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S p a c e - T i m e N u c l e a r R e a c t o r K i n e t i c s . By Weston M. 
Stacey, Jr . Academic P r e s s , Inc., New York (1969). 
186 pp. $13. 

This attractive little monograph i s devoted to recent 
theoret ical developments in space-dependent reactor dy-
namics . It i s rea l ly a col lect ion of brief rev iew a r t i c l e s , 
and it s e r v e s i t s stated purpose as a bridge "between the 
older texts on reactor kinet ics and the new work appearing 
in the current technical l i terature ." 

The main objection i s that the book i s too br ie f . Each 
topic i s introduced at a rather high leve l of sophist ication. 
Nobody wi l l mistake this book for a text; it i s written for 
wel l- indoctrinated spec ia l i s t s . 

Several of the chapters end abruptly. The author has 
taken the reader a c r o s s a bridge and dropped him there . 
What next? Have we arrived at the front ier , or has the 
author lost in teres t? This i s not idle wishing for the 
"graceful ex i t" of l i terary s ty le . Some r e a d e r s wil l m i s s 
the perspec t ives that might have been provided in c los ing 
some of the chapters, e spec ia l ly the chapters on var ia-
tional synthes i s , stochast ic kinet ics , and control . 

Some wel l chosen numerical r e s u l t s are presented. 
Many other examples have been published in journals; 
s o m e of these are cited in the r e f e r e n c e s . The book would 
be better able to stand alone if more numerical examples 
had been reproduced (with appropriate commentar ies ) . A 
larger bibliography would have been helpful, and a more 
comprehensive subject index should have been prepared. 

For the record, the authors of Ref . 3 (pp. 3 and 149) are 
A. Z. Akcasu, G. S. Lel louche, and L. M. Shotkin. 

With re ference to p. 11: it would be proper to quote Al 
Henry's observation that natural modes occur in c lus ters 
of seven . It i s , however, a bit of a leap to a s s e r t , without 
commentary, analogous propert ies for the e igenvalues of 
the f in i te -di f ference formulation represented by Eq. (1.12). 

The quasistatic method of Ott and Meneley shows great 
promise . It d e s e r v e s more than the pass ing re ference on 
p. 32. 

Section 2.7 i s devoted to the alternating-direction i m -
plicit method. Attention should be cal led to the alternating-
direction explicit method (Ref. 11 of Chap. 2). The latter 
i s more straightforward and probably more ef f ic ient . A s a 
resu l t of Denning's work, i t s importance i s beginning to be 
rea l ized in this country. 

The variational method has a strong appeal, but i ts 
v irtues should not be exaggerated. The impress ion i s 
given on p. 63 that there i s no res tr ic t ion upon the weight-
ing functions. In fact , the weighting functions are adjoint 
to the expansion functions. If one wants both s e t s of func-
t ions to be arbitrary, then one has to forego the ex i s tence 
of a variational principle (a smal l pr ice to pay in most 
practical problems) . 

Figure 5.1 i s not a phase plane, a s a s ser ted on p. 125. 
It i s a two-dimensional parameter space . 

Computer jargon like "edit region XX" should have 
been stamped out by the manuscript editor. It can poss ib ly 
be forgiven in the f igures (Chap. 5) but not in the text 
(p. 133). 

There i s a confusing point on p. 144. The Region R 
"within which the linear analys is i s val id" i s not the same 
region R in which V e x i s t s (p. 142). This reader fel l into a 
trap, and he hast i ly composed severa l indignant (and 
superfluous) paragraphs about what the Liapunov method 
can and cannot do for linear s y s t e m s . Let authors and 
cr i t i c s both be more punctil ious. 

If there are more words of cr i t i c i sm than praise in this 
review, it i s because crit ical comments are eas i er to 
wr i te . Actually, it was a p leasure to read this book. The 
author wr i t e s wel l , and he has made a valuable contribution 
to the l iterature of reactor dynamics . 

David L. Hetrick 

The University of Arizona 
Tucson, Arizona 85721 

March 29, 1972 

About the reviewer: David Hetrick is professor of nu-
clear engineering at the University of Arizona in Tucson. 
His current interests in teaching and research are reactor 
dynamics, nuclear safety, laser optics, and thermody-
namics. He received his PhD in theoretical physics at 
UCLA in 1954. He was a reactor physicist at Atomics In-
ternational for nine years, and has taught physics at Rens-
selaer Polytechnic Institute and San Fernando Valley State 
College. His textbook Dynamics of Nuclear Reactors was 
published by the University of Chicago Press in 1971, and 
he edited the proceedings of the most recent Arizona sym-
posium on reactor dynamics (Dynamics of Nuclear Sys -
t ems , University of Arizona Press, 1972). Professor 
Hetrick assisted in the formation of the new Arizona Sec-
tion of ANS. 

Mathematical Methods i n Nuclear Reactor Dynamics . By 
Ziya Akcasu, Gerald Lellouche, and Louis Shotkin. Acade-
mic P r e s s , Inc., New York (1971). 460 pp. $22. 

The authors state in the preface to this book that they 
" . . . have tried not to duplicate the subject matter and ap-
proach of exist ing texts . . . ." The reviewer f e e l s that the 
authors have taken this objective as a ser ious goal and as a 
resul t have produced a text which i s rather orthogonal to 
other texts in this f ie ld . A potential pitfall in adopting such 
a philosophy i s that the least significant aspects of the sub-
ject may be emphasized at the expense of more significant 
mater ia l . This rev iewer be l i eves that the authors have 
occas ional ly fal len into this trap. Of more concern, they 



have often not put into perspect ive the re lat ive s ignif icance 
of the point they are developing. Another poss ib le conse -
quence of this objective i s to d i s m i s s more e lementary 
concepts as tr ivial and to concentrate on more exotic de-
velopments . This i s not bad in i t se l f , but when it r e s u l t s 
in misleading statements concerning e lementary concepts 
it lowers the value of the text . The rev iewer finds that 
there i s cause for concern that the student wil l be mis led 
in certain e lementary a r e a s . 

The authors a l so placed constraints on the subject mat-
ter covered. The most significant of these are the o m i s -
sion of space-dependent kinet ics , numerical methods, and 
stat is t ical methods. Consequently, the subject matter of 
the book i s confined to analyses of the point reactor kinet-
i c s equations using analytical methods. Satisfying the ob-
jective of not duplicating other texts within these rather 
narrow constraints has amplif ied the problem of se lect ing 
appropriate material . 

In the f i r s t chapter the general kinet ics equations are 
developed. The starting point i s the transport equation for 
neutrons and the precursor balance. Feedback equations 
are developed by writing equations for the variations of 
microscopic c r o s s sect ions and atomic dens i t ies . D i s t r i -
bution of heat sources are d i scussed and the production 
and burnup of nuclear s p e c i e s . The transport- theory set 
of equations i s cast into the diffusion approximation, the 
F e r m i age model, and one group diffusion. The concept of 
adjoint flux i s introduced through an example problem con-
cerning the ef fect of gravitational f o r c e s on neutron d i s t r i -
butions . 

The f i r s t chapter i l lustrates a point re f erred to e a r l i e r . 
For example , the authors find that "if the reactor i s just 
cr i t ica l in the absence of gravity . . . , then the reactor 
b e c o m e s subcrit ical when gravity i s present ." Suprisingly, 
they do not d i s cus s the magnitude of this e f fec t . This i s an 
i l lustration of emphasizing an obscure problem and not 
putting i ts s ignif icance into perspect ive . 

In the second chapter, the point reactor kinet ics equa-
t ions are developed using the transport equations a s a 
starting point. Adjoint functions and importance are c a r e -
fully introduced and the parameters of the kinet ics equa-
t ions are explicit ly derived. With al l of the machinery 
developed in Chap. 2, it would s e e m that one would not 
hesitate to attack space-dependent dynamics problems . 
However, the authors have chosen not to proceed along this 
l ine. By not address ing space-dependent problems after 
developing such a strong theoret ical foundation, the der i -
vations of this chapter take on the character is t ic of hunting 
ducks with a battleship. 

In Chap. 3 the point reactor kinetic equations are solved 
exact ly for react ivi ty with various power variat ions and for 
power with a step and ramp react iv i ty insert ion. In this 
chapter the problem of making mis leading statements about 
mundane (but important) concepts i s evident. For example , 
the inhour equation i s graphed in a distorted form. The 
fact that the graph i s highly distorted and the consequences 
of this distortion are never mentioned. It would appear 
f rom this graph that, in general , I x j < (3/I < I X21 and the 
X; are uniformly distributed. Other strange statements 
appear in Chap. 3, such a s the asser t ion that the motiva-
tion for analyzing a step react ivi ty insert ion into a subcr i -
t ica l reactor i s " . . . the fact that a reactor i s never f ree 
f rom an external neutron source due to the photoneutrons 
produced by the gamma f ield, and therefore i s never truly 
cr i t i ca l ," as wel l a s "When k0 > 0 but l e s s than 1$, then 
the reactor i s said to be de layed-cr i t i ca l ." 

In Chap. 4 we find approximate solutions to the point 
reactor kinet ics equations without feedback. Special atten-

tion i s given to gradual react ivity changes and osc i l la tory 
react iv i t i es . Again, the problem of emphasizing the ob-
scure and obfuscating the obvious i s evident. The phenom-
ena of divergent power osci l lat ions or negative react ivi ty 
bias in osc i l lator experiments are dealt with exhaustively. 
On the other hand, it i s asser ted that in the one delayed-
neutron group model " . . . the phase angle i s always nega-
t ive , equal to -45° lag at the break frequencies . . ." when, 
of course , there i s always a greater phase lag than -45° in 
this model at the break frequencies . The authors a l so 
state, without qualification, that "the pile osc i l lator t ech-
nique . . . i s one of the most prec i se methods for m e a s u r -
ing /3/Z" when, in fact , the pile osc i l lator i s unusable in 
fast reac tors . 

Chapter 5, on feedback, repeats the pattern of ear l i er 
chapters . In keeping with the objective of not duplicating 
other work, problems assoc iated with the response to large 
react ivi ty insert ions are not covered. Feedback t e r m s are 
derived quite general ly but specia l ized to point reactor 
problems for both temperature and xenon. Periodic r e a c -
tivity insert ions are revis i ted , this t ime with feedback. 
For some reason, Chap. 5 has no e x e r c i s e problems 
whereas all other chapters do. 

Chapter 6 i s on l inear stability analys i s . In a l inear 
stability analys i s for a point reactor with xenon and t e m -
per atm-e feedback we learn that " a t ime delay in a single -
temperature feedback can have a destabil izing influence on 
a reactor dominated by xenon feedback. The longer the 
t ime delay, the more unstable the s y s t e m . " The rev iewer 
finds this to be the peak of irrelevant problems with i r r e l -
evant conclusions. In the f i r s t place, space-independent 
xenon stabil ity i s re lat ive ly unimportant, but the ef fect of 
thermal t ime constants of the same order as xenon t ime 
constants i s probably the most irrelevant stability problem 
in the f ie ld of reactor dynamics . 

Chapter 7 i s a long (133 pages) and academic chapter on 
nonlinear stabil ity analys i s . Concepts of stability such a s 
"asymptotic stabil ity in the large" are defined and elabo-
rated. General cr i ter ia for boundedness of solutions with 
arbitrary feedback functionals and special izat ions to l inear 
feedback are presented. Lyapunov's second method i s in-
troduced and various Lyapunov functions based on the 
Lurie -Letov function are exerc i s ed . Other stability c r i -
t er ia such as the Lefschetz and Popov cr i ter ia are a l so 
developed. Finally, the concept of finite escape t ime in 
reactor kinet ics i s developed and applied to s imple reactor 
models . 

The authors have done a rea l serv ice by bringing to -
gether much of the l i terature in nonlinear reactor dy-
namics which has previously been distributed in various 
journals. For example, they introduce a proof of a theorem 
by Popov which i s not present ly available in the Engl i sh-
language l i terature. Unfortunately, the s ta te -o f - the -ar t of 
nonlinear analytical methods in nuclear reactor stabil ity 
has not yet been developed to the point of s ignificant appli-
cation to rea l s y s t e m s . The models are s t i l l too s impl i f ied 
to adequately descr ibe the detailed character i s t i c s of 
engineering s y s t e m s . However, Chap. 7 does an exce l lent 
job of covering the fundamentals of this difficult subject. 

This rev iew may s e e m rather negative, but for the 
spec ia l i s t who would like to have thorough mathematical 
derivations of space-independent kinet ics and who would 
like to have re ference to a col lection of problems not found 
in other texts , I recommend the book. I would also tend to 
recommend the book to some students who have a lready 
completed a course in nuclear reactor dynamics of the 
more traditional var iety . However, I fee l that i ts tendency 
to emphasize the off -beat areas of reactor dynamics at the 



expense of the more commonplace makes it a very poor 
pedagogical instrument for the uninitiated. 

Robert W. Albrecht 

University of Washington 
Seattle, Washington 98195 

April 4, 1972 

About the reviewer: Bob Albrecht is a professor of 
nuclear engineering at the University of Washington. He 
has been teaching nuclear reactor dynamics for the past 11 
years and doing research related to stochastic fluctuations 
in nuclear reactor observables. Dr. Albrecht obtained his 
PhD at the University of Michigan in 1961 and received the 
Mark Mills award in that year for a paper based on his 
dissertation. During 1967-1968 he spent a year doing re-
search at Kernforschungszentrum Karlsruhe. 

Optimal Control of Nuclear Reactors. By Ronald R. Mohler 
and C . N . Shen. Academic P r e s s , Inc., New York (1971). 
320 pp. 

This book i s based on and pr imari ly features speci f ic 
r e s e a r c h by the authors in the control of nuclear powered 
rocket engines . Its f i r s t two chapters give a condensed 
survey of reactor kinet ics and optimal control fundamen-
ta ls to re fresh the m e m o r i e s of those already knowledge-
able in these areas . Readers not so qualifying are l ikely to 
be left "standing at the starting gate ." The last chapter 
g ives se lected optimal control topics from other sources . 
Remaining i s the main body of the text which is devoted to 
analytical and numerical applications in nuclear rocket 
control . 

Typical subjects treated from the standpoint of their 
util ization in optimal control are the Euler-Lagrange equa-
tion, the Bel lman-Hamilton-Jacobi equation, the maximum 
principle, and linear programming. Typical problems 
solved util izing these methods are reactor startups with 
minimum t ime or minimum propellant consumption. In 
these problems typical imposed constraints would be not 
exceeding control capabil it ies or not exceeding l imits on 
thermal s t r e s s e s . 

A more descript ive book tit le might be "Optimal Con-
trol Theory and Its Application to Nuclear Rockets ." While 
the needs of rocketry are quite unique and specia l ized, 
neverthe less many general aspects of control theory and 
applications are c lear ly presented. In this re spec t the two 
control chapters written by Shen are outstanding. They 
overlap and repeat some material in Mohler's chapters . 
But perhaps Shen goes too far in lucidity when a step by 
step numerical conversion i s given to show 1 g / c m 3 of 
water contains 6.94 lb / f t 3 of hydrogen. 

The chapters by Mohler a lso are largely derivations of 
react ivi ty control methods of achieving a minimum cost 
(ex., fuel usage) functional. A variety of methods i s treated 
in detail—even down to pages of FORTRAN statements of a 
quasi- l inear programming algorithm. Computer util ization 
in achieving resu l t s i s a n e c e s s i t y and here this book i s 
quite up to date. 

Specific examples of results—graphs of power, r eac t iv -
ity e tc . during rocket startups—are frequent. These r e -
mind one of the practical utility of the methods presented. 
The reader i s therefore intermittently brought back from 
the abstract world of the calculus of variations and into the 
world of concrete practical real i ty . Also as s i s t ing in this 
respect are d i scuss ions of the physical p r o c e s s e s involved 
and of intuitive rationale for re su l t s obtained. 

There i s no special g los sary , though Shen's chapters 
define some t e r m s as they are used. A pol icy for defining 
control and reactor jargon or for defining l e s s e r used 
mathematical t e r m s might ex i s t in a school text , but would 
not be required in a book of this nature, aimed at the e x -
perienced specia l ized r e s e a r c h e r . An example of the lack 
of a pol icy i s defining "bang-bang" control on the last 
pages , after it has been repeatedly mentioned throughout 
the book. 

It i s not to be expected from the book title that one 
would find an excel lent treatment of heat transfer and 
thermal s t r e s s e s spanning a third of a chapter, and also 
lucid extensive d i scuss ions of the neutron kinetics equa-
tions at various p laces . But with these topics adequately 
treated in many texts , it would have been better to devote 
their space to control theory—such a s expanding the var i -
ety of optimum control topics in the last chapter. 

The authors intended this book for s y s t e m s theoret ic -
ians , nuclear engineers with a strong background in control 
theory, and graduate students special iz ing in this f ie ld. It 
wil l well s erve this se lec t group, who, moreover , should no 
doubt find the bibliographies l ist ing original papers wel l 
worth pursuing. 

J. A. Thie 

P.O. Box 517 
Barrington, Illinois 60010 

April 7, 1972 

About the Reviewer: Joseph A. Thie is an independent 
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Fast Reactor Safety. By John Graham. Academic P r e s s , 
Inc., New York (Dec. 1971). 367 pp. $18.00. 

The author's preface s tates that this book i s intended 
"as a university text for reactor safety applied to fast 
reactors in general and applied to liquid metal -cooled fast 
breeders (LMFBRs) in part icular ." The author a lso 
intends the book "as a text for graduates and undergrad-
uates in nuclear engineering who are attending courses in 
reactor sa f e ty ." Within this context, the book approaches 
i ts objective, albeit with mixed s u c c e s s and a rather d i f -
ferent emphasis than I might choose. The publisher's 
statement on the book jacket that "this volume presents the 
latest information on the whole f ie ld of safety as applied to 
the fast breeder reactor power s y s t e m , " however, i s not 
valid. Nor i s the jacket statement that the book wi l l be of 
"great interest to . . . practicing nuclear engineers and 
power engineers who want to acquire a working knowledge 
of nuclear sa f e ty ." Finally, by way of introduction, the 
book does not, as stated in the forward by J. J. Taylor, 
"examine, as quantitatively as our present technological 
capability permits , the spec i f ic features of safety of the 
fas t s y s t e m . " 




