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The new formulation of physical optics developed by Cowley & Moodie (1958) is applied to deter- 
mine to what extent the intensity distributions in electron diffraction patterns, calculated on the 
assumption of perfectly coherent incident radiation, should be modified to take into account the 
finite size and incoherence of practical electron sources. A model of an ideally incoherent source is 
set up. Expressions are derived for the intensity distribution in diffraction patterns obtained under 
various experimental conditions, including cases where partial coherence is introduced in the illumi- 
nation of the specimen by the presence of an aperture. Numerical calculations for representative 
cases indicate that  coherence considerations may become important with any extension of present- 
day high-resolution techniques. 

1. In troduct ion  

In  the first paper  of this series (Cowley & Moodie, 
1957a; subsequent ly  referred to as I) general ex- 
pressions for the scat ter ing of electrons by a toms and 
crystals  were derived. I t  was assumed, as in most  
theoret ical  t r ea tmen t s  of such problems, t ha t  the  
incident electron beam was perfectly coherent, coming 
from an ideal point source a t  a finite distance from the 
scat terer  or else being parallel i r radiat ion with co- 
phasal  planes perpendicular  to the direction of propa- 
gation. Before we proceed to apply the general ex- 
pressions derived in I to problems of interest  in the 
field of electron diffraction (Cowley & Moodie, 1959), 
it is impor tan t  to determine how the results will be 
affected by the finite dimensions of the  electron 
sources which are available for use in experimental  
work. This is the aim of our present  communication.  

A source of electrons, such as a heated  tungs ten  
fi lament,  m a y  be regarded as ideally incoherent.  The 
emission processes of individual electrons are assumed 
to be completely independent.  The emit t ing surface 
m a y  then be considered as composed of point  sources 
with phases vary ing  independent ly  with time, so t ha t  
the phase angles for any  two points of the surface 
take  all possible relative values when considered over 
a sufficiently long period of time. 

I t  is generally appreciated t ha t  if such a source is 
viewed from a distance sufficiently great  compared 
with the source diameter ,  interference effects m a y  be 
observed which correspond to those given by partial ly- 
or fully-coherent wave fronts. Similarly an effective 
source, produced by imaging an ideally incoherent 
source with an optical system of finite aperture ,  m a y  
act  as if par t ia l ly  coherent. In  the present work, how- 
ever, we make  no use of concept of a degree of coher- 
ence, as defined, for example,  by Zernike (1938). 
Detai led consideration of par t ia l  coherence in optical 

systems will be deferred to a future  publication. For  
our purposes it is sufficient to use the definition of 
an ideally incoherent  source, and calculate in tensi ty  
distr ibutions by means of the optical theory  developed 
by  Cowley & Moodie (1958) and used in I.  

A real electron source, such as a tungs ten  f i lament,  
is not  str ict ly monochromatic ,  but  has a finite fre- 
quency range. The question of par t ia l  chromat ic  
coherence, or a finite 'coherence length'  of the  electron 
wave train,  therefore arises. Fur ther ,  elastic scat ter ing 
of electrons by a toms or crystals of finite size will 
introduce some change of frequency.  These mat t e r s  
have been discussed in detail by Gabor (1956). For  
the present  we will accept Gabor 's  conclusions, f rom 
which it can be inferred t ha t  neither of these factors 
should be of importance  in the problems we wish to 
consider, and confine our a t tent ion  to mat te r s  of 
geometric coherence. 

2. Di f fract ion  pat tern  for arb i trary  s o u r c e s  

We consider a source which produces, on a given plane 
(the source plane) an electron wave represented a t  a 
time, t, by the function 

ql(x, t) = ~/1(x, t) exp {i~(z, t)}, (1) 

where d l(x, t) is real. For  simplicity we consider the 
source and all other component~ of the optical system 
as functions of one linear dimension only. The ex- 
tension to two dimensions is obvious. 

If  we represent  the action of the various compo- 
nents  of an n-component  optical system on the elec- 
t ron wave by multiplication of the wave function by 
functions q2(x), . . . ,  qn(x), the general expression for 
the wave function on the plane of observat ion is 
given by equat ion (3.1) of Cowley & Moodie (1958) as 
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V(x,t) = A [Jn(x) . . .  [~q2(x)[lql(x) * exp{ 2Rl,Jl 

• 
exp ~ - -2Re] J2 . .  exp ~ - 2 R n ' J n '  (2) 

where A is a constant. Sufficient chromatic coherence 
has been assumed, and the time taken for the wave to 
pass through the system has been ignored. 

The convolution of the inner bracket may be written 
as an integral, giving 

• . .  × 
exp ( 2R~ ] 2R~.~J~" 

. . . .  e x p |  2R~].~ dX 

= I q~(X, t).v2~(x, X )dX ,  (3) 

where Vv(x, X) is the wave function on the plane of 
observation which would be produced by a constant 
point source with coordinate x = X in the plane of 
the source• 

The intensity distribution in the plane of observa- 
tion is then given by 

W(x, t).~*(x, t) 

~-- -  I I  ql(X' t).q~(Y, t). vv(x, X). v* (x, Y ) . d X . d r .  (4) 

The observable quant i ty  is the time-average of the 
intensity distribution, averaged over a sufficiently 
long time. We write this as 

V(x) V*(x) lim 1 I T • = v2(x , t).v*(x, t)dt . (5) 
T--> oo T ,) 0 

In the simplest electron diffraction arrangement, 
a source is placed before the specimen and a plane of 
observation after it at such a distance that  what is 
recorded is effectively the diffraction pat tern at 
infinity. Instead of the diffraction pat tern at infinity 
it is more convenient to consider the pat tern at the 
back-focal plane of an ideal lens, which is equivalent. 

We therefore consider the system shown in Fig. 1, 
and substitute in equation (2), with n -  3, ql(x)= 
(~(x-X), to represent a point source, and q3(x)= 
exp (ikx~/2f) to represent an ideal lens of focal length f. 
Then 

~0v(x,X) = exp - - ~  ~--/+ R2R_(R2+R)f| 

fz  
× [Q2{-k  (X1 RgR_(R2+R)f)} 

fx ik(X ~ e + R ) f  ) exp ~- ~\~ R2R- 

I RR Re-R fIR+Rel 
× \R(RI+R2 )_ (R+R 1 +R2)f/]] , (6) 

where Qe(~) is the Fourier transform of q2(x), given 

by Q2(~) = I q2(x) exp (-ix~)dx. (It s h o u l d  be noted 

that ,  with this definition of a Fourier transform, 
-- 2~u, where u is the reciprocal lattice coordinate 

as usually defined). 
The wave function on the back focal plane of the 

lens is given by putt ing R = f, in which case (6) 
becomes 

ik 
Vp(X, X) = exp { -  ~ (R~ + ~ - 2  x2)} 

i k R  1 2 
X 

× , exp ( 

which may be substi tuted in (4) and (5) to give the 
observed intensity. 

If qe (x) is a perfectly periodic function representing 
the effect on the beam of a thin erystM, infinite in 
extent in directions perpendicular to the electron 
beam, ('7) represents the Fourier image at infinity 
(Cowley & Moodie, 1957b) i.e., an image of q2(x) or 
else a modified image produced by a systematic 
change in the relative phases of the Fourier coefficients. 

If qe (x) corresponds to a crystal of finite size, it may 
be represented by a periodic function, q~(x), mul- 
tiplied by a non-periodic shape function, s(x), and the 
square bracket term in (7) becomes 

. exp + , 

where S(~) is the Fourier transform of s(x). This can 
be considered a~ the out-of-focus diffraction pat tern 
of a finite crystal, or else as the diffraction pat tern 
from a crystal with a complex shape function, 
s (x). exp { -  ikx2/2Rj }. 

I t  is more usual in electron diffraction experiments 
to use a lens placed either before or after the specimen 
to form an image of the source on the plane of observa- 
tion. The case of the lens following the specimen is 
then as shown in :Fig. 1 with the focal length of the 
lens given by Ill = 1/R+ 1/(R~ +Re). Substituting this 
value for f in (6), the denominator in the final ex- 
ponent becomes zero. Convolution with this exponential 
then becomes equivalent to convolution with a ~- 
function, i.e., an identity operation. Then (6) becomes 

x 

and, from (3) 

V(x, t) = exp { 
ik 
2 R2R1 x2}Sql(X't) 

(RIRe + R2- RR1) 

i "  ikX2~ • k 
× exp I -  

I t  may be noted that  the usual s tatement tha t  the 
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wave function in the plane of observation is given by 
adding the wave functions due to each point of the 
source acting separately, is valid only if each point 
source wave function is multiplied by the appropriate 
phase factor, exp {-ikX~/2Rl}. This factor has an 
appreciable effect for source diameters D such tha t  
k(D/2)2/2R1 > ~/2. For example, if R 1 = 20 em., 

= 0.05 A, it is important  for diameters greater than 
one micron. 

The time average of the intensity distribution in the 
plane of observation is given by 

y~(x).~p*(x) lim l f ~ f f  = q~(X,t).q*i(Y,t) 
T.-+ oo P 0 

ik y2)} 
x exp{-~R-~l (X 2 -  

k (R1RRex+X)} 

x Q~' _- -~-  x+  (8) 
( z~ 1 

If q2(x) represents a perfectly periodic crystal, 
assumed to be of infinite extent in the x-direction, 
Q2($) will be a set of &functions, equally spaced• Then 
the product Q2{. . .} .Q*{. . .}  in (8) is zero unless 
X - Y  = n. c, where n is an integer and c is the dis- 
tance between diffraction spots on the plane of ob- 
servation. If, in addition, the source is sufficiently 
small so tha t  the diffraction spots do not overlap, 
i.e., ql(X, t).q~(Y, t ) =  0 for X - Y  _> c, the possible 
values of n are restricted to n = 0 and hence X -  Y = 0. 

Then (8) becomes 

• 1 ,0T 

: f01 
k . dx. dt 

3. Ideal ly  incoheren t  sources  

Practical electron sources may  usually be considered 
as ideally incoherent as mentioned in the Intro- 
duction. Then, if the source function at  a time t 
is given by equation (1), the phase angles o;(X, t) 
and a(Y, t) corresponding to non-coincident points 
x = X and x = Y vary  independently in time, so tha t  
a(X , t ) -~ (Y , t )  takes all values from - z  to + ~  
equally often. 

Then 

• l i t  ~moo P oql (x, t) 'q*(y, t)dt  

= t i m  1 s T  ~¢1(X, t).z~'l(Y, t) 
T.---~O0 T o 

x exp {i[a(X, t ) -a(Y ,  t)]}dt 
= ~'~(x), ~ ( x -  y ) .  0o) 

Hence, from (4) and (5) the observed intensity is 
given by 

~(x).~*(x) = I d~(X).v2v(x, X).~*(x, X)dX . (11) 

We thus have the well known result tha t  for an 
incoherent source the time average of the intensity 
distribution on the plane of observation is given by 
summing the intensities which would be given by 
point sources in the plane of the source, each with 
strength proportional to the source intensity at  the 
corresponding position. The expression (11) is par- 
ticularly convenient in tha t  the function ~fv(x, X) 
may be calculated readily by using the theory of 
Cowley & Moodie (1958). 

In particular, when ~vv(x, X) can be expressed in 
the form y~v(x-X), (11) reduces to 

V,(x).~*(x) = d 2 ( x ) *  [ ~ ( x ) [  2 • 

This is not usually true, as will be seen in the following 
paragraphs. As an example of a case in which it does 
hold, we consider the focused diffraction pat tern from 
an incoherent source with the simple arrangement of 

We thus confirm that the diffraction pattern on an 
infinite, perfectly periodic, crystal is given by re- 
placing each diffraction spot by an appropriately 
scaled image of the source. The intensity distribution 
is independent of the degree of coherence of the source. 

For crystals which are of finite extent or imperfect, 
the equation (8) cannot be simplified to (9), and it is 
to be expected that the detailed intensity distribution 
will depend on the source coherence. In particular, 
if the specimen consists only of two parallel slits the 
diffraction pattern is a set of cosine fringes with a 
contrast dependent on the source characteristics. 
Then equation (8) may be made the basis of the defi- 
nition of a degree of coherence, similar to, but not 
identical with, that used by Zernike (1938). 

l 
i 
ql (x) 

A l ! 
R 1 !R~ R 

J 1 
q2(x) q3(x) (X) 

Fig. I. Arrangement of components and notation 
for a simple diffraction system. 

Fig. 1. Applying (10) to the general expression for the 
intensity distribution, (8), gives 

~ v ( x ) . ~ * ( x ) = d ~ {  RI +R2 

]Q2{ k(Rl + R2) x} 3. 
* R.RI ( 1 2 )  

24* 
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Hence, whatever  the nature  of the specimen, the 
in tens i ty  dis t r ibut ion is given by  the square of the 
modulus  of the Fourier  t ransform of q~(x), with a loss 
of resolution represented by convolution with the 
appropr ia te ly  scaled source in tens i ty  function. The 
resolution in the diffraction pa t te rn  depends on the 
magnif icat ion of the image of the source, R/(R 1 +R~), 
relat ive to the scale of the diffraction pat tern,  given 
by  RR1/(RI+R2). The resolution will therefore im- 
prove as R l is increased but  will be independent  of 
R~ and R. 

4. S y s t e m s  wi th  apertures  

In  most  electron diffraction cameras, and par t icular ly  
in high resolution instruments ,  the specimen is 
i l luminated not directly from the source, but  through 
an i l luminat ing system consisting of one or more lenses 
and one or more apertures. We will confine our 
a t tent ion to the simplest  of such systems in which a 
single aperture is placed between the source and the 
specimen. This will serve to i l lustrate the nature  and 
order of magni tude  of the modifications of the dif- 
fraction pa t te rn  which m a y  be produced by the 
introduction of the addit ional  elements to the illumi- 
nat ing system. 

The lenses we have considered so far have been ideal 
th in  lenses of infinite aperture. Since we make the 
approximat ion of replacing spherical by  paraboloidal  
wave fronts, such lenses give perfect imaging with no 
loss of resolution. An ideally incoherent source then  
gives an image which is again ideally incoherent,  and 
if such a lens is used to form an effective source by 
demagnifying an actual  source, the effective source 
m a y  be subst i tu ted for the source in any  of the dif- 
fraction schemes we have considered. 

In  actual  electron diffraction ins t ruments  the elec- 
t ron beams are usual ly confined to such small  fractions 
of the apertures of the lenses tha t  the l imitat ion of the 
lens aperture and the lens aberrations do not affect 
the diffraction pat terns appreciably.  We therefore 
continue to make use of the concept of ideal th in  lenses, 
and consider tha t  the introduction of lenses in the 
i l luminat ing system has no effect on the expressions 
derived for the diffraction pat tern  intensi ty  other than  
to change the numerical  constants involved. 

' 0 
Ro J" R, ] R~ 

i ! 

J(x> i 
q2(x) q3(x) ~,(x) 

:Fig. 2. Arrangement of components and notation for 
a diffraction system with an aperture. 

We treat  the system shown in Fig. 2, in which an 
aperture  or, in fact, any  component changing the 
ampl i tude  or phase of the electron wave by mul- 
t ip lying it by  a real or complex function ql(x), is 
placed between the source, q0(x), and the specimen. 

From equation (3) with n = 3, and qa (x ) - -  
exp {+ikx2/2f} to represent an ideal th in  lens, we 
obtain 

~pv(x, W)= f f i e x p ,  2f ]q2(Y)'ql(X) 

× exp - ~ R o + R~  " R 2 

There are two ways in which the system shown in 
Fig. 2 m a y  be used. Fi rs t ly  the lens m a y  focus the  
source on the plane of observation, in which case the 
aperture is used to l imit  the area of the specimen 
irradiated so tha t  the diffraction pa t te rn  from a small  
crystal  might  be obtained with a m i n i m u m  of back- 
ground scattering. Secondly, the lens m a y  form an 
image of the aperture on the plane of observation. 
This m a y  be done to improve the resolution if the 
aperture can be made smaller than  the source. We 
consider these two arrangements  in turn,  and in each 
case evaluate  the results for a pseudo-practical case 
in order to get an impression of the orders of magni- 
tude involved. 

4.1. Lens focusing the source 
If the lens forms an image of the source on the plane 

of observation the focal length is given by 

1 1 1 

] = ~ + R0 + R a ~  R2 • 

Subst i tut ing this in (13), integrat ing and using equa- 
tion (11) then gives 

SSS w(z)v,*(x) = ~/g( W) 

k ( w + S x  Ro+R 1 

] 1  

~x 2 

- Y R(Ro+R1) . d X . d g . d W ,  (14) 

where S = Ro+RI+R2, QI(~) is the Fourier  trans- 
form of ql(x) and d 0 ( x )  is the t ime average of the  
in tens i ty  distr ibut ion of the source assumed ideal ly  
incoherent. 

I t  is readily confirmed tha t  this expression gives the  
expected results for the l imit ing cases of infinite and 
zero diameter  apertures. Thus, for an aperture of 
infinite diameter,  QI(X) = 5(X) and 

V~(x) ~v*(x) d ~  ( -  ~ )  kSx 2 
R(Ro+R 1 ' 
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which is the same as the equat ion (12) for a system 
without an aperture. 

If the aperture diameter is very small, we can put  
QI(X) = K, a constant, and 

~v(x) .y~*(x) = K ~ l z~'2 ( W ) d W 

I { kSx_ ~ , ikS~Rlx2 } 2 
x I Q~ R(Ro+R1) j . exp ~ ~ (2RoR (Ro+R1) 

which represents the out-of-focus diffraction pat tern 
given by a point source. 

For  the intermediate range of aperture sizes, equa- 
tion (14) is not so easy to interpret. Order-of-magni- 
tude calculations indicate, however, tha t  the effect of 
the aperture on the diffraction pat tern  may not be 
important  under the conditions encountered in stan- 
dard electron diffraction work, but  may be appreciable 
under high resolution conditions. 

We therefore take as an example a portion of a dif- 
fraction pat tern consisting of a pair of spots with a 
separation of 20/~ and each having a Gaussian amph- 
tude distribution of width (measured at e -~ of the 
maximum) equal to 20/~, i.e., 

Q 2 ( - ~ ) =  exp{-10e(x+10-3)  2} 

± e x p  {-10S(x-10-3)9}.  (15) 

The + sign applies if both peaks have the same 
phase, as may be the case if they represent a double- 
refraction pair of spots given by dynamic diffraction 
pat tern  from a small crystal of regular habit  when 
the Fourier coefficient of the potential distribution of 
the crystal for the relevant reflection is of the order 
of 2 volts (see Cowley, Goodman & Rees, 1957, which 
contains references to previous work). The negative 

--' -'-- ( a )  

1.0 ÷ 

20p 10t~ 0 10/~ 20/, 

Fig. 3. (a) The ampl i tude  and  (b) in tens i ty  dis t r ibut ions for 
a focused point-source diff ract ion p a t t e r n  corresponding to 
Q2(--kx/R) = exp {-- 10S(x+ 10-3)~} J :exp{ - 10S(x - 10-3)2}. 

sign may be appropriate if the two peaks represent 
adjacent maxima of opposite phase in the 'shape- 
transform' of a crystal of about 1000 /~ diameter 
(see, for example, Rees & Spink, 1950). 

This function, and the intensity distributions to be 
expected in perfectly focused, point source diffrac- 
tion patterns for the two cases, are shown in Figs. 
3(a) and (b). 

For convenience in manipulation we assume tha t  the 
aperture has a Gaussian form of width 2d so tha t  

ql(x) = exp {-x2/d2}; Q~(y) = exp {-d2y2/4}. (16) 

Then (14) becomes 

~v(x). ~v*(x) = I ~¢2(W) exp {-2d2R2(Ro +R1)B4W2/C} 

× exp{-2"IOeAB2R2d2(w+S-~R) 

× exp { -  
2. 106 B~ R~ C S~x~} 

2.103BR 1 { R ( R o + R 1)Bd 2 
± cos C 

where 

and 
B = k/2R o, A = d2B2(Ro+R1)+IO6R 2 

C = A2+B2R~ (Ro+R 1)2 . 

As an example, we take R o = R 1 = 25 cm., R 2 = 0, 
S = R o + R  1 = R = 5 0  cm. and ~t=0"05 A so tha t  
k = 2~/~t = 1.26×101° cm. -1. The source intensity 
distribution is assumed to be given by 

a l l ( x )  = exp {-100x2} 

and so has a width of 20/~. The intensity profiles for 
the pair of spots in the diffraction pat tern  corre- 
sponding to (15) for various values of the aperture 
width are then as shown in Figs. 4(a) and (b) for the 
two cases tha t  the phases are equal or opposite. 

From Fig. 4 (a), for equal phases, it can be seen tha t  
the resolution of the peaks is poor for large aperture 
(> 10 -2 cm.) because of the incoherent broadening 
due to the finite source size. The resolution is also 
poor for very small apertures (<  10 -5 cm.) because 
the pat tern is then given, in effect, by an out-of-focus 
point source. The best resolution is obtained for 
apertures of about 2# diameter. 

The point of particular interest in Fig. 4(b) is the 
variation with aperture size of the intensity midway 
between the two peaks. The intensity at  this point is 
zero for coherent illumination and a maximum for 
complete incoherence. The value of the intensity 
relative to these two extreme cases could, if suitably 
scaled, be used as a measure of degree of partial 
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I I 

20 F 10p 0 I0 F 20 F (z) 

20 F 1(~ 0 lOp, 20.~, 
(b) 

Fig. 4. The intensi ty  distr ibutions of the diffraction pa t te rns  
corresponding to the  point  source pa t t e rn  of 3(b), with 
source of wid th  20/~ and apertures  of width  1 cm., 20/~, 
10/~, 2/~ and 2.10-2/~, when the lens images the source and 
(a), the  m a x i m a  have equal phase, or (b) the  m a x i m a  have 
opposite phase. 

coherence. I t  is seen from 4(b) that  the illumination 
becomes appreciably coherent for apertures as large 
as 20# and is almost completely coherent for a 2# 
aperture. 

4.2. Lens focusing the aperture 
If the focal length of the lens is adjusted to give an 

image of the aperture on the plane of observation, 
the intensity distribution in the diffraction pattern is 
given by substituting in (13) the value of f given by 

1 1 1 

~ = .~ + RI + R 2 • 

Then 

y~(x), v2* ( x ) =  f f f  d~(W)ql (X).q*I (Y) 

R1 + Ro] 
_ ( y _  R1W\2]~ k (x+R1 

k ( y + R ] + R  2 
xO~*{-~-~l ~ x ) } . d X . d Y . d W .  (18) 

I t  is readily confirmed that this expression gives the 
correct results for the limits of aperture size. Thus, 
for very small aperture the aperture acts as a point 
source and the intensity profiles are as in Fig. 3(b). 
For very large apertures, (18) represents an out-of- 
focus diffraction pattern from the source d~(x). 

If we consider the same diffraction pattern and the 
same form of aperture as in 4.1, the integrations of 
(18) may be performed to give 

~(z). ~*(z) = I ~¢o(W) 

x exp FR~ R W + R1 x 

2 106(R1 +R2)2 ,~ 3]| 

--F- / ~ + R1 
RI__+ R_2 } 4.103E 

+ Rid2 .Dx_+cos - -~ - -  

RW 

where 

and 

106R2 / 
: : 

( RI +Re) 2 E 2 . F = D2+ . . . . . .  R~ 
Taking the same values for R0, R1, R2, R, and )l as 

before and putting d02(W) = exp {-10%2}, we get the 
intensity profiles of Figs. 5(a) and (b) for the cases 
where the phases of the two peaks are equal and 
opposite respectively. 

As might be expected, Fig. 5 (a) shows the resolution 

~ C f f L  

I 

20,u 10u 0 lOFt 20 
(a) 

1"0 

2d~ 1~ 0 1~, 20~, 
(b) 

Fig. 5. The in tensi ty  d is t r ibut ions of the di f f ract ion pat terns 
corresponding to the poLr~t source pat tern  of 3(5) ~iri~sh a 
source of width  20/~ and the  lens focused to image aper tures  
of 1 cm., 20/~, 101~, 2# and 2.10-9# when (a) the  m a x i m a  
have equal phase, or (b) the  max ima  have opposi te  phase.  
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of the peaks to improve steadily as the aperture size 
is decreased. As before, the values of the intensity 
midway between the peaks of Fig. 5(b) show that  the 
coherence of the illumination improves as the aperture 
is made smaller, the coherence being almost complete 
for an aperture of 2#. These intensity values differ 
considerably from those which would be obtained if 
the aperture acted as an incoherent source. For ex- 
ample, the aperture acting as an incoherent source 
would give 0.05 instead of 0.02 for a source diameter 
of 2#, and 0.75 instead of 0.33 for a 10# source. The 
difference is due to the effective coherence of the 
radiation from the source at the aperture. 

5. Conc lus ion  

We may thus conclude that  considerations of source 
coherence are not usually important  in low resolution 
electron diffraction work. Patterns given by crystals 
of large extent in directions perpendicular to the elec- 
tron beam (in practice, more than a micron or so) 
are independent of the coherence of the source and are 
formed by laying down an appropriately scaled image 
of the source intensity distribution at the position of 
each diffraction spot. 

For small or imperfect crystals giving appreciably 
broadened diffraction spots or continuous distribu- 
tions of scattered intensity, the diffraction pat tern is 
the point-source diffraction pattern with a loss of 
resolution given by convolution with the source in- 
tensity function only if the crystal is i l luminated 
directly by the incoherent source and the electron 
beam is not limited by any apertures except, possibly, 
apertures much larger in diameter than the source or 
the crystal. 

The presence of one or more small apertures, or of 
condenser lenses of small aperture, may introduce 
partial coherence in the i l lumination of the specimen 
and so may affect the intensity distribution in the 
diffraction pattern, possibly changing the shapes and 
widths of the diffraction peaks, introducing subsidiary 
maxima and other false detail and affecting the 
positions of the principal maxima. Although it is to be 
expected that  the assumption of a Gaussian form for 
the limiting aperture would tend to minimize these 
effects, it may be noted in Figs. 4(a) and (b) that  the 
curve for a 2# aperture shows some signs of subsidiary 
maxima and the separation of the principal maxima 

appears to be at least 5% greater than might be 
expected for an incoherent source. 

The source dimensions and the scale of the diffrac- 
tion pattern detail which we have chosen for our 
examples are of the order of those which are en- 
countered in present-day high-resolution electron dif- 
fraction investigations of the fine structure of diffrac- 
tion spots. Our results suggest that  with apertures of 
the sizes now in common use (10-20#) it is necessary 
to consider the state of coherence of the beam if 
detailed studies of intensity distributions are to be 
made. In  any investigation of fine-structure detail on 
the scale of that  treated by Cowley, Goodman & 1%ees 
(1957) and others, a check on possible effects of the 
source and aperture sizes used should be made to 
ascertain whether any serious errors might be intro- 
duced. Moreover, it is clear that  when instruments of 
improved resolving power, with smaller effective 
sources and apertures, are used to study finer detail 
of diffraction spot structure, a thorough analysis of the 
system along the lines of our examples will be neces- 
sary. 

I t  will be seen that  the wavelength, A, enters into 
equations (17) and (19), being usually raised to the 
same power as the parameter d defining the aperture 
width. I t  may be expected therefore that  for longer 
wavelength radiation the critical dimensions at which 
coherence effects become important  will be corre- 
spondingly greater. Our considerations may therefore 
have some relevance for micro-beam X-ray diffraction 
work where the critical dimensions for sources and 
apertures may be of the order of hundreds of microns. 
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