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Kikuchi Bands with X-Rays
(preliminary communication)
by Hermann Determann
By transmission of X-rays through a copper crystal we have observed lines and bands that are
very similar to phenomena that are known in electron optics as Kikuchi lines and bands. The
experimental set-up is shown in Figure 1. The focal point is in the center of the circular area
of a copper half-sphere. It had been cut out of a single crystal so that a rhombo-dodecaeder
pole lies in the extension [= direction] of the cathode ray. The X-ray source lies in the crystal
itself. The X-ray radiation, generated in the focal point, has hence to transmit the same
[thickness of] copper layer down to each point on the film.
The crystal obviously exerts a double effect. First, it makes, by pure absorption, the bremsradiation [= continuous radiation] approximately monochromatic. To illustrate this, the
intensity distribution is represented in Figure 2. It is obtained for a bremsradiation of 125 kV
on the backside of 10 mm copper from the known absorption coefficients if one assumes that
the position of the intensity maximum relative to the [high energy cutoff] limit is the same as
in the bremsspectra already measured up to 50 kV. The dotted curve represents the intensity J0
of bremsradiation excited at 125 kV as a function of the wavelength. Its slope from the cutoff
wavelength [= high energy edge] of 0.1 Angstrom to the energy maximum (which is assumed
here to be at 0.25 Angstrom) is drawn as a straight line. If the curve, as in the observed cases,
is bending upwards, the clipping [the meaning is: filtering effect] is even sharper. The
continuous curve shows the range of wavelength that can be transmitted through 10 mm
copper. Long before the bremsradiation has reached its maximum, the filtered radiation has
dropped to practically Zero. So only a narrow range can pass through that lies close to the
cutoff wavelength. The maximum is here shifted by 12% from the cutoff wavelength to the
soft [= low energy] side. In order to visualize the steep increase and decrease, the ordinate of
J1 is raised (banked) 3000 times. One therefore has a narrow band in a range of wavelengths
that is similar to the usual electron wavelengths – 0.1 Angstrom correspond there to 15 000
Volt – .
Second, the crystal acts as a lattice. Such a hard radiation is reflected from the lattice planes
almost at a grazing angle of a few degrees. Figure 3 shows a pattern that was recorded at 112
kV. The intensity drop outwards has been balanced off in the common way during the
copying process. A number of bright and dark line pairs are seen that can be assigned to
certain lattice planes, as is indicated on the margins of Figure 3. There are several orders to be
recognized. Within the lines the blackness often differs from the general background so that
dark bands are formed. The band width (spacing between lines) on the film increases linearly
with the distance of the film to the focal point, and it is the narrower the harder the tube is
working [= the higher the voltage is]. If one calculates the wavelength from λ = 2 d sin ϑ
under the assumption that the apex of ϑ lies in the focal point, then it agrees, within the
accuracy of measurement (about 10%), with that one calculated after Figure 2.
These features correspond to those that are observed with electrons at the same wavelength
and are understood elementarily. The reasons for the gray levels, however, that are observed
in Figures 3 and 4 as bands and at their crossings as patches, have not yet been explained, as

well as is the case with Kikuchi bands of electron interferences. We suppose that both depend
on each other and on the not yet understood gray levels between the lines from lattice
interferences. We hope for an explanation of conditions for their occurrence since it is now
possible to draw a closer parallelism with electron rays of the same range of wavelengths.
The experiments will be continued in the local institute. I thank Professor Kossel for the
suggestion to study this phenomenon in more detail, and for his continuous furthering interest,
and the German Research Foundation for support.
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Figure 1:
Elektronenstrahl = electron beam
Brennfleck = focal point, that is the beam spot on the sample
Cu-Einkristall = copper single crystal
Figure 3 and 4
Abstand Quelle – Film = distance between source [beam spot] and recording film

