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I t  is well known t h a t  in the  case of th in  films the in t ens i ty  
region in the reciprocal la t t ice  is ex tended  in the  direc- 
t ion normal  to the film. The interference funct ion along 
this  direction is g iven b y  the  well known  formula  

sin = r~M1/sin = rd , (1) 

where M is the number  of a tom layers  in the film and  l 
the  pa ramete r  indica t ing  the  distance along the  direct ion 
in the reciprocal lat t ice.  E q u a t i o n  (1) has  pr incipal  
m a x i m a  a t  l = L, L being integral ,  and  has a number  
of subsidiary  m a x i m a  a t  

/.v = L ± ( n + ~ ) / M ,  (2) 

where n = l ,  2 . . . . .  (M--2) ,  and  N is defined as + n 
according to the double sign on the r igh t -hand  side. 

According to the dynamica l  theory  of diffract ion 
(Thomson & Cochrane, 1939; Ka to  & Uyeda ,  1951), 
equat ion  (1) near  pr incipal  m a x i m a  corresponding to L 
is to be modified to 

sin = :rtM~{l'=+(2dq)=}/~={l'=+(2dq)=}, (3) 

where l' = l--L, d is the  spacing of the net  plane paral lel  
to the  film, and  q is given by  

q = Jlmel Vm~tl/h=~{cos 01 cos 0=} ; (3a) 

here (hkl) is the  index of the  pr incipal  m a x i m u m ,  V~l 
the (hkl)th Fourier  coefficient of the periodic field in the 
crystal ,  and 01 and  0= are the angles between the  normal  

of the film and  the direction of incident  and diffracted 
beam respectively.  The other  symbols  ~(, m, e and  h have 
thei r  usual  meaning.  Equa t ion  (3) has  the subsidiary 
m a x i m a  a t  

~'~ = ± V{(n + ½ ) ' / M ' -  (~k')'}, (4) 
where n takes  posi t ive integral  values. We can calculate 
M (thickness of film Md) and  J Vm~tl from (4) if the  l~v'S 
are de termined by  exper iment .  

These m a x i m a  are observed in d ivergent-beam electron- 
diffract ion pa t t e rns  of th in  crystals  (Kossel & M611en- 
s tedt ,  1939; MacGil lavry,  1940; Rae ther ,  1949). They  are 
also expected in ord inary  (parallel-beam) electron- 
diffract ion pa t t e rns  of a th in  crystal  flake if i t  is ro ta ted  
dur ing the exposure about  an  axis not  parallel  to the 
normal  of the flake or if i t  is adequa te ly  curved. In  this  
case, however,  the  angular  distances between the observed 
subsidiary  m a x i m a  are expected to be very  small com- 
pared  wi th  those obta ined wi th  a divergent  beam because 
of the geometrical  relat ion between the diffracted angle 
and  the pa ramete r  I. A high-resolution diffraction camera 
is therefore required to observe them.  

F inch  & Wi lman  (1936a) observed fractional-order 
r ings in the pa t t e rns  from polycrysta l l ine  graphi te  and  
a t t r i bu t ed  them to the subs id iary  maxima,  as discussed 
above. These rings, however,  migh t  preferably  be ascribed 
to the par t icu lar  s t ruc ture  of graphi te ,  as found by  
Lipson & Stokes (1942). The former invest igators  obtained 
very  beaut iful  pa t t e rns  from ro ta ted  and  curved single 
crystals  of graphi te  and  molybdeni te  (Finch & Wilman.  
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Fig. 1. High-resolution electron-diffraction pattern from a thin molybdenite film (210 A). (a) Camera length 40 cm., accele- 

rating voltage 45 kV., magnification 3 × .  (b) Enlargement (10×) of the marked part of (a); effective camera length 
about 12 m. 
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1936b, c, 1937) and  s ta ted  t h a t  some subsidiary  m a x i m a  
were observed, bu t  t hey  did not  analyse in detai l  the  
series of max ima  arising from different N.  

Recen t ly  we obta ined the m a x i m a  in quest ion wi th  our 
newly-designed electron-diffraction camera of high resolu- 
t ion. Fig. l(a) is a ne t  pa t t e rn  from a th in  molybdeni te  
crystal .  Al though the crys ta l  was not  rota ted,  a series 
of spots was recognized in the  neighbourhood of the 
(10i0) spot due to a curving of the crystal .  Fig. l(b) is 
an  enlarged picture of the marked  par t  of Fig. l(a). In  
this  figure, a number  of spots are clearly observed on 
both  sides of the (1013) spot. We have deduced from this  
figure, by  applying the formula (4), t h a t  Md-----210 
and  [ V10~3I -- 7.2 volts. The la t te r  value is in good agree- 
men t  wi th  the theoret ical  value, 7.4 volts. The anomalous 
spl i t t ing observed in the peak N ---- --2 can be explained 
as an  effect of the (2026) reflexion which happens  to 
occur s imultaneously at  this  point .  Thus,  the  pa t t e rn  we 
obta ined is wi thou t  doubt  t h a t  caused by  the subsidiary 
max ima  of the interference funct ion in the dynamica l  
theory  of electron diffraction. We did not  observe in our 
exper iment  the effect of the elastic bending of the crys ta l  
discussed by  Blackman  (1951). 

The similar pa t t e rn  was also observed independent ly  
by  Hash imoto  (1952) in the case of a th in  MoOa crys ta l  
and  by  Ueda (1953) in the case of specially prepared 
colloidal gold. 

F ina l ly  it  is to be noted t h a t  Rees & Spink (1950) have  
also obta ined similar subsidiary  m a x i m a  in diffract ion 
pa t te rns  from a ZnO crystal l i te .  The m a x i m a  they  
obtained,  however, are due to the small lateral  extension 
of ~he crystal l i te ,  while the present  ones are due to the 
small  thickness of the crystal l ine film. 

The cost of the diffraction camera used was met  from a 
g ran t  made  by  the Asahi  B u n k a  Zaidan and the expense 
of this  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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In  the foregoing note (Uyeda, Ich inokawa & Fukano,  
1954) we reported our observat ion on the subsidiary  
spots in a diffraction pa t te rn ,  and  showed t h a t  t hey  can 
be explained in a similar way  to those in a K.-M. pa t t e rn  
(Kossel & MSllenstedt,  1939) by  the subs id iary  max ima  
of the interference funct ion in the dynamica l  theory.  I t  
is poin ted  out  here t h a t  the  subsidiary  max ima  of 
ext inc t ion  fringes due to Bragg reflexion in electron 
micrographs of curved crystal l ine films (Heideureich, 
1949; Hashimoto ,  1952) can be accounted for also by  the 
same function.  

The Kikuchi  pa t t e rn  has a different origin from the 
diffraction pa t te rns  ment ioned above and,  according to 
K a i n u m a  (1954), it has an  interference funct ion as 
follows: 

M { 1 - s i n  2nM~/[l '2+(2dq)~]/2nMV[l'2+(2dq)~]}, (1) 

where M,  l', d and  q have the same meaning  as in 
equat ion  (3) of the previous note. Subsidiary max ima  
of this  funct ion appear  a t  

l'~v ---- q- V[ (n q-~)2/M ~-  (2dq)2], (2a) 

where n is a posit ive integer and  N is defined as q - n  

revised form 26 September 1953) 

according to the double sign on the r igh t -hand side. I t  
mus t  be ment ioned here t h a t  the  ~ubsidiary max ima  
on the photographic  plate  coincide wi th  (2) if the factor 
mul t ip ly ing  (1) is positive. When,  however, the factor 
is negat ive,  t hey  appear  a t  

l'~v ---- + ~/[ (n + ¼ ) 2 / M 2  - -  (2dq)~] . (2b) 

The subsidiary  m a x i m a  of :Kikuchi pa t t e rns  were 
reported by  Heidenre ich  & Shockley (1948) to occur in 
a reflexion pa t t e rn  from an a lumin ium single crystal .  
However ,  no observable subsidiary  max ima  are expected 
theoret ical ly  in reflexion pa t te rns ,  and we suppose t h a t  
the  crys ta l  s tudied b y  these authors  migh t  have been 
composed of several blocks wi th  s l ight ly  different orienta- 
tions. No subsidiary  max ima  have ever been observed, 
as far as we are aware,  in paral lel-beam transmission 
pat terns .  They  are observable, though faint,  in divergent-  
beam pa t t e rns  t aken  b y  Kossel & MSllenstedt (1939) 
and  by  Hoern i  (1950); bu t  these authors  apparen t ly  
failed to take  notice of the phenomenon.  

We observed the max ima  more clearly in divergent-  
beam diffract ion pa t t e rns  from a th in  film of molybden i te ;  
an  example is reproduced in Fig. 1, where the (2022)- 


