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Origin of Stability Analysis:

CHUL-GOO KANG

1 1565, James C. Maxwell published a papes, “On Gov-
ernors,” in Praceatings of the Royal Society of Lovdon [I]
This paper was overlooked for a long time because i was

deemed by many to be difficult to comprehend. However,

since Norbert Wiener drew attention to this paper in 1948,

1t has been recognized as the first significant paper on con-

trol theory; as a resuls, Maxwell has been regarded as the

“father of contsol theory” [2]. The purpose of this article 15

0 provida historical information on the origin of stability

analysis in Maxwell’s paper and to rederive his key equa-

tions using {llustrative figures to improve the readability
of that paper.

The origin of control dates to a water clock (outflow
typa), shown in Figure 1(a), in Egypt around 1500 BC. An
improved Greek water clock (inflow type) measured time
through a gradual flow of water, as shown In Figure 1(b),
in which a constant flow rate was cbtained from the over-
flowing water. However, this clock had an obvious disad-
vantage in thata large quantity of water was wasted by this
overflow, which s this s the reason the clock was named
Clepsydra (“water thief” In Greek)

To resalve this problem, Greek
tachnician Ctesibius invented a wa-
ter clock with a float valve, as shown
in Figure 2, around 300 BC [3]. In
modern control terminology, the
depsydra in Figure | was an open-
loop control system, whereas the
water clock of Crasiblus was one of
the first feedback control systems in-
vented by humans. Anclent Chinese
water clocks, such as the one built by
Su Sung, and the Korean water clock
Jagyeongnu (meaning “self striking
water clock,” see Figure 3) bullt by
Jang Youngsil in 1434, were based on
astmilar conteol principle (that i, the
concept of open-Joop control) to that
of the clepsyra in Figure b [4]-16].
One of the first significant feedback
control systems in modern Europe

AHES T = RgifaE
RANEMAEEESR 3 EH L
T A E AR a1 57 -4

PR CREXS

PR,
B IR YE R P B

[ mstomicaL penseicTives «

n Governors™ by J.C. Maxwell

was the flyball governor, shown in Figure 4, which was
invented in 1755 by the Scomsh engineer James Wakt for
the specd regulation of a steam engine [7-9] The amours
of steam (the controller outpus) supplied to tha engine (the
controlled plany) was adjusted according, to the difference
{the error signal) between the desired and acual speeds. If
the actual speed (the controlled variable) increases beyond
the desired value (the setpoint) owing o variations in the
dniving power of resistance (the disturbances), then the in-
crease in the centrifugal force of the flyball governor causes
a contraction of the aperture of the steam valve through a
link machanism. This results in the supply of less steam,
and the speed of the steam engine decreases until the d-
stredd value is attained. On the other hand, if the engine
spead drops below the desired value, then the decrease
In the centrifugal force of the govemor causes the steam
valve to open wider, supplying more steam, and the englne
spead increases until the desired value Is attained [5]

The early flyball governor had the drawbacks of 1 an
offset {steady-state error) resulting from proportional

@) (L]

FIBUAE 1 {3) An Egyptian water clock, nvented around 1500 BC. This water ciock (cutfiow

type) was discovered In Kamak, Eqypt (Museum of Cairo). (b) An Improved Gresk watsr

gl Dbt s I TIOSMCS 201G 584358
Dt publication: 16 Spieeder 016

1062- 03 SCRDIBEEE

ciack (nflow type]. The cispeydra measured fme by ihe (pracual) flow of water, In which a
CONSLEN: MOW r2i2 at E Was obiEined DY oVerTowing waler a1 D.
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Books > Control Theory: Twenty-Five S,

Control Theory:lTwenty-Five Seminal Papers (1932-1981) ]

Tamer Basar

Book Abstract

Control theory, developed in the twentieth century, is the subject of this compilation of 25 annotated reprints of seminal papers
representing the evolution of the control field. Carefully assembled by a distinguished editorial board to ensure that each paper contributes
to the whole, rather than exist as a separate entity, this is the first book to document the research and accomplishments that have driven
the practice of control

Control Theory: Twenty-Five Seminal Papers (1932-1981) begins with an introduction describing the major developments in control, linking
each to a selected paper. Each paper includes a commentary that lends a contemporary spin and places the contributions of each paper and
its impact on the field into proper perspective. The material covers the period between 1932 to 1981 and addresses a broad spectrum of
topics. The earliest paper is the famous "Regeneration Theory"™ by Harry Nyquist, which laid the foundation for a frequency-domain
approach to stability analysis of linear control systems and introduced the Nyquist criterion. The most recent paper in the volume,
“Feedback and Optimal Sensitivity* by George Zames, marked the beginning of the “robustness” era.

This comprehensive volume is a valuable resource for control researchers and engineers worldwide. Also, it will be of great interest to

engineers and scientists in related fields, such as communications, signal processing, circuits, power, and applied mathematics.
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Certain Topics in Telegraph Transmission Theory
BY H. NYQUIST:

Member,

Synopsis.—The most obvious method for determining the distor=
tion of telegraph signals is to calculate the transicnts of the teleqraph
susten. This method has been treated by various writers, and solu-
tions are available for telegraph lines with simple terminal conditions.
It is well known that the extension of the same methods to more
complicated terminal conditions, which represent the usual terminal
apparatus, leads to great difficulties.

The present paper attacks the same problem from the alternative
standpoint of the steady-state characteristics of the system. This
method has the advantage over the method of transients that the
camplication of the circuil which results from the use of terminal

Score
HE purpose of this paper is to set forth the results
of theoretical studies of telegraph systems which
have been made from time to time. These results
are naturally disconnected and in order to make a
connected story it has been necessary to include a
certain amount of material which is already well known
to telegraph engineers. The following topics are
diseussed:
1. The required frequency band is directly propor-
tional to the signaling speed.
2. A repeated telegraph signal (of any length) may
be considered as being made up of sinusoidal com-
ponents. When the amplitude and phase, or real

ALEE

apparatus does not complicate the calculations materially. This
method of freatment necessitales expressing the eriteria of distortion-
less transmission in terms of the steadyestate characteristics.
Accordingly, a considerable portion of the paper describes and
wllustrates a method for making this translation.

A discussion is given of the minimum frequency range required for
transmission al a given speed of signaling. In the case of carrier
telegraphy, this discussion includes a comparison of singie-sideband
and double-sideband transmission. A number of incidental topics
i also discussed.

is shown that the usual carrier telegraph requires twice
as much frequency range as the corresponding d-c.
telegraph, other things being equal.

8. A discussion is given of two alternative methods
for o ing this ineffici of carrier }
namely, the use of phase diserimination and of a smgle
sideband.

9. After the d-c. and carrier waves have thus been
analyzed a corresponding analysis is given of an
arbitrary wave shape, including these two as special
cases, Calculations are given on the shaping of the
transmitted wave so as to make the received wave
perfect.

10 A discussion is given of the dual aspect of the
h wave. The wave may be looked on either

and imaginary parts, of these are plotted
as ordinates with their frequencies as abscissas, and
when the frequency axis is divided into parts each being
a frequency band of width numerically equal to the
speed of signaling, it is found that the information
conveyed in any band is substantially identical with
that conveyed in any other; and the bands may be
said to be mutually redundant.

3. The minimum band width required for unam-
biguous interpretation is substantially equal, num-
erically, to the speed of signaling and is substantially
independent of the number of current values employed.

B REHRL (RBRMEWIEILH—

as a funetion of w, requiring the so-called steady-state
method of treatment, or as a function of ¢ requiring
the so-called method of transients. It is shown that
the steady-state theory can be made to yield the in-
formation necessary to specify the characteristics of an
ideal system.

11. A discussion is given of the effect of interference
and departures from ideal conditions.

The economy in frequency range, indicated under 2
and 3, should be considered as a theoretical limit which
cannot be attained in practlse bu!, whlch can be ap-
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