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Alexanderson: Biography of an Engineer-Inventor

PART II-SUMMARY OF COMPLETED PROJECT (FOR PUBLIC USE}

. The project goal was to complete the reseasrch and writing of s biography of Ernst
F.W.Alexanderson(1878-1975), a brilliant electrical engineer and s prolific inventor
of electrical devices,machines and systems. The biography desls with his technical
work,the institutional context and his interaction withpatrons and associstes during

a career of more then fifty years, primarily spent with Genersl Electric and RCA. The
study is linked to interpretive themes and issues in the history of 20th century
science and technology. Additional research with the Alexanderson Papers at Union
College,Schenectady,N.Y. resulted in the discovery of an important new body of
manuscripts that had been found after his death and had been added recently to the
collection that I had used earlier. New materisls were found also in the GE archives,
in the Langmuir and Hooper Papers at the Library of Congress and in the H.A.Fezsenden
Pepers in Ragleigh,N.C. Additionsl informstion wass obtained through orsl interviews
with three of Alexanderson's children and with an early engineering mssociate of
Alexanderson. The research findings were used in the writing of s major interpretive .
paper entitled "Power .Electronics at General Electric:1900-1941" to be published

in the fiftieth anniversary volume of Advences in Electronics and Electron Physics

in 1980. This peper explores an srea of modern science,engineering.and invention that
-has been largely untouched by historians heretofore. The research findings have been:
used also in writing a major revision of the first five chapters of the biography

of Alexasnderson. The new evidence engbled a substantial increase in the treatment

of his education at the Royal Institute of Technology in Stockholm and at Charlottenbdrg :* -
in Germany before he came to the U.S. in 190l. Gregter understanding of his inventive Efk
style and the sources of his-creativity hes been achieved from the research done - ,
during the period supported by the NSF. The dislectical exchange between the concepts

end perspectives of electrical power engineering snd radio-electronics engineering is
a constant theme during his entire professional career. Other topics that are explored
in depth in the biography are the continuity of corporate design traditions, the
protracted "battle"between electric traction systems, the development of the "stentoripn®
Alexanderson nlternator system, snd the circumstances that led to the creation of RCA.
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I. INTRODUCTION:

The principal objective of the project was to complete the research and writing
of a book-length biography of Ernst F.W.Alexanderson (18756-1975). Born and educated
in Sweden, he completed graduate training in electrical engineering in Germany before
coming to the United States in 1901. During a professional csreer as an engineer and
inventor of more than-fifty years, his work covered the entire spectrum of.power,
electronics and comnunications. Most of his career was spent with the GEneral
Electric Company although he was.instrumental in the founding of the Radio
Corporation of Americs and was selected to be its first chief electrical engineer
in 1919. His interests embraced electrical power,transportation radlo,television,
control systems and computers. He received more than 340 patents with the final one
being issued in 1973 when he was 95 years old. ThelAlexanderson_radio alternator,
the magnetic.amplifier and the amplidyne were among his notable innovations. As
a protege of ¢harles P.Steinmetz,Alexanderson was selected as a charter member
of Steinmetz 8 Consulting Engineering Department in 1910.After the death of
Steinmetz,he became Director of the Consulting Engineering Laboratory at GE. Im
addition to his duties as Chief Engineer of RCA,during the 1920s,AleXanderson
engaged in pioneering research on facsimile,high~frequency propagation and
television. During the 19505 and in WW II, he contributed to the industrial and
military applications of high-power electronic tubes and amplidynes including
radar and gun-control systems. The biography attempts to deal with both his
technical creativity and with the context including the institutional environment
in which he worked and his interaction with patrons and essociates both inside
and outside GE and RCA. The study is linked to internretive tbemes in the history

of science and technology.
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II.DESCRIPTION OF RESEARCH DURING PERIOD SUPPORTED BY THE GRANT:

Additienal research completed during the period supported by the NSF Grant
included further work with the Alexanderson Papers at Union College in Schenectady,
‘N.l. An immeﬁiate surprise was the discovery that a substantiel new body of manuscripts
had been found in the Alexanderson home after his death and deposited.in the Unlon
College archives as a aupplement.to the original collection that I had used earlier.
The papera in the new gift proved valuable to wy research especially for the period
before he JOined GE and for the perioed after his retirement. These materials were
80 extensive that I still have not completed mwy perussl of all the documents that
were.generated in the last few years of his life. I was able‘to.obtain xerox coples
of a large nuﬁber of letters written to Alexanderson by his parents soon after he
came to America. While in Schenectady, I also visited the archives of the GE Company
and ontained copies of several photographs of machines and devices invented by
Alexanderson « The GE Historican also provided me with a copy of an oral interview
that had been done recently with Howard If Becker who had been an aasistant to
Alexanderson during the firsi World War.

| I did further research in Washing‘bon,D Co using the Langmuir Papers and
the Stamford Hooper Papers at the Library of Congreaa. Langmuir was a close friend
and assocliate of Alexanderson at GE whose work on high-vacuum tubes at the GE
Research Laboratory is well known to historians of science. The Langmulr Papers
proved indispénsable to my nntk on.a peper on the history of power electronics at
GE tnat has subseeuently been completed. I am also incorporating some of my findings
in the Alexanderson biography. Hooper was s key figure in radia history during and
after WWI and was instrumentsl in the founding of RCA and as & natron of some of
Alexanderson's work; His Papers have proved quite illuminating ot the political
aspects of the Alexanderson radio system. A second visit to the R.AsFegsanden
Pppers at the N.C. State Archives in Raleigh!N.C. provided further.helpful sources

for wy research. Fessenden was an early patron of Alexanderson's work on the high-

-
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frequency radio alternator. Fessenden was also much involved in radio politics
and Alexanderson learned ruch of value from him. | | |
| During the périod-of the Grant,l was able to interview three of Alexandeson's
children,Amelie,Edith and Verner. Mrs. Amelie Wallace shared some reminiscences of
her father and also provided access to some family correspondence and information
on her mother,Alexanderson's first wife,who died et the time of Edith's birth in
1912, Mrs. Edith Nordlander recounted severasl anecfiotes about her father and his
personality and character traits. Mr. Verner Alexanderson gave me a very useful
copy of the family tree of E.F.W.Alexenderson and coples of several family photographs.
While on long Islend to interview Mrs. Wallace,I was also fortunate to be sble to
talk with Mr. Edward D. Sabin, another early engineering assoclate of Alexanderson.
Mr. Sabin kindly gsve me a photograph album containirg 133 photographs of three
of the RCA stations that employed the Alexanderson system du;ing the 1920s.
Additional research has been done in the engineering journal literature end

in patent records o« Most of this work hes been done in the excellent collection of
the Georgis Tgch Libréry supplemented by a brief visit to the Engineering Socleties
Library in N.Y.City. ¢

New information that was discovered during the grant period has been and is
8till being used in a revised version of the manuscript. Thus far approximately 200
manuscript pages have been revised (five chapters). Revision of the remeining chepters

is still in progress.

I1I. RESULTS:

A substentlsl smount of informetion uncovered during the period supported by
the NSF Grent wes used in the writing of a paper entitled"Power Electronics et

General Electric: 1900-1941" that is to be published this year in Advances in

Electronics and Electron Physics,vol. 50(1980), PP o 411-447, This will be &
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special fiftleth anniversary issue devoted to papers in the history of electronics,
I have reééived very favorable comments on the paper from two colleagues in the
history of technology who received pre-print copies of the paper. The paper was divided
into four sections: 1) "The érehistory of Electronics at GE" 2) "Vgcuum Tuke Electronics:
1913-1930" 3 )%Gas Tube Electronics:1922-1930" 4 )"Industrial and Military Electronics:
1930-1941", In the paper I argu€d that " the history of power electronics at G.E.
is almosf a paradigm case of modern science,engineering and invention. It was
marked by a dialecticsl exghange of ideas and information on techniques at several
levels including lemps,gas and vacuum tubes;electrical power and radio communication;
glass and metai containers; theory and experimenf;science and engineering;competitive
and noncompetitive applications." I found that ”much.of the dymamism in powerieiectronics
at G.E. was derived from the crestion of an environment that tended to‘encourage
both creative sclence and engineering and that maintained a strong linkage beiween
theme " In addition to the contributions of Alexanderson,l examined the work of “
'W.R.Whitney,W.D.Cpolidge,Irwing Langmuir,W.C.White, Saul Duéhmén end Albert Hull.

In a 1920 paper Alexanderson‘c;edited the successful creation of & transoceanid

radio éommunications sy stem t;;the cooperative effort of two groups of engineers

and a group of scientists at GE. One group of engineers had the perspective of power
engineering while the ofher had the.perspective of radio. He stated that the scientists
had been "brought into contactwith the engineeriﬁg problems andhad given it a new
impetﬁs. Alexanderson's method of developing systems that was manifest repeatedly

in the period covered by the paper was in stages with each at a higher level of
complexity taking advantage of experience gained from sinpler stages. In the paper

I believe that I have opened a new area of historiography that is appropriate to

thg problems encountered in the study of the history of technology in the 20th.

centurye.
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The first chapter of the biogrephy of Alexanderson concerns his heritage and educaticn
froﬁ the yéar of his birth in 1878 in Uppsalé s Sweden until he joined the Engineering
Department at GE in 1904, Research findings during the montha of the NSF support
expanded my understanding of his studies at the Royal Institute of Technology in
Stockholm :
~ and the lmportance of two summers with the ASEA,a leading Swedish
electrical cgmpany. i discovered also some exclting new documentary evidence of
515 ye;r of graduate work at the technical uni;ersity in Berlin inciuding student
notebooks. I was able to fix precisely his discovefy of the Ahalytic‘method of
éteinmetz in May 1901. I also fbﬁnd.new ovidence of his first encounter with
Thomas Edison and concerning his six-month tenure at the G&C'Electric Company
before goiﬁg with GE. New evidence also led to a substantial revision of my
tregtment of his first several‘months at GE, and of the circumstances surrounding
his first patented inventions. I found also that he began work on the theor& of
high-speed rotary discs of the type later used in his famous alternator much
earlier than previously known. | |
The second chapter develops the theme of crestivity in engineering and invention
es 111ustrated.by Alexanders:n‘s work from 1904 to 1907. The stimulating effect of -
being able to deal simultaneously with problems in tractioh engineering and wireless
engineering seems to have been very important. The tensions produced by having both
.an external patron,Feesenden, and an Internsl patwon,GE are considered also. I stress
the importance of his remarkable ability™to visualize and snalyze spacial and temporal
relationships of rotating magnetic filelds as e function of multiple varimbles of
design and loa& conditions.® 1 assefted further that "his fundamental underéfanding
of the prinéiples of AC power remained a touchstone throughogt his career even when
he was dealing with radio and electronic systems." I contrast Alexaﬁderson as a
corpérate 1nventor with earlier independent inventors or inventér-entrepreneurs
and why he was relatively content to be a "captive inventor." Inm this chapter I

examine in detall the first stage of development of the Alexanderson high-frequency

a4
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alternator, a machine that was employed in an hlstoric radlo broadcast in December
1906 by R-A.Fbssenden. In the same chapter I have examined a "battle of traction
systems™ that involved not only Westinghoﬁse vg. GE but also two groups of engineers
at GE. This is an important story that is comparatively unknown to historians of
technologyc<Alexanderson achieved a synthesis of the series and repulsion motors in
the context of this battle of systems despite the fac% that GE caeme to favor high-
voltage DC traction. The continuity of corporate traditions exerted/a surprisingly
strong‘iﬁfiuence on the typeé of motors and systems preferred by the engineers
responsible for innovaetion. I,sugge$£ that these are éomparable to the petsistence
of iﬁhnian parédigms 1n's§1ence.

The third chapter of the biography desls primarily with the second stage
of development of the Alexanderson radio alternator from 1907 to 1910. I suggest
that he had not yet acquired the bréad perspective of a system engineer but was.
designing an element to be used in a system concelved by his outside patron,
Fessenden. However his assoclation with Fessenden during these years helped to
educate him about wireless systems and about the role of government and the military

®
as patron,consumer end regulator of the new technology." The important role of a

"
temporary interest of A.T.& T. in the alternator is examined also« In tlie long run
it was Alexanderson's personal friéndship with Fegsenden tﬁat kept his project alive
and csused a competing one to be abandoned. By 1909 a 2kw~100kc alternator had

reached the commercial stage of development at GE. It opened many new doors of

opportunity for Alexanderson.

The fourth chapter begins with Alexanderson's transfer to the Consul ting
Engineering Department headed by C.P.Steinmetz and ends with the start of the first
World War in Europe. In this chapter I compare the CE dept. and the GE Researh Lab

to 1lluminate the nature of modern science and technology and their interaction.
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I examine in détaeil Alexanderson's important investigations of the high-frequency
properties of iron and dielectric materilels using the alternator as a scientific
tool. His inventlion of the magnetic amplifier followed and he soon became interested
in the de Forest audion and brought it to his friends at the GERL for improvement.
The important contributions of Langmuir on the theory of thermionic racuum tubes
followed. along with Alexanderson's invention of multi-stage tuned amplifiers for
radio receivers. In the same chapter I discuss the invention of the phase converter
as a technique to enable the use of polyphase motors from a single-phese source.
In this invention he clearly used concepts drawn from his radio experience. The
role of the Alexandersén split-phase locomotive in the battle of traction systems
is also -explored. By 1914 the system based on the Alexanderson radio élternator
had attracted the attention of the British Marconi Company es & solution to their
goals of a world chain of powerful radio stations. | ' -

In the fifth chapter of the biography, I heve examined the process by which

Alexanderson becesme s gystem engineer and how he orchestrated the development of
a'successful transoceanic rqgio system using 50 kw and later 200kw alternators.
This chapter covers the period 1915-1918 and I also consider the extent to which
the exigencies of war hindered or accelerated deveiOpments in radio. The role of
the innovator as a promoter of technological change through behind-the scences
activities that contributed to formulation of corporate and national policy 1s
exaﬁined from the perspective of AleXanderson..The chapter documents an eiciting
perlod in radio history as the Alexanderson system was used at New Brunswick for
regular cormunication with Europe and finally to re-establish communicafion
between the U.S. an& Germany in the final stages of the Wsr..Once afain, seversl
inventions by Alexanderson such as the multiplé-tuned anteﬁna and barrage‘receivgr

illustrate a creative exchange between power and radio technology. Finally I discuss

Alexanderson's role in the pioneering effort to introduce electric propulsion of ships.
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