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D u r i n g  a s t u d y  of t he  d y n a m i c  f ine s t r u c t u r e  f rom 
n e e d l e - s h a p e d  c rys ta l s  of s o d i u m  chlor ide  some observa-  
t ions  were  m a d e  wh ich  i n d i c a t e d  la rge  twis ts  in some  of 
t he  crys ta ls .  The  pu rpose  of th is  no t e  is to show h o w  a 
twi s t  m a y  revea l  i tself  in t h e  r e c o r d e d  f ine s t r uc tu r e .  
T h e  need l e - shaped  crys ta ls ,  w h i c h  were  g r o w n  in solu t ion ,  
or  b y  e v a p o r a t i o n  of NaCl - so lu t ion  on  mic roscope  gr ids  
in a moi s t  a t m o s p h e r e ,  we re  f r e q u e n t l y  ben t ,  a n d  gave  
r ead i ly  severa l  s t rong  d i f f rac t ion  spots ,  a l t h o u g h  t h e  
c rys ta l s  were  r e l a t ive ly  th ick ,  u sua l ly  0.5~ or  m o r e ,  
i nd i ca t ing  some sp read  in o r i e n t a t i o n  w i t h i n  t h e  need le .  
Fig .  1 shows p a r t  of a d i f f rac t ion  p a t t e r n - - t h e  l a y e r  l ine 
(hhh) f rom a wh i ske r  0.5~ t h i c k  whose  axis  was  ca.  72 ° 
f rom the  e lec t ron  b e a m .  

T h e  m o s t  consp icuous  f ea tu res  of t h e  p a t t e r n  a re  t h a t  
(i) t he  d y n a m i c  sp l i t t ing  of t h e  re f lex ions  shows on ly  two  
spots ,  i n s t ead  of t he  four  e x p e c t e d  f r o m  a t h i c k  c rys ta l ,  
(ii) the  d i rec t ion  of s epa ra t i on  of t h e  spots  va r ies  sys t em-  
a t i ca l ly  w i th  t he  ref lexion,  (iii) t h e  l a y e r  l ine is s l igh t ly  
cu rved .  

I f  t he  doub l ing  of t h e  spots  is c a u s e d  b y  re f rac t ion ,  
a s imple  geome t r i ca l  m o d e l  can  be  g iven  w h i c h  expla ins  
t h e  observa t ions .  A w h i s k e r  c o n t a i n i n g  one  or  m o r e  
sc rew dis locat ions  para l l e l  to  its axis  wil l  h a v e  d i f fe ren t  
o r i e n t a t i o n  for  d i a m e t r i c a l l y  oppos i te  sides, t h e  or ien ta -  
t ion  d i f fe rence  be ing  a p p r o x i m a t e l y  a =b/d,  w h e r e  b is 
the  Buerge r s  v e c t o r  a n d  d t h e  d i a m e t e r .  F u r t h e r ,  t h e  
o r i e n t a t i o n  changes  w i th  pos i t ion  a long  the  wh i ske r  axis,  
d u e  to  the  axia l  tw i s t  fl ~--bid ~, so t h a t  t h e  r e c i p r o c a l  
la t t ice  po in t s  c o r r e s p o n d i n g  to  t h e  two  sides will  be  
sp read  o u t  on two  arcs  s l igh t ly  sh i f t ed  f rom each  o ther .  
F o r  a s t r a igh t  whisker ,  t hese  two  arcs,  1 a n d  l', will  lie 
in a p l ane  n o r m a l  to t he  w h i s k e r  axis.  W h e n  t h e  w h i s k e r  
is also ben t ,  as was  seen f r o m  low-magn i f i ca t i on  micro-  
g r aphs  t a k e n  in t h e  d i f f rac t ion  c a m e r a ,  1 a n d  l' will  be  
a p p r o x i m a t e l y  n o r m a l  to  an  axis  e desc r ib ing  t h e  com- 
b ined  effect  of b e n d  a n d  ax ia l  tw i s t  (see Fig .  2). T h e  
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d i rec t ions  of t h e  ef fec t ive  rec iproca l - la t t i ce  vec tors  for  
the  two  sides wil l  be d e t e r m i n e d  b y  t h e  in te rsec t ions ,  
A,  A ' ,  of these  arcs  w i t h  t h e  E w a l d  sphere  a n d  wil l  
gene ra l ly  co r r e spond  to  d i f f e ren t  posi t ions  a long  the  
whiskers .  T h e  c u r v a t u r e  of t h e  E w a l d  sphere  causes  t h e  
in te r sec t ions  to  be a t  d i f f e ren t  he igh t s  above  the  p l ane  
n o r m a l  to  t he  i nc iden t  b e a m ,  a n d  the  l ayer  lines will  be  
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Fig. 2. The ares 1 and l" are loci for the end points of tho 

reciprocal lattice vector (111) for the two sides of the  
whisker; 1 and l" lie in two planes through 0, approximately 
normal to the axis e describing the change in orientation 
along the whisker, i.e. the combined effect of bend and 
axial twist. A, B, etc. are points on the Ewald sphere; 
A, A" are the intersections of the Ewald sphere and l, l', 
and determine the directions of the (111) diffracted beams 
from the two whisker sides, neglecting refraction. AB-~ 
A ' B ' = 8 / 2  is the refraction displacement; 8 is normal to 
the whisker axis. B, B" determine then the observed, refrac- 
tion displaced, spots, q) ---- / AOA' ,  % = / OAB,  u ---- 
/ (OA), (BB'). Note tha t  the distance AA" increases with 
increasing distance from the origin, whereas the refraction 
displacement 8/2 is constant;  this is the essential reason 
for the variations in the direction of the observed spot 
separation, BB' .  

't 

Fig. 1. Electron diffraction pat tern  from NaC1 whisker: (hhh) line of spots, beam near [422]-direction. 
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Reflexions 
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Table 1. Observed and corrected refraction displacements 
222 111 111 222 113 113 204 204 

A (ram.) 1.5 1.5 1.5 
u (o) 25 30 35 
../! cos u (ram.) 1.4 1.3 1.2 
u 0 (°) 37 

~$=A cos u/cos u 0 (ram.) 1.55 
(p (radians) 8.10 -a 

curved, when  the angle between e and the whisker axis 
is different from 90 ° . 

As i l lustrated in Fig. 2, refraction will fur ther  shift 
the  two spots in opposite directions, normal  to the 
project ion of the whisker  axis. If  the twist  and bending 
are homogeneous,  the refraction component ,  ~, of the 
separat ion can be calculated from the magni tude ,  A, 
and the direction, u, of the observed separations. Results  
are given in Table 1. u0, the angles between the reciprocal- 
lattice vectors and the refraction displacement,  corre- 
spond to the assumed average orientation,  [422]. 

The resulting ~ is appreciable higher than  the value 
1.2 calculated from the Fourier  coefficient V0 and the 
or ientat ion [422] assuming two-beam conditions. 

F rom the measured  curva ture  of the layer  line and 
the bending (---2.10-2//~) observed in the micrograph,  
an es t imated lower l imit  of the axial twist, ~ 10-2//~, 
was obtained,  corresponding to a Buergers vector  of 

20 /~. The angular  difference between the reflecting 
positions of the two sides can then be t ransla ted into an 
upper  l imit  of the side-twist. We obtain a ~ 5.10 -3 
corresponding to b ~< 25 A for a central  dislocation. 

As ment ioned  above, the diffracting parts  of the two 
sides of a whisker,  e.g. the parts  corresponding to (111) 
having the orientat ions OA and OA" in Fig. 2, will have  
different positions along the whisker  axis. In  a low- 
magnificat ion dark-field image from another ,  straight,  
whisker, such a position difference between the diffracting 
parts  was actual ly  observed. Assuming the axial twist  
to be b/d 2 and the side-twist to be b/d, the expected shift 
in position is readily fotmd to be h2/h I diameters,  where 
h 1 and h e are the components  of the diffraction vector  
along the normal  to the whisker  axis. The observed shift 
was near ly  twice as large, indicat ing ei ther  a side-twist 
larger t han  b/d, as m a y  be the case when  the screw 
dislocation is non-central ,  or an axial twist  lower than  
the theoret ical  value. 

Some of the whiskers appeared to have  even larger 
twist  than  the  one described here, and streaking of the 
spots, as is visible in some of the reflexions in Fig. 1, 
was f requent ly  observed, indicat ing some polygonizat ion 
along the whisker,  wi th  block lengths of a few tenths  

1.7 2.75 1.8 2.5 1.8 
40 50 -- 15 50 -- 30 

1.4 1.8 1.7 1-6 1.6 
20 10 

1.85 1.60 
10 -3 8.10 -a 

of a micron and orientat ion differences of the order of 
5.10 -~. 

The lack of the usual dynamic  split t ing in two separa te  
waves from each of the wedges is not  fully m~derstood. 
The implication is, of course, tha t  the equal-thickness 
fringes from the crystal  wedges have  only slight contras t  
or irregularities in spacing so great  t ha t  their  Four ie r  
representat ion by two components  breaks down. The 
la t ter  case m a y  be realized through many-beam (discrete 
or continuous) interactions,  but  it appears more likely 
tha t  the effect is direct ly connected with the ment ioned 
latt ice twist, which will cause the exci tat ion error, $, 
for planes at  an angle with the whisker axis, to vary  with 
distance from the edge. By considering the a rgumen t  
(½H(~2+V~/lc~)½) of the pendulum solution (see e.g. 
Pinsker,  1953; H, ~, Vh and/c  have their  usual meaning)  
one finds tha t  the lateral  periodicity of fringe contras t  
m a y  be appreciably dis turbed for twists of the order  
10-2//z or more. Similar qual i ta t ive conclusions may  be 
reached by s tudying the projected potent ia l  of a twistcd 
crystal  and applying the 'phase-grat ing approximat ion ' ,  
which is known to predict  the correct  ds~nanic fine 
s t ructure  (Cowley & Moodie, 1961). 

I t  should be noted  tha t  large dislocation densities in 
sodium-chlor ide whishers have  been repor ted previously 
(Webb, 1960). 
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I t  has been well established exper imental ly  by various 
investigators, I-Iongo, U y e d a  & Miyake (1961), Bauer  

* Contribution number 1045 from theChemical Laboratories 
of Indiana University. 

t National Academy of Science--National Research Council 
--U.S. Naval Research Laboratory Research Associate for 
the year 1960. 

(1962), and  K i t a m u r a  (1961), t ha t  the  background 
intensi ty  of electrons scat tered from solids does not  
vary  as s -4 which is the case for electron scat ter ing from 
gases. Various experiments  have  shown, in fact, t ha t  this 
scattering falls off anywhere  from approximate ly  s -2 all 
the  way up to s -1 or higher.  I t  is the purpose of this 
note  to point  out  tha t  in the limit of thin film thickness, 


