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Fig. 1. dE /dx  for a Cu atom in the center  of the (100) 
channel in Cu. d = lattice constant. Potential 
[4]: Gibson 2. 

by making u se  of P.obinson 's  t a b l e s  [7].  Fig.  1 
shows the  r e s u l t  f o r  a Cu a t o m  in the  (100) chan-  
nel  in Cu. T o g e t h e r  with t h e s e  r e s u l t s  (DCA) 
we plot ~E  in ~he cons tan t  ve loc i ty  a p p r o x i m a -  
t ion (CVA) s u g g e s t e d  by Wei j sen fe ld  [ 5], where  
the  de f l ec t ions  of r i n g  atoms by a uniformly mo- 
ving p r o j e c t i l e  a r e  ca l cu la t ed  in an  e xa c t  way. 
This approach r e q u i r e s  ~ E  to be  s m a l l ,  but 
fig. 1 shows tha t  t he  a g r e e m e n t  b e t w e e n  c ~lr r e -  
su i t s  and the c o n s t a n t  ve loc i ty  a p p r o x i m a t i o n  is 
s t i l l  good, when th i s  a s s u m p t i o n  is  no m o r e  r a -  
id at  al l .  

Fig.  1 i n d i c a t e s  tha t  the m o m e n t u m  approx i -  
mation is s o m e w h a t  b e t t e r  than in the  p u r e  two- 
pa r t i c l e  co l l i s ion ,  but n e v e r t h e l e s s  b r e a k s  down 
below 1 keV. It is f u r t h e r m o r e  s e e n  tha t  AEma  x 
is s l ight ly  g r e a t e r  than 50 eV, so  tha t  s o m e  r ing  

atoms might rece ive  approximately the displace-  
ment energy E d ~ 25 eV. 

Calculations were  a] so made on the energy loss 
of ~111) collision sequences  in Cu. According to 
Nelson and Thompson [1] these should be focusing 
at energies below about 300 eV. The momentum 
approximation used in this calculation turns out 
to overestimate scattering con~ "derably in this 
energy range. Applications to other focusing 
rows and channels are  being done and wil l  be 
published shortly. 
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The p o s s i b i l i t y  of a t ta in ing  high r e s o l u t i o n s  in 
X - r a y  ho lography  was  pointed out in ou r  p r e v i -  
ous pape r  [1]. H e r e  was d e s c r : b e  in p a r t i c u l a r  
how the phase  in h i g h - r e s o l u t i o n  h o l o g r a m s  [1] 
can be made  r e c o r d a b l e  in i n t e r f e r o m e t r i c  a r -  
r a n g e m e n t s  by i l l umina t ing  a s t a t i o n a r y  object  

f r o m  a n u m b e r  of d i r e c t i o n s ,  for  i n s t a n c e  by 
m e a n s  of a moving  m ~ r r o r  (or s c a t t e r e r ) ,  p r o -  
v ided  that  the c o h e r e n t  background  is s t a t i o n a r y  
wi th  r e s p e c t  to ti~e ob jec t .  Such i l l u m i n a t i o n  p e r -  
m i t s  one to so lve  the  " p h a s e  p r o b l e m "  in high-  
resolut i ( )n  ho log raphy  by d i r e c t i n g  the o r d i n a r i l y  
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unreeordable hlgh-order diffracted waves (rep- 
resenting hlgh-resolution spatial frequencies  in 
the object) into the direction of the zero  order,  
where both the amplitude c ~  the phase  in the 
scat tered e lect romagnet ic  field can be loss less iy  
recorded.  

Three methods for attaining high resolut i~m,  
in excess of those assoctr.ted with conventional 
holography [2 - 6] * have now been investigated 3y 
us theoret ical ly,  and confirmed experimental ly,  
in view of X - r a y  extensions.  In (0 a focussing 
element leads to the high-resolut ion Fraunhof~,r 
holograms of eq. (4) and the F o u r i e r - t r a n s f o r ~  
reconstruction of our previous paper  [1]. In (it) 
a scheme such as  heterodyning of a spherical  
reference beam against  the diffracted field also 
leads to Fraunbofer  holograms.  Method 011) dis-  
cussed here  solves the phase problem in high- 
resolution holography by multi-directional  iltu- 
minatlon. 

The theory of mult t -direct icmtl  tllumi~ttlon 
in holography is given by means of the following 
one-dimensional model. The theory applier  to 
moving and s ta t ionary m i r r o r s ,  or  sca t t e re r s ,  
except for intensity scale factors .  Only a ,tempo- 
ra l )s teady-s ta :e  coherence between the object 
and the coherent  background is requi red  [6]. Let 
T(~) be an X-ray diffracting s t ruc tu re  whose 
complex ampl-tude t ransmit tance  is given by the 
Four ier  s e r i e s  tn eq. (1) in our ref.  [1]. With 
an "ideal" s c a t t e r e r  placed on the source side 
next to the object, the t ransmi t tance  through the 
obJect becomes 

7"(~) = rect(~/l)  ~ e x p ( - i O m - i m B O  X 

× Z;Anexp(i +tn,e0 (Z) 
lq 

where 0 m a re  the random phases  describing the 
sca t te rer ,  2/(2s/~) ts the length(period) of the 
s t ructure,  and Anexp(l~)  a re  its Four ie r  coef- 
ficients. The diffracting s t ruc ture  will act as a 
diffraction grat ing for each of the plane-wave 
components in the field originating from the 
sca t te rer  ann produce a diffraction order  for 
each term '.n the se r ies  of eq. (1). With a coher- 
ent plnne-wave reference beam (wavenumber k) 
superposed at an angle 0 = o~/k on the diffracted 

* In project ion holography the l inear  resolut ion e, at-  
tainable with a sourco-plnl ,  olc of radius  ~', and a pho- 
tographic emuls ion  having a resolu t ion  capabili ty of 
IV l ines /uni t  length,  can be shown to be l imited by the 
inequality (-1 ~. (r~-I +]V)(J. Winthrop,  prl~ate com- 
munication). 

field in the conventional way, the amplitude of 
the field tndicent on the photographic plate will 
be px oporUonal to (see our ref. [1]) 

A0exp(-io~) + ~ reet[x/l-.f(n-m)/3/kl] x 
n , m  (2) 

x Anexp{i[~ n - O m +(n - m)[3~ - f ( n  - m ) 2 ~ 2 / 2 k ) ] } ,  

w h e r e f  is the dis tance between the diffracting 
plane £ and the hologram plane x. In X- ray  holo- 
graphy each t e r m  in the double sum of eq. (2), 
e x c e p t  those with (n - m )  = 0, will general ly  be 
averaged out by the photographic plate  [ 1]. In 
this  case, the port ion of the incident field inten- 
si ty which actually exposes the photographic 
plate will be proport ional  to 

A 20 - 2,4 0 ~ rect(x/l) Ancos(ax+~.-  ~ )  + 
n 

. tAs(x)12 , (3) 
where ~4s(X)12, the square of the magnitude of 
the second term in eq. (2), is generally negligi- 
ble. The remarkable feature of the result in 
el. (3) is that the phases ~o n of the diffracting 
structure have now been made recordable. In 
high- resolution X-ray holography, recording 
may in addition involve some generalization of 
Buerger's two-wavelength microscopy principles 
[ 1], or the use of method (i) or (if). The fact 
that the random phases  On are  also p resen t  in 
eq. (3) means only that in the reconstruct ion 
process  the diffracting s tructure will appear  in 
the way it would have appeared if it had been 
observable direct ly.  

Fig. I shows a magnified (3 t imes) image of 
a two-dimensional grat ing reconstructed from a 
hologram il luminated through a m o v i n g  sca t te rer  
(see f~g. 2; recording and reconstruct ion in 
6328 A l a s e r  light). Point - reference  interfero-  
metr ic  backgrounds were  apparently f i r s t  intro- 
duced for microscopy by Nomarski  [8, 9], and 
independently by Dyson [ 10]. The quality of the 
reconstructed image and the degree to which the 
"grain" in the ra ther  coarse sca t t e re r  used has 
been averaged out by the motion during the ex- 
posure are  quite apparent .  The th ree-d imens i -  
onal character  of the image shows the use of the 
sca t t e re r  at some smal l  distance behind the ob- 
ject. Of course,  not any sca t te re r  or diffuser,  
stationary or moving, placed at a rb i t r a ry  dis-  
tance between the source and the object will lead 
to high- resolution holograms, but indeed only 
ar rangements  which permi t  one to br ing the high- 
order  diffracted spec t ra  down towards the zero 
order  may be used. 
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Fig. 1. 

In a s u b s e q u e n t  p a p e r  the u s e  of t he  e x t r e m e -  
ly cohe ren t  M S s s b a u e r  s o u r c e s  [11] and  of l umi -  
n o s i t y - i n c r e a s i n g  m a t c h e d  r e t i c l e s  [12] a s  so t t r ce -  
a p e r t u r e s  in X - r a y  ho log raphy  will  be  d i s c u s s e d .  
P o s s i b i l i t i e s  of a s t r o n o m i c a l  a p p l i c a t i o n s  wil l  
be d e a r  with  in s e p a r a t e  p a p e r s .  We w i s h  to a c -  
knowledge tim k i n d  ~ c e  of D. B r u m m  and 
K. ~ with the e x p e r i m e n t a l  work in our 
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An intermediate coupling calculation of the 
drift mobtlity of large polarons has been carried 
ou'~ [1], using Kubo's formula #~or the frequency 
dependent electrical conductivity together with a 
modified L. L.P. polaron model. The modffica- 

2.~.0 

t ion  of the  L. L . P .  p o l a r o n  model  c o n s i s t s  in 
applying the unitary transformation, given by the 
u n i t a r y  o p e r a t o r :  

U = exp[- Zkq a+q aq+q (F*q b .q-  Fq b~] , (1) 


