
a r e l i b e r a l l y quoted , t h e r e is a s o m e w h a t s u r p r i s i n g l a c k of r e f e r e n c e s 
to o the r i m p o r t a n t t e x t b o o k s ; e . g. u n i f o r m i s a t i o n is d i s c u s s e d 
c u r s o r i l y on p . 523, but the s t a n d a r d book of Nevani inna is not 
m e n t i o n e d . Nor does one find r e f e r e n c e s to the w e l l - k n o w n t ex tbooks 
of A h l f o r s , S a r i o , H i l l e , L e h n e r , T h r o n . P f luger and B e h n k e - S o m m e r , 
h o w e v e r , a r e quoted s e v e r a l t i m e s . 

C o m p l e x a n a l y s i s has a s s u m e d such huge d i m e n s i o n s tha t a t e x t 
book can n e v e r be c o m p l e t e . A p e r s o n a l i m p r e s s i o n of m i n e is tha t 
the t h e o r y of un iva len t funct ions - with coef f ic ien t e s t i m a t e s a long 
J e n k i n s 1 l ine - and s o m e r u d i m e n t s of Schiffer 1 s v a r i a t i o n a l m e t h o d s 
should have found at l e a s t a t iny refuge in such a l a r g e s u r v e y . 

As for the s t y l e , the book i s w r i t t e n for the g r e a t e r p a r t in the 
ca re fu l ly t hough t -ou t way of the f a t h e r s and g r a n d f a t h e r s of c o m p l e x 
a n a l y s i s ; some e x c e p t i o n s o c c u r in the new a p p e n d i x w h e r e m o d e r n 
E n g l i s h c o r r u p t i o n s m a r the beau ty of the G e r m a n p r e s e n t a t i o n (e . g. 
"ge l i f te te K u r v e " on p. 6851 ). H o w e v e r I would be a t a l o s s to find a 
b e t t e r t r a n s l a t i o n with the p r o p e r t e c h n i c a l conno ta t ion . 

The index of the f o r m e r e d i t i o n s h a s not a l w a y s b e e n r e w r i t t e n 

confo rming to the new a r r a n g e m e n t of the t e x t ; e . g . on p . 364 one looks 

in va in for n o n - E u c l i d e a n m o t i o n s a s announced by the index-

Summing up: The new v e r s i o n of H u r w i t z - C o u r a n t - R o h r l wi l l 

cont inue to be a s t a n d a r d t ex tbook of the f i r s t c l a s s . One canno t 

e s c a p e the i m p r e s s i o n , h o w e v e r , tha t the w e a l t h of m a t e r i a l s e e m s 

to have o v e r w h e l m e d the a u t h o r s to such an ex ten t tha t the o r g a n i s a t i o n 

h a s suffered s o m e t i m e s . N a t u r a l l y , in t h i s age of gent le e d u c a t i o n a l 

a p p r o a c h , the a f o r e m e n t i o n e d r e p e t i t i o n s can a l s o be i n t e r p r e t e d a s 

highly soph i s t i c a t ed pedagog ica l d e v i c e s enab l ing the s tuden t to d i g e s t 

p i e c e m e a l the m o r e c o m p l i c a t e d a s p e c t s of the t h e o r y ! 

He inz G. He l f ens t e in , U n i v e r s i t y of Ot tawa 

M a t h e m a t i c a l T h e o r y of O p t i c s , by R. K. L u n e b u r g . U n i v e r s i t y of 
Ca l i fo rn ia P r e s s , B e r k e l e y , 1964. xxx + 448 p a g e s . $ 1 2 . 5 0 . 

The vo lume under r e v i e w is a c o r r e c t e d v e r s i o n of a f amous se t 
of l e c t u r e s d e l i v e r e d by the la te Rudolf Lunebu rg at B r o w n U n i v e r s i t y 
in 1944. M i m e o g r a p h e d c o p i e s w e r e p r e p a r e d , but had a v e r y l i m i t e d 
d i s t r i bu t i on a s they w e r e not g e n e r a l l y a v a i l a b l e to the sc ien t i f i c publ ic . 
It is no e x a g g e r a t i o n to s t a t e tha t t h e s e n o t e s have had a profound i m p a c t 
upon the p r o g r e s s of c l a s s i c a l op t i c s in sp i te of t h e i r i n a c c e s s i b i l i t y , and 
for t h i s r e a s o n t h e i r publ ica t ion in book f o r m i s a m a j o r even t . L u n e b u r g 
was tha t r a r a a v i s , the p roduc t ive s c i e n t i s t who did not pub l i sh h i s 
r e su l t s ' . A s a m a n i f e s t a t i o n of t h i s a t t i t u d e , one f inds tha t the v o l u m e 
has an i n t ense ly p e r s o n a l f lavor r e m i n i s c e n t of Lo rd Ray le igh ' s 
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Theory of Sound. Unfortunately the author has not indicated the very 
substantial corpus of his new resul ts with the result that the neophyte 
will not appreciate the vast amount of original r e sea rch that Lune our g 
integrated into the text. In fact, the strength as well as the weakness 
l ies in the almost complete absence of references to the l i terature! 
The book naturally divides into three independent sections; each section 
will be reviewed separately. 

The first section (Chapter i) is entitled "Wave and Geometrical 
Optics", but could more properly be called "Initial Value Problems 
Associated with Maxwell' s Equations". After stating Maxwell' s 
equations and discussing periodic fields, the author then t ransforms 
Maxwell' s equations into integral form and proceeds to derive various 
theorems on the propagation of discontinuities using the theory of 
charac te r i s t i c s . The t ransport equations relating the electromagnetic 
field vector along geometrical rays are then outlined. Luneburg' s 
conception of the t ranspor t equations is one of his major achievements, 
and the techniques he pioneered have been utilized by many workers in 
wave propagation; e . g . , Fr ieder ich and Keller ' s formulation of 
geometrical acoust ics . One particularly happy feature to an applied 
mathematician lies in the detailed analysis of the construction of wave-
fronts with the aid of tight rays including Huyghen' s construction. 
There a r e other miscellaneous topics, finally ending with a hint about 
the possibility of expanding Maxwell' s equations in inverse powers of 
the frequency. The asymptotic development of steady state e lec t ro
magnetic fields was later developed by Luneburg in unpublished work 
done at New York University and forms the subject of a monograph by 
Kline and Kay^ ' only recently published. 

Even a cursory inspection by the reader of the second section 
(Chapters 2-6) will dispel the common fallacy that geometrical optics 
is exclusively concerned with the application of ray tracing formulas 
to lens design. Fortunately, Luneburg chose to present Hamilton' s 
theory of geometric optics in full detail. The power and elegance of 
this approach has never been fully appreciated by applied mathematicians 
and the usual accounts always seem to omit just enough of the theory to 
obscure the mod is operandi. Not so with Luneburg; by beginning with 
Fermât ' s principle and marshall ing the apparatus of the calculus of 
variations he carefully exposes the underlying foundations of the point 
charac te r i s t i c , angular character is t ic , and mixed character is t ic 
functions. Integral invariants a re introduced and the theorem of 
Malus receives a thorough treatment. Application of the theory to 
special problems occupies over one hundred pages. One finds here 
the original t rea tment of the Luneburg lens which has had widespread 
application in microwave technology and is still the subject of 
mathematical investigations. 

M. Kline and I. Kay, Electromagnetic Theory and Geometrical 
Optics (Interscience Publishers , New York, 1965). 
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The next two c h a p t e r s a r e devoted to f i r s t o r d e r o p t i c s and 
a b e r r a t i o n t h e o r y (both t o p i c s cons t i t u t i ng the h a r d c o r e of l e n s d e s i g n 
t heo ry ) set in the con tex t of Hami l t on ' s t h e o r y . In r e a d i n g t h e s e 
s e c t i o n s b e a r in mind that Lune bur g was a p r a c t i c i n g l ens d e s i g n e r 
and that a l m o s t e v e r y t h i n g p r e s e n t e d has some a p p l i c a t i o n . The f i r s t 
o r d e r op t i c s s ec t ion c o n t a i n s some unusua l d i f fe rence e q u a t i o n s but i s 
on the whole f a i r ly s t r a i g h t f o r w a r d in sp i te of be ing r a t h e r s p e c i a l i z e d . 
The t h e o r y of a b e r r a t i o n s is confined to t h i r d o r d e r a b e r r a t i o n s in 
s y s t e m s of r o t a t i o n a l s y m m e t r y in view of the obvious p r a c t i c a l u t i l i ty . 
A b e r r a t i o n t h e o r y i s one a r e a in d e s p e r a t e need of he lp , wi th r e s p e c t 
to both the f o r m a l a s p e c t s a s we l l a s c o n v e r g e n c e c o n d i t i o n s . F o r 
e x a m p l e , the u s u a l a p p r o a c h to a b e r r a t i o n t h e o r y invo lves a p o w e r 
s e r i e s expans ion of one of the c h a r a c t e r i s t i c func t ions . T h i s e x p a n s i o n 
is f o r m a l and the ques t i on of i t s c o n v e r g e n c e h a s n e v e r b e e n i n v e s t i g a t e d . 
The c l a s s of funct ions which a d m i t power s e r i e s i s l i m i t e d and it i s 
conce ivab le tha t p r a c t i c a l s y s t e m s e x i s t for which power s e r i e s 
e x p a n s i o n s a r e not a d e q u a t e , such a s a F r e s n e l l e n s . On the o t h e r 
hand o r thogona l function e x p a n s i o n s , such a s in Z e r n i k e p o l y n o m i a l s , 
a d m i t a l a r g e r c l a s s of funct ions bu t suffer o t h e r d i s a d v a n t a g e s . 
N u m e r i c a l m e t h o d s a r e in t h e i r infancy and c e r t a i n l y the l e a s t s q u a r e s 
a p p r o a c h to c u r v e f i t t ing the a b e r r a t i o n function i s q u e s t i o n a b l e . The 
c l a s s i f i c a t i o n of a b e r r a t i o n s by g roup t h e o r e t i c m e t h o d s h a s y e t to be 
p e r f o r m e d ; in fact one could a s k e n d l e s s q u e s t i o n s . The r e v i e w e r 
hopes tha t m a t h e m a t i c i a n s wi l l r e s p o n d a t l e a s t in p a r t to t h e s e p l e a s 
e s p e c i a l l y s ince the p r o b l e m s a r e def in i te ly not s i m p l e m a t h e m a t i c a l 
p r o b l e m s . Anyone e n t e r t a i n i n g t he thought of doing s e r i o u s w o r k in 
th i s a r e a should a l s o consu l t the c o m p r e h e n s i v e t r e a t i s e of H e r z b e r g e r ^ ' . 

The l a s t s ec t ion (Chap te r 6) on the d i f f rac t ion t h e o r y of o p t i c a l 
i n s t r u m e n t s i s v i r t u a l l y a r e s e a r c h m o n o g r a p h in i t se l f ; w e l l o v e r 
e ighty p e r c e n t i s new m a t e r i a l . It i s g e n e r a l l y r e c o g n i z e d tha t the 
Kirchhoff d i f f ract ion t h e o r y (ac tua l ly not a t h e o r y , but an a n s a t z ) upon 
which p r a c t i c a l l y a i l op t i ca l d i f f rac t ion w o r k i s b a s e d , is an a p p r o x i m a t e , 
non s e l f - c o n s i s t e n t t h e o r y which for r e a s o n s only now be ing u n d e r s t o o d -
w o r k s ! The c r i t i c a l point is tha t the Kirchhoff t h e o r y i s i ndependen t of 
the p a r t i c u l a r b o u n d a r y cond i t ions a t the edge of the a p e r t u r e . Even if 
we could obta in the r i g o r o u s solut ion of the e l e c t r o m a g n e t i c d i f f rac t ion 
p r o b l e m , it i s doubtful if i t would be v e r y useful b e c a u s e of i t s c o m p l e x i t y . 
A l t e r n a t e a p p r o a c h e s b a s e d upon s o m e w h a t l e s s than the r i g o r o u s 
e l e c t r o m a g n e t i c solut ion yet r e t a i n i n g some m e a s u r e of the c o m p l e t e 
p r o b l e m a r e r e q u i r e d . The m o s t s u c c e s s f u l of t h e s e a p p r o a c h e s i s 
due to L u n e b u r g . His a n a l y s i s i s b a s e d upon the second R a y l e i g h 
Green 1 s function (again no r e f e r e n c e s ! ) so that h i s t h e o r y i s self-
c o n s i s t e n t . L u n e b u r g s e e k s to d e t e r m i n e the so lu t ion of M a x w e l l ' s 
e q u a t i o n s which have a p r e s c r i b e d b e h a v i o r a t infinity ( sa t i s fy a 
r a d i a t i o n condit ion) and a r e va l id ove r the half space Z70 . The a c t u a l 

M. H e r z b e r g e r , Mode rn Geomet r i ca l . Opt ics ( I n t e r s c i e n c e 
P u b l i s h e r s , New Y o r k , 1958). 
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boundary conditions are replaced by their geometrical optics approxi
mations as in the Kirchhoff theory and a solution of Maxwell' s equations 
is sought which has the same value at infinity as the geometrical optics 
solution. One unique feature of the theory is the existence of a complex 
scalar function (remember the theory is vectorial) which when operated 
upon yields the diffracted electric and magnetic field vec tors . In the 
important case of unpolarized light, the energy density can be written 
in t e rms of the absolute square of an integral over the complex scalar 
functions. The usefulness of this theory is slowly becoming evident to 
optical diffraction pract i t ioners . 

After a qualitative review of the diffraction patterns for different 
types of aberra t ions , the author proceeds to a discussion of resolution 
c r i te r ia for coherent and incoherent sources, rediscovering the Sparrow-
resolution cri ter ion. Luneburg then formulates and partially solves a 
ser ies of optimizing problems involving apodization. The Luneburg 
apodization problems and their variants now have an extensive 
l i t e ra ture . The last few pages are devoted to resolution of objects of 
periodic s t ructure . He derives the transfer function and shows that 
an optical system acts as a low- pass filter of spatial frequencies. 
Unfortunately the limited distribution of the old notes has prevented 
current workers in optics from appreciating the remarkable fact that 
Luneburg was in possession of the full theory of optical system analysis 
as early-as 1943. 

The volume closes with a ser ies of appendices and supplernentary 
notes, some by M. Herzberger . The notes are definitely worth studying 
as much of the mater ia l is not generally available. A foreword by Zmil 
Wolf (not Emile Wolf as on the title page! ) and a short bibliographical 
note round out the book. 

In summary we can do no better than quote Wolf: !tI consider it 
to be one of the most important publications on optical theory that has 
appeared within the last few decades1 ' . 

Richard Barakat , Itek Corporation, Lexington, Mass . 

Topologie II, by Wolfgang Franz. Vol. 2, Algebraische Topologie 
Samml. Goshen 1182/82a. W. de Gruyter, Berlin, 1965. 153 pages. 
Price D. M. 5.80. 

This is a sequel to the Allgemeine Topologie of the same author, 
and, as in the case of the previous volume, the style is clear and 
concise, and the t reatment remarkably comprehensive. In fact as 
before it seems quite surprising that so much information can be 
included in so small a space. 

The book s ta r t s off with a general description of the scope of 
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