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crystal lographers  who developed the subject  in the last  
century.  However,  whereas the reviewer held uppermost  
the problem of placing the subject  in a form t h a t  migh t  be 
useful for applicat ion in quan tum mechanical  calculations, 
Burckhard t  has mathemat ica l  completeness and elegance 
in mind,  and as a result  goes much far ther  along the road 
of refinement. His  goal in brief  is to place the crystallo- 
graphic groups upon the same plane as t h a t  on which 
Speiser placed the general theory  of finite groups in his 
well-known book. He is eminent ly  successful and m a y  as 
a result  have  placed his work out of the orbit  of the more 
literal minded crystal lographers who find a complete under- 
s tanding of the visual geometrical development  necessary 
for the everyday  problems of the field. 

The book is divided into three large chapters  which 
discuss, respectively, the  point  lattices, the  crystal  classes 
and  the space groups. The opening sections present  the 
elements of linear algebra and  ma t r ix  theory  and thereby  
set the mathemat ica l  background of the work. Great  care 
is t aken  in this  presentat ion to establish the  position of the 
crystal lographic groups among the family of groups. Most 
of the discussion is valid for a space having  an a rb i t ra ry  
ntunber  of dimensions. 

The second chapter,  which deals wi th  the crystal  classes 
or point-groups s tar ts  again wi th  a formal mathemat ica l  
discussion of the subject.  However,  the formal reasoning 
is soon applied to the two-dimensional  net  bo th  to give 
concrete working examples and to derive the ~conditions 
which restr ict  the  purely  rotat ional  point  operations to 
rotat ions through 0 °, 60 °, 90 °, 120 °, etc. The complete two- 
dimensional groups are presented and  the discussion is then 
extended to the three-dimensional  classes. Burckhard t  
employs Schoerdiios' no ta t ion  for all of the three-dimen- 
sional groups and tabula tes  the  results in a mathemat ica l  
form t h a t  is quite useful, namely  as a code from which the 
symmetr ica l ly  equivalent  points  m a y  be derived in either 
rectangular  or hexagonal  Cartesian co-ordinates. :For 
example,  the  group D a is expressed in the form 

/)4 = Ca + (x, ~, ~) Ca = D~ + (y, ~, z) D 2 

to indicate first t ha t  D a m a y  be generated both  from C a 
and D2 by  augmenta t ion  wi th  suitable generat ing elements, 
and second tha t  the  equivalent  points  of D a contain,  in 
addi t ion to those of Ca and  Dg, the points  obtained by  
allowing Ca to act upon the point  (x, y, ~) in the first instance 
or upon (y, 5, z) in the second. The equivalent  points  of the 
Abelian groups, which contain only powers of a single 
element,  are tabula ted  explicitly.  

The second chapter  closes with  the development  of the 
fourteen t rans la t ion  groups and  their  poin t -symmetry .  

The th i rd  chapter  contains a development  of the  space 
groups. Again, the chapter  s tar ts  wi th  a formal pre- 
senta t ion of the mathemat ica l  theory  of the groups and 
uses the two-dimensional ease bo th  for i l lustrat ive pur- 
poses and to provide a method  of approach to the  three- 
dimensional problem. The three-dimensional  space groups, 
like the classes, are expressed in a form t h a t  makes it  
possible to derive the sets of equivalent  points  wi thin  the 
trait cell, Schoenflies' nota t ion  being used throughout .  

The th i rd  chapter  ends wi th  a twenty-page  discussion of 
the mathemat ica l  features of the  space groups in n- 
dimensions. 

I t  is the  reviower's opinion t ha t  all bu t  the small group 
of readers who enjoy formal mathemat ics  for its own sake 

will find the book loss readable than  Schoenflios' original 
work on the subject.  On the other hand,  its conciseness 
would probably  make  i t  a suitable reference tex t  for anyone  
brave enough to a t t e m p t  a series of lectures on the theory  
of the space groups. On the whole, the  book will un- 
doubtedly  find a place of pe rmanent  value in the l i terature 
of the field. 

Unfor tuna te ly ,  the  writer has not  a t t empted  to discuss 
the phases of the theory  of the crystal lographic groups 
which centre about  the work of Schur and which have 
proved to be so valuable for quan tum physics when placed 
in the hands  of Wigner and Wey]. The subject  of re- 
ducibi l i ty  is touched upon at  several places in the book, bu t  
a lways in a ra ther  specialized manner  t h a t  is of interest  
pr imar i ly  for the  discussion a t  hand.  Theoretical physicists  
will not  find the present  book useful if  they  are looking for 
something in the na ture  of an addi t ional  chapter  to the  
books of Wigner or Woyl. Perhaps  Burckhard t  will oblige 
this  potent ia l  audience with  a second volume, extending 
the subject  in this  direction, a t  some t ime in the future. 

Anyone with  scholarly inclinations who has found his 
life seriously in ter rupted by  the events of the last two 
decades will undoubted ly  be touched wi th  an air of wistful 
envy  as he turns  the pages of this  book, for it  exudes the 
spiri t  of classical academic leisure. To this  reader Burck- 
ha rd t  offers advice in the  words of Kepler:  'When  the 
s torm rages and society threa tens  to founder, we can do 
noth ing  t h a t  is of more value than  to sink the anchor of 
our peaceful s tudy  into the grounds of eternal science.' 

Carnegie Institute of Technology, F. SEITZ 
Pittsburg 13, Pa., 
U.S.A. 

Los Rayons X et leurs Applications. By H. BRAS- 
SEUR. Pp.  3 6 6 + x l v i i ,  w i th  2 5 7 + 3 6  figs. Ed i t i ons  
Desoer,  Li6ge, 1945. Price,  595 Be lg ian  f rancs ;  31s. 

This book is a general survey of the applications of X-rays  
and covers a very  wide field. The first 50 pages are devoted 
to a brief  account  of the product ion and  properties of 
X-rays.  Then follow 40 pages in which the  au thor  covers 
medical radiology, industr ial  rad iography and chemical 
analysis  by  the methods  of absorption- and emission- 
spectra. The rest  of the book deals wi th  diffraction methods 
under  the following main headings : 

No. of 
pages 

1. The atomic scattering factor 5 
2. Study of molecular structure in gases 18 
3. Diffraction by liquids and solutions 25 
4. Diffraction by monoperiodic substances 8 
5. Diffraction by crystals 

(a) Determination of crystalline structure 176 
(b) Results of crystal-structure work 36 

6. The structure of glass 8 
EXERCISES (on some diffraction methods) 31 

Under  the various sub-headings of 5 (a) a brief account  
is given of crystal  symmet ry ,  of various methods  of 
s t ructure-determinat ion,  and of the methods of tak ing  
X- ray  photographs- - ro ta t ion ,  powder, Laue, fibre, bu t  
not  moving-film methods.  Under  each method a survey of 
the chief applications is given. 

The book is well pr inted on excellent paper and most  of 
the i l lustrations are good. The reproduction of the powder 
and rota t ion photographs  of Figs. 6-13 (p. viii of Exercises) 
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is ve ry  good,  b u t  it  is i r r i t a t i ng  to  h a v e  to sea rch  in t he  
t e x t  for t he  r e l e v a n t  d a t a  w h i c h  are  a c t u a l l y  d i s t r i b u t e d  
over  five d i f fe ren t  pages .  A v e r y  full t ab le  of  c o n t e n t s  is 
g iven,  b u t  t h e  m i x t u r e  o f  smal l  a n d  cap i ta l  le t ters ,  i tal ic  
le t te rs  a n d  two  k inds  of  n u m b e r s  is b o t h  con fus ing  a n d  
ine legan t .  B u t  even  a de t a i l ed  t ab l e  of  c o n t e n t s  does  n o t  
m a k e  u p  for t he  lack of  an  index .  I t  is]f igh t i m e  t h a t  in th is  
r e spec t  t h e  wr i t e r s  o f  scient if ic  books  in F r e n c h  fol lowed t h e  
p rac t i ce  of  the i r  colleagxms who  wr i t e  in o the r  l anguages .  

Since so h igh  a p r o p o r t i o n  of  t he  book  is d e v o t e d  to 
c r y s t a l l o g r a p h i c  m e t h o d s  a n d  a p p l i c a t i o n s  it  is no t ,  
p e r h a p s ,  un fa i r  to j u d g e  it m a i n l y  f rom th is  p o i n t  of  view. 
I t  is a l i t t le  diff icul t  to  env i sage  t h e  g r o u p  of  r eaders  for 
wh ich  t h e  book  is i n t e n d e d .  T h e  a d d i t i o n  of  exercises  a t  
the  end  seems  to show t h a t  it  is i n t e n d e d  as a m a n u a l  for 
t h e  s t u d e n t  a n d  t he  research  worker .  B u t  t h e  v a s t  field 
cove red  in t h e  t e x t  m a k e s  i t  imposs ib le  for t he  a u t h o r  to 
g ive  a suff ic ient ly  de t a i l ed  d i scuss ion  on  a n y  top ic  for th is  
to  be of  m u c h  use to  t he  s t u d e n t .  T h e  exercises  t h e m s e l v e s  
are  r a t h e r  cur ious .  T h o s e  on t h e  use of  t he  s t e r eog raph i e  
p ro j ec t i on  for t h e  i n t e r p r e t a t i o n  of  fibre p h o t o g r a p h s  are  
good,  b u t  t hose  on p o w d e r  p h o t o g r a p h s  are  i n a d e q u a t e  for 
th i s  ve ry  impor tan t ,  m e t h o d .  T h e  exercise  on  t h e  use  of  t h e  
r o t a t i n g - c r y s t a l  m e t h o d  covers  on ly  t he  d e t e r m i n a t i o n  of  
t he  r e p e a t  d i s t ance  a long  t h e  axis  of  r o t a t i on ,  a n d  t he r e  
is no  exercise  on t h e  m e t h o d  of  i ndex ing  an  osci l la t ion 
p h o t o g r a p h .  

On  t he  o t h e r  han(t ,  if we d i s r ega rd  t he  exercises ,  we 
c()uld cons ider  t h a t  t he  b o o k  is i n t e n d e d  as a genera l  
s u r v e y  f rom wh ich  a w o r k e r  in one  p a r t  of  th is  field could  
ga in  a wider  k n o w l e d g e  of  t h e  field as a whole .  F r o m  th is  
p o i n t  o f  view, however ,  m o s t  o f  t h e  desc r ip t i ons  of  m e t h o d s  
are  diff icul t  r ead ing ,  as for e x a m p l e ,  t h e  m e t h o d s  of  
s t r u c t u r e  d e t e r m i n a t i o n  based  on F o u r i e r  series. Also, 
a s k e t c h  of  c rys ta l l ine  s y m m e t r y  is g iven  wh ich  is e i the r  
i n c o m p r e h e n s i b l e  or u n n e c e s s a r y ,  a c c o r d i n g  to t he  a m o u n t  
of  k n o w l e d g e  of  th is  s u b j e c t  possessed  by  t he  reader .  In  
a s u r v e y  it  w o u h t  su re ly  be b e t t e r  to  g ive  a genera l  
de sc r ip t i on  of  s y m m e t r y ,  i l l u s t r a t ed  b y  analogies ,  r a t h e r  
t h a n  to i n t r o d u c e  t h e  t echn ica l  n o m e n c l a t u r e  w i t h o u t  
h a v i n g  t h e  space  to  exp la in  it p rope r ly .  T h e  sec t ion  on t he  
s t r u c t u r e s  o f  c rys ta l s  is v e r y  c o m p r e s s e d  a n d  is infer ior  to  
a c c o u n t s  wh ich  ex is t  in E n g l i s h ;  it  can  p e r h a p s  be jus t i f ied  
by  t he  n o n - e x i s t e n c e  of  a n y  o t h e r  r e c e n t  genera l  a c c o u n t  o f  
th is  s u b j e c t  in F r e n c h .  I n  th is  sec t ion ,  as in t he  o thers ,  t h e  
s ty le  o f  wr i t i ng  is c lear  a n d  t h e  m a t e r i a l  is well laid out ,  b u t  
t h e  book  as a whole  does  n o t  s e e m  to h a v e  b e h i n d  it  a n y  
clear  pu rpose ,  a n d  it  c e r t a in ly  tr ies  to  cover  far  too  wide  
a field for t h e  p r e s e n t  s t age  o f  d e v e l o p m e n t  o f  X - r a y  

s tud ies .  N . F . M .  HENRY 

Department of Mineralogy and Petrology, 
Cambridge, 
England. 

Los Rayos  X y la Estructura flEa de los Cristales. 
Fundamentos  tedricos y m6todos  pr~icticos. P a r  
J .  GARRIDO e t J .  ORLAND. P p .  260 + xiii ,  a v e e  238 figs. 
E d i t o r i a l  D o s s a t ,  M a d r i d ,  1946. P r i x  148 p e s e t a s .  

Le l ivre qui  v i e n n e n t  de  pub l i e r  MM. J .  Gar r ido  et  J .  
O r l a n d  est  tr~s d i f f6rent  des n o m b r e u x  o u v r a g e s  p a r u s  

j u s q u ' ~  ce jour ,  sur  la s t r u c t u r e  a t o m i q u e  des  c r i s t a u x  
d 6 t e r m i n 6 e  au  m o y e n  des r a y o n s  X.  It a 6,t,6 cons t i t u6 ,  en  
m a j e u r e  pa t t i e ,  d ' a r t i c l e s  p a r u s  dans  les A n~ales de 
Mdcanique et d'Electricitd de Madr id .  J e  ne  d o u t e  pas  qu ' i l  
so i t  tr+s u t i le  au  pub l i c  auque l  il s ' adresse ,  qui  est celui des  
~ t u d i a n t s  de  recherche .  Ceux-ci  y t r o u v e r o n t / t  la fois les 
bases  t h6o r iques  e t  les m6t .hodes  pra t . iques  qui  leur  per-  
m e t t r o n t  de  r6aliser su r  u n  cr i s ta l  les d i a g r a m m e s  de  
r a y o n s  X,  de les interpr~t .er  e t  de  fixer la pos i t i on  des  
a t o m e s ;  e t  eeci, d ' a u t a n t  p lus  f a e i l e m e n t  qu ' i l  contient . ,  
avec  une  a b o n d a n t e  b ib l iograph ic ,  des  e x e m p l e s  p r a t i q u e s  
n o m b r e u x  d e n t  les eMculs s e n t  pouss6,s j u s q u e  dans  le 
d6t.ail. Cet  o u v r a g e  es t  done  h. la fois lm  expos6  t h6o r ique  
de la ques t i on  e t  u n  m a n u e l  de t r a v a u x  p r a t i q u e s .  

]1 e o m p o r t e  t rois  pa r t i e s :  les deux  premibres ,  de (t6- 
v e l o p p e m e n t  6gal, t r a i t e n t  des ' p r ine ipes  g 6 n d r a u x '  e t  de  
la ' d 6 t e r m i n a t i o n  de la s t r u c t u r e  c r i s t a l l ine '  ; la t ro is igme,  
p lus  eour t e ,  es t  u n  expos6  de q u e l q u e s  r6su l t a t s .  

La  p r emig re  p a r t i e  c o m p r e n d  des g6n4ralit,6s sur  les 
r a y o n s  X e t  la s t r u c t u r e  des  a t o m e s ;  la t.h6orie de  la 
d i f fus ion  des  r a y o n s  X pa r  des 61eetrons l ibres e t  les a t o m e s  ; 
les p r inc ipes  de  la e r i s tMlograph ie  g 6 o m 6 t r i q u e ;  enfln,  u n  
d 6 v e l o p p e m e n t  p lus  i m p o r t a n t  de la d i f fus ion des r a y o n s  
X pa r  les c r i s t aux  oh l 'on ut i l ise  l a r g e m e n t  le rgseau  
r6e iproque .  El le  se t e r m i n e  pa r  l '6tu(te de  la d i f fus ion  
des  r a y o n s  de R o e n t g e n  p a r  les ondes  d ' a g i t a t i o n  
t h e r m i q u e .  

L a  s econde  p a r t i e  eonce rne  les m ~ t h o d e s  de  r6a l i sa t ion  
des  d i a g r a m m e s  de r a y o n s  X,  et  m a r q u e  les gt.apes qui ,  
de la m e s u r e  des p a r a m g t r e s  aux  sSries de  Four i e r ,  con- 
d u i s e n t  aux  s t r u c t u r e s  a t o m i q u e s .  U n  e h a p i t r e  es t  con-  
sacr6 ~ l ' 6 tude  d6t.aill6e des s t r u c t u r e s  d u  cu ivre ,  de  la 
b ruc i t e ,  Mg(OH)~, d u  rut i le ,  T i e  2 ( d ~ v e l o p p e m e n t  en 
s6rie de  Four i e r ) ,  e t  de la m a n g a n i t e ,  M n O ( O H ) .  

On es t  d ' a b o r d  u n  peu  mwpris  p a r  l 'h6,tSrog6ngit6 de  la 
t ro i s igme  p a r t i e  ; c ' es t  d ' a b o r d  tm expos6  succ in t  de  ch imie  
er is ta l l ine ,  eelle des 616ments,  puis  celle des  d i f f6rents  
g r o u p e m e n t s  d ' a t o m e s  qui  se r e n c o n t r e n t  dans  les c r i s t aux  ; 
enfin,  une  6 rude  de l ' o r i e n t a t i o n  des cr is ta l l i tes  darts les 
t e x t u r e s  cr is tal l ines .  Mais ee t t e  su rp r i se  cesse q u a n d  on  se 
r appe l l e  que  l ' o u v r a g e  a 6t5 cons t i t u6  h part . ir  d ' a r t i c l e s  
publ i6s  d a n s  une  revue .  

On  t r o u v e  ~ la fin du  l ivre des t a b l e a u x  d o r m a n t  les 
va l eu r s  de  sin 2rrp; cos 2rrp; cos 2r, hx; e-X; les coeff icients  
d ' a b s o r p t i o n  des  g l g m e n t s ;  les f ac t eu r s  a t o m i q u e s .  

L ' o u v r a g e  p r6sen te  ainsi u n  a s p e c t  t e m p l e t  des  pro-  
b lbmes  que  pose  la d 6 t e r m i n a t i o n  des s t r u c t u r e s  a t o m i q u e s  

l ' a ide  des  r a y o n s  X.  J e  r e g r e t t e  s e u l e m e n t  que  darts ce 
l ivre  i m p o r t a n t  le p a r a g r a p h e  c o n c e r n a n t  les dgve loppe -  
m e n t s  de  la dens i t6  61eetronique p a r  les s6ries de  F o u r i e r  
a i t  6t6 aussi  r a p i d e m e n t  t ra i t6 .  P a r  cen t r e ,  d a n s  ce t t e  
p6r iode  de  p~nur ie  e t  de  res t r i c t ions ,  on es t  h e u r e u x  de  
consu l t e r  ce l ivre,  de 244 pages ,  b ien  i m p r i m 6  sur  b e a u  
pap ie r ,  a b o n d a m m e n t  illustr6,, avec  des  t ab les  de  m a t i g r e s  
e t  d ' a u t e u r s  c o m m o d e s .  I1 fai t  g r a n d e m e n t  h o r m e u r  
MM. Gar r ido  e t  Or land .  
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