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Kikuch i  p a t t e r n  is accompanied  b y  a few subs id iary  
maxima .  This p a t t e r n  is a superposi t ion of a Kikuch i  
band  and  line, where the  former predomina tes  over  the  
la t ter .  Since the Kikuch i  band  has  an  a symmet r i c  in- 
t ens i ty  near  the posi t ion of the Bragg  condit ion,  the  factor  
mul t ip ly ing  (1) is posi t ive for posi t ive N ' s  and  negat ive  
for negat ive  N's .  Therefore,  the  condit ions (2a) and  (2b) 
mus t  be used respect ive ly  for posi t ive and  negat ive  N 's .  
Assuming these condit ions,  we ana lysed  the  pa t t e rn .  
The thickness  of the  film Md calculated from a n y  suc- 
cessive subsidiary  m a x i m a  was a lmost  cons tan t  and  the  
mean  value tu rned  out  to be Md ~ 520 A. This  is in 
agreement  wi th  the  th ickness  calculated from the  
(2130)-K.-M. p a t t e r n  b y  the  o rd ina ry  procedure.  The 
values of I I/t~s[ ca lcula ted from each m a x i m u m ,  even 
if showing ra the r  large f luctuat ions,  gave  the  mean  value 
I V2o~[ = 1 volt .  This  is in agreement  wi th  the  theoret i-  
cal value IV20~['--1-2 volts .  I t  should be no ted  here 
t h a t  if equat ion  (3) of the  previous paper  is used ins tead  
of (1), I V~0i~l tu rns  out  to be imag ina ry  if we assign to 
N the  values 1, 2, 3 as given in the  figure, and  to be more 
t h a n  10 volts  if we assign the  values 2, 3, 4. Similar 
agreement  was also ob ta ined  in the case of some other  
indices. These facts m a y  prove t h a t  we are here wi thou t  
doubt  dealing wi th  the  subs id iary  m a x i m a  of the  inter-  
ference funct ion of K ikueh i  pa t te rns .  

The reason t h a t  the  s u b s i d i a r y  m a x i m a  are no t  
observable in paral le l -beam diffract ion pa t t e rns  m a y  be 
as follows: The i r rad ia ted  area  of specimens in this  case 
is much  larger (usual ly > 100 p diameter)  t h a n  in the  
case of a d ivergent  beam (usually < 5/~ diameter) .  
I f  crystals  are th in  enough to produce subs id i a ry  m a x i m a  
of resolvable angular  widths ,  the  curving of the  crys ta l  
will, wi th  larger i r rad ia ted  area, i nev i t ab ly  d is turb  the  
appearance  of Kikuch i  pa t t e rn .  I t  is wor th  ment ion ing  
tha t ,  con t ra ry  to the  view held by  ear ly  workers (Kikuchi ,  
1928), Kikuch i  pa t t e rns  appear  even from qui te  th in  
crystals ,  if the  i r rad ia ted  area  is reduced. 

The cost of the  diffract ion camera used was met  from 

Fig. 1. Divergent-beam electron-diffraction pattern from a 
thin molybdenite film (520 A). 

a g ran t  made  by  Asahi  B n n k a  Zaidan and  the  expense 
of th is  work was pa r t l y  defrayed from the  Scientific 
Research  Gran t  of the  Educa t iona l  Ministry.  
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The dmpersion surface in reciprocal space p lays  an  im- 
po r t an t  role in the  dynamica l  theory  of X - r a y  and  
electron diffraction. To represent  this  surface graphical ly ,  
a cross-section wi th  a plane is often used (e.g. Fues,  
1939; Hoerni ,  1950). In  the  present  note,  i t  will be shown 
t h a t  the  theoret ical  fo rmula t ion  for the  problem of 
s imul taneous  reflexion b y  two la t t ice  planes,  say  wi th  
indices h(hxh2h3) and h'(h~h~h~), can be simplif ied b y  
choosing a par t icu lar  p lane  for the cross-section. 

The Schr6dinger  equa t ion  for the  electron wi th  an  
energy eE in the  periodic po ten t ia l  V(r) -- ~ Vh exp 2~ibhr, 

h 
where bh is the  vector  represent ing  the  reciprocal- lat t ice 
point ,  is 

8~ame 
/ 1 ~ + ~  ( E +  V(r ) )~  ----- 0 .  (1) 

Now ~ is considered to be composed of three waves 
corresponding to the  indices 0, h and  h',  as follows: 

---- u o exp 2~ iko r+U h exp 2~ik~r+uh,  exp 2~ikh , r ,  (2) 

where k h -  k o + b m k h , - - k o + b h , ;  and  u0, uh .and uh, 
are the ampl i tudes  of the  plane waves. The three func.  
t ions ~m = exp 2~/kmr (m ---- 0, h, h') are or thogonal  to 
one another ,  as well as to the ~m's of indices other  than  
0, h and  h'.  Here  we replace these three functions b y  

1 1 
~o = ~o, ~+ = ~(~n+c~h,), ~- =~(c~n-~h, ) ,  (3) 

where c is a cons tant ,  real and  posit ive,  and  N -- V(I-}-c s) 
is the  normal iz ing  factor.  These functions are a lso .  
or thogonal  to one another ,  as well as to the ~m's of 
indices o ther  t h a n  0, h, and  h'. ~ is rewr i t ten  as 
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Fig. 1. Cross-section of dispersion surface by a c-plane for c < 1. HH" is perpendicular to the plane of the figure, 
H lying nearer t~ this plane than H'.  

= Uo~ o + u+~+ + u _ ~ _ ,  
where 

u+ = N(u~+cu~,),  u_ = N(cuh--u~,) .  

For  b rev i ty  we p u t  

~2 2 ~  
= - ~  (E+ re) ,  

and  
Xo = u--[ko[ , xh = u- - lkh l ,  xh' =u--[kh '] ,  

1 2me 
2 •  h 2 

Let  us assume, among xa, xa, and  c , a  relat ion 

(4) 

(5) 

x~ , -xh  = aV~,,_~(c- 1/c) , (6) 

wherein  Va,_a is t aken  to be real and  posit ive by  a proper  
choice of the  coordinate origin. Then  the  homogenous 
equat ions  for Uo, u+ and  u_, which can be obta ined  b y  
app ly ing  the  usual  procedure ut i l izing (1) and  the 
or thogonal  relat ions among the ~m's, is reduced to an 
especially simple form:  

" ~ ~ ( c ~ -  VT~,)" *o ~ ( ~ + c ~ , )  

Ot 
-~(Vh+cVh, ) Xh+CO~Vh,_ h 0 

a 1 
,-~(cVh-- Vh') 0 xh---o~Vh'-h 

C 

u 0 

u +  - =  O .  

(7) 
u 

The compat ib i l i ty  relat ion of (7) is given by  

[ ~  (Vh+cVh,)  ~ ~ ( c V h - - V h , )  °" 
+ . (8) x 0 

X h -}- C0¢ V h ' - h  l~x V 
Xh - -  -- h ' --h 

C 

The rat ios of the ampli tudes  of the waves are obta ined 
from (7) as 

u+= _ -~ (Vh+cVh ' )  u_ = N--(cVh-- Vh') 

Uo Xh +CO~ Vh'-h ' Uo 1 
X h - -  _ ~ V h , _  h 

c 

, (9) 

so tha t ,  from (5), 

1 -~(Vh+cVh,) -~(cVh-- Vh,) 
------- C - - - - ~ )  uh - - ~  ~ + ~  ~_ 

uo \ ~h -1- ~, v,,_h 
c 

uh, 1 ~ ( V h + c V h , )  ~ ( c V h - - V h ' )  
- - - - - -  . (10) 

Uo /V .c xl. + co~ Vl.'-h xh---1 o~ Vh,-h ] 
c 

As readi ly  known from the  geometrical  meaning  of 
xh and  xh,, the  surface in the  reciprocal space represented 
b y  (6), for a given value of c, is approx imate ly  a plane 
perpendicular  to the  line joining the  reciprocal points  
H(hlh2hs) and  H'(h~h~h~). We call i t  the  c-plane. E q u a t i o n  
(8) gives a curve which corresponds to the  cross-section 
of the dispersion surface b y  this  plane.  Fig. 1 shows the  
form of this  curve. The lines S0, ~'h and  Sh" are the cross- 
sections of the  spheres wi th  radius x hav ing  the  centres a t  
0 ,  H and  H '  respectively.  Sh and  Sh" are parallel.  The 
lines S+ and  ~_ are parallel  to ~h, ly ing  outside and  
inside of the  circle represented by  ~a a t  the  distances 
c~Vh'-h and  (1/c)o~Vh,_h respectively.  

The cross-section of the  dispersion surface is composed 
of three branches.  I t  is appa ren t  t h a t  t h e y  are, grossly 
speaking, made  up  b y  combining the  two hyperbolae,  
a round  the  centres A+ and  A_, corresponding respect ively  
to the  first  and  second te rm in the  r igh t -hand  side of (8); 
the  lines G 0, S+ and  S_ are the i r  asympto tes .  

The above procedure can be appl ied in the  same w a y  
to the  cross-sections wi th  the  planes perpendicular  to 
the  lines joining the  origin 0 and  the points  H or H ' .  I t  
is not  applicable in the case when  the points  0, H and  H '  
lie on a s t ra igh t  line. 

For  X - r a y  diffract ion the  construct ion can be carried 
out  in an  analogous way.  This  m a y  be useful for the 
in te rpre ta t ion  of the phenomena  of s imul taneous re- 
flexion in X - r a y  and  electron diffract ion:  for instance,  
those observed in Kossel pa t te rns ,  Seemann pa t te rns ,  
Kikuch i  lines, Kossel-MSUenstedt  pa t te rns ,  'equal- 
incl inat ion fringes'  in electron-micrographs,  and  in the  
AufheUung in ro ta t ion  photographs ,  etc. 

R e f e r e n c e s  

Fu~s ,  E.  (1939). A n n .  Phys. ,  Lpz.  (5), 36, 209. 
HO~.R~-X, J .  (1950). H d v .  phys. Acta, 23, 589. 


