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STATIC FROM THE DIRECTOR
The year 2005 has begun with the 
Milestones program in full swing (see 
back cover).  Not only does local interest 
continue to increase, but at the IEEE 
History Center we intend to work with 
IEEE organizational units to fill in some of 
the obvious gaps on the Milestone roster 
of accomplishments of global importance.  
The approach of round anniversaries 
(25th, 50th, 100th and so forth) is often 
what sparks local IEEE Sections to propose 
Milestones, and at the History Center 
we also find them useful in our efforts 
to publicize and promote the historical 
importance of IEEE technologies.

Interestingly, 2005 represents a bit of a lull, 
but 2006 will bring an embarrassment of 
riches.  First – although we at the Center 
tend to focus on the anniversaries of events, 
discoveries, and inventions – birthdays 
and death anniversaries often generate 
attention.  The big newsmaker in 2006 will 
be the tercentenary (300th anniversary) of 
the birth of Benjamin Franklin, pioneering 
electrical scientists and engineer (among 
his many, many other achievements).  
Worldwide celebrations are planned (see 
http://www.benfranklin300.com/), and 
the IEEE History Center will certainly 
take part.  Other notable birthdays in 2006 
include Sir William Fothergill Cooke (200), 
Nikola Tesla (150), Sir Joseph John Thomson 
(150), Granville T. Woods (150), Philo 
Farnsworth (100), and Grace Hopper (100).  
The most import invention anniversary 
will be the centennial of de Forest’s audion, 
but also of note are Faraday’s discovery 
of electromagnetic induction (175) and 
Zworykin’s iconoscope (75).

Promoting these birthdays and events 
through lectures, conferences, Milestones, 
exhibits, oral histories, and so forth will 
help remind the public of the role of 
electrical and computer scientists and 
engineers in the development of  21st 
century civilization.  Through the IEEE 
Virtual Museum, young people can be 
made part of this outreach effort as well.

Finally, let me once again remind you 
that it is the individual generosity of you, 
our supporters, that makes such outreach 
possible.  This is our annual honor roll issue 
where we recognize our donors (see page 
8), but let me add my personal gratitude 
for your continued support!

Benjamin Franklin, by Edward Savage, after Ben-
jamin West, after David Martin, mezzotint, 1793. 

National Portrait Gallery, Smithsonian Institution, 
Washington, D.C.
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and projects in electrical and computer 
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year by the IEEE History Center.
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Songs in the Key of E – IEEE Virtual Museum Exhibit on Electronic Music

The IEEE Virtual Museum has launched 
its latest exhibit, Songs in the Key of E. 
As the title hints, this, the eigth Virtual 
Museum exhibit, discusses the various 
ways electronics have been used to cre-
ate music. We all know how electrifi-
cation changed music (insert name of 
your favorite guitarist here), but there’s 
a whole other range of instruments that 
rely on electronics to work. From the 
sounds of William Duddell’s Singing 
Arc to the spooky tunes of the Ther-
emin to the techno pop of the synthe-
sizer, electronic instruments have long 
married the interests of engineers and 
musicians. Songs in the Key of E examines this link of art and technology, charting the his-
tory of this unique genre of music. 

While most of us think of electronic music as materializing in the 1960s or even later, its 
roots actually date from the 1870s. It was then that Elisha Gray, a famous inventor in the 
telegraph and telephone fields, took the hum a telegraph sometimes made and built an 
instrument around it. By the first quarter of the 20th century other instruments, such as 
the Telharmonium and the Theremin, were on the scene. Even famous inventors, such 
as Lee de Forest, who invented the Audio Piano in 1915, got into the act. Throughout the 
years other inventors such as Lauren Hammond, Harry Olson, and Robert Moog and other 
inventions such as the Clavioline, the Vox, and the Mellotron changed the very nature of 
music and performance. 

Songs in the Key of E takes a look at these people and these instruments. Rich in audio clips 
that give users an idea of what these different instruments sound like, the exhibit can be 
viewed at www.ieee.org/museum.

IEEE VIRTUAL MUSEUM

An example of a late 1960s Moog
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On 14 December 2004, Columbia University, New York, 
U.S.A. and the United States Department of the Interior to-
gether honored the legacy of one of the giants of the field of 
electrical engineering, E. H. Armstrong.  Armstrong invented 
the regenerative circuit, the superheterodyne circuit, and fre-
quency modulated radio, as well as making contributions to 
the development of radar.  Without Armstrong’s contribu-
tions, radio and its allied devices such as cellular telephones, 
would not be possible.   Many of these inventions, as well as 
much of the development work needed to make them practi-
cal, were conceived in the Hartley-Dodge Laboratories on the 
second floor of Philosophy Hall at Columbia University.

Based on the nomination written by IEEE History Center staff, 
the Secretary of the Interior designated the Philosophy Hall 
building as a historic landmark.  Among those in attendance 
at the ceremony were two of E. H. Armstrong’s descendents, 
his niece Jeanne Hammond and grand-nephew, Adam Bre-

cht.  Hammond shared her reminiscences of working for her 
uncle, handling the payroll of the laboratory workers, and her 
memories of the work 
at the transmitting an-
tenna at Alpine, NJ.   
Alan Brinckley, Pro-
vost of the University, 
spoke of Armstrong’s 
contribution to every 
branch of communi-
cations, and about the 
honor the Landmark 
designation repre-
sented.

Dissertation research can be an exercise both in planning and 
improvisation. Doctoral students are by nature peripatetic; 
their quest for research materials leading them to interesting 
locales all over the world. Careful planning of these trips is 
essential, but often serendipity plays an important role. As a 
doctoral student of the history of science and technology at the 
University of Alberta, my experience on the research trail was 
a lesson not only in careful research, but how to improvise 
solutions when the occasion warrants. My experience as the 
2004 Life Members Intern at the IEEE History Center in the 
fall of 2004 was especially useful in this regard. I began my 
research on the history of fuel cell development immediately 
after completing comprehensive exams last summer, and 
with only a vague idea of the archives I would need to visit. 
Interning at the History Center gave me the opportunity 
to process the mass of data and notes that I had collected 
during a previous research sojourn at the Chemical Heritage 
Foundation (CHF) of Philadelphia, which consisted mainly 
of a review of the proceedings of symposia dealing with fuel 
cell research sponsored by the American Chemical Society 
and U.S. Army between 1959 and 1970. Working with History 
Center Director Mike Geselowitz and other staff members, I 

was able to develop research leads and identify useful archives. 
The internship also allowed me to complement my work on 
the technical aspects of fuel cell operation begun while at the 
CHF, facilitating a closer analysis of the relationship between 
the design of electrical and electronic appliances and power 
sources.

What impressed me most about this literature was the 
important role played by the U.S. Army in directing the course 
of fuel cell research during the 
Cold War. Though the Army 
had not defined a mission for 
fuel cells vis-à-vis the service’s 
specific mission objectives by 
the late 1950s, it was sufficiently 
interested in their potential to 
fund the efforts of a number of 
researchers including Broers 
and Schenke. By the mid 1960s, 
the Army began to see fuel 
cells in more practical terms 
and identified possible power 

continued on page 4

E. H. ARMSTRONG LABORATORIES DESIGNATED 
NATIONAL HISTORIC LANDMARK

STAFF NOTES
HISTORY CENTER INTERN MATTHEW EISLER 
RESEARCHES FUEL CELL TECHNOLOGY

Armstrong’s Laboratory in Philosophy Hall, 
Columbia University
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source roles in the context of the service’s technological base 
and organizational structure as it existed in the early 1960s. 
Army planners initially saw fuel cells as a way to reduce the 
logistical footprint of the large mechanized forces developed 
for the conditions of conventional warfare on the Central 
European battlefield. Large multi-kilowatt fuel cells were 
envisioned as vehicular power sources in the long term 
and mobile power generators in the near term. Efforts were 
made to develop designs that could efficiently use a wide 
variety of carbonaceous “logistic fuels,” primarily kerosene-
based JP-4, but also whatever fuels happened to be available 
on the battlefield, including captured stocks. However, 
Army priorities changed as the war in Vietnam intensified. 
Mechanized forces were used in this conflict, but combat often 
involved rival small infantry units. In the trackless jungle 
wilderness, radio communication was indispensable and 
small multi-watt fuel cells were seen as a potential lightweight, 
long-lived replacement for the heavy radio batteries soldiers 
were forced to pack. Research emphasis consequently moved 
from the large semi-mobile kilowatt-class to portable multi-
watt class designs, particularly those using hydrazine for 
fuel. Such potassium hydroxide systems marked a departure 
from the trend in the early 1960s of funding acid electrolyte 
and molten carbonate fuel cells, which were better able to 
handle impurities in the fuel and oxidant, a requirement for 
hydrocarbon operation.

The History Center’s proximity to Fort Monmouth was 
fortuitous because this base had been the nexus of the U.S. 
Army’s fuel cell program in the 1960s. After a few false starts 
on New Jersey’s labyrinthine freeway system in a rental 
car, I made several visits to the base archive, which yielded 
a number of important primary sources including fuel cell 
technical reports, annual Command histories, and executive 
summaries. This helped shed light on how organizational 
changes, specifically the evolution of the U.S. Army Signal 
Research and Development Laboratory into Electronics 
Command between 1959 and 1965, shaped changing research 
priorities and the character of fuel cell research in the context 
of the escalating war in Southeast Asia. I was also able to 
obtain from this archive digital reproductions of a number 
of rare photographs of some of these fuel cells, including an 
early hydrazine test model powering an AN/PPS-4 tactical 
ground surveillance radar. Additionally, the History Center’s 
proximity to Rutgers University allowed me to make use of 
the library resources of this state university. By late December, 
I was able to fill a small box with research material I had 
collected while in the United States. All told, my experience 
as an intern at the IEEE History Center was central to the 
launching of my dissertation research, laying the groundwork 
for a thesis outline and a program of future research.

FORMER HISTORY CENTER GAs CONTINUE TO PUBLISH
Many of the IEEE History Center’s 
Graduate Assistants have gone on to 
distinguished careers after working with 
us.  Although their research might not be 
directly related to the history of electrical 
technology, we are delighted to hear of 
their success and are proud to let our 
readers know.  Melissa Klapper, who was 
a History Center GA in 2000-2001, as well 
as our summer intern in 2001, has recently 

published Jewish Girls Coming Of Age In America, 1860-1920 at 
New York University Press.

According to the review in Editor’s Press Weekly : “Drawing on 
diaries and magazines, historian Klapper recreates the world 
of Jewish girls in late 19th- and early 20th-century America. 
These were years of massive immigration, expansion of the 
secondary school system and an increased sense of “the... 
importance of youth in modern society.”… This book’s charm 
lies in its innovative and engaging focus on girlhood.”

HISTORY CENTER INTERN MATTHEW EISLER 
RESEARCHES FUEL CELL TECHNOLOGYcontinued from page 3

Joe McKenna, a Rutgers Senior, is interning at the IEEE Histo-
ry Center for the Spring 2005 semester.  He is majoring in Phi-
losophy and History.  During the semester, under the guid-
ance of staff member Mary Ann Hoffman, he will be working 
on a variety of different tasks.  Among them are producing an 
inventory of materials from the Cardwell Condenser Compa-

ny, updating the contents of the History Center database and 
assisting in the archiving of the contents of the IEEE Archives.  
He and Mary Ann will also be producing a new exhibit at 
the IEEE Operation Center in Piscataway.  The exhibit, to be 
installed by March, will feature antique radios.

RUTGERS SENIOR TAKES INTERNSHIP AT HISTORY CENTER
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Google Scholar
Recently, Google announced a new search tool, Google Scholar 
(beta).  Google Scholar enables readers to search specifically for 
scholarly literature, including peer-reviewed papers, books, 
preprints, abstracts and technical reports from many areas of 
research.  This search includes materials from IEEE, Nature, 
the Online Computer Library Center, the Association for Com-
puting Machinery and numerous other academic, technical 
and scientific publishers.  www.scholar.google.com

Radio History Society
The Radio History Society (RHS) was established to preserve 
radio and television history.  In June, 1999 it opened the Ra-
dio-Television Museum in Bowie, Maryland, U.S.A.  The mu-
seum features hundred of artifacts relating to the history of 
radio and television.  Its website (www.radiohistory.org) 
also maintains a nice array of radios and an extensive bibliog-
raphy of books and magazines on these topics.

Scanning Software
Wikipedia.com defines spyware as “computer software that 
gathers and reports information about a computer user with-
out the user's knowledge or consent.”  Spyware will slow 
down the performance of your computer and may cause un-
wanted pop up advertisements.  New shareware is now avail-
able that can detect and remove spyware of different kinds 
from your computer. If you see new toolbars in your Internet 
Explorer that you didn't intentionally install, if your browser 
crashes, or if your browser start page has changed without 
your knowing, you may have spyware.  Two of the most pop-
ular software applications are AdAware (www.lavasoftu-
sa.com/support/download/) and Spybot (www.spybot.
info/en/index.html).  Both can be downloaded for free.

SURF CITY

The IEEE History Center maintains a photographic archive of more than 4,300 
images.  From time to time images are donated without any identification.  Can 
you help identify this photograph?  We are interested in any details such as 
name, approximate dates, biographic information, place, and anything else of 
historical interest you would like to tell us.

The IEEE History Center has a web page that features the mystery photograph.  
You may email us your answer at ieee-history@ieee.org, or you can fill out 
an on-line form.  http://www.ieee.org/organizations/history_center/
mystery_photo.html

MYSTERY PHOTO CHALLENGE #17

The Bakken Library and Museum has announced the avail-
ability of a new online database of its outstanding collection 
of artifacts relating to the history of electricity and magne-
tism, and their uses in medicine and the life sciences.  Records 
for approximately 90 percent of the Bakken’s unique collec-
tion of roughly 2,000 artifacts have been entered into the da-
tabase, along with images of almost every item.  The informa-
tion provided typically includes description, remarks, and an 
image, as well as materials, date, size and weight, and a list 
of accessories.  

The database is located at http://thebakken.org/artifacts/
database/  and is organized by the Bakken’s accessioning 
categories.  A person interested in plate electrostatic genera-
tors, for instance, would first click on "Electrostatics". Under 
"frictional generators", click "plate". The result will be a list of 
the plate electrostatic generators in the collection. Clicking the 
hyperlinks will then lead you to an image and description of 
the generator in question.  The Bakken hopes to implement 
more sophisticated search functions in the near future.  

The instrument collection focuses on the history of electric-
ity and magnetism in the life sciences. It includes electrostat-
ic generators, magneto-electric generators, induction coils, 
physiological instruments, recording devices, and accesso-
ries. There are hundreds of pacemakers and defibrillators, 
and dozens of magnetic devices. 

A partial online catalogue of The Bakken’s extensive book 
collection has been available for a number of years at http://
www.thebakken.org/library/library.htm#BooksAnd
Manuscripts.  Plans are being made for an online public ac-
cess catalog of the entire collection.  

The artifact database is a work in progress and the Bakken 
welcomes feedback from researchers.  Please direct comments 
and questions to Ellen Kuhfeld, Curator of Instruments, at 
Kuhfeld@thebakken.org.

BAKKEN ARTIFACTS NOW ACCESSIBLE ONLINE
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TRIBUTE GIVING
A THOUGHTFUL WAY TO SHOW YOU CARE

By: Karen Galuchie, IEEE Development Office
Looking for a meaningful way to honor someone special 
while simultaneously supporting the IEEE History Center? 
The IEEE Foundation encourages you to consider a Tribute 
Gift.  You can honor the memory of a loved one, celebrate 
a special occasion, acknowledge a colleague or client…all of 
this while preserving the history of technology with your spe-
cial gift.  

How does Tribute Giving work?  Every year, the IEEE Foun-
dation receives Tribute Gifts in memory or in honor of a spe-
cial someone.  Many of these gifts celebrate a special occasion 
in the life of a loved one, friend, or colleague, such as holi-
days, birthdays, graduation, retirement, or a special award.  
No matter what the occasion, such gifts remind those closest 
to us that they are remembered in a thoughtful way.  Just as 
thoughtful are the many gifts we receive in memory of a loved 
one.  Some of our donors tell us that they receive tremendous 
satisfaction in making memorial gifts because they know that, 
in addition to perpetuating the memory of the deceased, they 
are also helping the IEEE History Center preserve the history 
of technology.

How can businesses participate in this opportunity?  Tribute 
Gifts are not just given by individuals.  Businesses find that 
giving gifts in honor of their clientele at special occasions such 
as holidays, birthdays, or office opening is an excellent way to 
acknowledge a valued relationship. 

Whether your intention is to honor or memorialize, when the 
IEEE Foundation receives tribute gifts, the name of the person 
to be commemorated, along with the name of the donor, will 
be listed in the annual Honor Roll of Donors.  In addition, 
the individual, or family named by the donor, will receive a 
special acknowledgement.

If you are interested in learning more about this giving oppor-
tunity, or in making a tribute gift, please contact the IEEE De-
velopment Office at +1 732.562.5550 or supportieee@ieee.
org.  As always, thank you for supporting the IEEE.

Moses Chikowero, a historian of electric power distribution, has completed his thesis, Electrification, Urbanization and 
Social Inequality in Southern Rhodesia: The Case of Bulawayo, 1894-1945 at Dalhouise University, Halifax, Nova Scotia.  
Partly funded by a research grant from the IEEE Life Members, Chikowero’s thesis “demonstrates that pubic electricity 
development started in 1894 in Bulawayo, at the same time as in most developed countries.”  Chikowero analyzes how 
electricity and the electrification process shaped urban Bulawayo’s development.  

Matthew Eisler, the IEEE History Center Intern (see article on page 3) is looking for help in finding the location of sources 
important to his research.   He is looking for access to:
 1) A complete set of "Proceedings, Annual Battery Research and Development Conference," Fort Monmouth, NJ, Power 
Sources Division, U.S. Army Signal Research and Development Laboratory (1946-1958).  So far he has been able to find only 
partial holdings of it in the archives he has searched.
2) A copy of  Electronics Command's "Project Engineers Design Guide," which has major information on power sources. 
This is the rarer of the two sources, only 575 copies printed.

The IEEE Life Members' Prize in Electrical History was established by the IEEE Life Members Committee, who funds the 
prize out of the IEEE Life Members Fund.  The Prize is administered by the Society for the History of Technology (SHOT), 
in consultation with the IEEE History Center. The prize recognizes the best paper in electrical history published during 
the previous year, in this case 2004. Any historical paper published in a learned journal or magazine (including technical 
magazines, proceedings and transactions—the overall journal need not be historical in nature) is eligible if it treats the art or 
engineering aspects of electrotechnology and its practitioners in historical perspective. Electrotechnology encompasses all 
technologies of interest to IEEE members. The prize consists of a cash award of $500 and a certificate. Through its support 
of this prize, the IEEE Life members Committee ensures that those researching history remain sensitive to the role of IEEE 
technologies in the rise of modern society.

SHOT is currently inviting submissions for the 2005 prize (for the best paper published in 2004), which will be presented at 
the Society's annual meeting in Minneapolis, November 3-6, 2005. For more information (including a list of previous win-
ners), contact Amy Bix, SHOT Secretary,603 Ross Hall, History Department, Iowa State University, Ames, IA 50011. FAX: 
515-294-6390, shot@iastate.edu; Phone: 515-294-8469 or visit http://shot.press.jhu.edu/Awards/IEEE.htm

MISCELLANEOUS

IEEE LIFE MEMBERS' PRIZE IN ELECTRICAL HISTORY 

IEEE HISTORY CENTER RESEARCHER SEEKING HELP TO TRACK 
DOWN RARE DOCUMENTS ON FUEL CELLS 

ELECTRIFICATION, URBANIZATION, AND SOCIAL INEQUALITY
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Thomas F. Garrity
Harold A. Gauper
Ralph S. Gens
Lawrence J. Giacoletto*
Bruce Gilchrist
Clinton R. Gilliland
Joseph A. Giordmaine
Raymond R. Glenn
Michael M. Green, Ph.D.
John J. Guarrera
James L. Guilbeau
Mr. Jerrier A. Haddad
J. Scott Hamilton
George G. Harman, Jr.
Charles E. Hartman
Syuiti Hayasi
Wayne R. Heinmiller
D. F. Hemenway*
Donald M. Hesling
James L. Higgins
Mark A. Hopkins
James D. Huddleston, III
Makoto Ihara
Fred H. Irons
Yasuo Ishii
Colin S. Itaki
Amos E. Joel, Jr.
Clark E. Johnson, Jr.
George I. Johnston
A. H. Jones, Esq.
Edward J. Joscelyn
Walter R. Keevil
Joseph F. Keithley
David P. Kennedy
Carroll G. Killen, Jr.
William J. Klein
Misao Kobayashi
John M. Kopper
Alexander S. Krauska
Kelly J. Krick
Norman B. Krim
Robert J. Landman
Michael J. Lastella
Gregory S. Leach
G. Robert Leef
Eric G. Lemmon
Harry Letaw, Jr.
Edwin R. Lewis, Ph.D.
Peter A. Lewis, PE
J. G. Llaurado
Warren A. Lombard
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Carl Machover
Philip C. Magnusson
Thomas E. Mancino
John Mannion
John E. Martin
John R. Massey
Joseph W. Mathews
Eiju Matsumoto
Frank L. McConnell
Troy L. McDavid
A. H. Mendel
George E. Merrill
David Middleton
Glenwood J. Mitchell
John A. Mitchell
Shoichi Miyashiro
Jerry D. Moench
Steven C. Moss
Alan G. Murray
Hideo Nakano
Shoichi Nakayama
Robert B. Northrop
Kenneth D. Nowick
Andrew M. Odlyzko
Keishi Ohashi, Ph.D.
Naohiko F. Okuma
James E. O'Neil
Albertus Oosenbrug
J. J. Patay
John D. Peebles, USNR (ret)
Antonio Perez Yuste, Ph.D.
William F. Pickard
Leo J. Pigozzi, Jr.
Christopher Poda
C. Spencer Powell
Kenneth R. Powell
Allan Powers
Seth M. Powsner
Robert L. Pritchard
Robert W. Ramsey, Jr.
Wallace S. Read
Robert N. Riley Fund of the 
 Baltimore Community Foundation
Theodore Rockwell
John S. Rostand
William F. Roth
Jose A. Ruiz de la Herran
William I. Rumer
Robert Eric Russell
Herbert Kenneth Sacks, Ph.D.
Robert D. Sansom, Ph.D.
Tomoya Sato
Rodica Schileru-Key
Mark Schubin
Paul J. Schwanenflugel
Mischa Schwartz
Richard D. Schwartz
Stephen S. Selkirk
Dipak L. Sengupta
Ludwell A. Sibley
Louis M. Small
Chester L. Smith
Lanny L. Smith
Leon H. Sperow
Peter W. Staecker
Gordon E. Stewart
Shiro Suzuki
Makoto Tachibana

Morris Tanenbaum
John V. Terrey
Leonard W. Thomas, Sr.
Daniel D. Thompson
Richard P. Thurston
Ben H. Tongue
E. Douglas Traster
Henry S. Tropp
Bernhard U. Vainik
Arthur Van Gelder
Raymond L. Vargas
Andrew Viterbi
Manfred D. von Borks
Paul S. Vydareny
Robert M. Walp
Bruce D. Wedlock
Russell G. West
Willis S. White, Jr.
Theodore Wildi
Deke Williams
Charles E. Winn
Robert A. Wise
Ernest E. Witschi
Peter M. Wolter
David C. Wood
Harris O. Wood
James B. Wood
Craig A. Woodworth
A. J. Wrape, Jr.
Richard F. Yang

Friends
Einar A. Aagaard
O. R. Abernathy
Mohammad A. Abou-Rayan
Richard A. Ackley
Stephen F. Adam, Ph.D.
Eldon V. Adams
Dr. George B. Adams, III
George P. Adams
Kirkwood E. Adderley
Robert Adler
Thomas Agnew
Marton M. Aguado
Boyce T. Ahlport
Akira Aiba
Olufemi F. Akinsulire
Gerald Aksherian
Damian F. Albanese
Alessandro Q. Alberigi
Mark Alexander
Robert K. Alexander
William A. Alfano, Jr.
Donald P. Allan
Gerald P. Alldredge
Johnathan Allen
Leland J. Allen
Merrill B. Allen
Eric Alliot, Jr.
Susan J. Allman
Bipin C. Almaula
H. Louis Althaus
John B. Anderson
John M. Anderson
Richard W. Anderson
Ross C. Anderson
Anonymous
Anonymous

Anonymous
Anonymous
Anonymous
Michael M. Anshel
Jerome S. Antel, Jr.
Gary A. Anwyl
Fumio Arakawa
John Arasim, Jr.
Luis A. Arenas Vega
Paul Armer
Kenneth L. Arnold
Wolfgang O. Arnold
Clarence L. Arnow
A. Wayne Ashley
Harold W. Atkinson
James R. Atkinson
Thomas G. Atlee, Jr.
John G. Atwood
Edgar J. Austin
Robert J. Averill
William E. Babcock
Anthony E. Bacevice, Jr.
William C. Bachtel
Steve Bacic
Ronald R. Badamo
Donald G. Baker, Ph.D.
K. D. Baker
Lynn A. Baker
Robert E. Baldy
Fred Ballard
Glenn C. Bandy
Donald S. Banks
David L. Barber
Paul F. Barber
Robert A. Barden
Charles L. Barest
Richard A. Barker
Russell Barnes
Blair R. Barnett
Jerad H. Barnhart
Robert C. Baron
Mr. Henry R. Barracano
John I. Barron
Jesus J. Bartolome
William Batalis
John K. Bates, Jr.
Arthur O. Bauer
Arthur E. Baumgart
Richard A. Baumgartner
David J. Belanger
Michael Belhazy
Delamar T. Bell
Charles H. Beller, Jr.
Bruce E. Belnap
Eric R. Benedict, Ph.D.
Eric E. Bennett, Ph.D.
Jack L. Bennett
Alton A. Berg
Carl A. Bergard
Luc Berger
Martin M. Berndt
Sidney Bertram
Lee H. Bettenhausen
C. M. Billmyer
Thomas J. Birnbaum
Lloyd I. Biscomb, Jr.
George A. Bishop, III
Keith Bisset, Ph.D.

Martin Bitter
Maurice W. Bizzarri
John R. Blackman
Terence G. Blake, Ph.D.
Gene E. Blakenship, PE
Allan L. Blanchard
Peter F. Blomley
Alan E. Blume
Martin C. Blyseth
John A. Board, Jr.
Albert J. Bocchieri
Neal A. Bodin
Donald M. Bolle
Tom C. Bonsett
Joseph Bordogna
Ulrich Borkenhagen
Richard L. Borst
Charles W. Bostian, Ph.D.
Philip A. Bottini
Frank J. Bourbeau
Frederic A. Bourne
M. W. Bouwensch
Richard P. Bowen
Frank H. Bower
Brian Boyer
Therlyn L. Brady
Emanuel L. Brancato
Marshall K. Brandon
David W. Braudaway
William D. Breingan
Gerhard L. Bremer
Donald R. Brennan
Donald B. Brick
Willam B. Bridges
Robert D. Briskman
James E. Brittain
M. N. Brodie
Ralph W. Bromley
William D. Brooks
Alex T. Brown
J. Brown
J. Reese Brown, Jr.
Jack C. Brown
John S. Brown
Roger H. Brown
Victor J.G. Brown
Wyatt Brown, Jr.
Vern J. Brownell
Joe Bruce
Harvey M. Brunner, Jr.
Robert G. Bryson
Douglas L. Buchanan
William Buchman
Merrill W. Buckley, Jr.
Arnold M. Bucksbaum
Kenneth R. Burch
Thomas G. Burket
Brian C. Burton
Colin H. Busby
Julian J. Bussgang
Herbert I. Butler
Dr. James T. Cain
Wallace C. Caldwell
Edwin T. Calkin
Edgar H. Callaway, Jr.
Alexandre R. Caminha
Graham M. Campbell, Ph.D.
Richard I. Campbell

Thomas A. Campbell
William W. Campbell, Jr.
Frank J. Campisano
Ronald R. Capan
David C. Carbonari
John I. Cardenas
Herbert R. Carleton
John B. Carr, Jr.
Ken R. Carr
Victor S. Carrano
David N. Carson
John W. Carson
Steven M. Carter
Joseph Caschera
Gilbert S. Case
Frank L. Cash
Ralph Casper
James P. Cassidy
P. M. Castello Da Costa
Milton Castro
Ramon P. Chambers
Wallace G. Chambers
Harry F. Chapell
Ronald J. Chase
Wee-Ling Chern
Howard J. Chizeck, Ph.D.
Russell B. Chorpenning
Michael J. Chu
William R. Chynoweth
Micheal K. Ciraula
Lewis T. Claiborne
Robert J. Clare, IV
Clifford B. Cloonan
John W. Clothier
Edmund U. Cohler
Edwin R. Cole
Charles H. Coleman
Harley L. Collins
Robert J. Collins
John W. Coltman
Delbert Conger
Bryon J. Connerton
Kenneth A. Connor, Ph.D.
Esther M. Conwell Rothberg
James M. Cook
Wils L. Cooley
Gordon Cooper
William L. Corcoran
Frederick C. Corey
Wells M. Corliss
Sergio D. Cova
Edward J. Coyne
John P. Craig
Melville C. Creusere
Oscar M. Cromer
Charles L. Cudlipp, Jr.
Michael J. Cullen
William E. Currie
Paul G. Cushman
Ellicott C. Cutler, Jr.
G. Conrad Dalman
George F. Dalrymple
Alberto Dams
James R. Davey
Jonathan B. David
John R. Davies
Duane G. Davis
Eric M. Davis
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Donald L. Dawes
Peter R. Dax
Juan Daycard
Donald R. Daykin
Felicio L. De Franca
John L. De Grandpre
Wilfred L. De Rocher
Victor de Vries
Rudolf A. Dehn
Robert M. Deiters
Hampton M. Dejarnette
Harold R. Delaney
Jack B. Dennis
William J. Dennis, Jr.
Charles G. Devoe
Russell G. Dewitt
Joselyn C. Dibai
Clement L. Dickey
Jack L. Dicks
Stanley R. Dickstein
Manfred W. Dietrich
Robert W. Dietrich
Bryan J. Dietz
Hans G. Dill
Robin A. Dillard
Kevin D. Donohue, Ph.D.
Julius Dorfman
G. Dorizas
C. Nelson Dorny
Paul E. Dorvel
Arwin A. Dougal
Kenneth R. Dow, Jr.
James B. Dowling
Morton H. Drazen
Hans J. Du Bois
James T. Duane
John H. Dubois, III
Robert S. Duggan, Jr.
Egons K. Dunens
Dominic F. Dunlop
Irvin D. Dunmire, Ph.D.
William H. Dunn
George K. Durfey
John W. Durham
W. Dutfield
Lester D. Earnest
Cheryl A. Ebel
F. Neal Eddy
Murray Eden
Marvin J. Edwards
Charles W. Eichhorn
Charles H. Elbert
Robert D. Elbourn
Charles A. Eldon
William J. Ellenberger
Rutherford L. Ellis, Jr.
Dale L. Embry
David E. Engle
Osamu Enomoto
Thomas W. Ernst
Henry P. Erwin, Jr.
Richard F. Evans
Francis E. Fairman, III
Gilles Falquet
James R. Fancher
John E. Farley
Ghaffar Farman-Farmaian
Robert K. Feist

Joseph Feitler
Robert Fekete
Algie A. Felder
Warren A. Felt
Chung C. Feng
Robert E. Fenton
Donald R. Ferguson
Paul M. Ferguson
Timothy R. Fesig
Melvin D. Field
Raymond D. Findlay
David M. Findling
Anselmo Fini
Leonard W. Finnell
Oscar J. Fiorito
Dennis M. Fischette
Richard H. Fish
David L. Fisher
Henry L Fisher, Jr.
Stephen H. Fisher
Lewis T. Fitch
William O. Fleckenstein
Daniel J. Fleming
Read T. Fleming
John D. Fletcher
Carl Flick
John D. Fogarty
Art Fong
Alan B. Fowler
Konrad Frank
Ernest A. Franke
George S. Franke
Jurgen H. Franz
Marvin J. Frazier
Thomas H. Freeman
Felix Freimann
Johann B. Freymodsson
Gerald G. Frick
Walter C. Frick, Jr.
E. M. Friedl
Charles L. Frush
Francisco Fuertes
Toshio Fujii
Osamu Fujiwara
Tadashi Fukao
Hatsuaki Fukui
Robert J. Fulmer
Kenneth E. Fultz
Richard J. Gable
Joseph W. Gagne
McMurray Gaines, Jr.
Roy A. Gallic
Sidney K. Gally
Wilfried Gappmair
Ramiro Garcia Sosa
Jesse J. Gard, Jr.
Thomas E. Gardner
Jose Garriga
W. Laurence Garvie
Emilio C. Gatti
Carl C. Gebhardt
Glenn A. Gerdin, Ph.D.
Adolf J. Giger
Elmer G. Gilbert
Michael J. Gill
Edmond S. Gillespie
Grace E. Giras
Richard W. Glasheen

David J. Glaubman
Edward M. Godshalk
Leo F. Goeller, Jr.
Daniel F. Goessling
S. Harold Gold
Daniel L. Goldberg
Harold S. Goldberg
Samuel Goldfarb
Arthur Goldsmith
Moshe Goldstein
Keith W. Golke
Steven E. Golson
Beverley R. Gooch
Robert L. Goodwin
Michael J. Gorman
Richard J. Gorzegno
Robert O. Gosswiller
George E. Gourrich, M.D.
Arvin Grabel
LeRoy C. Graham
Anders Granhall
Fred L. Granville
Larry J. Greenstein
Leonard D. Greer
Charles E. Griffith
Leonard L. Grigsby
Thomas N. Grigsby
Peter S. Grinnell, Jr.
Detlev W. Gross
Morris Grossman
Francis B. Grosz, Jr.
Calvin E. Grubbs
Paul A. Grygier, Ph.D.
Chris G. Guenther
Richard U. Guth
Lynn G. Guthrie
Kohei Habara
William S. Haddock, Jr.
Marion Hagler
A. J. Haley
Arthur D. Hall, 3rd
Henry M. Hall
Henry P. Hall
Masanao Hamai
Tod M. Handera
R. T. Hanger
M. William Hans
Fred Hansen
John M. Harker
R. Amos Harold, Jr.
Edgar D. Harras
David J. Harriman
James C. Harris
James S. Harris
Laurie F. Harris
William H. Harrison
Jochen Hartmann, Ph.D.
Robert B. Harvey
Barry G. Haskell, Ph.D.
Susan Hassler
Hiroshi Hatafuku
Michael Haupt
J. Scott Hawker
John C. Hawkins
Clark M. Hay
Jeremiah F. Hayes, Ph.D.
Michael R. Hayes
James H. Haynes

D. M. Hayter
Roy G. Heaton
Jeffrey C. Hecht
Richard J. Heh
Andrew M. Hein
Donald N. Heirman
J. Thomas Heislein
Benjamin J. Hemmen
Kenneth D. Hendrix, P.E.
George L. Henry
Walter O. Henry
Luc M. Hermans
Donna Herrick
Dor H. Hesselgrave
Daryl T. Hester
Arthur N. Hicks, II
Edward J. Hilliard, Jr.
Frank Himmer
John R. Hines
Glenber L. Hinkle, PE
Tadamasa Hirai
John Hirner
Theodore W. Hissey, Jr.
Masao Hiyane
Alan E. Hochhalter
David M. Hodgin, Jr.
William G. Hoefer
Paul C. Hoehne
H. Peter Hofstee
Herbert H. Holland, Jr.
D. L. Hollway
Philip E. Holmer
Andrew G. Holmes-Siedle
Peter J. Holzer
Soon Chan Hong, Ph.D.
Martial A. Honnell
Toshio Hori
W. Henry Horne
Toshio Hosono
Robert A. Howard
David S. Howarth, Ph.D.
Stephen B. Howlett
Mark W. Hrabe
Richard Huber
Robert H. Huck
John W. Humphrey
Harvey D. Hunkins
Robert J. Huntemer
Marcel Hupperich
Mark S. Hutchenreuther
Robert L. Hutchins
George P. Hyatt
Frank M. Hyde
Roy K. Idehara
Koji Imai
J. James Ingram
Hirosei Inuzuka
Charles E. Isbell
Katsuyoshi Ito
Henry F. Ivey
Stanley G. Iwamoto
Charles B. Izard
George T. Jacobi
Ira Jacobs, Ph.D.
Lionel Jacques
Sudhanshu K. Jain
Uwe Jansen
Arthur E. Johnson, Jr.

Dean H. Johnson
Eric L. Johnson
Alois Jokl
Curtis A. Jones
Edwin C. Jones, Jr.
George W. Jones
Merrill C. Jones
Samuel A. Jordan, Jr.
James W. Joyner
Norbert Juffa
Kenneth Kable
Matthew J. Kabrisky
Kurt A. Kaczmarek, Ph.D.
Motoji Kado
Alain Kagi, Ph.D.
Jack J. Kahgan
Thomas Kailath, Sc.D.
James F. Kaiser
G. C. Kalander
Ivan Kalastirsky
Adriaan J. Kampstra
Carroll F. Kane
Thomas A. Kanneman
Ming Seng Kao
Leonard J. Kaplan
Martin N. Kaplan
Robert Kapoun
Elmer F. Kaprielian
Gerald S. Karr
Paul W. Kaseman
John G. Kassakian, Ph.D.
John W. Kasten
Kazuo Kato
Jonathan M. Katz
Hirokazu Kawabata
Hideki Kawahara
Kazuhiko Kawahara
Ben Kawahata
Shigeo Kazama
Charles R. Keagle
William J. Keery
Frank J. Keim, Jr.
Shewell D. Keim
Frederick C. Keller
William E. Kelley
William R. Kelley
Ken C. Kelly
Samuel T. Kelly
Bruce R. Kendall, Ph.D.
John J. Kennedy
Robert W. Kerney
Kenneth Kerr
Warren A. Kesselman
Albert R. Keyser, Jr.
Lawrence W. Kimball
E. Kimura
Peter J. Kindlmann
Richard R. Kinsey
Peter Kirchhofer
Rodney A. Kirk
Peter E. Kise
Adam M. Kissiah, Jr.
Bruce B. Kittams
Raymond A. Kjar
Marcia Klein
Karl Kleine
Barry S. Kleinman
Brian W. Kline
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Eugene A. Klingshirn
Rex C. Klopfenstein
Marian J. Kloza
William H. Kmetz
Hsien Ching Ko
Akira Kobayashi
Magnus Koch
Reinhold Koch
Yoichi Kodera
Alfred R. Koelle
Paul D. Koerber
Tosiro Koga
Rikio Konno
Clarence F. Kooi
Eugene H. Kopp
Clinton H. Kopper
Robert K. Koslowsky
Adele M. Koss
William O. Kramer
Peter A. Kreider
Francis X. Krier
Frederic A. Kuhlemeier
Ben E. Kullerd
Wolfgang H. Kummer
Alexander J. Kunkle
Michael E. Kunsman
Stuart Kuo
Luther W. Kurtz, Jr.
Jun-Ichi Kushibiki
Tetsuzo Kusuda
Hiroshi Kuwahara
Sadao H. Kuwamoto
Wong Kwok-Ho
Sang H. Kyong, Ph.D.
Shih-Yin Lan
Mark A. Landguth
Robert M. Landsman
G. Gordon Lange
George O. Langer
Frederick L. Langhoff, Jr.
Ward Lantier, LtCol, USAF (ret)
Dr. Arvid G. Larson
Reuven Lask
James W. Laughlin
Peter O. Lauritzen, Ph.D.
Virgil W. Lawson
William E. Leavitt
Irwin L. Lebow
Albert C. Lee
Choong W. Lee
Seong-Hee Lee
Ilmars Leja
Cecil C. Lencioni, Jr.
Vladimir Leonov
Harry K. Lesser, Jr.
Robert E. Levin
Walter A. Levy
Harry J. Lewenstein
Floyd V. Lewis
H. Lloyd Lewis
John G. Lewis
Patric L. Lewis
W. M. Lewis, Jr.
Ira M. Lichtman
Robert K. Likuski
Hung C. Lin
Jens C. Lindof
William B. Lindsay

August J. Link
Kenneth Lipman
William F. List
Ming T. Liu
Julian R. Livingston
Robert M. Livingston
Neal E. Lockwood
J. L. C. Lof
Michael D. Lore
Stephen M. Lott
Karl G. Lovstrand
Lester H. Lowe, Jr.
Milton J. Lowenstein
John P. Lozes, Jr.
David W. Luce
John W. Luce
Louis A. Luceri
James R. Lucid
Paul M. Lundquist
Thomas J. Lundregan
H. Douglas Lung
George E. Lyness
Kenneth M. MacDowell
Rob R. MacGregor
George H. MacMaster
Ronald H. MacPherson
Shuichi Maeda
Gregory A. Magin
Austin J. Maher
William F. Mahn
Matthew V. Mahoney
William E. Maier
Yasuo Makino
Sutham Malila
James H. Malinowski
John F. Malm
Ralph F. Manfreda
John A. Mann
Linda S. Manning
August F. Manz, Sr.
Roger A. Mao
William C. Marchand
John Marczewski
James P. Markham
Steven Markman, Ph.D.
John E. Marqullan
Curtis S. Martin
E. Masada
Wesley K. Masenten
Albert E. Mason
Berna L. Massingill
Wolfgang M. Mathis
Iwao Matori
Shinya Matsufuji
Hideshi Matsumara, M.D.
George L. Matthaei
Timothy S. Maxson
Victor Mayper, Jr.
Kevin G. McCarthy
Wayne C. McClung
George F. McClure
Tron McConnell
Gordon P. McCouch
David McFadzean
Thomas Mckay
John L. McKelvie
Bert A. McLean
Frank J. Mcmullan

Charles E. McMurdo
William McMurray
S. G. McNees
Donald W. McPheeters
Wayne H. McQuerry
William T. McVay, Jr.
Henry E. Meadows, Jr.
W. G. Mecklenbrauker
Morton H. Mehr
Al M. Meisel
Arthur S. Melmed
Hipolito Menendez
John K. Menoudakos
Rollie B. Merrick
Sidney Metzger
George W. Meyer
Joseph A. Meyer
George A. Michael
Raymond E. Micheletti
Marlin H. Mickle
Genaro O. Millan
D. Richard Miller
Douglas L. Miller
John W. Miller
Norman Miller, P.E. Aus-Ret.
George C. Milligan
Kenneth W. Millsteed
Marvin I. Mindell
William C. Mitchell, Ph.D.
Makoto Miyake
Richard J. Mohr
Michael R. Mohrbacher
Bertalan J. Molnar
Mark W. Monaghan
J. Roger Moody
Richard K. Moore
Yuji Morita
John G. Morrison
Kenneth E. Mortenson
Charles Moseley
Ronald E. Moyer
A. V. A. Mueller
John F. Mueller
Marino H. Mueller
William M. Mueller
Jishnu Mukerji
Dr. James A. Mullen
John P. Mulvey
Michael J. Munroe
Kendall H. Murakami
Tomomi Murakami
Hiroshi Murata
J. Muroga
William F. Murphy
Charles R. Murray
James B. Murray
William E. Murray
Yasuto Mushiake
Leonard T. Mygatt, III
Christian W. Myrstad
J. H. Nadenau
Minoru Nagata
Norris S. Nahman
Dr. Tsuneo Nakahara
Hideto Nakajima
Anthony P. Napikoski
Francis J. Nardi
Robert T. Nash

Nicolas Nazario
Charles M. Nelson
Frank M. Nelson
Gerald D. Nelson
Raymond I. Nerenberg
Robert L. Nevin
Saum Tet Ng
Won K. Ng
Clark Nichols
Mr. and Mrs. Richard S. Nichols
Edward Niemann, Jr.
Ravi Nigam
Motonao Niizuma
H. Nishihara
Toshio Nishikawa
Takao Nishitani
R. Eugene Nix
Robert B. Nourse
Donald W. Novotny
Anton S. Noz
Paul C. Nurches
Larry E. Nutting
Fred L. Nylander
Timothy W. Oakley
Penelope J. O'Connor
Marjorie P. Odle
John T. O'Donnell
Olufemi A. Odunjo
Satoru Ohta
Yasumitsu Okabe
Masaji Okada
Toru Okumura
Seymour Okwit
John L. Oldenkamp
Michael D. Oliver
Melvin I. Olken
Richard E. Olney
Anders Olsson
Robert J. O'Malley, Jr.
Harrison B. Omozokpia
Morio Onoe
Morry Oppenheim
Angelo F. Orazio
Gordon T. Orr
Michael R. Osborne
Robert L. Osborne, Ph.D.
Karle S. Packard, Jr.
Carmine N. Pagano
Gerald Page
Daniel R. Paige
James M. Palmer
Gary M. Palter
Thomas A. Panfil
Barry M. Pangrle, Ph.D.
Frank R. Paolini
Leonello Paoloni
Kostoula Papakonstantinou
Dr. Joseph A. Paradiso
Edward C. Park, Jr.
John S. Parkinson
Gerhard F. Paskusz, Ph.D.
Nick W. Patapoff, Jr.
Jay T. Patchell
Donald A. Patterson
W. A. Patterson
David R. Payne
Alan B. Peabody, Ph.D.
Don E. Peck

Joseph A. Pecon, Jr.
Christopher D. Pepe
F. L. Perez-Bracetti
Robert E. Perliss
George J. Peroni
Lloyd J. Perper
Robert G. Pessler
Wayne A. Peterson
Bernard L. Peuto
James R. Pfafflin
Bernard L. Pfefer
Wayne Pfeiffer
Darcy E. Phillips, Jr.
Timothy Piekarski
Paul R. Pierce
Ray G. Pillote
Jaime C. Plana
Joseph B. Platt
Roland Plottel
Raymond V. Pohl
Philip R. Poling
Carlos Pomalaza, Ph.D.
James H. Pomerene
William R. Pond
Donald N. Pontsler
Ernst Popke
Vincenzo Positano
Neils R. Poulsen
Edward U. Powell
John H. Powers
Harold W. Prai
Lee M. Pratt
James E. Pressey
J. Henry Primbsch
J. F. Prorok
Milton Punnett, PE, Ph.D.
Hans B. Puttgen
Thomas J. Quinlan
Walter P. Quintin, Jr.
A. D. Rabinowitz, Ph.D.
Robert E. Ralstin
Sridhar Ramachandran
Delvan A. Ramey
Shrikant T. Ranade
R. M. Rasmussen
James C. Rautio
Zvi Ravia
Gordon H. Raymond
R. V. Rebbapragada
Eberhardt Rechtin
Jack D. Rector
John M. Reddington
Earle B. Reese
Philip J. Reich
Paul F. Reimel
Alvin Reiner
Irving Reingold
Julian Reitman
Robert J. Renfrow
John J. Renner
Max L. Reuss
Francesco Ricci
Chester T. Rice
Marvin O. Richter
Herbert H. Rickert
Christopher O. Riddleberger
Charles Riedesel
Robert L. Riemer

DONORS



IEEE History Center

12

DONORS
Anthony L. Rigas
Marc L. Rigas
Peter J. Riley
Kathryn J. Rinehart
Kent A. Ringo
Marlin P. Ristenbatt, Ph.D.
Curtis A. Ritchie
John D. Robbins
J. Robert
John R. Roberts
Kelly S. Robinson, Ph.D.
Lloyd A. Robinson
Frank F. Robison, Jr.
J. Spencer Rochefort
Craig A. Rockenbauch
Juan V. Rodriguez
William E. Romans
Hugh C. Ross
Paul A. Rota
Milton Rothstein
Rodney S. Rougelot
Paul R. Rousseau, Ph.D.
Charles A. Rousselet
Thomas E. Ruden
Milton Ruderman
Robert W. Ruedisueli
Guy H. Ruggles, Jr.
Anne Rumfelt
Edward A. Rutkowski
John F. Rutter
R. D. Ryan
William Ryan
Richard M. Ryde
H. Ryser
Roland J. Saam
Gilbert F. Sacco
J. Sada-Gamiz
Janet R. Saffer, Ph.D.
Mary A. Sager
Thomas Y. Sakaguchi
Waichi Sakamae
George E. Saltus
Stefano Salvatori
Ruben Sanchez
James J. Sanders
John R. Sanford
G. G. Santaella
Ralph P. Santoro
Eugene W. Sard
Winslow L. Sargeant
Hajime Sasaki
Henry E. Sauer
Franklin J. Sazama
R. E. Scarbrough
David H. Schaefer
George E. Schafer
Lee M. Schaff
Norman Scheinberg
Frank Schimmel
Max J. Schindler
Frank E. Schink
Kurt Schlacher
Robert L. Schneider
Sol Schneider
Howard W. Schoenduve
Lawrence C. Scholz
W. W. Schramm
Walter Schreuer

Joseph J. Schroeder, Jr.
Ronald B. Schroer
Herman P. Schwan
Richard F. Schwartz
Ralph J. Schwarz
Hugh L. Scott
Norman R. Scott
David A. Seamans
Robert C. Seay
Stephen A. Sebo
Richard E. Seely
Tadashi Sekiguchi
Samuel Sensiper
Elias G. Sevilla
Colin J. Seymour
Mario Sforzini
L. Dennis Shapiro
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ELECTRICAL TECHNOLOGIES IN THE MOVIES

In 1842, just a dozen years after the opening of the first pub-
lic steam-powered railway, Robert Davidson demonstrated a 
battery-driven electric locomotive on the Edinburgh-Glasgow 
line.  It proved, though, too expensive for commercial use.  In 
1881 Werner von Siemens opened a public electric railway in 
Lichterfeld, near Berlin.  Siemens's train drew power from an 
electrified rail, and it was soon clear that this was too dan-
gerous for street railways.  However, in the next half dozen 
years two engineers in the United States, Frank J. Sprague and 
Charles Van Depoele, developed a practical and safe streetcar 
system, with power provided by an overhead wire.
 Because most cities already had horse-powered 
streetcar systems, it was relatively easy to adopt the new tech-
nology, and in the years 1888 through 1891 more than 100 
U.S. cities did so.  By 1902 ninety-four percent of urban transit 
lines in the U.S. were electrified, and in the mid 1930s about 
forty percent of the urban working class took the streetcar to 
work.  But in the 1930s and 1940s streetcars gave way to the 
automobile and, indeed, disappeared from almost all U.S. 
cities.  Fortunately we have movies to provide us a view of 
yesteryear's streetcar city. 
 The most famous streetcar may well be the one 
shown in the 1951 movie "A Streetcar Named Desire" based 
on the Tennessee Williams play.  One line of the New Orleans 
transit system was named Desire, after Desire Street, and in 
the movie we see a streetcar with this sign on front.  The most 
famous song about streetcars is probably "The trolley song", 
written by Hugh Martin and Ralph Bane and sung memo-
rably by Judy Garland in the 1944 Vincente Minnelli movie 
"Meet Me in St. Louis".  The most foolish way to ride a trol-
ley, on the top of the car, is demonstrated by Don Lockwood 
(Gene Kelly) in "Singin' in the Rain" (1952).
 Charlie Chaplin's last and perhaps best short-movie 
was "Pay Day" (1922).  In a long sequence it shows the Chap-
lin character trying to ride—overcrowding 
makes it difficult—and then finally riding the 
streetcar.  The Fred Astaire and Ginger Rogers 
movie "The Story of Vernon and Irene Castle" 
(1939) shows streetcars in use in New York City 
in 1911.  The trolleys of another part of the city 
are shown in the 1945 movie "A Tree Grows in 
Brooklyn"; from this movie we learn that it cost 
a nickel to ride the trolley, and doing so was 
regarded as a luxury, at least for children.  The 
very recent movie "Bobby Jones: Stroke of Ge-
nius" shows the streetcars of Atlanta in about 
1918.  We can see Baltimore's trolleys in "Ava-
lon" (1990), where a streetcar comes off the 
tracks and crashes into a car, and in "Liberty 
Heights" (1999), where we are given a close-up 
of the overhead contact and of the wheels and 
brakes.

 The forerunner technology can be seen in many mov-
ies, such as the 1942 Orson Welles film "The Magnificent Am-
bersons" (1942), which shows a horse-drawn streetcar in use 
in the 1870s, and "Hello, Dolly!" (1969), which shows horse-
drawn trolleys in New York City in 1890.  In the "The Great 
Jasper" (1933) the main character, at the beginning of the 20th 
century in New York, drives a horse-drawn trolley at the time 
it is being replaced by an electric system.  Half a century later, 
the trolley system of Los Angeles was being decommissioned.  
In the 1988 movie "Who Framed Roger Rabbit" this is present-
ed as the result of a conspiracy among automobile interests; 
the down-at-the-heels private eye Eddie Valiant, after hitch-
ing on a ride on the back of a trolley, comments "We've got the 
best public transit system in the world."
 In many foreign cities the streetcar systems have re-
mained in heavy use for more than a hundred years.  Particu-
larly good depictions are in "Temptress Moon" (1996), which 
shows Shanghai streetcars in the 1920s, and "The Pianist" 
(2002), where we see Warsaw streetcars during World War 
II.  In Luis Buñuel's 1954 movie "Illusion Travels by Streetcar" 
("La ilusión viaja en tranvía"), two transit workers, learning 
that their favorite streetcar is to be decommissioned, take the 
car out for an all-night and all-day final trip around Mexico 
City.  The main character of "Black Orpheus" (1959) is a street-
car driver in Rio de Janiero; we see him at work and at the 
end of the day, when he disengages the pantograph from the 
electric lines.
 As always, we would be grateful for reports from 
readers of other interesting cinematic depictions of streetcars.  
You may contact us at ieee-history@ieee.org.

STREETCARS
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The History of the La-
ser might be more aptly 

titled, the history of light and the physics 
of light.  The first 175 of  the 295 pages 
of text cover the history of the study of 
light, beginning with the theories of the 
Greek philosophers, and progressing 
through Newton, Maxwell, spectros-
copy, quantum physics, microwaves, 
Einstein, atomic clock, the book lays the 
foundations for the reader to understand 
some very complex physics which are 
fundamental to how a laser works.  
 Having laid the foundation for 
the theory of the laser, Bertolotti de-
scribes the history of the maser and la-
ser from Charles Townes’ seminal paper 
which led to the building of the maser, to 
the gains in operating temperature, min-
iaturization, and operating life which al-
lowed lasers to become practical compo-
nents in communication, medicine, and 
entertainment.
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This is a well-written scholarly review of 
the history of communications from pre-
history to the 1940s.  The text is divided 
into 23 chapters, most of them devoted to 
a particular technology, such as subma-
rine telegraphy and maritime wireless 
telegraphy.  An opening chapter surveys 
telecommunications in the ancient world.  
After a chapter on the visual telegraph, 
three chapters tell the story of the electric 
telegraph.  There follow chapters on the 
telephone, visual communications, im-
ages by wire, and early attempts at televi-
sion.  The remaining 14 chapters concern 
mainly radio and television, with par-

ticular attention to the development of 
television in the 1920s and 1930s.  There 
is a chapter on long-distance telephony, 
including the development of shortwave 
beam systems.
 The book is handsomely pro-
duced.  A lively writing style, abundant 
biographical information, and the inclu-
sion of interesting facts make the book 
a pleasure to read.  There are numerous 
well-chosen illustrations.  The sources of 
information, both primary sources, such 
as patent records, and secondary sources, 
are referenced as endnotes to each chap-
ter.
 Russell Burns worked for the 
Royal Naval Scientific Service and has 
held academic appointments at several 
institutions in the UK and other coun-
tries.  For more than 30 years he has been 
researching and writing about the histo-
ry of electrical engineering.  This is vol-
ume 32 in the IEE History of Technology 
Series, and it is the fifth in the series that 
Burns has contributed.

Available from Institution of Electrical 
Engineers, London, www.iee.org, pa-
perbound, ISBN 0-86341-330-7, xi + 639 
pp., index.

FINN, CHRISTINE A., 
Artifacts:  An Archae-
ologist’s Year in Silicon 
Valley, MIT Press, Cam-
bridge, Mass., 2001.

Christine Finn, archae-
ologist and journalist, has 

written a personal account of time spent 
with the high-tech denizens of Silicon 
Valley just prior to, and during, the burst-
ing of its economic bubble.  Although the 
journalistic approach is emphasized over 
the archaeological one (despite the sub-
title), some important points are made 
about the relationship between material 
culture and society.  It is explicitly not a 
history of the computer, but the reader 
will encounter some important figures in 
the development of modern information 
technology.  The most interesting chap-
ters concern amateur collectors who are 
attempting to preserve objects from the 
past (the artifacts of the title) in a field 
that values constant change and new-
ness.

Available from The MIT Press, Massa-
chusetts Institute of Technology, Cam-
bridge, MA 02142 USA, +1 800 405 1619, 
http://mitpress.mit.edu, $50.00, hard-
cover (also available in paper), 288 pag-
es, illus.

HUGHES, THOMAS P., 
Human-Built World:  
How to Think about 
Technology and Culture, 
University of Chicago 
Press, Chicago, 2004.  

Thomas Hughes is a 
scholar who is one of the founders of 
the history of technology as an academic 
discipline, and who has been a seminal 
presence in the history of electrical tech-
nology within that field (serving, among 
other capacities, as a member of the IEEE 
History Committee).  Now, among other 
titles, Mellon Professor Emeritus in the 
Department of the History and Sociol-
ogy of Science at the University of Penn-
sylvania, Hughes has summarized his 
vast experience in the field of the history 
of technology into a thought-provok-
ing, book-length essay.  The book covers 
Western society rather than global tech-
nology, and it focuses on the emergence 
of large-scale technological systems in 
the past two centuries, but it is still amaz-
ing for its breadth of coverage.
 Every discipline that has consid-
ered the social nature of technology, from 
anthropology and literature to sociology 
and economics is woven into a seamless 
vision of the nature of the human con-
dition.  Sources range from Toynbee’s 
Study of History to the Disney movie 
“Toy Story.”  To Hughes, humans are a 
unique species whose creative urge com-
bines with physical need to cause us to 
build the world around us, rather than to 
be built by it.  Anyone with an interest in 
technology and society or the history of 
technology—which should be all of the 
subscribers to this newsletter—ought to 
read this engaging work.

Available from The University of Chi-
cago Press, 1427 E. 60th Street, Chicago, 
IL 60637 USA, +1 773 702 7700,  http://
www.press.uchicago.edu, $22.50, 
hardcover, ISBN 0-226-35933-6, 223 + xii 
pages, 42 illus.
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IEEE MILESTONES

The last three months of 2004 were an especially active time 
for IEEE Sections commemorating their electrical heritage.   
On 1 October, the IEEE Boston Section commemorated the 
first municipal electric fire alarm system to use call boxes 
with automatic signaling to indicate the location of a fire.  In-
vented by William Channing and Moses Farmer, and placed 
in service on 28 April 1852, this system was highly success-
ful in reducing property loss and deaths from fire.  The first 
alarm was received over the system on 29 April, 1852 at 8:25 
p.m.

The following day, 2 October, the IEEE Berkshire Section 
commemorated William Stanley’s system for providing 
electrical illumination using alternating current with trans-
formers to adjust voltage levels of the distribution system.  
Stanley’s system began providing electricity to the offices 
and stores along Main Street in Great Barrington, Massachu-
setts, U.S.A. on 20 March 1886.

The IEEE Boston Section celebrated a second milestone on 
10 November, commemorating the first citywide electric 
traction for a large-scale rapid transit system.  Safe, econom-
ically viable, and reliable electric power for Boston's rapid 
transit was provided by the West End Street Railway Com-
pany, beginning in 1889. The company's pioneering efforts 
provided an important impetus to the adoption of mass 
transit systems nationwide.

On 25 November 2004, the IEEE Tokyo Section dedicated a 
milestone for the first quartz wristwatch to be made avail-
able for sale to the public. Accurate to within five seconds 
per month, the Seiko Quartz-Astron 35SQ was introduced 
in Tokyo on 25 December, 1969. 

RECENT IEEE MILESTONE DEDICATIONS


