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you all know. Such studies, the results of which can 
be carried over to glucose breakdown in bacterial 
metabolism with necessary modification f o r  any given 
case, and then perhaps brought into relation to muscle 
metabolism, would be a real triumph for  a more useful 
understanding of the mechanism of such actions. 

I t  would be possible to go on indefinitely i n  this 
strain. However, just one more thought will be pre- 
sented. One of the points which it is desired to empha- 
size here is  the action of added substances on enzyme 
actions. I n  other words, i n  these phenomena of living 
matter and of life processes i t  is the system as a whole 
which must be considered. This thought is not new, 
but it is frequently overlooked or ignored, possibly 
because of the aim to make the study of chemical phe- 
nomena objective as f a r  a s  possible. I n  another field 
of chemistry, the simple ionic theory which treated of 
ions as  independent entities has come to be modified 
to include the properties and actions of the solvent, 
of the ions on each other, of the influence of non-
ionized substances on the properties of the solvent 
and of the ions, etc. I t  would be possible to give many 
other chemical illustrations, especially from the field 
of organic reactions. I n  every case, fo r  a proper 
understanding of the reaction, all the factors and their 
interrelationships must be included. It is therefore 
obvious that  in  the complex mixtures of living matter 
the reciprocal influences of the constituents must be 
considered. F o r  life processes, theref ore, the under- 
standing of the functioning of any one of the parts, 
and consequently also of the functioning of the whole, 
must necessarily treat of the system as a whole. This 
point of view is in contradistinction to the present 
trend of physics, to work down toward the ultimate 

particles of energy or matter. These two aims are not 
in contradiction, both are needed for  a complete under- 
standing of the phenomena involved. But  further, in 
considering the system a s  a whole and the influences 
of various substances on enzyme actions and the sur- 
prising results obtained a t  times, i t  might appear  as  
if these studies are being developed from the view of 
"Emergent Evolution." Although the latter might 
perhaps be considered a s  a philosophy of ignorance, 
yet it  sets definite problems and raises questions which 
may or may not be answerable. 

I f  the mechanism of enzyme actions were better 
understood, it  would be a n  approach from the chemical 
side to the science of life itself. The biologist is work- 
ing toward simpler units of cell constituents. Appar-
ently, the genes are  the simplest such units so f a r  
achieved. Their molecular weights are  perhaps in  the 
neighborhood of 50,000. Davenportl9 considers that 
they probably are enzymes and presents views relative 
to their development and actions, analogous to some 
of the views presented here. This is a tempting sub- 
ject, and much of interest may be expected in  this 
field in the near future. 

Finally, in  considering the mechanism of enzyme 
actions as  outlined here, several specific questions may 
be asked. What  is meant by "protein molecule" and 
by "pure protein"? What  new concepts of forces or 
means of combination must be developed to account f o r  
the reactions observed? How do proteins, and perhaps 
other substances, act in modifying certain enzyme 
actions? And finally what sort of a mechanism in the 
living organism permits of the continuity of the 
enzyme formations and actions which are needed f o r  
the continuance of the given life process? 

OBITUARY 

MICHAEL IDVORSKY PUPIN 

INthe small village of Idvor, not f a r  f rom Bel- 
grade, in  the Austrian province of Banat, now a par t  
of Yugoslavia, Michael Idvorsky Pupin was born on 
the fourth day of October, 1858. 

His  parents, Constantine and Olympiada, were 
Serbian peasants who could neither read nor write; 
they were prosperous and highly esteemed members 
of the community. From them he inherited a remark- 
ably strong physique, a n  exceptional mental endow- 
ment and an oriental imagination. 

His  formal education was begun in the village 
school of Idvor, where he learned reading, writing 
and arithmetic, and was continued in the schools of 
Panchevo and Prague. 

Eventually, while a student in Prague, he became 
so incensed a t  the T,eutonic oppression of the Slavs 
in Bohemia that  he decided to emigrate to America, 

where, he had come to believe from what he had 
learned in the schools a t  Panchevo and Prague, real 
freedom was to be found, and where, he thought, a 
young immigrant might make his way to fortune. 

Late in  March of the year 1874 he landed, practi- 
cally penniless, as  an immigrant i n  New York City. 
Shortly after landing, in a n  encounter with a crowd 
of newsboys, whose gibes a t  his headgear, a red fez, 
had aroused his resentment to fighting pitch, he dem- 
onstrated his ability to  take care of himself. An on- 
looker, a. Delaware farmer, impressed by his per-
formance, offered him a job on his farm, which he 
declined, since his duties would have included the 
milking of cows, which in accordance with Serbian 
tradition was a job for  women. Another offer of a 
job, on a Delaware farm, bearing a satisfactory stamp 
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of masculinity, was presently made him and was 
accepted. 

His  job was to assist in  the cultivation of the land 
by driving a pair of mules. Presently, a young 
woman of the farmer's fiamily interested herself in 
his welfare, and under her tutelage he rapidly ac-
quired a considerable knowledge of the English lan- 
guage and some acquaintance with American history 
and customs. 

After a few weeks he set forth on a search for  new 
experiences, and in the course of a few days he ob- 
tained another fa rm job, driving a pair of mules, in  
southern Maryland. After. a month he left i t  and 
returned to New York City, where, he thought, his 
chances for  advancement would be better than on a 
farm. 

I t  mas summer in the year 1874, and the country 
was still in the midst of the depression which started 
with the financial panic of 1873. Thousands of un-
employed men patrolled the streets in search of jobs, 
and for  many days Michael Pupin was one of these. 
I n  the course of time he found work doing odd jobs, 
such as  transferring coal from sidewalks to cellar 
bins, and painting cellar walls. Through the winter 
of 1874-5 in one way or  another he managed to pay  
his room rent and provide himself with fairly regu- 
lar meals, though sometimes a meal was nothing more 
than "a bowl of soup and a chunk of brown bread." 

Eventually, he found steady employment in  the 
New England Cracker Factory in Cortlandt Street. 
Here, among the employees of the factory he made 
two friends who exerted no little influence on his 
career. These were Jim, the boiler engineer, a man 
with little education but nevertheless a philosopher 
and a wise counsellor, and Bilharz, a man with a fine 
education, particularly in the classics, but broken in 
spirit through some misfortune, and reduced to his 
present lowly employment. These friends encouraged 
him to prepare himself fo r  college. This he did by 
studying Greek and Latin grammar in his spare time 
under the guidance of Bilharz, attendance a t  the night 
classes held in Cooper Union and later by full-time 
attendance a t  the Adelphi Academy in Brooklyn. I n  
the fall  of the year 1879 he passed with high stand- 
ing his entrance examinations fo r  Columbia College. 

I n  college he won scholastic distinction in Greek, 
mathematics and physics. H e  devoted comparatively 
little time to athletics, but through his prowess in 
wrestling and boxing he won the approbation of his 
classmates, who elected him president of the class f o r  
the junior year. I n  his senior year his interest in  
physics was greatly stimulated through the lectures 
of Professor Ogden Rood, and he decided upon a sci- 
entific career. 

On the day preceding his graduation from Colum- 

bia in  1883 Michael Pupin received his naturalization 
papers and became a n  American citizen. 

Although he had been offered fellowships which 
would have enabled him to continue a t  Columbia fo r  
three years, he finally decided to go abroad f o r  grad- 
uate study in physics. 

I n  June  of the year 1883 he embarked f o r  Europe, 
nine years af ter  his arrival in America as  a n  immi-
grant. After a preliminary visit to Cambridge he 
returned to Idvor fo r  his first visit home since his 
departure fo r  Prague in the year 1872. H e  found 
his mother "much older, and much more beautiful" 
and, of course, eager to hear from his own lips the 
story of his life and achievements in  America. His  
father had died during his stay in  Prague. 

H e  returned to Cambridge in October and began 
his studies in mathematical physics under the precep- 
torship of the celebrated coach John Edward Routh, 
fellow of Peterhouse College. Rayleigh and Stokes 
were lecturing on mathematical physics, but Pupin 
was not yet prepared for  the advanced courses which 
they were giving. Under Routh he acquired a mas-
tery of dynamical methods which was an invaluable 
asset in his later scientific activities. 

After two years in Cambridge he decided to go to 
Berlin f o r  laboratory work under the direction of the 
celebrated von Helmholtz. Fortunately, a t  this time 
Pupin was offered by President Barnard of Colum-
bia a John Tyndall fellowship. H e  accepted without 
delay, and thus became the first John Tyndall fellow. 

I n  October, 1885, he arrived in Berlin with letters 
of introduction from President Barnard and Tyndall, 
and was kindly received by Helmholtz. During his 
first year in  Berlin he attended the course on experi- 
mental physics given by Helmholtz, and also lectures 
on the theory of electricity and magnetism given by 
Kirchhoff, who had not yet, however, given his ad- 
herence to the views of Faraday and lEaxwel1, with 
which Pupin himself was now in full accord. 

At  this time he had become interested in  the new 
science of physical chemistry, and was cognizant of 
the work of J. Willard Gibbs, which he brought to 
the attention of Helmholtz. H e  received his Ph.D. 
degree.from the University of Berlin in  1889, submit- 
ting a theoretical dissertation dealing with the sub- 
jects of osmotic pressures and free energy. 

I n  the fall  of the year 1889 he began his long 
teaching career a t  Columbia University with the title 
of "assistant teacher of mathematical physics in  
electrical engineering." I n  1892 he was made adjunct 
professor of mechanics, and in 1901 was advanced 
to a full professorship, with the title of professor of 
electro-mechanics. When in 1905 the departments of 
mechanics and physics were united, he became a mem- 
ber of the department of physics, with which he re- 



mained in active service until 1929, when he was made 
professor of electro-mechanics in  residence. 

His  own predilections were f o r  research rather than 
teaching. The dominant and magnetic personality 
with which he was endowed was a great asset in his 
teaching, which was characterized by a remarkable 
skill in  bringing out the physical significance of 
mathematical formulae. 

I n  1889, when he joined the newly created depart- 
ment of electrical engineering a t  Columbia, Pupia  
and his friend, Francis B. Crocker, constituted the 
teaching personnel of the department. The basic 
theoretical courses were given by Pupin i n  morning 
lectures, and he was also required to assist in the 
laboratory instruction i n  the afternoons. Notwith-
standing this heavy teaching load, he found time in 
the evenings to carry on with experimental research. 

His  earliest work was concerned with the phenom- 
ena associated with the discharge of electricity 
through gases, and his experimental investigations in 
this field led to results which had an important bear- 
ing on the electromagnetic theory of the solar corona. 

H e  next occupied himself with the experimental 
investigation of the peculiarities exhibited by wave 
forms of alternating currents to which Rowland of 
Johns Hopkins had called attention. H i s  familiarity 
with the methods of Helmholtz in  detecting the har- 
monics in vowel sounds enabled him to develop corre- 
sponding methods for  the analysis of alternating 
current wave forms. This he accomplished through 
the use in electrical circuits of adjustable induction 
coils and condensers. H e  was thus led to  the discov- 
ery of the methods of tuning which are essential i n  
the a r t  of radio broadcasting and communication. 
The results of this important investigation were pub- 
lished in the Transactions of the American Institute 
of Electrical Engineers f o r  1894. 

I n  December, 1895, Roentgen announced his epoch- 
making discovery of x-rays. Two weeks later, on 
January 2,1896, Pupin obtained the first x-ray photo- 
graph made in America. With the aid of a fluores- 
cent screen, furnished by his good friend, Thomas A. 
Edison, superimposed upon a photographic plate, he 
was enabled to obtain a n  excellent x-ray picture with 
a n  exposure of but a few seconds. 

I n  a communication to the New Pork  Academy of 
Sciences on April 6, 1896, he announced the discov- 
ery of secondary x-ray radiation, and is now gen-
erally accorded priority for  this discovery. 

On April 15, 1896, Professor Pupin was stricken 
with pneumonia, and for  several days was critically 
ill. The necessary months fo r  convalescence from this 
dread disease he spent in  the beautiful town of Nor- 
folk, Connecticut, in the Berkshire Hills, to which he 
became greatly attached. Several years later he ac- 

quired possession of a fa rm near the town, and using 
stones from the fields, he built his picturesque sum-
mer home, to which he was accustomed to go when- 
ever possible, not only for  rest, but also f o r  the 
opportunity to work free from the distractions of city 
life. 

Upon recovery from his illness he returned to the 
consideration of a problem which had occurred to him 
on a summer vacation journey through Switzerland 
in 1894. While in Cambridge ten years previously 
he had read Lagrange's paper, "Recherches sur l a  
Nature et la Propagation du Son," in which the solu- 
tion was given of the problem of a vibrating string 
fixed a t  both ends and loaded a t  equal intervals with 
equal masses. H e  now proposed to attack a new 
problem, obtained by generalizing the conditions im- 
posed by Lagrange, through assuming the string it- 
self to have weight and the medium surrounding the 
string to exert a dissipative reaction to its motion. 
Not realizing a t  the time the tremendous practical 
importance of the problem, if i t  could be solved, he 
nevertheless attacked it with great vigor and eventu- 
ally found its solution. 

The solution of this problem furnished the solution 
of a precisely analogous problem relating to the 
propagation of electromagnetic signals over a tele-
phone line periodically loaded with inductance, and 
with distributed capacity. Professor Pupin's solution 
of this analogous problem consisted essentially in 
showing that the malevolent influence of the capacity 
and resistance of the line in  causing distortion and at- 
tenuation of signals could be nullified through the in- 
troduction of inductance coils a t  specified intervals 
along the line. It led to a n  invention which was of the 
first order of importance in  the telephone art.  F'or it 
enables telephone engineers to design their lines so as 
to avoid undue distortion and attenuation of signals. 
I n  fact, it makes possible long distance telephony by 
overhead lines o r  by undersea cables, and the replace- 
rnent of overhead lines when desirable by under-
ground cables, as, fo r  example, in  cities and large 
towns. I n  Germany telephone lines equipped with 
the Pupin inductance coils are called "pupinizierte 
linien," in  France "les lignes pupiniz6." 

I n  order to obtain an experimental confirmation of 
the mathematical theory of his invention which would 
convince practical engineers of its utility he was 
forced to construct a n  "artificial" telephone line in 
his own laboratory. The mathematical theory of his 
artificial line was communicated to the American 
Institute of Electrical Engineers in March, 1899. 

The American patent rights to Professor Pupin's 
telephone inventions were acquired by the American 
Telephone and Telegraph Company on terms not 
fully commensurate with the value of the invention 



but highly satisfactory to  him, and which enabled him 
later to  foster many philanthropic enterprises in  
which he was deeply interested. 

Not long afterwards he disposed of the patent 
rights relating to his wireless inventions to the Mar- 
coni Company of America. 

F o r  a number of years following the first announce- 
ment of his telephone invention he was absorbed in 
the mathematical consideration of problems connected 
with the theory of telephonic communication, and i n  
laboratory research connected with the improvement 
of the toroidal inductance coils which are  used on 
loaded telephone lines. H e  was thus diverted from 
active participation in the epoch-making develop- 
ments which were meanwhile being made in physics 
during the first decade of the present century. 

I n  1909 he began to take a n  active interest in  
Serbian activities in  the United States and became 
president of the society established in the interests 
of Serbian immigrants, serving in this capacity until 
1926. 

A t  the outbreak of the Balkan W a r  in 1912 he was 
made honorary consul of Serbia in  New York. H e  
started a t  this time a t  his own expense a Serbian 
daily newspaper, mainly fo r  the purpose of keeping 
Serbian immigrants informed as to the war move-
ments in  the Balkans. H e  also organized a Serbian 
sisterhood whose members were encouraged to collect 
contributions in  aid of the Serbian Red Cross; and, 
in the interests of the Serbian National Defense 
League, to inspire volunteers for  war service. I n  
1914 this work was extended throughout the United 
States, and highly satisfactory results were achieved. 

When the United States entered the war in  1917, 
Professor Pupin organized a Columbia University 
group of scientists fo r  the purpose of developing 
methods f o r  the detection of submarines. H e  him- 
self, notwithstanding his active duties as a member 
of the Committee of Aeronautics of the National 
Research Council, devoted much time and effort i n  
the laboratory to 'the development of highly sensitive 
receiving devices fo r  high frequency sound waves in 
water. 

I n  1919 he organized in New York City a Slavonic 
Immigrant Bank through which were reported daily 
in Slavic newspapers throughout the United States 
the rates of exchange for  the currencies of the Balkan 
states, thus protecting immigrants from the preda- 
tory activities of unscrupulous money-changers. I n  
1920 he founded the Serbo-American Bank in Bel- 
grade. 

A t  the request of Premier Pashitch, Professor 
Pupin served as  a representative of Serbia a t  the 
Paris Peace Conference in  April, 1919. Here, in  col- 
laboration with his colleague Professor Douglas 
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Johnson, of Columbia University, he was able to 
advance cogent arguments which resulted in extend- 
ing materially the proposed boundaries of the newly 
created Kingdom of the Serbs, Croats and Slovenes- 
now known as  Yugoslavia. 

I n  1922, a t  the age of sixty-four, he decided to write 
the story of his eventful life. I n  1923 his autobiog- 
raphy, ''Prom Immigrant to Inventor," was pub-
lished. Here he unfolds the narrative of his life in 
a manner which holds the interest of the reader from 
beginning to end, and in a literary style which is 
remarkable f o r  its naivete and poetic imagery. The 
appeal of this book to the general public f a r  exceeded 
the expectations of the author. I t  has been trans-
lated into several foreign languages, and letters of 
appreciation from all over the world gave the author 
the comforting assurance that the time and labor 
which he had bestowed upon its preparation were not 
in  vain. On account of a persistent demand a n  
abridged edition of this book was prepared, suitable 
fo r  use in the public schools. 

I n  1927 his second popular book was published 
under the title, "The New Reformation," with the 
sub-title, "From Physical to Spiritual Realities." 
The book consists of a series of seven popular dis- 
quisitions on science, o r  narratives, as  the author 
designates them, written with a purpose in view which 
can be inferred from the concluding words of the 
author's prologue-"It is hoped that by strengthen- 
ing our understanding of the physical realities the 
narratives will reform our mental attitude and make 
it  better prepared f o r  the recognition of the truth 
that physical and spiritual realities are the frui t  of 
the same tree of knowledge, which was nurtured by 
the soil of human experience." I n  this book he has 
revealed the simple and rational philosophy of life 
to which he adhered and the spiritual sentiments 
which were a par t  of his religious faith. 

But  brief mention can be made of the many philan- 
thropic enterprises which he fostered. Among these 
was& foundation for  the Royal Serbian Academy i n  
Belgrade in  memory of his mother; one f o r  the edu- 
cation in agriculture of young Serbs of Voyvodina; 
one f o r  the restoration of old Serbian monasteries; 
and one for  the establishment of a community house 
in his native town of Idvor. 

I n  recognition of his scientific and literary achieve- 
ments Professor Pupin was honored by the bestowal 
upon him of numerous honorary degrees by univer- 
sities in  America and Europe; he was also the recipi- 
ent of many honorary medals; and in 1925 he was 
elected president of the American Institute of Elec- 
trical Engineers and also president of the American 
Association for  the Advancement of Science. 

I n  the latter years of his life Professor Pupin was 
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afflicted with a paralysis which deprived him almost 	 I n  his memory and honor the trustees of Columbia 
entirely of the use of his legs. This infirmity he bore University a t  their first meeting subsequent to the 
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Smithsonian Institution, and Mr. Pew were reelected thrOpological were 
members of the executive committee. The cost of operation during the year was slightly 

Dr. Vernon Kellogg, secretary emeritus of the Na- Over $110,000. The endowment provided by the late 
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