
APPENDIX 1

LATTICE GEOMETRY

Al-1 Plane spacings. The value of d, the distance between adjacent

planes in the set (hkl), may be found from the following equations.
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In the equation for triclinic crystals

V = volume of unit cell (see below),
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Si2 = abc2 (cos a cos )S cos 7),

^23 = a26c(cos ft cos 7 cos a),

<Si3 = ob2c(cos 7 cos a cos ft).
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APPENDIX 6

QUADRATIC FORMS OF MILLER INDICES

(cont.)
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h k l h^2 + k^2 + l^2 d(hkl) calculated
1 1 1 3 2.338
2 0 0 4 2.025
2 2 0 8 1.432
4 0 0 16 1.012
3 3 1 19 0.929
4 2 0 20 0.906

calculated d-spacings for aluminum
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h k h^2 + hk + k^2 d(hkl) calculated
1 0 1 2.139
1 1 3 1.235
2 0 4 1.070
2 1 7 0.809
3 0 9 0.713
2 2 12 0.618
3 1 13 0.593

calculated d-spacings for graphite



to the measured values from Fig. 5 gives a slopes

A1 =  0.62 (2) · 109

A2 =  1.03 (2) · 109

and the lattice constants

d1 =  211 pm

d2 =  126 pm

in accordance with (7),

Notes
– The intensity of higher order interference rings is much

lower than that of first order rings. Thus, for example, the
second order ring of d1 is difficult to identify and the expect-
ed fourth order ring of d1 simply cannot be seen. The third
order ring of d1 is easy to see because graphite always has
two lattice planes together, spaced apart by a distance of
d1/3. (Fig. 6)

In the sixth ring, the first order of ring of d4 clearly coincides
with the second order one of d2.

Radii (mm) calculated according to (4) for the interference
rings to be expected when UA = 7 kV:

n = 1 n = 2 n = 3 n = 4

d1 8.9 17.7 26.1 34.1
d2 15.4 29.9
d3 23.2
d4 31.0
d5 38.5
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For small angles a (cos 10° = 0.985) can put

sin 2a ! 2 sin a (6)

so that for small angles u we obtain

sin a = sin 2u ! 2 sin u (6a)

With this approximation we obtain

(7)

The two inner interference rings occur through reflection from
the lattice planes of spacing d1 and d2 (Fig. 4), for n = 1 in (7).

The wavelength is calculated from the anode voltage in ac-
cordance with (3):

4.00 19.4
4.50 18.3
5.00 17.3
5.50 16.5
6.50 15.2
7.00 14.7
7.40 14.3

Applying the regression lines expressed by

Y =  AX + B
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Fig. 6: Interplanar spacing in graphite
d1 = 213 pm d2 = 123 pm d3 = 80.5 pm
d4 = 59.1 pm d5 = 46.5 pm.

Fig. 5: Radii of the first two interference rings as a function of
the wavelength of the electrons.
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tan(2theta) = r / D
n lambda = 2 d sin(theta)
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tan(2theta1) = r1 / D
tan(2theta2) = r2 / D
tan(2theta3) = r3 / D
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For our electron and optical diffraction experiments the wavelength is small compared to the lattice constant. Consequently, the wavevector 
k = 2 pi / lambda is much longer than the reciprocal lattice spacing 2 pi / a 
and the Ewald Sphere cuts through many reciprocal lattice points 
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Ewald sphere geometry for x-ray diffraction
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In contrast to electron and optical diffraction where there are many 
Bragg peaks on the Ewald sphere, in x-ray diffraction there is 
usually only one Bragg peak on the Ewald sphere
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