec. Eng., Vol.
13, PP- 349-350.

(34) Ampere-centimeter, a Measure of Electromagnetism. Elec. World,
Vol. 19, p. 378.

(35) Physics of Cataphoresis. Elec. World, Vol. 20, p. 294.
(36) Problem of Eccentric Cylinders. Elec. World, Vol. 20, p. 338.
(37) A Differential Wattmeter for Alternating Currents. Elec. Eng.,

Vol. 14, pp. 596-597. Also Electrician, Vol. 29, pp. 300-301.

1893

(38) Rectangular Wave Type of Alternating Currents. Elec. World,
Vol. 21, pp. 203 and 261.

(39) Impedance. Trans. Amcr. Inst. Elec. Engs., Vol. 10, pp. 175-216.
(40) Proposed Practical Magnetic Units. Elec. World, Vol. 21, p. 371.
(41) Reminiscences of Sir James Anderson. Elec. Eng., Vol. 15, pp. 569-

570.
(42) Effective Alternating Currents and Electromotive Forces. Elcc.

World, Vol. 21, p. 458.
(43) Some Measurements of the Temperature Variation in the Elec-

trical Resistance of a Sample of Copper. (With R. A. Fessenden.)
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Proc. Int. Elec. Cong., Chicago, pp. 183-195. Also Electrician,
Vol. 31, p. 624.

(44) On an Improved Form of Instrument for the Measurement of
Magnetic Reluctance. Proc. Int. Elec. Cong., Chicago, pp. 252-
257-

(45) On the Carrying Capacity of Electric Cables, Submerged, Buried
or Suspended in Air. Minutes 9th Annual Meeting Association
of Edison Illuminating Companies, pp. 79-92. Also Elec. Eng.,
Vol. 16, p. 199. Also Elec. World, Vol. 22, pp. 183-201.

(46) The Impedance of Mutually Inductive Circuits. Electrician, Vol.
31, pp. 699-700. Also Elec. World, Vol. 22, p. 306.

(47) On the Distortions of Fine Wires Conducting Rapidly Oscillating
Discharges. Elec. Eng., Vol. 16, p. 383.

(48) Current Strengths in Simple Circuits Containing Resistance In-
ductance and Capacity under Periodic E.M.F.'s of the Rec-
tangular Wave Type. Elec. World, Vol. 22, p. 379.

(49) The Origin of the Factor 4H in the Expression for the Magneto-
motive Force of a Coil. Elec. World, Vol. 22, p. 426.

(50) The Dying Out of Alternating-Current Waves. Elec. Eng., Vol.
16, p. 526.

1894

(51) On the Fall of Pressure in Long Leads Traversed by Alternating
Currents. Electrician, Vol. 32, pp. 239-240. Also Elec. World,
Vol. 23, pp. 17-19.

(52) Relative Cost of Distribution by Different Electrical Systems.
Elec. World, Vol. 23, p. i n .

(53) Bimetallic Telephone Conductors. Elec. Eng., Vol. 17, p. 108.
(54) A Contribution to the Theory of Telephony. Elec. World, Vol. 23,

p. 208.
(55) On the Probability of Identity between Specific Inductance Capacity

and Specific Ether Density. (With E. J. Houston.) Elec. Eng.,
Vol. 17, p. 269. Also Electrician, Vol. 32, pp. 606-607.

(56) On Certain New Prefixes Proposed for Physical Unit Magnitudes.
(With E. J. Houston.) Elec. Eng., Vol. 17, p. 301. Also Elec.
World, Vol. 23, p. 466. Also Electrician, Vol. 32, p. 667.

(57) On the Proposed Names for the Practical Magnetic Units. (With
E. J. Houston.) Elec. World, Vol. 23, p. 456.

(58) An Estimate of the Distance to which Niagara Power Can Be
Economically Transmitted by Electricity. (With E. J. Houston.)
Elec. Eng., Vol. 17, pp. 385-387-

(59) Inductance and Capacity of Suspended Wires. (With E. J. Hous-
ton.) Elec. World, Vol. 24, pp. 6-7.

(60) Electrodynamic Machinery. (With E. J. Houston.) Elec. World,
Vol. 24, pp. 50, 123, 149, 174, 205, 259, 289, 309, 337, 362, 398,
444, 468, 496, 520, 546, 597, 644.
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(61) Sine Form of Curves of Alternating E.M.F. (With E. J.
Houston.) Elcc. World, Vol. 24, p. 154.

(62) On the Resistance Offered by a Medium Contained between
Spherical Surfaces and Their Mercatorial Projections. (With
E. J. Houston.) Physical Rev., Vol. 2, pp. 143-144.

On a Proposed Modification of the Generally Accepted Tempera-
ture Coefficient of Resistance of Copper Wire. (With R. A.
Fessenden.) Elcc. World, Vol. 25, p. 196.

(64) Does Execution by Electricity, as Practiced in New York State,
Produce Instantaneous, Painless and Absolute Death? (With
A. H. Geolet.) Elcc. World, Vol. 25, p. 197.

(65) A New Method of Measuring Illumination. (With E. J. Houston.)
Elec. Eng., Vol. 19, p. 226. Also Elcc. World, Vol. 25, p. 309.

(66) Resonance in Alternating-Current Lines. (With E. J. Houston.)
Trans. Anier. hist. Elcc. Engs., Vol. 12, pp. 133-169.

(67) Contribution to the Theory of Demagnetization. (With E. J.
Houston.) Elcc. World, Vol. 25, p. 582.

(68) On a Possible Law of Residual Magnetism in Iron and Steel.
(With E. J. Houston.) Elcc. World, Vol. 25, p. 631.

(69) On the Causes Producing Phase Differences in Alternating-Cur-
rent Circuits. Elcc. World, Vol. 25, p. 651.

(70) On an Approximate Linear Relation between Coercive Force and
Maximum Cyclic Intensity in Iron and Steel. (With E. J.
Houston.) Elcc. World, Vol. 26, p. 543.

(71) Abstract from a Lecture on Electric Heating. A course of thirteen
practical talks to the working men of the Edison Electric Light
Co., of Philadelphia, pp. 85-88.

7596

(72) Mr. Edison's Researches on Roentgen Rays. (With E. J. Houston.)
Elec. World, Vol. 27, p. 308. Also Elec. Eng., Vol. 21, p. 281.

(73) An Instrument for Measuring the Mean Spherical Candlepower of
Arc Lamps. (With E. J. Houston.) Elec. World, Vol. 27, p.

509.
(74) Electromagnetic Theory of the Inertia of Matter. (With E. J.

Houston.) Elcc. World, Vol. 27, p. 672.
(75) On the Seat of the Electrodynamic Force in Ironclad Armatures.

(With E. J. Houston.) Elec. World, Vol. 28, p. 3.
(76) Measurement of the Insulation Resistance of Continuous-Current

Three-Wire Systems while at Work. (With E. J. Houston.)
Elec. World, Vol. 28, p. 95.

(77) Measurement of the Insulation Resistance of Street-Railway Cables.
(With E. J. Houston.) Elec. World, Vol. 28, p. 169.
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(78)	 Mode of Transferring Energy in the Electric Circuit. (\Vith E. J. 
Houston.) Elcc. World) Vol. 28, p. 683. 

1897 

(79)	 On the Measurement of the Insulation Resistance of Continuous 
Current Three-Wire Systems while at Work. (With E. J. Hous
ton.) Elcc. World) Vol. 29, pp. 309-310. 

(80)	 The Insulating Medium Surrounding a Conductor; the Real Path 
of Its Current. (With E. J. Houston.) Proc. A1ncr. Phil. Soc.) 
Vol. 36, pp. 144-175. Also Elcc. World) Vol. 29, pp. 421-423. 

(81)	 On the Theory of Electric Oscillations in Mutually Inductive Cir
cuits. (With E. J. Houston.) Elcc. World) Vol. 30, pp. 35-36. 

1898 

(82)	 Wireless Telegraphy. (With E. J. Houston.) Elcc. ~Vorld) Vol. 
31, pp. 17-18. 

(83)	 On a Simple Approximate Method of Determining the Harmonic 
Components of a Graphically Given Complex Harmonic Wave. 
(With E. J. Houston.) Elcc. World) Vol. 31, pp. 580-581. 

(84)	 The Present Status of Electrical Engineering. Presidential Ad
dress. Trans. Amer. lnst. Elcc. Eng.) Vol. 15, pp. 273-280. Also 
Elec. World) Vol. 32, pp. 34-35. 

1899 

(85) Alternating Currents Twenty-five Years Ago and Today. (With 
E. J. Houston.) Elec. World and Engr.) Vol. 33, pp. 267-268. 

(86)	 On the Determination of Current Strength in Three-Pointed Star 
Resistance Systems. Elec. World and Engr.) Vol. 34, pp. 268-270. 

(87)	 On the Predetermination of the Regulation in Alternating-Current 
Transformers. Elcc. Worid and Engr.) Vol. 34, pp. 343-344. 

(88)	 The Equivalence of Triangles and Three-Pointed Stars in Con
ducting Networks. Elcc. World and Engr.) Vol. 34, pp. 413-414. 

(89)	 A Multiple Lightning Flash. Elec. World and Engr.) Vol. 34, pp. 
651-652. 

1901 

(go) Electrical Energy Direct from Carbon. Elec. World and Ellgr. 
V·ol. 37, pp. 22-24· 

(91)	 The New Edison Storage Battery. Trans. A11~er. lnst. Elcc. Eng.) 
Vol. 18, PP. 219-230. Also Elcc. World and Engr.) Vol. 37, pp. 
867-869. 

(92)	 Reactance Drop and Reactance Factor of Transformers. Elec. 
World and Engr.) Vol. 38, pp. 92-94. 

(93)	 Surges in Transmission Circuits. Elec. World and Engro) Vol. 38, 
pp. 847-849. 
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I902 

(94)	 On the Elevation of the Electrically-Conducting Strata of the 
Earth's Atmosphere. Elee. TVorld and Engr., Vol. 39, p. 473. 

I903 

(95)	 The Progress of Electrical Science During the Year 1902. Elee. 
World and Engr., Vol. 41, pp. 18-19. 

(96)	 The Electrical Resistance of Bearings. (With C. A. Adams.) 
Elee. World and Engr., Vol. 41, p. 231. 

(97)	 On Electric Conducting Lines of Uniform Conductor and Insula
tion Resistance in the Steady State. Harvard 1ourn., Vol. 
2, pp. 135-168. 

(98)	 Magnetic Units and Other Subjects that Might Occupy Attention 
at the Next International Electrical Congress. Trans. Atner. Inst. 
Elee. Vol. 22, pp. 529-536. 

(99)	 On the Mechanism of Electric Po\ver Transmission. Elee. World 
and Engr., Vol. 42 , pp. 673-674. 

I904 

(100)	 Measurement of the Average Electrical Resistance of Sleeve Joinis 
in Aluminum Conductors. (\Vith F. P. Coffin.) Harvard Eng. 
1ount., Vol. 2, pp. 286-292. 

(101)	 A Historical Sketch of International Electrical Congresses. Elee. 
World and Engr., Vol. 43, pp. 467-468. 

(102)	 The Efficiency Curves of Constant Potential Transformers. Elee. 
W 01"1d a,nd Vol. 43, pp. 723-724. 

( 103)	 T\7\TO Elementary Constructions in Complex Trigonometry. H ar
vard Ann. Ma.th., Vol. 5, pp. 181-184. 

(1°4) On the Parallel Working of Delta- and Star-Connected Three
Phase Transformers. Elee. Vi),.orId and Engr., Vol. 44, pp. 56-57. 

Proceedings	 of the Chamber of Delegates. Secretary's report. 
Proe. Int. Elee. Cong., St. Louis. 

(106)	 The Relations of Electrical Engineering to Other Branches of 
Engineering. Proe. Congo Arts Sci., Universal Exposition, St. 
Louis, Vol. 6, pp. I - I 2. 

(107)	 The Alternating-Current Theory of Transmission-Speed Over 
Submarine Telegraph Cables. Section A, Proe. Int. Elee. Cong., 
St. Louis, Vol. I, pp. 1-37. 

(108)	 The Present Status of the Edison Storage Battery. (With S. E. 
Whiting.) Proe. Int. Elec. Cong., St. Louis, pp. 135-151. 

(109)	 High-Frequency Telephone Circuit Tests. Section G, Proe. Int. 
Elee. Cong., St. Louis, Vol. 3, pp. I-20. 

I90S 

(110)	 On Direct-Current Balancers. (\Vith S. E. Whiting.) Elee. 
World and Engr., Vol. 45, pp. 38-4°. 

J02 
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(I I I) A Working Diagram of the Alternating-Current Synchronous 
Motor. Elec. World and Engr., Vol. 45, pp. 195-197. 

(112)	 The "Balancer" as Employed in Multiple-Voltage Direct-Current 
Systems. Harvard JOU1'"1t., Vol. 3, pp. 257-262. 

(113)	 The Metric System of Weights and Measures. Pop. Sci. J.v10., Vol. 
66, pp. 319-328. 

(114)	 Some Tests of Tantalum Lamps. (With S. E. Whiting.) Elec. 
World and Engr., Vol. 45, p. 590. Also Electr'ician, Vol. 54, p. 
1056. 

(115)	 A Diagram of the Circuits of the Dynamotor. (With S. E. Whit
ing.) Elec.World and Vol. 45, pp. 1024-1025. 

(116)	 On a Method of Potential Regulation Based on the Different 
Resistance Behavior of Carbon and Tantalum Lamps. (With 
S. E. Whiting.) Elec. World and Engr., VoL 46, pp. 20-21. 

1906 

(117)	 The Harmonic Analysis of the Semicircle and of the Ellipse. 
Harvard Ann. Math., Second Series, Vol. 7, pp. 49-54. 

(118)	 The Distribution of Pressure and Current over Alternating-Cur
rent Circuits. Harvard Eng. Journ., Vol. 4, pp. 149-165,206-225; 
Vol. 5, pp. 30-56. 

(119) 19°5-19°6. More lengthy article on the above subject. 
(120)	 A Graphic Method of Determining the Ratio of Speed-Voltage 

Variation in Shunt Motors. Elec. World, Vol. 47, pp. 1298-13°0. 
(121)	 The Resistivity Temperature-Coefficient of Copper. Elec. TVorld, 

Vol. 47, pp. 1343-1344. 
(122)	 An Approximate Law of Fatigue in the Speeds of Racing Ani

mals. Proc., Atner. Acad. Arts & Sci.) Vol. 42, pp. 275-331. 

19°7 

(123)	 A Brief Theory of the Reduction in the Service Life of Frosted 
Incandescent Lamps. Elec. World, Vol. 49, pp. 987-988. 

(124)	 The Basis of an Effective Education-Culture or Vocation. School 
Ret'" Vol. 15, pp. 340-357. 

(125)	 The Process of Building up the Voltage and Current in a Long 
Alternating-Current Circuit. Proc.) Atner. Acad. Arts & Sci.) 
Vol. 42, pp. 701-715. 

(126)	 T'he Heating of Copper Wires by Electric Currents. (With E. R. 
Shepard.) Proc.) Atner. 1nst. Elec. EJtg.) Vol. 26, pp. 969-995. 

(127)	 The Frequencies of Flicker at which Variations in Illumination 
'Tanish.· (With S. E. Whiting.) Proc.) Nal. Elec. Light Asso. 
Also Elec. ~Vorld, Vol. 49, pp. 1208-1209. 

(128)	 A Simple Explanation of Wireless Telegraphy. 1ndependcnt) Vol. 
63, pp. I 151- I I 56. 
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(129)	 On an Approximate Measuren1ent, by Electrolytic Means, of the 
Electrostatic Capacity Behveen a Vertical Metallic Cylinder and 
the Ground. (With S. E. Whiting.) Elec. vVorld, Vol. 48, pp. 
1239-1241. 

I908 

(130)	 The Expression of Constant and Alternating Continued Fractions 
in Hyperbolic Functions. H arzmrd Ann. Math., Second series, 
Vol. 9, pp. 85-96. 

(131)	 A Rectilinear Graphical Construction of the Spherical Reduction 
Factor of a Lamp. Proc. Illu1n. Eng. Soc. 

ANew	 Graphic Method for Determining the Mean Spherical In
tensity of a Lamp by the Length of a Straight Line When the 
Curve of Mean Meridional Intensity is Given. Worid, Vol. 
"51, pp. 645-649. 

(133)	 Some Observations on Photometric Precisions. (With S. E. Whit
ing.) Proc., Nat. Elec. Light Assoc. 

(134)	 Standardization Rules for Stationary Direct-Current Machinery in 
France, Germany, Great Britain and the United States. Elec. 
World, Vol. 51, pp. 1285-1288. 

( 135)	 The Measurement of Rotary Speeds Dynamo Machines by the 
Stroboscopic Fork. (With S. E. Whiting.) Trans., Amer. Inst. 
Elec. Eng., Vol. 27, pp. 631-646. 

(136)	 The Humming Telephone. (\tVith \tV. L. Upson.) Proc., A'111er. 
Phil. Soc., Vol. 47, pp. 329-365. 

(137)	 Artificial Lines for Continuous Currents in the Steady State. IJroc ., 
A'111er. Acad. Arts & Sciences, Vol. 44, NO.4, pp. 97-130. 

(138)	 Deductions from the Records of Running in the Last Olympiad. 
Sci. Mo., Vol. 73, pp. 385-391. 

(139) Stroboscopic	 Measurements of the Alternating-Current Frequency 
with Electric Lamps. Elec. World, Vol. 58, pp. 1393-1394. 

I909 

(140)	 The Influence of Frequency on the Equivalent Circuits of Alter
nating-Current Transmission Lines. Elec. World, Vol. 53, pp. 
211-214· 

(141)	 The Linear Resistance between Parallel Conducting Cylinders in a 
Medium of Uniform Conductivity. Proc., Anter. Phil. Soc., Vol. 
48, pp. 142-165. 

(142)	 The Convection of Heat from Small Copper Wires. (\tVith C. A. 
Wright and ]. S. Van Bylevelt.) Trans., A'11~er. Inst. Elec. Eng., 
Vol. 28, pp. 363-393. 

(143)	 A Contribution to the Statistics of International Electrical Engi
neering Symbology. World, Vol. 54, pp. 374-377. 

(144)	 The Equivalent Circuits Composite Lines in the Steady State. 
Proc., An~er ..Acad. Arts Sci., Vol. 45, pp. 31-75. 
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igio

(145) Telegraph-Cable Repairing on a Christmas Day. Pop. Elec, Vol.
2, pp. 780-782.

(146) On the Modifications of Hering's Laws of Furnace Electrodes
Introduced by Including Variations in Electric and Thermal
Resistivity. Trans., Amer. Inst. Elec. Eng., Vol. 29, pp. 465-481.

(147) Report of the Committee on Nomenclature and Standards of the
Illuminating Engineers Society. A. C. Humphreys, Chairman.

(148) Vector Power in Alternating-Current Circuits. Trans., Amer.
Inst. Elec. Eng., Vol. 29, pp. 1233-1267.

(149) The Physiological Tolerance of Alternating-Current Strengths
up to Frequencies of 100,000 Cycles per Second. (With E. F. W.
Alexanderson.) Elec. World, Vol. 56, pp. 154-156.

(150) Graphic Representations of the Linear Electrostatic Capacity Be-
tween Equal Parallel Wires. Elec. World, Vol. 56, pp. 1000-1002.

(150a) Electric Heating Phenomena. Elec. Record, June, pp. 341-342.

(151) Vector Diagrams of Oscillating Current Circuits. Proc, Amer.
Acad. Arts & Sci., Vol. 46, pp. 373-421.

(152) The Profession of Illuminating Engineering. A Presidential In-
augural Address. Proc, Ilium. Eng. Soc.

(r53) Flicker on Fixed and Rotating Targets. (With G. R. Garter, S. C.
Li and E. A. Healey.) Proc, Ilium. Eng. Soc, p. 120.

(154) A New and Direct Process of Producing Alternating Current Vec-
tor Diagrams Experimentally. (With H. G. Crane and J. W.
Davis.) Elec. World, Vol. 57, pp. 783-787. Also Electrician,
Vol. 67, pp. 87-88.

(155) On the Duration of Electrical Contact Between Impacting Spheres.
(With Edwin F. Northrup.) Journ. Franklin Inst., Vol. 172,
PP- 23-38.

(156) The Rotating Electric Current Field. Proc, Int. Elec. Congress,
Turin, Vol. 2, 33 pp.

(157) The Relations of Physico-Physiological Research to Illuminating
Engineering. Proc, Ilium. Eng. Soc.

(158) The International Electrical Congress of Turin. Journ. Franklin
Inst., Vol. 172, pp. 503-507-

(159) Tables of Hyperbolic Functions in Reference to Long Alternating-
Current Transmission Lines. Trans., Amer. Inst. Elec. Eng.,
Vol. 30, pp. 2495-2506.

1912

(160) Tables of Sines and Cosines and Tangents of Hyperbolic Angles.
Harvard Eng. Journ. (Reprinted from Vol. 2, No. 2, 1903, and
Vol. 10, No. 4, 1912.)
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(161) Artificial Power-Transmission Line. (With H. Tabossi.) Elec.
World, Vol. 59, pp. 359-361.

(162) Measurements of Voltage and Current over a Long Artificial
Power-Transmission Line at 25 and 60 Cycles per Second. (With
F. W. Lieberknecht.) Trans., Amer. Inst. Elcc Eng., Vol. 31,
pp. 1131-1165.

(163) Report of the Committee on Electrical Measurements and Values.
Proc, Nat. Elcc. Light Assn. 35th Convention, Seattle, Wash.
June 10-14. Chairman's Report.

(164) An Investigation of Transmission Line Phenomena by Means of
Hyperbolic Functions. Elec. World, Vol. 60, pp. 306-311.

(165) The Impedance of Telephone Receivers as Affected by the Motion
of Their Diaphragms. (With G. W. Pierce.) Elec. World,
Vol. 60, pp. 560-565. Also Proc, Amer. Acad. Arts & Sci.,
Vol. 48, pp. 113-151-

(166) Disturbances of Potential and Current Produced in an Active Con-
ducting Network by the Application of a Leak Load. Elec.
World, Vol. 60, pp. 1373-1376.

1913

(167) The Myriawatt. Hansard Eng. Journ., Vol. 12, pp. 34-35.
(168) Chairman's Report of the Committee on Measurements. Proc,

Nat. Elec. Light Assn., 36th Convention, Chicago, June 2-6.
(169) Chairman's Report of the Committee on Resuscitation from Electric

Shock. Proc, Nat. Elcc. Light Assn., 36th Convention, Chicago,
June 2-6.

(170) Progress of Electrical Science in 1912. Elec. World, Vol. 61,
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(175) The Daylight Effect in Radio Telegraphy. Proc, Inst. Radio
Engr., Vol. 1, pp. 39-52.
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(184) Explorations over the Vibrating Surfaces of Telephonic Dia-

phragms under Simple Impressed Tones. (With H. O. Taylor.)
Proc, Amer. Phil. Soc, Vol. 54, pp. 96-136.
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(198) Some Properties of Vibrating Telephone Diaphragms. (With
H. O. Taylor.) Proc, Amer. Phil. Soc, Vol. 55, pp. 415-460.
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(201) Tractive Resistances to a Motor Delivery Wagon on Different
Roads and at Different Speeds. (With O. R. Schurig.) Trans.,
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the Union of Electricity and Magnetism. Electrical World, Vol.
76, P- 736.

1921

(226) Research in Engineering Colleges. Trans. Royal Canadian Ins*.,
Vol. 13, pp. 49-09-
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(248) Some Properties of Simple Electric Conducting Networks. Proc.
Amer. Phil. Soc., Vol. 63, pp. 171-189.
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un element simple et pratique pour en determiner la puissance?
(French translation of 244.) I.E.C. paper, pp. 1-11.
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(329) The Present Status of Magnetic-Circuit Units. Inst. Elec. Eng.
Japan, pp. 1-25.
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