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S IDNEY DARLINGTON

July 13, 1906–October 31, 1997

B Y  I R W I N  W .  S A N D B E R G  A N D  E R N E S T  S .  K U H

SIDNEY DARLINGTON, ONE of world’s most creative and influ-
ential circuit theorists, died at his home in Exeter, New

Hampshire, on October 31, 1997, at the age of 91. He was a
man of uncommon depth and breath whose first love was
circuit theory. He made important, widely known contribu-
tions in several areas, including network synthesis, radar
systems, rocket guidance, and transistor networks.

Sid was born in Pittsburgh, Pennsylvania. According to
Sid, both his parents came from families in southeastern
Pennsylvania. His maternal grandfather moved his family
from the East to a quarter section of virgin prairie in west-
ern Minnesota when his mother was about 12 years old.
She saw covered wagons taking settlers to what was then the
Dakota Territory. At age 17 she taught in a one-room prai-
rie school, but eventually was able to return to the East and
attended Bryn Mawr College. She was determined that her
children should have the best possible education. Sid’s fa-
ther was a mechanical engineer. Sid’s brother, P. Jackson
Darlington, Jr., became a biologist, and was elected to mem-
bership in the National Academy of Sciences in 1964. Both
Sid and his brother attended Phillips Exeter Academy. There
Sid won both of the school’s math prizes, as well as the
physics prize.
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Sid received a B.S. in physics (magna cum laude) from
Harvard College in 1928, a B.S. in electrical communica-
tion from the Massachusetts Institute of Technology in 1929,
and a Ph.D. in physics from Columbia University in 1940.
He was strongly influenced by George Washington Pierce
at Harvard and by Ernst A. Guillemin at MIT. According to
Sid, it was Guillemin who inspired his interest in circuit
theory. At Columbia Sid took courses he described as “in-
spiring” with Isadore Rabi, and sometimes wondered if he
might have been even happier as a theoretical physicist.

In 1929 Sid became a member of technical staff at Bell
Laboratories, and in 1934 he was transferred to the labora-
tories’ Mathematics Research Center, where his first super-
visor was Hendrik W. Bode. Sid remained at Bell Laborato-
ries until he retired as head of the Circuits and Control
Department at the then mandatory retirement age of 65.
One of us (I.W.S.) was a member of Sid’s department for
about seven years, starting in 1960. Sid was a member of
both the National Academy of Engineering and the National
Academy of Sciences. In 1945 he was awarded the Presidential
Medal of Freedom, the United States’ highest civilian honor
for his contributions during World War II. President Truman
established the award in that year to reward notable service
during the war. He received the Edison Medal of the Insti-
tute of Electrical and Electronic Engineers (IEEE) in 1975
and the IEEE Medal of Honor in 1981.

In Darlington’s early days at Bell Laboratories there was
much interest in electrical filter theory, mainly in connec-
tion with the exacting needs of systems using frequency-
division multiplexing. Filter theory was very different then
from what it is today in that it was marked by ad hoc tech-
niques in which complex filters were designed by cascading
less complex filter sections whose attenuation characteris-
tics were specified in graphical form. This was often unsat-
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isfactory for several reasons. For example, the theory avail-
able did not adequately take into account the loading of
the various sections on their predecessors. Sid’s brilliant
contribution was to recast the filter design problem as two
problems: approximation and network synthesis, and to give
a solution to each problem. The approximation problem
he addressed is to suitably approximate the desired typi-
cally idealized filter characteristic using a real rational func-
tion of a complex variable, and here Darlington made sig-
nificant pioneering contributions involving the use of
Tchebyscheff polynomials. His main contribution, which
concerned the exact synthesis of a two-port network that
realized (i.e., implemented) the rational function, was the
introduction of his well-known insertion-loss synthesis method.
This work by Darlington led to his beautiful structural re-
sult that no more than one resistor is needed to synthesize
any RLC impedance.

It is interesting that his results were not widely used
until many years after they were obtained. This occurred
partially because more exacting computations were required
than for the earlier “image-parameter” filter designs. Also,
due to its novelty, it was not easy for filter designers at the
time to fully appreciate Darlington’s contributions. This is
easier to understand in the context of the history of the
development of lumped-constant filter theory, which origi-
nally was an extension of the theory of transmission lines,
and in which originally the concepts of a propagation con-
stant, characteristic impedance, reflection factor, etc., played
a prominent role.

Sid’s work also profoundly influenced electrical engi-
neering education. After World War II the Darlington syn-
thesis of reactance two-ports was taught to a generation of
graduate students who learned that linear circuit design
could be formulated precisely in terms of specifications and
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tolerances, and that the problems formulated could be solved
systematically. With concurrent advances in communication
and control theory, electrical engineers began to appreci-
ate that higher mathematics was a powerful tool for ad-
vanced study and research. This helped pave the way for
the introduction of system theory and system analysis, and
thus further broadened the scope of electrical engineering
education.

During World War II, Sid was heavily involved in several
studies of military systems. These studies concerned mainly
the development of computers for antiaircraft gun control
and bombsights. For a seven-month period beginning in
1944 he took a leave of absence to join the U.S. Office of
Field Service. He was assigned to the 14th Antiaircraft Com-
mand in the southwest Pacific area, where he served as a
consultant and technical observer. It was this work that led
to his receipt of the Medal of Freedom.

In addition to never losing interest in circuit theory, Sid
retained an interest in military systems—and related sys-
tems—throughout his tenure at Bell Laboratories. One of
his most important contributions was the invention of what
is called “chirp radar.” The chirp idea is a way to form a
pulsed radar’s transmitted signal so that relatively high peak
power is not needed to achieve long-range and high resolu-
tion. This involves transmitting long frequency-modulated
pulses. The corresponding reflected and received (chirped)
pulses are “collapsed” into relatively short pulses using a
network that introduces a time delay that is frequency de-
pendent. The idea has been widely used, and there has
been much interest in the design of the needed delay net-
works—not only at Bell Laboratories, but also at many other
companies and at universities. Darlington’s IEEE Medal of
Honor citation reads: “For fundamental contributions to
filtering and signal processing leading to chirp radar.”
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Sid also did very influential work concerning rocket guid-
ance. In 1954 he ingeniously combined radar-tracking tech-
niques with principles of inertial guidance to develop the
highly effective Bell Laboratories Command Guidance Sys-
tem that has launched many of the U.S. space vehicles,
including NASA’s Thor Delta booster and the Air Force’s
Titan I missile. The system has proved to be remarkably
reliable and has played a central role in placing into orbit
many satellites, including the Echo I communications satel-
lite, Syncom, and Intelsat.

Darlington is best known for an idea that he probably
developed very quickly: the Darlington transistor, a simple
circuit comprised of two or more transistors that behave as
a much improved single transistor. As is well known to the
circuits and systems community, this idea is widely used
and has had a great impact on the design of integrated
circuits.

Sid was a visiting professor for periods of time of from
one to six weeks at the University of California, Berkeley,
from 1960 to 1972, and in 1978 he was a visiting professor
at the University of California, Los Angeles, for a month.
He gave many lectures and very much enjoyed these visits.
Colleagues and students often remarked among themselves
about how impressed they were with his keen physical insights,
sophisticated mathematical talent, and pursuit of definitive
results. After Sid retired from Bell Laboratories he became
an adjunct professor at the University of New Hampshire,
where he received an honorary doctorate in 1982. He was a
consultant to Bell Laboratories from 1971 to 1974. Darlington
held more than 40 patents, and was active in professional
society activities. During 1959-60 he was the chairman of
the IEEE Professional Group on Circuit Theory, and in 1986
he received the Circuits and Systems Society’s first Society
Award.
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Sid was married twice. He had no children with his first
wife. He married for the second time in 1965; the marriage
produced two daughters. Sid seemed proud that he was
over 60 years old when they were born. He said that he
“would like to live at least until age 86, so as to see both
girls graduate from college.” Happily he did. Sid was a man
of great personal and professional integrity. He was an in-
tense but gentle man who was surprisingly modest. He was
also a gregarious person who knew a lot about many things
and had much to say. A colleague once commented that
“asking Sid Darlington a question was like trying to take a
drink from a fire hose.”

In his personal life, Sid enjoyed hiking, snowshoeing,
and mountain climbing. He is survived by his wife, Joan, of
Exeter, New Hampshire; two daughters, Ellen and Rebecca;
and his sister, Celia.

CAREER CHRONOLOGY

1929-71 Bell Telephone Laboratories, Inc., member of the
technical staff, department head at the time of
retirement.

1944-45 On leave from Bell Telephone Laboratories for seven
months, employed by the Office of Field Services and
assigned to the 14th Antiaircraft Command in the
southwest Pacific area.

1960-72 Visiting lecturer at the University of California,
Berkeley, for periods of one to six weeks.

1971 Retired from Bell Telephone Laboratories at the
mandatory retirement age.

1971-74 Part-time consultant to Bell Telephone Laboratories.
1971-97 Adjunct professor at the University of New Hampshire

and occasional consultant.
1978 Visiting lecturer at the University of California, Los

Angeles, for one month.
1980-97 Member of the newly established New Hampshire State

Legislative Academy of Science and Technology.
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S E L E C T E D  B I B L I O G R A P H Y

1935

Wave transmission network. U.S. Patent 1,991,195.

1939

Synthesis of reactance 4-poles which produce prescribed insertion
loss characteristics. J. Math. Phys. 18:257-353.

1948

Bombsight computer. U.S. Patent 2,438,112.

1951

Potential analog method of network synthesis. Bell Syst. Tech. J. 30:315-
65.

1952

Network synthesis using Tchebycheef polynomial series. Bell Syst.
Tech. J. 31:613-65.

1953

With A. A. Lundstrom. Tilt corrector for fire control computers.
U.S. Patent 2,658,675.

Semiconductor signal translating device. U.S. Patent 2,663,806
(Darlington transistor pair).

1954

Pulse transmission. U.S. Patent 2,678,997 (chirp radar).

1955

A survey of network realization techniques. Institute of Radio Engi-
neers, Transactions of the Professional Group on Circuit Theory 2:291-
96.

1958

Linear least-squares smoothing and prediction with applications.
Bell Syst. Tech. J. 37:1221-94.
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1960

Time-variable transducers. Proceedings of the Symposium on Active Net-
works and Feedback Systems, pp. 621-33. Polytechnic Institute of
Brooklyn.

With W. J. Albersheim, J. R. Klauder, and A. C. Price. The theory
and design of chirp radars. Bell Syst. Tech. J. 39:745-820.

1961

Guidance control system. U.S. Patent 3,008,668 (for launching bal-
listic rockets and earth satellites).

Guidance and control of unmanned soft landings on the moon.
Proc. 4th Symp. Ballist. Missile Space Technol. 3:70-76.

1963

Linear time-varying circuits—matrix manipulations, power relations,
and some bounds on stability. Bell Syst. Tech. J. 42:2575-2608.

Demodulation of wideband, low-power FM signals. Bell Syst. Tech. J.
43:339-74.

1966

With I. W. Sandberg. Synthesis of two-port networks having periodi-
cally time-varying elements. U.S. Patent 3,265,973.

Transformerless 3-terminal circuits. Lecture notes. NATO Advanced
Study Institute on Network and Switching Theory, Trieste.

Some advances in linear circuit theory. Progress in Radio Science
1963-1966, Proceedings of the XVth General Assembly of URSI,
Munich.

1970

On digital single sideband modulators. IEEE Trans. Circuit Theory
17:409-14.

Analytical approximations to approximation in the Chebyshev sense.
Bell Syst. Tech. J. 49:1-32.

1971

Automatic equalization for chirp radar systems. U.S. Patent 3,618,095.
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1978

Filters with Chebyshev stopbands, flat passbands, and impulse re-
sponses of finite duration. IEEE Trans. Circuits Syst 25:996-80.

Simple algorithms for elliptic filters and generalizations thereof.
IEEE Trans. Circuits Syst. 25:966-75.

1984

A history of network synthesis and filter theory for circuits com-
posed of resistors, inductors, and capacitors. IEEE Trans. Circuits
Syst. 31:3-12.


