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ABSTRACT

A Medal of Honor is
awarded each year by
the Institute of Electri-
cal and Electronics En-
gineers (IEEE). Itisthe
highest international
award specifically recog-
nizing accomplishments
in the fields of electron-
ics and electrical en-
gineering. Edwin H.
Armstrong was the first
recipient of the Medal
in 1917 when it was ini-
tially established by the
Institute of Radio Engi-
neers (IRE). The Medal
quickly gained stature,
and its distinguished
recipients include the
most important con-
tributors to electrical
science and technology.
In 1963, the IRE merged
with the American Insti-
tute of Electrical Engi-
neers (AIEE) to form the
IEEE. Since that time,
the Medal of Honor has
been administered by
the IEEE as its highest
award.

This article describes
the history of the Medal
of Honor and its rela-
tionships to other key
scientific and technical
awards, including the
IEEE’s Edison Medal,
the Nobel Prize and the
Radio Club of America’s
Armstrong Medal.

Bart & Bart

The Origins of the Institute
of Electrical and Electronics

Engineers’ Medal of Honor
©2011 David Bart & Julia Bart

The Institute of Electrical and Electronics
Engineers (IEEE) is the world’s largest technical
society with approximately 400,000 members
in 150 countries. The Medal of Honor is the
IEEE’s most prestigious award for meritorious
accomplishments in the fields of electronics
and electrical engineering. Since 1917, the most
important contributors to these fields have re-
ceived the Medal in recognition of their critical
roles in laying the foundations of the modern
electric world. This article presents the story
of the Medal, its origins, connections to other
major awards, and its legacy of honor.

FIRST PROFESSIONAL ASSOCIATIONS

By the mid-1850s, electricity had made its
grand entrance into society. The technology for
employing electrical telegraph communications
was developing rapidly following the work of
Charles Wheatstone and Samuel F.B. Morse.
Indeed, this technology was now nearly twenty
years old. The joint American and British ef-
fort to span the Atlantic with a telegraph cable
was currently underway. Clocks coordinated
by telegraph were being used to standardize
time management and schedule the railroads.
Burglar alarms and electric elevators were on
the horizon, and new uses for electricity were
being developed daily (Century of Electricals,
1984; Ryder & Fink, 1984).

Prior to 1860, most scientific and techni-
cal information was disseminated through the
publications of learned societies, books and
privately published letters, correspondence
and pamphlets. The most respected scientific
journals were “refereed” by the British Royal
Society (Barton, 1998). The rapid growth of
telegraphy and new applications of electricity
further stimulated demand for sharing more
information in an organized and timely man-
ner. Soon, new technical journals emerged to
bridge the gap between scientific discoveries
and their engineering applications. The Elec-
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trician began publication in 1861,
and The Telegraphic Journal was
published weekly from 1861 to 1899
when it was renamed The Electri-
cal Review.! The British telegraph
industry was particularly driven by
the influence of Sir William Thom-
son (later known as Lord Kelvin)
and its many renowned electrical
engineers. They created demand
for, and organized, the first pro-
fessional societies and journals
specifically catering to the electrical
sciences. With the success of the
1866 Atlantic Cable, most scientific
and popular magazines or journals
carried articles about submarine
telegraphy (Barton, 1998).
Between 1870 and 1890, pro-
fessional, technical and academic
societies were helping to facilitate
greater communication and the
direct exchange of knowledge and
ideas in many fields (Frary, 2008).
Thomson worked to establish a
dedicated technical society and cor-
responding journal that catered to
the unique interests of telegraphers
and electrical engineers. In 1871,
he became a founding member and
the first vice-president of the new
British Society of Telegraph Engi-
neers (BSTE). Thomson regarded
the society as a vehicle that would
bridge the gap between theory and
practice in the electrical sciences
by providing a place for organized
cooperative discourse on topics
of common interest. The BSTE
was the first professional society
focused specifically on the new sci-
ence and technology of electricity.?

AMERICAN INSTITUTE OF

ELECTRICAL ENGINEERS
The Americans were not far
behind their British counterparts.®
Beginning in the 1860s, new Amer-
ican publications emerged that pro-
vided a platform for telegraphers
and electrical workers to share in-
formation. The National Telegraph
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Union founded The Telegrapher in
1864. The Operator was founded
in 1874, and the Journal of the
Telegraph was founded by Western
Unionin 1877. Unlike their British
colleagues, American telegraphers
were not heavily involved in the
creation of submarine cable tele-
graph systems. Therefore, they
were less interested in creating a
“science” of electricity based on
the laws of induction. Instead,
the Americans were driven by
practical experience and a spirit of
invention. Nevertheless, American
telegraphers increasingly sought
a formal means to communicate
scientific and technical discoveries.
Many Americans were members
of the BSTE, but they needed a
society of their own. The Ameri-
can Electrical Society was founded
in 1875; but it, and a number of
smaller societies that followed, did
not survive the decade (McMahon,
1984; Israel, 1992).

By 1880, advanced automated
technologies were being applied to
telegraphy, and the telephone was
making inroads into the commu-
nication field. The Civil War was
a distant memory, and the nation
was united by the trans-continental
telegraph and the trans-continental
railroad. Thomas Edison had in-
stalled the world’s first central sta-
tion for electric power generation
in New York City, and electric light-
ing was beginning its march across
the country. The industry’s leading
professionals soon made two more
attempts to form a national society
for electricians; founding the New
York Electrical Society in 1881 and
the Franklin Institute’s electrical
section in 1882. (McMahon, 1976;
Israel, 1992).

The International Electrical
Exhibition hosted by The Franklin
Institute was scheduled to take
place in Philadelphia in September,
1884. Nathan S. Keith, an inventor
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An American Institute of Electrical Engineers.

‘We give below the ‘“call” that has been issued for the
purpore of establishing a national electrical society to
which it is suggested to give the name of the ‘* American
Institute of Electrical Engineers.” We print also the names
of the electricians and capitalists and others prominently
connected with electrical enterprises, who have already
given their hearty adhesion to the project :

The rapidly growing art of producing and utilizing elec-
tricity has no assistance from aby American national scien-
tific society. There is no legitimate excuse for this implied
absence of scientific interest, except it be the short-sighted
plea that every one is too busy to give time to scientific,
| practical and social intercourse, which, in other professions,
have been found so conducive to advancement.

The American Societies of Civil. Mechani¢al and Mining

Fig. 1. Nathaniel Keith’s “Call” to Organize the AIEE
from Electrical World April 5, 1884. (IEEE Global,
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Institute of Electrical
Engineers (AIEE).*
The first technical

. session of the newly

formed AIEE was held
at The Franklin Insti-
tute during the ten day
Exhibition. By far,
the largest numbers
of new members were
inventor-manufac-
turers and corporate
managers, but electri-
cal engineers, electri-
cians, professors and
instructors were well
represented. Nine fu-

2011d.)

and electrometallurgical engineer,
wanted American professionals
to form their own organization
so that they could participate in
the Exhibition on an equal foot-
ing with their international peers.
Keith, along with Thomas Edison,
Elihu Thompson, Edwin Hous-
ton, Edward Weston and twenty
other prominent leaders in the
American electrical sciences, issued
three published “calls” to create
a national organization. Their
calls noted that the Philadelphia
Exhibition would be attended by
numerous “foreign electrical sa-
vants, engineers, and manufactur-
ers” and that “it would be a lasting
disgrace to American electricians
if no American electrical national
society was in existence to receive
them with the honors due them
from their collaborators in the
United States” (McMahon, 1984;
Reiman, 1984). Keith organized a
formal meeting on May 13, 1884 at
the American Society of Civil Engi-
neers (the oldest American profes-
sional society founded in 1852) to
“unite those involved in the art of
producing and utilizing electricity”
(Century of Electricals, 1984). The
attendees drew up a charter and
named themselves the American

ture presidents of the

AIEE were among the Exhibition’s
eighty-nine American representa-
tives (McMahon, 1976 & 1984).

Over time, the AIEE would de-
liver adistinguished group of presi-
dents including Alexander Graham
Bell, Charles Proteus Steinmetz,
Schuyler S. Wheeler, Dugald C.
Jackson, Michael I. Pupin and Titus
G. LeClair (IEEE Global, 2011f).
Although early topics included
telegraph and telephone commu-
nications, the challenges of electric
power generation and the design
of electric motors soon dominated
the interests of the AIEE. The
standardization of electrical units,
definitions and nomenclature were
also top priorities. Edison’s legend-
ary battle with Nikola Tesla and
George Westinghouse regarding
alternating versus direct current
technologies grabbed headlines
and fostered scientific research.
Increasingly, communications
technology was relegated to a sec-
ondary concern of the society (see
Note 3).

THE FIRST WIRELESS

ASSOCIATIONS
The science and technology
of wireless telegraphy traces its
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INTERNATIONAL

cA

Fig. 2. International Electrical Exhibition Broadside for the POSitions.
First Electrical Exhibition in America. (Century of Electricals,

1984.)

roots to the experiments of Oliver
Lodge and Heinrich Hertz and
to Guglielmo Marconi’s develop-
ment of a working system in the
late 19" century. Professional
engineers, amateur experimenters
and academic scientists raced to
claim new inventions and discov-
eries that would enable the new
technology to succeed. But, the
technology underlying wireless
involved the use of many more
scientific and theoretical concepts
than land-line telegraphy. Limited
practical approaches once used to
propel the growth of the telegraph
industry were no longer robust

210 AWA Review

enough to meet
these new chal-
lenges. Univer-
sity trained engi-
neers, academic
scientists and
advanced ama-
| teurs with spe-
cialized interests
soon dominated
early progress in
* the field. Appli-
cations of engi-
neering theory,
rather than prac-
tical mechanical
expertise, were
=% now playing the

§ key role (McMa-
M hon, 1984; Isra-
i el, 1992). This
was seen in the
| AIEE’s leader-
ship which, by
& 1900, was domi-
nated by corpo-
rate electrical
engineers and
no longer had
4 manufacturers
in leadership
Ten
years later, over
85% of AIEE’s
leadership were

directly employed in the electrical
industry or were consultants for
large companies, and the need for
college training was indisputable
(McMahon, 1976).

Demand for professional as-
sociations dedicated to radio and
wireless communications could
have provided the impetus for
change within the AIEE. But,
given the AIEE’s focus on electri-
cal power generation, and its lack
of emphasis on communications
technology, a new association
would have to satisfy the grow-
ing demand by professionals for a
society that was relevant to their

1934




interests. Even at a time when
companies were intensely competi-
tive and protective of their tech-
nological secrets, professionals
still needed a place to share ideas
and to learn from one another
(Proceedings, 1952; Whittemore,
1957). In 1912, the Institute of
Radio Engineers (IRE) became the
premier professional organization
satisfying this demand. Itsroots lie
in the consolidation of two smaller
predecessor organizations, the
Society of Wireless Telegraph En-
gineers (SWTE) and The Wireless
Institute (TWI).5

SWTE was founded in Boston
on February 25, 1907 by John
Stone Stone® with eleven members
of the engineering staff of Stone
Wireless Telegraph Company and
its successor the Stone Telegraph &
Telephone Company (collectively,
“STTC”).” At the outset, SWTE
provided a forum for STTC’s staff
to read and discuss technical pa-
pers, focusing on “the mathemati-
cal treatment of wireless problems”
in order that the engineers might

Fig. 3. John Stone Stone, Founder of
the Society of Wireless Telegraph En-
gineers. (IEEE Global History, 2010b.)

Bart & Bart

“speak the same language” (Clark,
1946). All employees who were not
out of town were required to at-
tend. John Stone was SWTE’s first
President. The SWTE published a
small booklet in 1908 outlining its
aims, membership and manage-
ment. Membership soon expanded
to include “the technical staff of
any wireless telegraph or wireless
telephone company, or a wireless
telegraph engineer” (Clark, 1946)
Notably, the membership included
Reginald Fessenden’s National
Electric Signaling Company (NE-
SCO). Lee de Forest and then
Fritz Lowenstein succeeded Stone
as President. SWTE’s goal was to
help “crystallize” ideas and to share
information about the work being
performed (Clark, 1946). Although
SWTE did not publish proceedings,
or a journal, it did share scientific
papers among its members. Asan
organization, it remained more of
a club and discussion group than
aprofessional society (see Note 5).

TWI was the first truly profes-
sional organization dedicated to

Fig. 4. Robert H. Marriott, Founder
of The Wireless Institute and First
President of the IRE. (IEEE Global
History, 2010c.)
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radio-telegraph communications.
On May 14, 1908, Robert H. Mar-
riott, then the Assistant Scientific
manager of the United Wireless
Telegraph Company, issued a cir-
cular soliciting some 200 people
regarding their interests in form-
ing a professional society focused
onradio engineering.® Discussions
and inquiries continued across the
summer. Finally, on January 23,
1909, Marriott formed TWI with
fourteen members and was elected
as itsfirst President. He remained
its president through 1912. TWI
was dedicated to the new fields
of wireless communications and
radio engineering. By design,
TWI was modeled after AIEE, but
sought an international member-
ship. Given the larger number of
wireless operators and radio engi-
neers in New York City compared
to Boston, TWI soon became a
much more active organization

than SWTE.®* TWI published the
first dedicated professional journal
in the wireless engineering field
known as The Wireless Institute
Proceedings (see Note 5).

In 1910, just two years after
organizing the SWTE, the Stone
businesses ceased operation. In
the meantime, NESCO relocated
to Brooklyn, effectively moving
a significant share of SWTE'’s
membership away from Boston
(see Note 9). Coincidentally,
Fessenden became involved with
the newly formed Radio Club
of America (RCofA) as its first
Consulting Engineer (see below).
TWI lost a significant number of
members following the July, 1911
collapse of New York based United
Wireless Telegraph Company, then
the largest wireless company in the
U.S. (Clark, 1942). The financially
strapped TWI was soon struggling
to pay its debts and was placed into

212 AWA Review

Fig. 5. IRE Dinner at Luchow’s Restaurant in New York City in 1915.(IEEE
Global History, 2011b.)



receivership (see Note 5).
INSTITUTE OF RADIO

ENGINEERS

In 1912, Marriott, on behalf of
TWI, and Alfred N. Goldsmith?°
and John V.L. Hogan*, on behalf
of SWTE, met informally to review
the fate of both organizations. On
May 13, 1912, TWI*? and SWTE®
gathered at Columbia University
in New York City and approved the
constitution of a new consolidated
organization, the Institute of Radio
Engineers (IRE). The creation of
the world’s first professional as-
sociation of radio engineers came
just a few weeks after the historic
sinking of the RMS Titanic on April
14,1912. Radio signals carried the
distress calls that saved more than
700 lives in the tragedy, and radio
was now a hot topic (New York
Times, 1942). Efforts to form a
new independent professional
society serving radio engineers cul-
minated on August 23, 1913 when
IRE incorporated under the laws
of New York. Marriott became the
first President. Ironically, AIEE
had finally authorized creation of
a Radio Transmission Committee
the same month, but it was too lit-
tle, too late. The first IRE meetings
were held at Sweet’s Restauranton
Fulton Street in New York within
blocks of at least ten prominent ra-
dio companies. Membership in the
new IRE quickly grew from 46 in
May, 1912 to 231 by January, 1914.
By the next year, 83 members were
registered from foreign countries
(see Notes 5 & 9).

The IRE’s goals included both
the presentation and preserva-
tion of technical papers. This led
to publication of the Proceedings
of the IRE beginning in January,
1913. The IRE’s structure and
organization were based on TWI,
which had itself followed the AIEE
model; but, as with TWI, IRE’s
membership was, by design, in-

Bart & Bart

ternational in scope, rather than
principally American. The orga-
nization’s new emblem featured
the IRE’s initials, representing the
mathematical symbols for current,
resistance and electromotive force,
placed within a triangle, together
with a symbol for electrical and
magnetic forces. The IRE now
stood completely independent of
AIEE, focused on electronics and
electrical communications.
Over the next fifty years, the
IRE expanded to ninety countries.
By December, 1961, the IRE had
96,551 members. A list of its offi-
cers isawho’s who of the electron-
ics communication field. IRE past
presidents include such notables as
Greenleaf W. Pickard®, Arthur E.
Kennelly, Michael 1. Pupin, Ernst
F.W. Alexanderson, Alfred N.
Goldsmith, Lee de Forest, C. Stu-
art Ballentine and L.A. Hazeltine
(Whittemore, 1957 & 1962).

IRE’'S MEDAL OF HONOR

By 1917, the IRE had more than
1,000 members and had become
the leading technical and scientific
society in the wireless field with
major sections located in New
York, Washington, Boston, Seattle
and San Francisco (Wireless Age,
1917a).

Professional medals of recog-
nition and accomplishment were
now well established among en-
gineers and academic scientists.
The AIEE’s Edison Medal and the
John Fritz Medal were regularly
presented and were more than a
decade old (see below). Yet, the
community of electrical specialists
interested in communications had
no award of its own. On February
15, 1917, the IRE established its
own medal to recognize the promi-
nent advances made in radio-
telegraphy and radio-telephony
(Proceedings, 1919a).

The IRE announced the cre-
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ation of its new award in May,
1917. The candidates were to be
named annually at the April IRE
meeting as the person(s) who, dur-
ing the prior two calendar years,
made public the greatest patented
or unpatented advance in radio
communication. The advance
was to be publicly and completely
described in a scientific or en-
gineering journal of recognized
standing, and it was required to
be operational. Preference was
given to widely adopted devices or
explanations of previously unex-
plained phenomena accompanied
by rigorous analytical treatment
of the subject. The advance or the
explanation had to be relevant to
the art of radio communication,
such as patented or unpatented
inventions, scientific analysis or
explanation, and it could extend
to a system of traffic regulation or
control, a system for administra-
tion of radio companies or even
legislative programs. A “Board of
Direction” called upon IRE mem-
bers for suggested candidates and
then nominated up to three eli-
gible candidates by the April IRE
meeting. The award recipient was
then selected by majority vote of
the Board of Direction during the
four weeks following the April IRE
meeting. The official presentation
of the medal was scheduled to oc-
cur at the subsequent May or June
meeting.®

Two years later, the rules
changed, eliminating the time
period for the production and
publication of the medal candi-
date’s advancement. Recipients
could now be awarded the medal
regardless of when they performed
or published their work (Proceed-
ings, 1919a & b).

A DESIGN FOR THE MEDAL
The IRE awarded the task of de-
signing its medal to the well known

214 AWA Review

sculptor Edward Field Sanford, Jr.
of New York. Sanford was born
in New York in 1886. He studied
at the Art Students League and
the National Academy of Design
in 1907 and 1908, and attended
the Academie Julian in Paris and
the Royal Academy in Munich.
Sanford’s best known works in-
cluded the Charles Francis Adams
Memorial at Washington and Lee
University in Lexington, Virginia,
and the two colossal bronze groups
for the Core Mausoleum in Nor-
folk, Virginia. Sanford was at the
forefront of a new movement in
American art during the 1920s that
supported large public sculpture.

Fig. 6. The Medal of Honor Beginning
1917. (Wireless Age, 1917a.)

He later produced many colossal
Gothic figures and bronze facades
for power companies, cemeteries
and court houses, as well as the
base panels of the New York State
Roosevelt Memorial. Sanford also
designed medallions and bronze
reliefs.”

Sanford’s design for the obverse
(face) of the IRE’s Medal of Honor
was inscribed with the words “In-
stitute of Radio Engineers” and
an allegorical representation of
electromagnetic waves interlinking
the magnetic and electric forcesin
space. The reverse (back) includes
a laurel wreath surrounding the
inscription “To____, In Recogni-
tion of Distinguished Service In
Radio Communication” followed
by the date (Wireless Age, 1917a;
Proceedings, 1919a).
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Fig. 7. Edwin H. Armstrong Explaining the Principles of Super-Regeneration
I

at a Meeting of the Radio
Circa 1923. (First Amateur, 1923.)

FIRST RECIPIENT OF THE

MEDAL OF HONOR

Due to the U.S. involvement in
World War 1, the IRE postponed
its presentation of the first Medal
of Honor, although the IRE did
announce it would be presented to
Captain Edwin H. Armstrong for
his work on receiving apparatus.
His selection was seen as an in-
spiration to amateur radio experi-
menters since “Mr. Armstrong’s
regenerative circuit was evolved
in his amateur days” (Wireless
Age, 1917b). The IRE postponed
the presentation of Armstrong’s
1917 Medal and did not award a
Medal of Honor in 1918 due to the
war. Finally, in April, 1919, the IRE
announced that Mr. (now Major)
Edwin H. Armstrong would receive
his 1917 Medal “in recognition of
his work and publications dealing
with the action of the oscillating
and non-oscillating audion” (Pro-
ceedings, 1919a).

ub of America at Columbia University in New York

EARLY CONFLICTS AND

CONTROVERSIES

The Medal of Honor has been
awarded annually since 1919 with
the exception of 1925, 1947, 1965
and 1976 (IEEE Website, 2011b).
Initsearly years, it was referred to
asthe “Gold Medal” of the IRE, and
itwas presented at a special dinner
event with multiple speakers and
an evening program (George H.
Clark Radioana, 1923). The ensu-
ing history of the Medal of Honor
includes legendary stories about
important award recipients and
major controversies.

Guglielmo Marconi’s well
known work in radio-telegraphy
laid many of the foundations of
wireless communication. The
IRE selected Marconi to receive
its third Medal of Honor in 1920.
The award was presented on June
20, 1922 to an audience of more
than 1,000 cheering radio scien-
tists and engineers. Marconi took
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PRESENTATION

OF

1923 GOLD MEDAL

OF THE

Fnstitute of Radio Engineers
TO
JOHN STONE STONE

Pust President andgFellow Instituie of Radie Engineers
Ploa: American Acudemy of Ans & Scemon
Fellow Ameraan Aviarsn for the

Advanecment uf Scirnee

Fig. 8. John Stone Stone Medal of
Honor Presentation Program for 1923.
(George H. Clark Radioana Collec-
tion, Smithsonian Institution, 1923.)

the opportunity to demonstrate
experiments in directional radio
signals and short wave transmis-
sion during his acceptance speech
(New York Times, 1922). He also
presented and later published “Ra-
diotelegraphy,” a sweeping history

of the early years of radio and his
own experimental work (Marconi,
1922). Thiswas actually Marconi’s
second visit to the U.S. On January
13, 1902, he was the guest of the
AIEE when he formally announced
to the scientific community his
historic trans-Atlantic broadcast
of the Morse code letter “S” across
the ocean on December 12, 1901.'8
Upon his receipt of the IRE Medal
in 1922, Marconi thanked his
American hosts for their “generous
encouragement and valid support
so heartily extended to me prac-
tically at the commencement of
my career, when perhaps | most
needed it” (Marconi, 1922).
Reginald Fessenden was award-
ed the fourth Medal of Honor
in 1921 for his landmark work
in radio. Known for his difficult
personality, Fessenden was deeply
suspicious. Fessenden had heard
that Marconi’s earlier medal was
made of solid gold, so he had his
own medal analyzed and discov-
ered it was an alloy, not pure gold.
Fessenden returned the medal to
the IRE and requested that his
name be stricken from the list of
award winners. Greenleaf W. Pick-
ard, aclose friend, investigated and
determined that both medals were

Fig. 9. Guglielmo Marconi’s 1920 Medal of Honor.(Museum of the History of

Science, University of Oxford, 2011a.)
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made of exactly the same compo-
sition. Only then did Fessenden
agree to take the medal back. His
award contains no citation or de-
scription of his contributions (Coe,
1996; IEEE Website, 2011b).

By 1934, Edwin Armstrong’s
twenty years of intense rivalry and
protracted litigation with Lee de
Forest, regarding the legal priority
to the regenerative circuit, came to
ahead. Aninitial case had been de-
cided by the U.S. Supreme Courtin
1928 in favor of de Forest. For the
firsttime in its history, the U.S. Su-
preme Court heard the same patent
litigation twice. In May, 1934, the
Court issued its final landmark
decision based primarily on the
dates of notes contained in various
laboratory notebooks. The Court
recognized that de Forest’s work
on feedback circuits, beginning in
August, 1912, preceded the work of
Armstrong. The Court also decid-
ed that de Forest’s work preceded
the claims of Irving Langmuir at
General Electric and Alexander
Meissner in Germany which had
been independently performed.
Although de Forest had essentially
invented a telephone circuit with
the potential for radio amplifica-
tion, and Armstrong had invented
his circuit specifically for radio, the
Court ruled in favor of de Forest.
Armstrong was devastated.®

On May 28, 1934 Armstrong
walked into the IRE’s ninth an-
nual convention, with nearly 1,000
members in attendance, intent
on returning the Medal of Hon-
or awarded to him in 1919. As
Armstrong began his composed
speech, Charles Jansky, Jr., IRE’s
President, addressed Major Arm-
strong directly from his chair,
“...by unanimous opinion of the
members of the Board, | have
been directed to say to you...that
the present Board of Directors,
with full consideration of the great
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value and outstanding quality
of the original scientific work of
yourself and of the present high
esteem and repute in which you
are held by the membership of the
Institute and themselves, hereby
strongly reaffirms the original
award, and similarly reaffirms the
sense of what it believes to have
been the original citation.””® The
meeting erupted into a standing
ovation reaffirming that, despite
the Supreme Court’s decision, to
the engineers, Armstrong was the
inventor of the regenerative circuit.
Thus, by the unanimous decision
of the Board, with many senior
representatives of AT&T and the
powerful Radio Corporation of
America in its ranks, the scientific
and engineering community issued
their definitive opinion that the
scientific credit for the invention
belonged to Armstrong. For his
part, Armstrong considered the
IRE’s Medal of Honor, bestowed
by his fellow radio engineers, to
be the highest honor he received
(Lessing, 1956; Lewis, 1991). With
tears in his eyes, Armstrong closed
his statements with “This is the
highest honor a radio engineer
can hold. | give you my heartfelt
thanks, and I assure you they come
from the bottom of my heart”
(Lessing, 1956).

AN EVOLVING RANGE OF

MEDAL WINNERS

In its early years, the Medal of
Honor was primarily awarded to
recognize achievements in the field
of radio. John A. Fleming received
the 1933 Medal “for the conspicu-
ous part he played in introducing
physical and engineering prin-
ciples into the radio art” (Brittain,
2007). Fleming’s contributions
included the two-element “Flem-
ing Valve” and over one hundred
technical articles and twenty-one
textbooks (Brittain, 2007). The
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1941 Medal was given to Alfred
N. Goldsmith, not only for his
contributions to radio research
and engineering, but for his lead-
ership in standardization and the
establishment of the Proceedings
of the IRE. Vladimir K. Zworykin
received the 1951 Medal for his de-
velopment of television and other
advances. The IRE made no com-
ment and simply sidestepped any
debate with Philo T. Farnsworth
over who was really responsible
for the invention of television. In
1954, William L. Everitt won the
award for his contributions to es-
tablishing electronics as a branch
of electrical engineering and his
leadership in the IRE (IEEE Web-
site, 2011b).

In 1963, the IRE merged with
AIEE, forming the IEEE (see
below). Although IEEE officially
commenced operations in 1963,
the awards committees for the
IRE and AIEE remained separate
that year due to delays in their
consolidation and the time needed
to meet the logistical requirements
of their awards processes. Two
candidates were selected for the

Fig. 10. Three Medal of Honor Win-
ners (L to R): John R. Pierce (1975),
Rudolf Kompfner (1973), and Harry
Nyquist (1960).(AT&T Archives. See
Gannett, 1998.)
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1963 Medal of Honor: George C.
Southworth, a research engineer
at Bell Telephone Laboratories,
renowned for his pioneering work
with waveguides, and John H.
Hammond, Jr., a prolific inventor
with more than 700 inventions,
including a remote controlled
boat, radio-controlled torpedoes
and radio directed missiles. The
proponents of the two candidates
refused to compromise. A sub-
sequent deadlock arose within
the new Board of Directors as it
struggled with setting the prece-
dent of IEEE’s new direction while
creating a broader scope for the
IEEE Medal of Honor. The Board
resolved the impasse by awarding
the 1963 Medal of Honor to both
candidates. It was the only time
that two Medals of Honor were
given in one year (Gannett, 1998).

After 1963, the range of recipi-
ents broadened to include subjects
beyond the original scope of the
IRE into areas that which were
formerly recognized by AIEE. The
awards now included new topics
such as mathematical theorists
(Claude E. Shannon in 1966), la-
sers (Charles H. Townes in 1967),
holography (Dennis Gabor in
1970), transistors (John Bardeen
in 1971), digital computers (Jay W.
Forrester in 1972), systems theory
(Rudolf E. Kalman in 1974), the
beginning of integrated circuits
(Robert N. Noyce in 1978) and the
discovery of magnetic resonance
imaging (Calvin F. Quate in 1988)
(IEEE Website, 2011b).

THE EDISON MEDAL
America had made significant
and society-altering contributions
to industrial technology in the
late 19" century, including electric
lighting, the telegraph, telephone,
electric railway transportation and
the phonograph. Thomas Edison
was a household hero and was



perhaps the most easily identified
public personality associated with
the development of electricity.

1904 was the 25" anniversary of
Edison’s invention of his incandes-
cent lamp. Samuel Insull, Charles
Batchelor and a group of Edison’s
friends, former employees and as-
sociates decided to commemorate
that anniversary on the occasion
of Edison’s birthday. They formed
the Edison Medal Association with
Samuel Insull (Chairman), Charles
Batchelor (Vice-Chairman) and
124 additional members includ-
ing J. Pierpont Morgan, Regi-
nald A. Fessenden, W.S. Mallory,
Frank J. Sprague and Nikola Tesla.
The group planned to name an
endowed academic medal after
Edison that would be awarded
through the AIEE, with AIEE act-
ing as trustee of the medal. The
medal was intended to “serve as an
honorable incentive to the youth of
Americato maintain by their works
the high standard of accomplish-
ment by the illustrious man whose
name and features shall live while
human intelligence continues to
inhabit the world” (Science, 1904).
While Edison’s anniversary cel-
ebration was a success, little prog-
ress was made on the actual design
or awarding of the Edison Medal.
After 1904, the initial excitement of
the Edison celebration faded, and
the medal languished (Bart & Bart,
2009 & 2010).

Bart & Bart

THE JOHN FRITZ MEDAL

Meanwhile, the John Fritz Med-
al, the highest American award in
the engineering profession, was
being presented each year. Es-
tablished in 1902, the Fritz Medal
recognized scientific or industrial
achievementin any field of pure or
applied science. Fritz had achieved
fame and recognition for his devel-
opment of American iron and steel
manufacturing. The medal named
in his honor was jointly estab-
lished on Fritz’'s 80™ birthday by
the American Institute of Mining
Engineers (AIME), the American
Society of Civil Engineers (ASCE),
the American Society of Mechani-
cal Engineers (ASME), and the
AIEE. Sponsorship eventually
included the American Association
of Engineering Studies (AAES) as
well.2

The first four Fritz Medals
were given to John Fritz (1902),
Lord Kelvin (1905), George West-
inghouse (1906) and Alexander
Graham Bell (1907) (John Fritz
Medal, 2009a). Thomas Edison
received the fifth Fritz Medal in
1908 for his “invention of the
duplex and quadruplex telegraph;
the phonograph; the development
of a commercially practical incan-
descent lamp; the development of
acomplete system of electric light-
ing, including dynamos, regulating
devices, underground system pro-
tective devices and meters” (John
Fritz Medal, 1910).

Fig. 11. Guglielmo Marconi’'s 1922
John Fritz Medal.(Museum of the His-
tory of Science, University of Oxford,
2011b.)

Fig. 12. The First Edison Medal
Awarded to Elihu Thomson in 1909.
(IEEE Global History, 2008: Images
410 & 535.)

Volume 24, 2011 219



The IEEE Medal of Honor

EDISON MEDAL BECOMES

AIEE’S HIGHEST AWARD

Finally, five years after the ini-
tial 1904 organization of the Edi-
son Medal Association, the Edison
Medal Awards Committee officially
named its first Edison Medal re-
cipient. Dr. Elihu Thomson was
cited for his “meritorious achieve-
ment in electrical science, engi-
neering and arts as exemplified in
his contributions thereto during
the past 30 years” (Edison Medal
Committee, 1910). Thomson'’s ac-
complishments were wide ranging
and internationally acclaimed. He
was also active in the AIEE.?? The
Edison Medal Association pre-
sented Thomson with a parchment
certificate constituting official
notice of the award at AIEE’s an-
nual dinner on February 24, 1910.
He received the Edison Medal at
AIEE’s annual meeting on May 17
(Edison Medal Committee, 1910).

Over the ensuing years, AIEE’s
focus remained on electric power
generation as demonstrated by
the following innovators of alter-
nating current technology who
received Edison Medals during
its first decade: Elihu Thomson
(1909), Frank J. Sprague (1910),
George Westinghouse (1911), Wil-
liam Stanley, Jr. (1912), Charles F.
Brush (1913), Nikola Tesla (1916)
and Michael | Pupin (1920) (IEEE
Website, 2009c).

TIES WITH THE EDISON

AND FRITZ MEDALS

Medal of Honor recipients are
well represented among the win-
ners of both the Edison Medal and
the Fritz Medal.

Of the 104 winners of the Fritz
Medal since 1902, six also received
the Medal of Honor. These include
Guglielmo Marconi [MOH 1920,
JFM 1923], Claude E. Shannon
[MOH 1966, JFM 1983], Robert
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N. Noyce [MOH 1978, JFM 1989],
George H. Heilmeier [MOH 1997,
JFM 1999] and Gordon E. Moore
[MOH 2008, JFM 1993] (John
Fritz Medal, 2009a; IEEE Website,
2011b).

Of the 98 recipients of the Edi-
son Medal since 1908, eight also
received the Medal of Honor for
their critical roles in developing the
science and technology underlying
radio and television communica-
tion. These include Edwin H.
Armstrong [MOH 1917, EM 1942],
Ernst F.W. Alexanderson [MOH
1919, EM 1944], Arthur E. Kennelly
[MOH 1932, EM 1993] and Vladi-
mir K. Zworykin [MOH 1951, EM
1952]. As communications tech-
nology advanced, four individuals
won both the Medal of Honor and
Edison Medal for their important
contributions to satellites, signal
processing, semiconductors, and
computer memory; including,
John R. Pierce [MOH 1975, EM
1963], Sidney Darlington [MOH
1981, EM 1975], Nick Holonyak,
Jr. [MOH 2003, EM 1989] and
Robert H. Dennard [MOH 2009,
EM 2001] (IEEE Website, 2009¢ &
20104, IEEE Edison Medal, 2009).

Columbia University’s legend-
ary Professor Michael I. Pupin
was the only person to receive all
three engineering awards. He re-
ceived the Edison Medal in 1920,
the Medal of Honor in 1924 and
the Fritz Medal in 1932.2 Pupin
was president of the IRE in 1917
and President of the AIEE from
1925-1926. He received the Edison
Medal “For his work in mathemati-
cal physics and its application to
the electric transmission of intel-
ligence,” and he received the IRE
Medal of Honor “In recognition of
his fundamental contributions in
the field of electrical tuning and
the rectification of alternating cur-
rents used for signaling purposes”
(IEEE Global, 2011l). He received



the Fritz Medal as a “scientist,
engineer, author, inventor of the
tuning of oscillating circuits and
the loading of telephone circuits
by inductive coils” (Electrical En-
gineering, 1932). In 1915, he was
made a Fellow of both the AIEE
and IRE. A student of Hermann
Von Helmholtz and Gustav Kirch-
hoff, Pupin was a highly regarded
scientist who was a mentor to
Nobel Prize winners Robert A. Mil-
liken and Irving Langmuir, as well
as Gano Dunn, Edwin Armstrong,
Alfred Goldsmith and the larger
community of radio engineers
(Architects, 1984; Brittain, 1999).

ASSOCIATIONS WITH THE

NOBEL PRIZE

The Nobel Prize, the world’s
highest award in science, has
many ties to the Medal of Honor.
The Nobel Prize was established
in 1895 by Alfred Nobel. Between
1901 and 2010 there have been
543 Nobel Prizes, including 104
in Physics and 102 in Chemistry
(Nobel Prize, 2011).

The winners of the Nobel Prize
in Physics include twenty-one
members of the IEEE and its
predecessors, the AIEE and IRE.
Two other IEEE members received
the Nobel Prize in Chemistry and
Medicine. Irving Langmuir, the
1932 recipient of the Nobel Prize
in Chemistry, was President of the
IRE in 1923 (Nobel Prize, 2011).

Seven recipients of the Medal of
Honor received the Nobel Prize in
Physics. Their work ranged from
radio wave propagation in the ion-
osphere, investigations in quan-
tum electronics, superconductor
superlattices, coding, and the in-
vention of the transistor; including
Edward V. Appleton [MOH 1962,
Nobel 1947], Nicolaas Bloember-
gen [MOH 1983, Nobel 1981], Leo
Esaki [MOH 1991, Nobel 1973],
Jack S. Kilby [MOH 1986, Nobel
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20001, William R. Shockley [MOH,
1980, Nobel 1956] and Charles H.
Townes [MOH 1967, Nobel 1964]
(IEEE Global History, 2009; IEEE
Website, 2011b).

The importance of developing
a system of wireless telegraphy
was considered so significant that
Guglielmo Marconi remains the
only person to have received the
Nobel Prize and two of the most
prestigious engineering awards.
He received the Nobel Prize in
1909, the Fritz Medal in 1923
and the Medal of Honor in 1920
(IEEE Global History, 2009; John
Fritz Medal, 2009a). Contrary to
popular misconception, Marconi
never received the Edison Medal
(IEEE Website, 2009c). Marconi
noted in his 1909 Nobel Lecture
that “Whatever may be its pres-
ent shortcomings and defects,
there can be no doubt that wire-
less telegraphy - even over great
distances - has come to stay, and
will not only stay, but continue to
advance” (Marconi, 1909).

TIES TO THE RADIO CLUB
OF AMERICA’'S ARMSTRONG
MEDAL

Edwin H. Armstrong played a
prominent role in linking profes-
sional electrical engineers and
amateur experimenters. The re-
cipients of IRE’s Medal of Honor
share a common history with the
Radio Club of America’'s Arm-
strong Medal.

The Radio Club of America
(RCofA) is the oldest radio com-
munications society in the world.
It was initially formed in 1907 as
the Junior Aero Club of the U.S.
On January 2, 1909, the club was
renamed the Junior Wireless
Club Ltd. reflecting its new focus
on wireless telegraphy and tele-
phony. On October 21, 1911, the
club changed its name to RCofA.
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Membership quickly grew to in-
clude amateur wireless operators
and professional radio engineers.
The word ‘club’ is actually a mis-
nomer, because RCofA operated
as a blend of professional society
and amateur experimenter’s asso-
ciation. RCofA effectively bridged
the gap between the amateurs and
professionals, but it remained a
smaller society promoting coop-
eration among those interested
in the advancement and study of
radio communications; versus
the orientation of the IRE and its
successors as large international
professional organizations.?*
RCofA’s focus was on experi-
mentation, and many seminal
papers were presented at RCofA’s
meetings that were later published
in the Proceedings of the RCofA.
Its membership included IRE
founders Marriott, Goldsmith and
Hogan as well as notable industry
leaders, including David Sarnoff
(Radio Corporation of America)
who was also Secretary of the
IRE from 1915-1917. Fessenden
was RCofA’s founding Consulting
Engineer, and Armstrong served
as President from 1916-1920. The

N, ‘ :

club’s membership is a digest of
communications visionaries who
advanced wireless technologies
and then two-way and amateur
radio; radio and television broad-
casting; paging, wireless voice,
data and messaging; and modern
cellular communications (see Note
24).

RCofA’s first major honor was
presented to its President, Edwin
H. Armstrong, on November 19,
1919, just months after he had re-
ceived the IRE’s Medal of Honor.
When Armstrong returned from
World War One, he was widely
heralded as one of the foremost
contributors to radio’s develop-
ment, and he was one of RCofA’s
pre-eminent members. RCofA
held a banquet at the Hotel An-
sonia to celebrate Armstrong’s
achievements in regenerative cir-
cuit design and his contributions
to the U.S. Army Signal Corps dur-
ing the war. The sixty-four guests
encompassed many IRE members
and its founders, including Hogan,
Goldsmith and Pupin as well as
George C. Clark and J. Andrew
White. RCofA did not conduct

another banquet until 1926 (Wire-

2 T
ALt S

Fig. 13. Radio Club of America Banquet to Honor Edwin Armstrong November

19, 1919.(Wireless Age, 1919.)
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Fig. 14. Radio Club of America Scroll
Dedicating the Establishment of the
Armstrong Medal.(Radio Club, 1959)

less Age, 1919; Radio Club 1934 &
1959).

RCofA’s first major award
was established in 1935 when
it inscribed a testimonial scroll
presented to Major Armstrong
dedicating an RCofA medal in his
name. The scroll was presented
to Armstrong following a special
reading by Armstrong of his pa-
per on Frequency Modulation on
December 19, 1935. Armstrong
was taken completely by surprise
(Radio Club, 1959).

RCofA’s Armstrong Medal was
subsequently designed by John

Roae Ol ot A
Lt Bt 51 Beroet
B b Seiener.

g priad

Fig. 15. Original Press Photographs
of the 1937 Radio Club of America
Armstrong Medal.(Katzdorn, 2011.)
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Vassos, W.B. Stevenson and J.P.
“Jack” Barnes. All three worked
for the Radio Corporation of Amer-
ica as artist/designers. The sculp-
tor was Harry Straubel.?® The
obverse (face) features a portrait
of Armstrong with his accomplish-
ments inscribed around the edge.
The reverse (back) names RCofA,
the Armstrong Medal and the re-
cipient. The reverse includes alle-
gorical representations of the earth
and planets joined by an electrical
charge between two coils.

Louis A. Hazeltine received the
first medal in 1937. Hazeltine had
been active in both IRE and RCofA
and was IRE’s President in 1936
(Radio Club 1959; Brittain, 1999).

RCofA’s Board of Directors
awards the Armstrong Medal to
candidates within RCofA’'s mem-
bership who have made an impor-
tant contribution to the art and
science of radio. The Armstrong
Medal is not awarded every year,
but only after careful consideration
of the candidate proposed by the
awards committee. All of the Arm-
strong Medals have been granted
to people who made contributions
in the fields of radio, television
and other communication media
(Radio Club, 2011a).

In October, 1950, a special issue
of the Proceedings of the RCofA
described in detail the December,
1921 successful transmission of the
first short wave radio signals across
the Atlantic Ocean by members of
RCofA and the American Radio
Relay League. This was a success
noted by amateur experimenters
who had made so many contribu-
tions in the early days of radio
and which again reflected Arm-
strong’s leadership. Armstrong re-
ceived the 1950 RCofA Armstrong
Medal for this accomplishment.?®
Armstrong and RCofA had again
brought together the amateur,
professional and scientific commu-
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Fig. 16. Professor Alan Hazeltine Receiving the First Armstron
John Miller President of the Radio Club Of America on Oct. 29,
Edwin H. Armstrong, Prof. Hazeltine, John Miller, Harry Sadenwater, George
Burghard.(Radio Club, 1959.)

nities in another radio first (Story,
1950; Radio Club, 2011a).

Out of the fourty-four recipients
of RCofA’s Armstrong Medal since
1935, six were Medal of Honor win-
ners. The Armstrong Medal was
awarded to two of IRE’s founders
who also administered the Medal
of Honor: Greenleaf W. Pickard
[MOH 1926, AM 1940] and John
V.L. Hogan [MOH 1956, AM 1947].
Other Armstrong Medal winners
included Melville Eastham [MOH
1937, AM 1956], Harold H. Bever-
age [MOH 1945, AM 1938], and
Harold A. Wheeler [MOH 1964,
AM 1964]. Armstrong’s long time
collaborator, Harry W. Houck?,
received the Armstrong Medal in
1941, but never received any other
major honors (Radio Club, 2011a;
IEEE Website, 2011b).

Armstrong is the only person
to be recognized twice by RCofA’s
Armstrong Medal, receiving the
scroll in 1935 and the medal in
1950 (Story, 1950; Radio Club,
2011a).

GROWING IMPORTANCE OF

THE MEDAL OF HONOR
In 1942, the IRE staged dem-
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Medal from
937.LToR:

onstrations of mechanical color
television, and Armstrong dem-
onstrated his FM transmitter at
Alpine, New Jersey to commemo-
rate the 30™ anniversary of the
organization. The IRE had grown
to over 7,000 members with more
than 1,000 attending its anniver-
sary conference. Medal of Honor
winners now included Alexan-
derson, Pupin, Hooper, Kennelly,
Fleming, Dellinger, Espenschied
and Goldsmith. The IRE’s list of
presidents now included such ra-
dio engineering legends as Pickard,
Langmuir, Morecroft, Ballentine,
Hazeltine, Beverage and Pratt. In
one way or another, the IRE and its
members had led the development
of electronic communications.?®

Within ten years, IRE was
overtaking AIEE in growth and
leadership in electronics. In 1952,
the IRE hosted 27,500 partici-
pants at its conference with over
200 technical papers presented.
Displays included guided missile,
long distance television, home
video and transistors (New York
Times, 1952).

The field of electronics was rap-
idly expanding. Just one year ear-



lier, in 1951, Vladimir K. Zworykin
received the Medal of Honor for
his work in developing television.
He stated that the Medal “means
to me more than recognition of
my past efforts by the group of
engineers who shared in them and
are best qualified to judge them?”
(Proceedings, 1951). His accep-
tance speech went on to describe
a future in which medicine would
apply the principals of radio and
television to the development of
new devices capable of diagnosis
and treatment. In mid-century,
Zworykin anticipated the eventual
explosion of the electrical sciences
and electrical engineering into en-
tirely new fields of endeavor that
would become part of 21t century
life (Proceedings, 1951).

THE IRE AND AIEE MERGER

In 1963, IRE and AIEE merged
to form the IEEE.?®* Several at-
tempts had been made to consoli-
date the organizations dating back
101922, but the AIEE was resistant
to giving adequate time and atten-
tion to communications related
topics, and IRE members wanted
to retain their independence.®°

At the end of the Second World
War, the AIEE had a total mem-

AIEE vs. IRE Total Members
('000s) (1948-1962)
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Fig. 17. Total Members in IRE and
AIEE.(Membership Statistics, 1962.)
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bership of 21,400, twice the size
of the IRE. But rapid changes in
electronics technology, shifting
student enrollments, the expan-
sion of telecommunications, and
the use of electronics in the defense
and space industries were chang-
ing the playing field (McMahon,
1984).

After the war, the two organi-
zations became more and more
competitive (Goldsmith & Hogan,
1952; Should the IRE, 1962). By
1961, the purposes of the two orga-
nizations increasingly overlapped
as they fought for dominance.*
Neither organization represented
the full scope of electrical tech-
nology, nor efficiently served the
broad range of related industries or
academic interests. Many profes-
sionals were actually members of
both organizations and questioned
the need for two competing groups.
The proposal to combine both or-
ganizations resolved to merge all
fields of interest, including both
power engineering and the newer
fields of electronics and commu-
nications, and sought to accom-
modate new technologies as they
emerged (Century of Electricals,
1984; Ryder & Fink, 1984).

AIEE vs. IRE Students
(1947 -1962)
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Fig. 18. Student Members in IRE and
AIEE.(Membership Statistics, 1962.)
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These professional trends re-
vealed a shifting landscape that
was very evident in the member-
ship statistics. By 1961, AIEE had
approximately 70,000 members
in the U.S. and Canada. IRE had
91,000 members with significant
international participation. Some
6,000 members belonged to both
societies (IRE Almanac, 1961).
Just two years later, IRE could
claim 96,500 members while
membership in AIEE had declined
to 57,000 members (Reiman,
1989; IEEE Global, 2011f & h).

Most compelling was the dra-
matic shift in engineering student
memberships that represented
the future of both organizations.
Between 1955 and 1962, the num-
ber of student members climbed
from 7,000 in each organization
to 21,000 in the IRE, versus only
10,000 in the AIEE. During the
five years prior to 1955, student
memberships in AIEE had already
fallen from 20,000 to 7,000 (Ry-
der, 1984; Ryder & Fink, 1984).

The reasons for the eventual
merger were summarized by L.V.
Berkner, President of the IRE, in
1961. Essentially, by the late 1950s,
the subjects addressed by the AIEE
and IRE were “migrating onto the
same ground” and competition
between the societies was seen as
dissipating professional resources
at a time when AIEE was trying
to broaden its interests and IRE
was growing in size. More than
85% of IRE’s membership favored
consolidation for the benefit of the
profession (Berkner, 1961; Should
the IRE, 1962). At the time of the
vote, both IRE’s and AIEE’s mem-
bers each favored the merger by an
overwhelming 87% majority (Ry-
der & Fink, 1984; Reiman, 1990).

The IRE’s former Medal of
Honor, its highest award, was se-
lected to be IEEE’s highest award
in the field of electronics and elec-
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trical engineering. The IEEE also
continues to present the Edison
Medal, which remains the oldest
award in the field of electrical engi-
neering (Century of Honors, 1984;
IEEE Awards, 2010).

QUALIFICATIONS AND

TODAY’S AWARD

The Medal of Honor is granted
for “an exceptional contribution
or an extraordinary career in the
IEEE fields of interest” (IEEE
Website, 2010). Contributions are
evaluated based on the “substan-
tial significance of achievement;
originality; impact on society;
impact on the profession; pub-
lications and patents relating to
the achievement” (IEEE Website,
2010). Nominations consider
the candidate’s leadership in the
field, breadth of work, achieve-
ment in other fields, inventive
value (patents), individual versus
group contributions, publications
(articles, books, etc.), originality of
contribution, quality of nomina-
tion, society and professional ac-
tivities and honors, and the quality
of endorsements.*

The selection of today’s Medal
of Honor recipients is governed
by the IEEE Medals Council and a
nine person Medal of Honor Com-
mittee of the IEEE Awards Board.
If the Medal of Honor recipient
is not an IEEE member, they are
automatically recommended to
the IEEE Board of Directors for
IEEE Honorary Membership (see
Note 32).

In conjunction with the merger
of the two organizations, the de-
sign of the Medal of Honor was
modified. The obverse (front) now
includes the name “The Institute
of Electrical and Electronics En-

gineers.” )
The original award included a
gold medal, bronze replica, a cer-



tificate and a small honorarium.
Today, the honorarium is $50,000.
The Medal may only be awarded
to an individual. It is considered
of such importance that recipients
are no longer eligible to receive any
other IEEE institute-level medal,
technical field award or recogni-
tion (IEEE Website, 2010; IEEE
Awards, 2010).

THE LEGACY OF THE MEDAL

OF HONOR

The Medal of Honor is the only
major award for achievement in
the field of electronics that is not
named for an inventor or scien-
tist. Other awards such as the
Edison Medal, Armstrong Medal
and Fritz Medal were intended
to inspire and recognize achieve-
ment by noting the examples of
their namesakes. The Nobel Prize,
awarded in many fields, seeks to
recognize an individual’s contribu-
tions to humanity as an ideal, but
also commemorates its namesake
Alfred Nobel. Only the Medal of
Honor celebrates outstanding ac-
complishment through a purely
institutional recognition of both
excellence and personal contribu-
tions to science and technology.

The 2010 Medal of Honor was
awarded to Andrew J. Viterbi, de-
veloper of the Viterbi Algorithm
and co-founder of Qualcomm In-
corporated. The Viterbi Algorithm
involves a coder and decoder used
in disk drives and MP3 players. It
is also utilized to transmit images
from deep space. Third-generation
mobile telephones also employ
one or more of the Viterbi systems
(IEEE Website, 2011b).

Viterbi’'s work in the field of
applied mathematics and com-
puters seems far removed from
Armstrong’s development of the
regenerative radio circuit first
commemorated by the IRE in 1917.
The tremendous progress achieved

Bart & Bart

in electronics and electrical sci-
ence over the past century, which
is characterized by the recipients
of the Medal of Honor, has made
it a living testament to the life and
work of these major contributors
to our modern world.
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Fig. 19. The Medal of Honor After
1963.(IEEE Global History, 2011a.)
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IEEE MEDAL OF HONOR RECIPIENTS

YEAR  RECIPIENT DESCRIPTION :

1917 E. H. ARMSTRONG Action of the oscillating and non-oscillating audion

1918 NO AWARD

1919 E. F. W. ALEXANDERSON Long distance radio communication, frequencies, ampli
fiers

1920 GUGLIELMO MARCONI Radio-telegraphy

1921 R. A. FESSENDEN (No citation)

1922 LEE DE FOREST Three electrode vacuum tube, radio-telephonic commu
nication

1923 JOHN STONE-STONE Contributions to the radio art

1924 M. I. PUPIN Electrical tuning, AC rectification

1925 NO AWARD

1926 G.W. PICKARD Crystal detectors, antennas, wave propagation, atmo
spherics

1927 L. W. AUSTIN Quantitative measurements in radio wave transmission

1928 JONATHAN ZENNECK Radio circuits, author

1929 G. W. PIERCE Crystal detectors, magnetostriction devices, author

1930 P. O. PEDERSEN (No citation)

1931 G. A. FERRIE Radio communication in France, international radio co
operation

1932 A. E. KENNELLY Radio propagation phenomena, theory and measure
ment of AC

1933 J. A. FLEMING Physical and engineering principles into the radio art

1934 S. C. HOOPER Radio communication in the Government Service

1935 BALTH. VAN DER POL Circuit theory and electromagnetic wave propagation

1936 G. A. CAMPBELL Electrical networks

1937 MELVILLE EASTHAM Radio measurements, laboratory practice, IRE leadership

1938 J. H. DELLINGER Radio measurements and standards, wave propagation

1939 A. G. LEE International radio services

1940 LLOYD ESPENSCHIED Radio telephony, international radio coordination

1941 A.N. GOLDSMITH Research, engineering, standardization, IRE Proceedings

1942 A.H. TAYLOR Piezoelectric controls, HF wave-propagation, Naval Re
search Labs.

1943 WILLIAM WILSON Radio-telephony, IRE service

1944 HARADEN PRATT Extension of communication facilities to distant lands,
IRE service

1945 H. H. BEVERAGE Radio research, IRE service

1946 R. V. L. HARTLEY Oscillating circuits, triode tubes, information transmission

1947 NO AWARD

1948 L. C. F. HORLE Radio, standardization, electron tubes, IRE service

1949 RALPH BROWN Contributions to radio, IRE leadership

1950 F. E. TERMAN Teacher, author, scientist and administrator

1951 V. K. ZWORYKIN Television, application of electronics, national security

1952 W. R. G. BAKER Engineering projects, IRE service

1953 J. M. MILLER Electron tube theory, crystal controlled oscillators, re
ceivers

1954 W. L. EVERITT Distinguished career, contributions establishing electron
ics, IRE

1955 H. T. FRIIS Spectrum of radio frequencies, leadership

1956 J. V. L. HOGAN Lifetime achievement, founder IRE, inventions

1957 J. A. STRATTON Teacher, physicist, engineer, author and administrator

1958 A. W. HULL Electron tubes

1959 E. L. CHAFFEE Research contributions and training for leadership in radio

1960 HARRY NYQUIST Thermal noise, data transmission and negative feedback

1961 ERNST A. GUILLEMIN Scientific and engineering achievements

1962 EDWARD V. APPLETON lonosphere and radio waves

1963 GEORGE C. SOUTHWORTH Microwave physics, radio astronomy, waveguide trans
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YEAR  RECIPIENT DESCRIPTION

1963 JOHN H. HAMMOND, JR Radio control of missiles, basic communication methods

1964 HAROLD A. WHEELER TV resolution, antennas, microwave elements, circuits

1965 NO AWARD

1966 CLAUDE E. SHANNON Mathematical theory of communication

1967 CHARLES H. TOWNES Quantum electronics, maser and the laser

1968 GORDON K. TEAL Single crystal germanium, silicon technology, transistors

1969 EDWARD L. GINZTON High power klystrons and linear particle accelerators

1970 DENNIS GABOR Holography

1971 JOHN BARDEEN Conductivity of solids, transistors, theory of supercon
ductivity

1972 JAY W. FORRESTER Magnetic-core random access memory

1973 RUDOLF KOMPFNER Traveling wave tube amplification

1974 RUDOLF EMIL KALMAN System theory and algebraic structures

1975 JOHN R. PIERCE Satellites, traveling wave tubes, electron beam optics

1976 NO AWARD

1977 H. EARLE VAUGHAN High-capacity pulse-code modulation time-division tele
phone

1978 ROBERT N. NOYCE Silicon integrated circuit

1979 RICHARD BELLMAN Decision processes, control systems, dynamic program
ming

1980 WILLIAM SHOCKLEY Junction transistor, analog and junction field-effect tran
sistor

1981 SIDNEY DARLINGTON Filtering and signal processing leading to chirp radar

1982 JOHN WILDER TUKEY Analysis random processes, fast Fourier transform algo
rithm

1983 NICOLAAS BLOEMBERGEN Quantum Electronics and three-level maser

1984 NORMAN F. RAMSEY Cesium atomic clock and hydrogen maser oscillator

1985 JOHN R. WHINNERY Microwave, laser, and optical devices

1986 JACK ST. CLAIR KILBY Semiconductor integrated circuit technology

1987 PAUL C. LAUTERBUR Nuclear magnetic resonance imaging

1988 CALVIN F. QUATE Scanning acoustic microscope

1989 C. KUMAR PATEL Quantum electronics, CO2 laser, spin-flip Raman laser

1990 ROBERT G. GALLAGER Communications coding techniques

1991 LEO ESAKI Tunneling, semiconductor super lattices, and quantum
wells

1992 AMOS E. JOEL, JR. Telecommunications switching systems

1993 KARL JOHAN ASTROM Adaptive control technology

1994 ALFRED Y. CHO Molecular beam epitaxy

1995 LOTFI A. ZADEH Fuzzy logic and its many applications

1996 ROBERT M. METCALFE Ethernet

1997 GEORGE H. HEILMEIER Electro-optic effects in liquid crystals

1998 DONALD O. PEDERSON SPICE Program used for the computer aided circuit design

1999 CHARLES CONCORDIA Power System Dynamics

2000 ANDREW S. GROVE Metal oxide semiconductor devices and technology

2001 HERWIG KOGELNIK Lasers, optoelectronics, photonics, light wave commu
nication

2002 HERBERT KROEMER High-frequency transistors and hot electron devices

2003 NICK HOLONYAK, JR. Semiconductors, alloys, LEDs, lasers

2004 TADAHIRO SEKIMOTO Digital satellites, leadership in computers & communica
tions

2005 JAMES L. FLANAGAN Speech technology

2006 JAMES D. MEINDL Microelectronics and chip interconnect networks

2007 THOMAS KAILATH Algorithms in communications, computing, signal pro
cessing

2008 GORDON E. MOORE Integrated-circuits, MOS memory, microprocessors

2009 ROBERT H. DENNARD Single transistor Dynamic Random Access Memory

2010 ANDREW J. VITERBI Communications technology and theory

2011 MORRIS CHANG Semiconductor industry

Source: IEEE Website, 2011b. IEEE Medal of Honor Recipients.
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OTES
See Bright, 1898; Lynch, 1985;
Beauchamp, 2001.
The society soon evolved into The
Society of Telegraph Engineers
and Electricians, and eventually
became the Institution of Electrical
Engineers (IEE) in London. It
survives today as the Institution
of Engineering and Technology
(IET), which was formed by a
consolidation of the IEE and
the Institution of Incorporated
Engineers (I1E) on March 31,
2006. See Frary, 2008; IET, 2008.
The early history of the American
electrical profession, the beginnings
of American professional societies
and the emergence of the AIEE
are explained in Ryder & Fink,
1984; Century of Electricals, 1984;
McMahon, 1984; Israel, 1992.
The history of the IEEE and its
predecessor organizations is also
at IEEE Global, 2011e-k; Reiman
1984, 1989a&b.
AIEE’s founders included Norvin
Green, President of Western Union
and the first President of the
AIEE, plus Alexander Graham Bell,
Charles Cross, Thomas Edison,
George Hamilton, Charles Haskins,
Frank Pope, Charles Brush,
Elisha Gray, Edwin Houston and
Theodore Vail (Ryder & Fink, 1984;
McMahon, 1984, IEEE Global,
2011f & 2011h). See also Note 2.
The early histories of the SWTE
and TWI and their consolidation
into the IRE are contained in
Radio Pioneers, 1945; Hogan, 1951;
Proceedings, 1952; Goldsmith &
Hogan, 1952; Whittemore, 1957
& 1962; and IEEE Global History,
2010b. See also Clark, 1942 &
1946; McMahon, 1984; Reiman,
1989.
Stone was a telephone engineer
with the American Bell Telephone
Company in Boston. In 1901
he formed the Stone Wireless
Telegraph Syndicate which was
followed in 1902 by the Stone
Telegraph and Telephone
Company (collectively, “STTC").
Stone developed telephone battery
systems and carrier current
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transmission systems. In radio,
he pioneered adjustable tuning
methods focusing on selectivity,
single wave emission and the use
of loose-coupled circuits. After
the collapse of STTC in 1910, Stone
became a consultant and expert
witness in patent cases, eventually
going to American Telephone
and Telegraph Company in 1920.
During the course of his career, he
obtained 120 patents on his radio
and telephone inventions (Dunlap,
1944; Clark, 1946; Architects,
1984).
STTCwasone of the firstcompanies
to receive permission from the U.S.
Navy to install and test wireless
systems at naval installations and
onboard ships (Howeth, 1963;
IEEE Global History, 2010b). Lee
de Forest would later credit Stone
with having provided de Forest
important assistance with the
mathematics and theory of radio
circuits. OnJune 21,1943, the U.S.
Supreme Court recognized Stone’s
Feb. 8, 1900 patent application
(No. 714,756) for tuned antenna
circuits and loose-coupling plus
the work of Nikola Tesla in 1897
and others as preceding the work
of Guglielmo Marconi. The Court
then invalidated Marconi’s U.S.
Patent No. 763,772 filed Nov. 10,
1900 for his “four-tuned-circuit”
which was dated nine months later
than Stone’s patent (U.S. Supreme
Court, 1943; Dunlap, 1944; Clark,
1946; de Forest, 1950).

Marriott was responsible for a
number of patents and was the
author of many papers and articles
on the development of radio.
He did experimental work for a
number of early radio concerns,
was a radio aide of the U. S. Navy
in 1915-1925, and was a consulting
engineer for the Federal Radio
Commission in 1928-1929. He
founded TWI and co-founded the
IRE, serving as its first President
in 1913 (Whittemore, 1957;
Architects, 1984; IEEE Global
History, 2010c).

In radio’s early years, New York
City had a large concentration of

Volume 24, 2011 235



The IEEE Medal of Honor

wireless companies including the
American Marconi Company, Lee
de Forest’s various enterprises,
Harry Shoemaker’s International
Wireless Telegraph Company and
the United Wireless Telegraph
Company. Boston was the home
of STTC and NESCO. Walter W.
Massie’s companies straddled the
corridor between New York and
Boston with the Massie Wireless
Telegraph system. NESCO’s move
to Brooklyn helped permanently
focus the communications industry
in New York (Radio Pioneers,
1945). By 1912, at least ten major
wireless companies were located
within a few blocks of Fulton Street
in New York City (Clark, 1942).

10 Goldsmith worked at the General

11

Electric Company, Marconi
Wireless Telegraph Company of
Americaand at Radio Corporation
of America making significant
technical contributions. He is
best known for his work shaping
the professional organizations
in his field. He was a founder of
IRE, forty-two year Editor of the
Proceedings of the IRE and also
served as its President in 1928
(Whittemore, 1957; IEEE Global
History, 2011c).

Hogan was a laboratory assistant
to de Forest, and worked for
Fessenden and NESCO at the
famous Brant Rock station where
he served as a telegraph operator.
He helped develop Fessenden’s
1910 crystal detector, single control
tuning in 1912, and discovered the
“rectifier heterodyne” in 1913. He
also developed the first ink tape
siphon for recording transatlantic
radio signals using an audion
amplifier. Hogan later developed
FM radio station WQXR, a
facsimile transmission system,
and worked with radar and guided
missiles for the U.S. Army Signal
Corps. He was instrumental in
forming the SWTE and the IRE,
and was elected President of the
IRE in 1920. He served as the U.S.
Navy’s chief research engineer at
its Arlington Station and was a
commercial manager for NESCO
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12

13

14

15

16

17

and its successor, the International
Radio Telegraph Company (Radio
Club, 1959; New York Times,
1960; Reiman, 1992; IEEE Global,
2011m).

IRE founding members from TWI
include William F. Bissing, A.B.
Cole, P.B. Collinson, Janes N.
Dages, Lloyd Espenscheid. Philip
Farnsworth, Frank Fay, Edward G.
Gage, Alfred N. Goldsmith, Francis
A. Hart, Robert L. Hatfield, Arthur
A. Herbert, Frank Hinners, James
H Hoffman, Robert H. Marriott
(President), A.F. Parkhurst, G.W.
Pickard, H.S. Price, A. Rau, Harry
Shoemaker, Emil J. Simon, A.
Kellogg Sloan, C.H. Sphar, Floyd
Vanderpoel and R.A. Weagant
(Proceedings, 1952; Whittemore,
1962).

IRE founding members from SWTE
include: J.C. Armor, Sewall Cabot,
W.E. Chadbourne, G.H. Clark,
T.E. Clark, E.R. Cram, G.S. David,
Lee de Forest, E.D. Forbes, V.F.
Greaves, J.V.L. Hogan, Jr., W.S.
Hogg, Guy Hill, F.A. Knowlton,
W.S. Kroger, Fritz Lowenstein,
Walter W. Massie G.W. Pickard,
Samuel Reber, Oscar C. Roos,
J.S. Stone (President), and A.F.
VanDyck (Proceedings, 1952;
Whittemore, 1962).

See Hogan, 1951; Goldsmith &
Hogan, 1952; Whittemore, 1957 &
1962.

Pickard had been the only person
who was a member of both STWE
and TWI, the IRE’s predecessor
organizations (Whittemore, 1957
& 1962).

See Electrical World, 1917;
Wireless Age, 1917a; Medal of
Honor, 1917.

Sanford also produced the
renowned sculptural figures of the
Great Dane, Ajax and Pegassus; a
commemorative tablet at Columbia
University; designed fountains for
the estates of wealthy patrons; and
the sculpture and pediments for
the State Capitol at Sacramento,
California. In the mid-1920s,
he reorganized the department
of sculpture of the Beaux-Arts
Institute of Design, became the



director, and inaugurated the Paris
Prize. See AskArt, 2010; Sculpture,
1916 & 1937; New York Times:
1914, 1916, 1928 & 1932.

18 On January 13, 1902, Marconi

19

was the guest of honor at a hastily
assembled dinner of the AIEE.
The affair was a celebration of his
historic accomplishments that was
attended by many leading figures
in electrical engineering, including
Charles Proteus Steinmetz, Michael
I. Pupin, Alexander Graham Bell
and Elihu Thomson. Letters and
telegrams of congratulations were
read from notables including
Thomas Edison and Nikola Tesla.
Marconi would state, “I can hardly
find words to express my gratitude
and thanks for the reception |
have received here tonight” (New
York Times, 1902). See also AIEE
Annual Dinner Program, 1902;
Annual Dinner, 1902.

The long history and differing
personal perspectives on this
complex litigation are described
in de Forest, 1950; Lessing, 1956;
Legacies, 1991; Lewis, 1991 and
Coe, 1996. See also U.S. Supreme
Court, 1934. Over the years, 13
separate court decisions issued by
thirty judges had been split evenly
between Armstrong and de Forest.
Despite the legal confusion, the
scientific and technical societies
of the time conducted their own
investigations and rendered their
own opinions. “There is no doubt
that the great majority of well-
informed radio engineers regard
Armstrong and not de Forest as
the inventor of the regenerative
circuit” (New York Times, 1934b).
Nevertheless, de Forest received
many awards for his invention
of the triode tube including the
prestigious Edison Medal, the
Franklin Institute’s Cresson
Medal and the IRE’s own Medal
of Honor; but, he never received an
award for the regenerative circuit.
Armstrong would receive the
Edison Medal, the Franklin Medal
and other medals including the
IRE’s Medal of Honor, all for the
regenerative circuit. Armstrong

Bart & Bart

would also receive the AIEE’s
honorary lifetime membership (the
first granted to Lord Kelvin) and a
fellowship to Great Britain’s Royal
Society for the Encouragement
of Arts, Manufacturers and
Commerce, an honor granted
to few Americans. Ironically,
Armstrong served as President of
the RCofA from 1916-1920, and
de Forest served as president of
the IRE in 1930. See Bart & Bart,
2009 & 2010 regarding the AIEE’s
awarding of the Edison Medal to
Armstrong.

20 See New York Times, 1934a;

Lessing, 1956; Lewis, 1991.

21 For a complete history of John

Fritz and the Fritz Medal including
its winners, see Science, 1902;
John Fritz Medal 2009a & 2009b;
John Fritz Medal, 1910; Trainer,
2008.

22 Dr. Elihu Thomson is not related

to Sir William Thomson, known
as Lord Kelvin. Elihu Thomson’s
accomplishments included
approximately 700 patents, work
on electric arc lighting, establishing
the Thomson-Houston Electric
Company (which would eventually
merge with the Edison General
Electric Company to become
General Electric Company),
the Thomson Electric Meter,
alternating current devices, the
electric air drill, methods of electric
arc welding, investigating X-rays
and research on fused quartz for
use in reflecting astronomical
telescopes. Thomson was active
in the AIEE, contributed too many
other societies, and received the
John Fritz Medal in 1916. He
later became the President of
the Massachusetts Institute of
Technology. In addition to the
Edison Medal, Thomson was the
first American recipient of the
Kelvin Gold Medal issued by the
Institute of Civil Engineers in Great
Britain in 1923. The Kelvin Medal
is awarded for “distinguished
service in the application of science
to engineering” (Presentation to
Thomson, 1917; Brittain, 2004;
IEEE Explore, 2008; ICE, 2009).
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23 Pupin was a legendary Columbia

University Professor who made
contributions in the fields of
wave propagation, long distance
telephony and induction. He
discovered the electrically tuned
circuit and developed the loading
of telephone circuits with induction
coils which effectively removed
the barriers to long distance
telephone communication. He
was the first to suggest the use
of an electrical rectifier for use in
receiving radio signals. Pupin also
developed a method of rapid X-ray
photography. His autobiography
From Immigrant to Inventor won
the Pulitzer Prize in 1924. See
John Fritz Medal, 2009a; IEEE
Website, 2009¢ & 2011b. For
Pupin’s biography, see Gherardi,
1932; Michael, 1935; Architects,
1984.

24 RCofA continues to conduct

meetings, events and banquets,
and it continues to publish. Recent
awards were given to Martin
Cooper, inventor of the first
hand held Motorola cell phone,
and to Dr. Donald Cox for his
development of land mobile radio
and communications. See First
Amateur, 1923; Radio Club, 1959,
2009 & 2011; Perry, 2010.

25 Vassos designed radio and

television cabinets including RCA’s
art deco lines. Barnes worked for
RCA/Victor drafting phonograph
styling designs. The medal was
“drafted” by Barnes, “designed” by
Stevenson and “done” by Vassos.
Straubel crafted the bronze medal
(Schultz, 2011). Thirteen silver
medals were made. One finished
medal was given to each of the
designers for their services. The
remaining ten were retained by
RCofA together with the master.
Since the last of the ten medals
was presented in 1956, RCofA
authorized a new mould to be
cast from the Master, and a new
supply of Armstrong Medals was
produced for future use (Radio
Club, 1959; Schultz, 2011).

26 Seven small versions of the

Armstrong Medal were awarded
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27

in 1950 to Ernest V. Amy, Major
Edwin Armstrong, George E.
Burghard, Minton Cronkite, Paul
F. Godley, John F. Grinan and
Walker P. Inman in recognition
of their achievement (Story, 1950;
Radio Club, 2011a).

Houck was much more than
Armstrong’s assistant. He served
in the U.S. Army Signal Corps
in France during World War |
working with Armstrong to develop
the super-heterodyne method of
reception. He was an engineer for
the International Radio Telegraph
Company, Chief Engineer for
Dubilier Condenser and Radio
Corporation, a consultant to the
Federal Telegraph Company,
and President of Measurements
Corporation. He was responsible
for designing the second harmonic
super-heterodyne, the first type to
be placed in large scale commercial
production, and his work on
capacitors made possible the filter
systems used in all modern radio
receivers (Harry W. Houck, 1931;
Radio Club, 1959).

28 See New York Times, 1942;

Whittemore, 1957 & 1962.

29 Seethe Special Merger Supplement,

1962 for the agreements between
the AIEE and IRE and the
principals of consolidation. The
merger is further explained at
Reiman 1989 & 1990; Ryder &
Fink, 1984; Century of Electricals,
1984; McMahon, 1984; |IEEE
Website, 2009c.

30 Alfred N. Goldsmith, a founder of

31

the IRE, and Arthur E. Kennelly,
a past president of both the IRE
and AIEE, had long advocated a
merger of the two organizations
(Reiman, 1989; Ryder & Fink,
1984; McMahon, 1984).

The stated purpose of the AIEE in
1961 was “the advancement of the
theory and practice of electrical
engineering and of the allied arts
and sciences, and the maintenance
of a high professional standing
among its members.” The stated
purpose of the IRE was “to advance
theory and practice of radio and
allied branches of engineering,



and related arts and sciences,
and to maintain high professional
standing among members”
(Scientific, 1961).

32 See IEEE Website, 2010 & 2011a;
IEEE Awards, 2010; Nomination
Form, 2010.
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