
The Benefits of Negative Feedback: The Op Amp

1927: Harold S. Black of Bell Labs developed negative feedback
amplifier to reduce signal distortion in long-distance telephony.

I suddenly realized that if I fed the amplifier
output back to the input, in reverse phase,
and kept the device from oscillating ..., I
would have exactly what I wanted: a means
of canceling out the distortion in the output.
... By building an amplifier whose gain is
deliberately made ... higher than necessary
and then feeding the output back on the input
in such a way as to throw away the excess
gain, it had been found possible to effect
extraordinary improvement in constancy of
amplification and freedom from non-linearity.
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In Memoriam 

Harold Stephen Black 
(1 898-1 983) 

H AROLD S. Black  was born in Leominster, MA, in 1898. He 
died December 11, 1983. He received the B.S.E.E. and  the 

D.Eng. degrees from the Worcester Polytechnic Institute in 1921 
and 1955, respectively. He worked from 1921 to 1925 for the 
Western Electric Company, Inc., as a member of the Engineering 
Department. His starting salary was $32 a week for a six day 
week. From 1925 to his retirement in 1963 he was a member of 
the Technical Staff of Bell Telephone Laboratories. From 1963 to 
1966 he was Principal Research Scientist at General Precision 
Inc. After 1966 he was a Communications Consultant. 

Black was an extremely creative engineer: he was awarded 66 
U.S. patents  and 281 foreign patents. His most famous patent 
was US. Patent 2 102 671 entitled “Wave translation system” on 
the negative feedback amplifier. The core of the invention was 1) 
that sruble amplifiers with loop gain larger than 1 could be built 
and 2) that  the  “large loop gain” had many important engineer- 
ing consequences: distortion reduction, sensitivity reduction, 
etc.. . . The patent is 52 pages long’ plus 35 pages of figures. The 
first 43 pages amount to a small treatise on feedback amplifiers! 
Then a record 126 claims follow!  Black  foresaw that his invention 
would apply to control systems: mechanical, acoustical, chemical, 
and others. The invention was submitted on August 8, 1928 and 
the U.S. patent was granted nine years later on December 21, 
1937. The invention was so startling  that many did not believe it 
would work-from the Director of Research at Bell Labs to the 

equal to a TRANSACTIONS page. 
‘Patents  are  printed in very small type and one patent page is roughly 

US.  and British Patent Offices. Black’s own description of the 
events leading to his great invention [l] is a fascinating story full 
of important lessons, which should be read by every young 
engineer. After strugghg several years with the problem of 
distortion reduction-a lot of work which involved several patents 
and many experiments-one Saturday morning on his way to 
work, the idea struck him as he was riding the Hudson ferry 
going to Manhattan  and the only paper he had available was The 
New York Times. So he drew his diagrams on it (see Fig. 1). 

Black’s professional life centered on the problems of communi- 
cation systems. He wrote 42 papers  and two books. The first 
book, entitled Feedback Amplifiers, is a set of notes for Bell 
Laboratories employees; it was circulated within the Labs. The 
second book, Modulatiorz Theory, was published by Van Nostrand 
in 1953. He also contributed many articles to the McCraw-Hill 
Encyclopedia of Science and Technology. 

He received numerous prizes and honors: Fellow of the AIEE 
(1941), Fellow of the IRE (1948),  Fellow of the Amerian Associa- 
tion for the Advancement of Science  (1954),  Best Paper Prize in 
Theory and Research (AIEE) for his 1934 paper “Stabilized 
feedback amplifiers,” Certificate of Appreciation (U.S. War De- 
partment) in 1946 for his work on pulse code modulation, Lamme 
Gold Medal (1957), John H. Potts Memorial Award, National 
Inventors Hall of Fame (1981). 

Our field is so young that in recent years four great pioneers 
have passed away: Nyquist, Bode,  Black, and Bellman.  Every 
young control engineer is familiar with some of the work of each 
of these giants. 

Curious fact: it took nine years (!) for Black’s patent to be
granted because the patent officers refused to believe that the
amplifier could work.




