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The book reviewed here is a reprint of lectures on the dynamics of process control in heating liquids, 
which Wen-Jei Jang had delivered at the University of Michigan, and on the theoretical principles of auto- 
matic control and optimal regulation, which Masami Masabuehi had delivered at the National University in 
Yokohama. 

In the foreword the authors correctly emphasize the importance of research in process dynamics and 
the necessity of combining the analysis of transfer phenomena with the principles of automatic control. Not 
without justification is also the authors' remark that most often physical systems are treated as systems 
with lumped parameters and that solutions are usually obtained by the method of Laplace transforms, while 
in fact all physical systems are characterized by a distribution of parameters and other methods of solving 
problems are available. One cannot agree, however, that the authors are the first ones to have dealt with 
the dynamic characteristics of regulation plants and to have outlined the principles of designing regulation 
systems, the first ones to have analyzed the physical nature of mass and heat transfer processes, or the 
first ones to have used the methods of states space in the control theory. 

Obviously, they should have properly evaluated earlier publications where, along with the dynamic 
characteristics necessary for the synthesis of control systems, also the physical nature of heat and mass 
transfer was revealed as, for example, ill "Process Dynamics" by Donald Campbell (1958). They should 
also have mentioned earlier studies where not the classical theory of regulation in conjunction with Laplace 
transformation and the Z-transformation was used but the ~modern" theory which draws on the methods of 
state space and a system design reduced, essentially, to extremizing a functional. Here belongs the book 
"Modern Control Theory" by Professor Julius Ty of the Northwestern University in the USA, published in 
1964. It is noteworthy that Prof. J. Ty, when speaking about the concept of state space, says: "This ap- 
proach to solving problems in automatic control was laid down first during the nineteen forties by the Rus- 
sian scientists M. A. Aizerman, A. A. Fel'dbaum, A. M. Letov, et al." In 1965 Paul M. DeRusso, 
Robert G. Roy, and Charles M. Glaus wrote a book for engineers under the title: "State Variables for En- 
gineers, " entirely devoted to the application of the state space and the control theory. It is written there: 
"The intensive developments in the theory of feedback control are to be credited to Lyapunov's work on the 
theory of stability, to the modern theory of optimization developed by Bellman and Pontryagin, to the works 
by Kalman, LaSalle, Meriam, et al. All these works are based on the approach from the "state variables" 
point of view; ~ 

At the beginning of Chapter One the authors not very clearly and not very convincingly explain the 
need for automatic control. They should have compared the operation of enterprises in various industries 
prior to and after introduction of automatic control. The difference between manual and automatic control 
is then illustrated on common examples. Here again the authors emphasize very correctly that a study an~ 
understanding of the process dynamics is necessary not only for the development of automatic regulation 
systems but also in many other fields of science and engineering, and that it requires an understanding of 
the transfer phenomena. 

Next the authors show practical applications of automatic control in various branches of technology, 
including the control of the microclimate in a space ship and the control of nuclear reactor power. 

*Gordon and Breach, New York (1970). 
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Chapter  Two deals  with the fundamentals  of t r a n s f e r  and control  p r o c e s s e s .  P re sen t ed  he re  a r e  the 
concepts  of input and output va r i ab l e s  (coordinates)  in a p r o c e s s .  Equations which desc r ibe  the laws of 
na ture  a r e  examined and c lass i f ied  for  use  in obtaining the dynamic c h a r a c t e r i s t i c s  of given control  plants .  
Concepts  per ta in ing  to the control  spa~ce of a s y s t e m  a re  defined in descr ip t ive  t e r m s ,  the Euler  viewpoint 
and the Lagrange  viewpoint a re  compared  leading, r e spec t ive ly ,  to equations of total  and different ia l  m a s s  
or  ene rgy  balance.  

All these  topics  a r e  t r ea t ed  concise ly  enough and yet  quite adequately f rom the methodical  standpoint.  

There  follows an ana lys i s  of dynamic  c h a r a c t e r i s t i c s  in the t ime  domain and in the f requency  domain 
along with the methods of the i r  exper imenta l  de terminat ion ,  giving only a genera l  p ic ture  about them.  

The au thors '  a t tempt  to in te rp re t  the exper imenta l  methods of de te rmin ing  t ime  and f requency cha r -  
a c t e r i s t i c s  cannot be taken se r ious ly .  They would have done be t te r  leaving this subject  alone and only r e -  
f e r r i n g  to it where  n e c e s s a r y .  They d i scuss  the ac t ive  methods ,  but do not mention at all the pas s ive  
methods  of de te rmin ing  both t ime  and f requency  c h a r a c t e r i s t i c s  exper imenta l ly .  The p r epa ra t i on  of t e s t s  
is t r e a t ed  v e r y  p r imi t ive ly .  On the question of de te rmin ing  the f requency cha rac t e r i s t i c  by generat ing a 
s inusoidal  function at the s y s t e m  input, for  instance,  the authors  a s s u m e  that this is achieved with the aid 
of a cam,  a c a m  dr iven e lement  (to mean,  evidently,  the regula t ing element) ,  and a mechanica l  or  e l e c t r i -  
cal  gene ra to r .  No mention is made of the often encountered need for  a regula t ing e lement  with a prof i le  
without which it would be imposs ib le  to genera te  the n e c e s s a r y  ha rmonic  osci l la t ions of the v e r y  flow on 
which this  regula t ing  e lement  ac t s .  

Nothing is said about the method of de te rmin ing  the f requency c h a r a c t e r i s t i c s  with a squa re -wave  in- 
put signal .  This  mode of input action is convenient  p r e c i s e l y  because  it can be rea l i zed  manual ly  with 
r e m o t e - c o n t r o l  e l ements  of au tomat ic  r egu la to r s .  Moreove r ,  there  is no need h e r e  for  specia l  signal gen-  
e r a t o r s ,  c a m s ,  and prof i led  regula t ing e lements .  The authors  should have covered  the re la t ion  between 
t i m e  and f requency  c h a r a c t e r i s t i c s ,  in v iew of the fact  that  the book was wri t ten  for  students.  

There  follows an evaluation of the ro le  played by dynamic and s ta t ic  cha rac t e r i s t i c s .  Examples  a r e  
shown i l lus t ra t ing  the dynamic behav ior  of a thermocouple  and of a U-tube manome te r .  Exact  solutions 
a r e  obtained h e r e  by the c l a s s i ca l  method of d i rec t  integrat ion.  In the d iscuss ion  is included a lso  a heat 
exchanger  of the coaxial  tubular  design.  

At the end of the chapte r  a r e  given some bas ic  concepts  per ta in ing  to control ,  but is a r a t h e r  too 
concise  fo rma t .  The subjec ts  covered  he re  a re ,  essent ia l ly ,  s chemat ic  block d i ag rams  and the effect  
which the locat ion of the roots  of the c h a r a c t e r i s t i c  equation has  on the t r ans ien t  p r o c e s s .  

In Chapte r  Three  the authors  explain va r ious  fundamental  p r o c e d u r e s  for  dynamic ana lys i s .  They 
begin with a b r i e f  but, consider ing the scope of .the book, adequate rev iew of the s t ra igh t  c l a s s i ca l  method 
with an in tegra t ion of the di f ferent ia l  equation, with the use  of the Laplace  t r a n s f o r m ,  with t r a n s f e r  func- 
t ions ,  and with f requency c h a r a c t e r i s t i c s .  Unfortunately,  v e r y  li t t le is said in this  pa r t  of the chapter  
about the Duhamel  integral  and its poss ib le  use  for  de te rmin ing  the r e sponse  of a l inear  s y s t e m  to an a r -  
b i t r a r y  signal ,  and nothing at all  is said about the del ta  function or the weighing function, on the re la t ion  be -  
tween  the del ta  function and the un i t - s tep  function, between the t r ans ien t  r e sponse  and the weighting func- 
tion, and between all these  functions and the t r a n s f e r  functions. 

These i tems omit ted by the authors  a r e  no doubt methodological ly  v e r y  important ,  because  they de-  
velop our abi l i ty  to t ie  toge ther  seeming ly  unre la ted  facts .  

There  follows an ana lys i s  of dynamic  equations by the methods of the s ta te  space  and by the method 
of analog s imulat ion.  These  methods a re  desc r ibed  here  v e r y  thoroughly and a re  i l lus t ra ted  by a suffi-  
cient number  of examples  to be well unders tood.  

Some ideas about numer i ca l  methods of analys is  a r e  p resen ted  at the end of the chapter .  

Chapter  Fou r  is devoted to the dynamics  of s y s t e m s  with lumped p a r a m e t e r s .  Such s y s t e m s  a re  de-  
fined f i r s t ,  whereuponthe  s ta tus  of dynamic  equations is d i scussed  in t e r m s  of es tabl ishing the t r a n s f e r  func- 
t ions for  t he rma l ,  hydraul ic ,  and m a s s - t r a n s f e r  p r o c e s s e s  desc r ibab le  by o rd ina ry  f i r s t - o r d e r  d i f feren-  
t ia l  equations.  

Cons idered  next is the dynamics  of s e r i e s  and pa ra l l e l  de tec to r  devices  (components) in a control  
sy s t em,  a lso  of feedback s y s t e m s  as well  as s y s t e m s  with many  inputs and many  outputs. The applicat ion 
of s ta te  space  and analog s imulat ion methods is demons t ra t ed  in each  case .  The las t  sect ion of this 
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chapter brings two illustrative examples, each solved by four different earlier shown methods and the re- 
sults compared. Such a comparison is methodologieally very useful. 

Chapter Five is concerned with the dynamics of systems with lumped parameters. Such systems are 
defined first, whereupon the status of dynamic equations is discussed in terms of establishing the trans- 
fer functions for thermal, hydraulic, and mass-transfer processes describable by ordinary first-order 
differential equations. 

Considered next is the dynamics of series and parallel detector devices (components) in a control 
system, also of feedback systems as well as systems with many inputs and many outputs. The applica- 
tion of state space and analog simulation methods is demonstrated in each case. The last section of this 
chapter brings two illustrative examples, each solved by four different earlier shown methods and the re- 
sults compared. Such a comparison is methodologically very useful. 

Chapter Five is concerned with the dynamic behavior of systems whose parameters are distributed. 
Such systems are defined first, whereupon the general procedure for describing the dynamics of such sys- 
tems analytically is discussed. Using specific examples, the authors thoroughly deal with the problem of 
determining the dynamic characteristics of many various thermal, hydraulic, and mass-transfer plants 
(systems). Most attention is paid here to heat exchangers and pipelines. This is the main chapter of the 
book, it is the longest, and the authors successfully demonstrate here the serious consideration which 
curricula should be giving to distributed-parameter systems. (Unfortunately, till now the study programs 
as well as textbooks and manuals have been very deficient in this area.) In this chapter, however, the 
authors do not devote enough space to the problem concerning the simulation of distributed-parameter sys- 
tems on analog computers. No consideration is also given to the possibility of separating two components 
in expressions which characterize the properties of such systems, namely, the component which represents 
the dynamic characteristics of a lumped mathematieal model of the system and the component which re- 
flects the effect of parameter distribution. As is well known, such a separation of two components does in 
many cases simplify the analysis of distributed-parameter systems. 

Chapter Six deals with the dynamics of nonlinear systems. It is too concise and, in essence, offers 
but a general brief survey of methods used for studying the dynamics of nonlinear systems. Not enough 
examples are given here which would explain the application of these methods. Nonlinear systems cer- 
tainly deserve more attention. 

Chapter Seven is about systems with time-variable parameters. 1~his subject is sufficiently well 
covered for a study course. It includes the application of pulse and frequency characteristics, integral 
transforms, the method of small perturbations, the method of the state space, and the method of analog 
simulation. The last of these methods is illustrated on problem of a coaxial tubular heat exchanger, with 
the solution obtained here for the case where the heat carrier velocity varies in time. 

Chapter Eight deals with the experimental procedure for determining the dynamic characteristics. 
The method of direct measurement is applied to the frequency characteristics (with a sinusoidal perturba- 
tion signal), considered is also the method of measuring the transient response (to a step perturbation) and 
the problem of determining the dynamic characteristics in response to input signals of various pulse forms. 
Information is given about the general principles of analyzing the system dynamics with the aid of random 
signals. Examples are shown in which plants are analyzed by way of determining their frequency, trans- 
ient, and pulse response functions. The apparatus for these tests is described. In this chapter the experi- 
mental procedure of analysis is treated more specifically than in Chapter Two, but still not a complete 
picture is presented of the difficulties arising in the preparation of experiments. Without dwelling enough 
on the methods of test data processing, as should have been done, the authors proceed to evaluate the test 
results. 

In Chapter Nine the authors discuss the necessity of analyzing the dynamics of enterprises totally 
and, at the same time, they indicate the difficulties arising here and also certain possible simplifying as- 
sumptions, The discussion continues with problems involved in analyzing the dynamics of a steam power 
plant, of a large thermoelectric power station, of a furnace for heating metal ingots before rolling, of an 
atomic power plant, of hydro plants, of a distillation column, and of chemical reactors. Analytical meth- 
ods, simulation, and industrial experiments are all assessed. Still not enough is said, however, about the 
setting up of an experiment and about the processing of test data. On the other hand, test results are ex- 
tensively evaluated on a comparative basis, in relation to test results obtained by other methods of dyna- 
mic analysis. 
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On the whole, this  chapter  should be v e r y  useful  to spec ia l i s t s  in many  a r e a s ,  because  examples  a r e  
thoroughly  analyzed h e r e  which have been taken f r o m  var ious  b ranches  of industry.  

Chapter  Ten is devoted to the bas ic  methods  of control l ing manufac ture  p r o c e s s e s  and to the syn-  
thes i s  of control  s y s t e m s  on the bas i s  of p r o c e s s  dynamics  ana lys i s .  

This chapter  is too concise  and amounts  to a genera l  survey .  After  having read  it, a student, nor  
even an engineer ,  will be able to design and to p r o p e r l y  se t  up an automat ic  regulat ion sys t em.  This 
chapter  m a y  be viewed as a not v e r y  s y s t e m a t i c  introduction to a book on p rob l ems  in the synthesis  of au-  
t oma t i c  regula t ion  s y s t e m s .  

It  mus t  be noted, however ,  that ,  on the whole, the book is wri t ten on a level  with modern  concepts 
in the theory  of au tomat ic  control  and it makes  use  of the avai lable  ma themat i ca l  a p p a r a t u s .  Its value is 
much  enhanced by the g r ea t  m a n y  chosen speci f ic  examples .  The authors  a r e  unquest ionably v e r y  c o m -  
petent  spec ia l i s t s  in the field of au tomat ic  control .  Despi te  the def ic iencies  mentioned here ,  the book will 
ce r t a in ly  be useful  to students and eng ineers  working on p r o b l e m s  in the automat ic  control  of manufac ture  
processes. 
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