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This research-level re ference b o o k b y Char lo t t e Froese 
Fischer represents a m a j o r con t r i bu t ion t o t he numerica l 
ca lcula t ion of Har t ree-Fock ( H F ) wave f u n c t i o n s f o r a tomic 
systems. Froese Fischer 's own research e f f o r t s have estab-
lished her as a leading expe r t in this area of q u a n t u m 
theory . In fact , m a n y of t he compu ta t i ona l and numerica l 
analysis too ls discussed in this b o o k have resul ted f r o m her 
own scientific investigations. It is m y opin ion t ha t Froese 
Fischer 's exper ience and knowledge m a k e her an eminen t ly 
qual i f ied scientist t o u n d e r t a k e t h e task of present ing an 
up- to-date overview of numer ica l H F theo ry . 

T h e first two chap te r s of this b o o k are devoted t o a 
review of the H F m e t h o d as well as var ious f u r t h e r app rox -
imat ions tha t are cur rent ly very widely used (e.g., UHF, 
R H F , EHF) . The der ivat ion of the H F equa t ions , including 
a clear t r e a t m e n t of the Lagrange mul t ip l iers , is combined 
wi th good illustrative numerica l results and a discussion of 
the shapes of t h e radial wave func t ions . 

Chapte rs 3 and 4 conta in a discussion of several tech-
n iques f o r t rea t ing e lec t ron corre la t ion in a tomic systems. 
Lit t le a t t e m p t is m a d e t o cover a wide variety of m o d e r n 
approaches to the correlat ion problem. Ins tead , t he a u t h o r 
emphasizes the pe r tu rba t i on t h e o r y approach and the mul t i -
conf igura t ional H F (MCHF) m e t h o d . T h e MCHF variat ional 
equa t ions are derived, and the resul ts of applying this 
m e t h o d t o several s tates of small a t o m s are clearly dis-
cussed. In Chap. 5, Froese Fischer analyzes h o w one com-
pu te s a tomic expec ta t ion values and t rans i t ion proper t ies at 
b o t h the H F and correlated levels. As in he r earlier t reat-
m e n t of correlat ion con t r ibu t ions t o a tomic s ta te energies, 
t h e a u t h o r does no t a t t e m p t t o cover more recent ap-
proaches t o these problems (e.g., m a n y - b o d y techn iques , 
equa t ions-of -mot ion theory , or Green ' s f u n c t i o n theory ) . 

In Chaps. 6 and 7, Froese Fischer presents w h a t , in her 
op in ion , represents the opt imal numerica l m e t h o d s for use 

in H F and M C H F calculat ions. As in the earlier chapters , the 
a u t h o r employs results t ha t have been taken f r o m the litera-
ture t o i l lustrate the accuracy a n d / o r l imita t ions of these 
numer ica l techniques . Largely th rough the research e f fo r t s 
of Froese Fischer , the solut ion procedures fo r the H F 
equa t ions ou t l ined in Chap . 6 have become well accepted 
and widely used wi thin the theoret ical chemis t ry com-
m u n i t y . Because t he M C H F approach t o electronic s t ruc ture 
invest igation is m o r e m o d e r n , its numerica l m e t h o d s are no t 
ye t as widely k n o w n . Hence , it is likely tha t mos t re-
searchers in a tomic s t ruc ture theory will derive much 
benef i t f r o m Chap . 7. 

In s u m m a r y , I feel t ha t this b o o k conta ins an excel lent 
research-level discussion of the numerica l approach to H F 
and M C H F calculat ions. I believe tha t scientists whose 
research is in a tomic and molecular physics, theoret ical 
chemis t ry , or nuclear s t ruc ture theory should read this 
b o o k . 

Jack Simons (BS, chemistry. Case Institute of Tech-
nology, 1967; PhD, chemistry, University of Wisconsin, 
1970) has been on the chemistry faculty at the University 
of Utah since 1971. He is a recognized leader in the appli-
cation and development of quantum chemical methods to 
the electronic structure of atoms and molecules. He is 
especially well known for his pioneering research into the 
electronic structure of negative molecular ions. 
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This vo lume is, I believe, t he f i rs t detai led m o n o g r a p h in 
F rench describing theor ies of n e u t r o n behavior and their 
appl ica t ion t o nuc lear reactors . It is aimed at post -graduate 



phys ic i s t s and engineers w h o wish t o u n d e r s t a n d t h e m e t h -
ods used t o ca lcu la te n e u t r o n energies , f l uxes , a n d d is t r ibu-
t ions in real a n d imaginary a r rays of f u e l e l e m e n t s . I t will , 
t h e r e f o r e , be valuable t o all t h o s e w h o are involved in 
t each ing courses on r e a c t o r phys ics , as well as t o the i r 
s t u d e n t s , pa r t i cu la r ly t h o s e f r o m deve lop ing c o u n t r i e s 
w h e r e F r e n c h is a s econd language. T h e large n u m b e r of 
m a t h e m a t i c a l exerc ises ( w i t h o u t answers) t h a t i t p rov ides 
will he lp t h e ser ious s t u d e n t . 

M u c h of t h e m a t t e r in t h e f irs t f ive sec t ions ( 4 8 0 pages) 
has a l ready b e e n t r e a t e d in English in t h e classic m o n o -
graphs b y Glas s tone a n d E d l u n d o r Weinberg and Wigner. 
T h e m a t h e m a t i c a l t r e a t m e n t of n e u t r o n a b s o r p t i o n , d i f f u -
s ion , a n d t h e r m a l i z a t i o n given here is clear and s t r a igh t fo r -
w a r d . T h e sec t ions c o n c e r n i n g app l ica t ions t o h o m o g e n e o u s 
and h e t e r o g e n e o u s r eac to r s i n c o r p o r a t e a subs tan t i a l con-
t r i b u t i o n b y such F r e n c h scient is ts as A. A m o u y a l , P. 
Benois t , and M. Cad i lhac t h a t c a n n o t be f o u n d in s t anda rd 
t e x t s in Engl ish . T h e last t w o chap t e r s ( 1 3 0 pages) give an 
up - to -da t e s u m m a r y of F r e n c h expe r i ence w i t h u r a n i u m / 
l ight wa t e r a n d p l u t o n i u m / l i q u i d - s o d i u m r eac to r s t h a t I 
f o u n d b o t h original and s t imula t ing . 

T h e r e are n ine m a t h e m a t i c a l a p p e n d i x e s a n d a sho r t 
i n d e x ; b ib l iograph ies are given a f t e r each c h a p t e r . T h e b o o k 
specif ical ly d o e s n o t cover p r o b l e m s of h e a t t r ans fe r , 
shie lding, and h e a l t h phys ics or e x p e r i m e n t a l d e t e c t i o n o f 
n e u t r o n s . M i n o r cr i t ic isms conce rn t h e f igures (wh ich are 
on ly n u m b e r e d consecut ive ly by c h a p t e r , and w h o s e axes 
are n o t a lways clearly l abe led) and t h e fa i lure t o re la te all 
t h e u n i t s q u o t e d t o SI (e.g., " p e r n " used as un i t s of reac-
t iv i ty) . Howeve r , j a rgon t e rms , such as " p i l e " f o r r eac to r , 
are n o t o v e r e m p h a s i z e d , and t h e s ty le is lucid. All in all, th is 
is a scholar ly w o r k t h a t can b e r e c o m m e n d e d . 

T h e a n n o u n c e d goals are cer ta in ly a m b i t i o u s . In m y 
o p i n i o n t h e y serve as an a d e q u a t e basis f o r j u d g i n g t h e 
b o o k . T h e q u e s t i o n s t o be answered a re : 

1. Is i t a good t e x t b o o k ? 

2 . Is i t a good r e f e r e n c e b o o k ? 

B e f o r e going i n t o de ta i l , a f ew s ta t is t ics are in o r d e r . 
T h e b o o k cons is t s of 14 fair ly d i s t inc t c h a p t e r s averaging 27 
pages of t e x t ma te r i a l p lus 3 pages of r e f e r e n c e s a n d p r o b -
lems each . T h e a p p e n d i x e s con t a in s o m e m a t h e m a t i c a l d a t a 
p lus use fu l physica l and t h e r m o d y n a m i c d a t a on c o o l a n t s , 
fue ls , m o d e r a t o r s , and c ladding mater ia l s . N ine d i f f e r e n t 
a u t h o r s c o n t r i b u t e d t o t he b o o k . 

F i rs t , I w o u l d l ike t o m a k e a general obse rva t i on . A 
r e f e r ence b o o k and a t e x t b o o k have s o m e w h a t d i f f e r e n t 
r e q u i r e m e n t s p u t u p o n t h e m . A t e x t b o o k is s u p p o s e d t o 
p rov ide a f u n d a m e n t a l u n d e r s t a n d i n g of a s u b j e c t s t a r t ing 
f r o m basic pr inciples , whi le a r e f e r e n c e w o r k is s u p p o s e d 
t o s u m m a r i z e t he la tes t high-level design p rac t i ce . While 
these t w o r e q u i r e m e n t s are n o t i n h e r e n t l y i n c o m p a t i b l e , at 
a m i n i m u m t h e y requi re e x t r a e x p l a n a t i o n and c o o r d i n a t i o n 
of sub jec t m a t t e r , i .e., a longer b o o k . I f ind t h a t t h e a u t h o r s 
of Elements of Nuclear Reactor Design, in a conscious 
e f f o r t t o k e e p c h a p t e r l eng ths in b o u n d s , have o p t e d in t h e 
d i r ec t i on of a r e f e r ence w o r k r a the r t h a n a t e x t b o o k . A 
de ta i led c r i t ique of each c h a p t e r fo l lows . 

Chapter 1. " E l e m e n t s of R e a c t o r S y s t e m D e s i g n " b y 
J. Weisman. Th i s is a wel l -wr i t ten and i n f o r m a t i v e descr ip-
t i on of c u r r e n t r e a c t o r sys tem designs. T h e a u t h o r has 
wisely r e f r a ined f r o m t ry ing t o cover every des ign t h a t ha s 
ever b e e n used o r conce ived o f . 

H. J. M. Bowen is a reader in analytical and radio-
chemistry at Reading University in England. He is co-author 
of a book on radioactivation analysis and has written several 
other books, including one on the chemical applications of 
radioisotopes. 
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Chapter 2. " R e a c t o r Ma te r i a l s " b y J. Weisman. T h e 
a u t h o r p r e sen t s a general ly good d e s c r i p t i o n o f r e a c t o r 
ma te r i a l s a n d the i r p rob l ems . 

Chapter 3. " T h e r m o d y n a m i c s of N u c l e a r P o w e r Sys-
t e m s " b y J . A n n o . T h i s is a m o d e r a t e l y g o o d , logical p resen-
t a t i o n of t h e r m o d y n a m i c s as appl ied t o n u c l e a r sys tems . 
T h e a u t h o r a s sumes tha t t h e reader has h a d an u n d e r -
graduate- level course in t h e r m o d y n a m i c s a n d is fami l ia r 
w i t h its basic de f in i t i ons and vocabu l a ry . He t a k e s an 
in t e res t ing a p p r o a c h t o t h e t op i c o f i r revers ibi l i ty . U n f o r -
t u n a t e l y , s o m e of t he p r o b l e m s a t t h e end of t h e c h a p t e r are 
u n r e l a t e d t o t h e t e x t . 
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T o pa raph ra se t he P re face t o Elements of Nuclear 
Reactor Design, " T h e p r i m a r y ob jec t ive of th is w o r k is t o 
p rov ide a basic desc r ip t ion o f t h e q u a n t i t a t i v e aspec t s o f 
nuc lea r r e a c t o r design. A n e f f o r t ha s been m a d e t o consol i -
d a t e ma te r i a l sca t t e red t h r o u g h o u t t h e l i t e ra ture a n d t o 
t r e a t in cons ide rab le de ta i l t h e top ic s of r e a c t o r c o m p u t a -
t ions , p ip ing a n d vessel design p rac t i ce , fue l e l e m e n t design 
and r e a c t o r s a f e ty , w h i c h in t h e pas t have genera l ly received 
super f ic ia l t r e a t m e n t . T h e b o o k shou ld b e su i tab le b o t h as 
a r e f e r e n c e a n d as t he sole t e x t f o r r eac to r engineer ing 
c o u r s e s . " 

Chapter 4. " R e a c t o r Phys ics C o m p u t a t i o n s " b y A. Sha-
p i ro . Th i s c h a p t e r is a q u a n t u m j u m p above t h e p rev ious 
c h a p t e r in level of d i f f i c u l t y . Here , t h e a u t h o r a s sumes t h a t 
t h e r e a d e r has h a d a yea r of g r a d u a t e w o r k in r e a c t o r 
t h e o r y . While t he p r e s e n t a t i o n is r ea sonab le given space 
l imi ta t ions , t he r e are a f ew f laws. Spec i f ica l ly , h e d o e s n o t 
emphas i ze t h a t t he i ndus t ry uses two- o r t h r e e - p a r a m e t e r 
f i t s f o r u l t i m a t e gene ra t ion of m o s t f e w - g r o u p cross sec-
t ions , and he fails t o m e n t i o n t h e i m p o r t a n c e of self-
shie lding in d e p l e t i o n ca lcula t ions . His d i scuss ion o f c o n t r o l 
rod ca lcu la t ions is archaic . F ina l ly , t he p r o b l e m set is t h e 
m o s t d i f f i cu l t set in t h e b o o k . 

Chapter 5. " N u c l e a r R e a c t o r Sh i e ld ing" b y J . M o t e f f . 
This is t he longes t , a n d o n e of t he bes t -wr i t t en , c h a p t e r s in 
t h e b o o k . I t is easy t o r ead , i n f o r m a t i v e , a n d c o n t a i n s good 
shie lding design suggest ions. 




