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calculated using the experimentally determined elastic 
constants and are shown in Fig. 5 where the dotted 
curves are corrected for second-order diffuse reflexion 
and the solid curves are without this correction. The 
variation of second-order correction with direction can 
be seen from Fig. 5. 

The authors are grateful to Professor B. K. Agarwal 
and Dr L. P. Verma of Allahabad University for as- 
sistance in the microdensitometer records of the photo- 
graphs. 
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Absorption and Volume Corrections for a Cylindrical Specimen, Larger than the Beam, 
and in General Orientation 
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A theory and a computer procedure are developed by which both the absorption and the volume cor- 
rections for a cylindrical sample of infinite length, larger than the beam, enclosed in a concentric cylin- 
drical tube, and in general orientation in the Eulerian cradle, can be carried out. The combined correc- 
tions can be used in the simpler case of an exposed sample. Moreover, the absorption correction can be 
applied to the case of a cylindrical window, such as may be employed in low-temperature studies, sur- 
rounding a sample of conventional size. 

A theory for both the absorption and volume correc- 
tions for a cylindrical specimen, larger than the beam, 
and whose axis is coincident with the f0-axis of the 
goniometer, is given in an earlier paper (Coyle & 
Schroeder, 1971). In the present paper, an extension 
of that theory is developed for the case of a similar 
specimen, but in general orientation. The two correc- 
tions for such a crystal are available as computer pro- 
gram CYCA C. 

* Present address: Department of Chemistry, City College 
of San Francisco, Phelan at Ocean, San Francisco, California. 
94112, U.S.A. 

The same terminology and symbols are followed here, 
but additional independent angles are defined for the 
sake of convenience and in such a way as to obtain 
equations algebraically symmetrical to those of the 
earlier paper. 

Let F, where O<__F<_ n/2, be the angle between the 
crystal axis J and the ~0 axis of the diffractometer. If F 
is less than, or equal to, the maximum possible arc 
settings (the usual case), it is given by cos F =  cos 7l 
cos Yo, where Yi and )'o are the inner and outer arc set- 
ting differences required to bring the two axes into 
coincidence. 

Furthermore, let the Z circle be a great circle of a 
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sphere centered on the goniometer with the zero of Z 
at the south pole S, and let the fiducial zero of  ~0 be that 
value of ~0 when F lies in the great X circle in a positive 
2' direction. Let the positive sense of  ~0 be counter- 
clockwise when viewed from the center, and the positive 
sense of 2" be toward the point E, where the diffraction 
vector h for positive Bragg angle 0 meets the sphere. 
In the diffraction position, let the crystal axis J meet 
the great circle through S a spherical distance Zl from 
S, and let this great circle meet the equator  in El, a 
spherical distance fl f rom E. 

Then, as in Fig. 1, the oblique spherical triangle 
2'25F yields: 

cos 2'1 = cos Z cos F -  sin Z sin F cos ~0. 

Strictly speaking, this relationship is true only if 
~0 < re, but  of  course the crystal axis meets the sphere 
in two diametrically opposed points and we require for 
computat ion not  sin 2'i and cos 2'1 themselves, but their 
squares. 

Also, since EElS is a biquadrantal  triangle, p is also 
the angle ESEI and tan f l=  sin F s i n  ~0/(sin Fcos  Z cos ~0 
+ sin Z c o s / ' ) .  Computat ional ly,  fl appears positive in 
the first and third quadrants  and negative in the second 
and fourth, and is computed as its principal value from 
either pole. 

The absorption and volume correction factors may be 
derived in a similar fashion to the method given earlier. 
The variables are merely modified. Thus, 2' in the earlier 
equations is always replaced with Z1, while 0 sometimes 
remains, and at other times is replaced with (0 +fl). 
Indeed, all relationship derived here must degenerate 
to those given earlier ( F =  0) by putt ing Z1 =Z  and fl = 0. 

Fig. 2 presents the elliptical cross-section in the dif- 
fraction plane of  the sample cylinder, whose canonical 
equation is x z +yZ cos z 2"1 = R 2. This figure is similar to 
Fig. 2 in the earlier paper, except that  now reflection is 
equiangular to the diameter inclined at the angle fl 
to the minor  axis. The volume correction is now given 
by: 

I°/I°o=~/R=(1-sinZ (O-fl) sin z 2'1) -1/2 (1) 

In the derivation of the absorption correction factor, 
the coefficients in the expression for the outgoing el- 
liptical radius Aa 4 + Ba z + C = 0 now become: 

A = [ 1 - s i n  2 (0+f l )  sin z Zd z, 

B =  - 2RZ[1 - sin' (0+f l )  sin z 2"1] 

-2(~o-z)Z[cos 2 ( 0 + f l ) -  sin z (0+f l )  
x cos z Zl] sin z 20 sin' )h, 

C=R4+2R2(o-z)2 sin z 20 sin z 2'1 cos 2(0+f l )  
+ ( 0 -  z) 4 sin 4 20 sin 4 2'1 • 

The following points may be of special interest. 

(a) The roots of  the quadrat ic  in a 2 are always real for 
reflexion from within the crystal (i.e. from physically 

plausible points) since: 

0 - z  1 - s i n  z (0+f l )  sin2 X1 
- -  < .. . . . . . . . . . .  , ( 2 )  

0 sin 20 cos X, 

which has a maximum value of  unity. This occurs when 
c o s z l = + c o t ( 0 + f l ) ,  and can occur only when 
0+f l>zr /4 .  Likewise, the roots are always positive, 
since A,C>O and B < 0 .  

(b) When z=~o, reflection occurs from the center, the 
roots are equal, and a 2 = R2/[1 - sin 2 (O+fl) sin 2 Yl]. 

(c) When 0 = - f l ,  then even for QCz the roots are 
equal and 0 -2=R2+(Q-z)2  sin 2 20 sin2yl. In this 
case the emergent ray is parallel to an axis of  the 
ellipse. 

(d) When fl > 0, the larger value of  a is relevant to re- 
flexion before the center when 0>]fl] ,  and the 
smaller root  is relevant to reflection an equal di- 
stance beyond the center. The opposite is true 

-~ h 

Fig. 1. The experimental arrangement, showing the specimen 
in position for diffraction and the pertinent spherical angles. 

Fig. 2. The elliptical cross-section of the sample cylinder in 
the diffraction plane. Here z and t are the respective in- 
coming and outgoing path lengths. 
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when either, but not both, of these inequalities 
is reversed. 

The expression for the emergent path length t(a,4, 
z, 0) remains unchanged, so that the overall correction 
factor for both effects now becomes, for N Gaussian 
points x~ and their corresponding weights w~, and for a 
sample (subscript 1) enclosed in a tube (subscript 2): 

I/I°o= ½(1- sin 2 (O- fl) sinZzO -1/z 
N 

x ~ w~exp[-/l~(&x~+41+q) 
i = 1  

--/t2(~02 -- 41 + t2 -- q)] ,  
where 

z~=(rlx~+ rz)[1-s in  2 ( 8 - f l )  sin z X~] -1/z 

(3) 

As a bonus, this analysis also produces the absorp- 
tion correction for a cylindrical sheath (window), sur- 

rounding a crystal of conventional size, such as may 
be encountered in low-temperature studies. It is given 
by: 

I/I°=exp [- /~(42-41 + a 2 -  al)] 
= exp ( -/~( R2 - R0{[ 1 - sin 2 (8 - fl) sin 2 Z1]- 1/2 
+ [ 1 - s i n  2 (O+fl) sin 2 Zx]-l/2}) (4) 

where, in this case, the subscripts 1 and 2 respectively, 
apply to inner and outer radii. 

I am deeply indebted to Dr L. W. Schroeder for 
many interesting and fruitful discussions. 
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X-ray diffraction intensities of liquid mercury have been measured at room temperature with Mo Ks 
radiation. Balanced filters in the diffracted beam and a scintillation counter were used for monochroma- 
tion. The structure factor agrees well with published data of Halder & Wagner though the experi- 
mental procedures differ considerably. The calculated resistivity (90/tg?.cm) agrees with the experi- 
mental value (94 p[2.cm). The first peak in the reduced radial distribution function is higher and nar- 
rower than for other melts indicating that the difference between the structures of liquid mercury and 
the other melts is probably not due to the presence in liquid mercury of several structures with different 
nearest neighbour distances. 

Introduction 

The structure factor i(k) is calculated from the coherent 
part of the X-ray scattering where k--4re sin 8/2, 20 is 
the angle between the primary beam and the diffracted 
beam and 2 is the wavelength of the radiation used. 
By Fourier transformation of k .  i(k) the term r. g(r) 
is obtained. [g(r)+Oo]/Oo is the probability of finding 
an atom at distance r if there is an atom at the origin, 
and it is normalized to unit probability at large r. 40 
is the average atomic density of the liquid. 

A number of diffraction investigations were carried 
out on liquid mercury. Recent results obtained at room 
temperature are summarized in Table 1. Most studies 
were made with Mo Kc~ radiation using a crystal mono- 
chromator. They are marked Mo, CM. The markings, 

flF and BF indicate approximate monochromation 
with fl-filters or balanced filters. The position kl of 
the first peak in i(k) is the quantity resulting most 
directly from the experiment. The published values 
agree well with each other with few exceptions. Values in 
brackets were taken from published curves or calculated 
from other data. In order to get the height of the first 
peak i(kl) it is necessary to scale the measured inten- 
sities into absolute units. Experimental errors and 
errors resulting from the scaling are responsible for 
the fact that the highest value in the table is 50 % higher 
than the lowest one. The disagreement concerning the 
height of the first peak rl • g @1) is even greater. Varying 
results are reported for the positions and amplitudes of 
further maxima and minima in real and reciprocal space. 

In the present work some systematic errors which 


