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How Discoveries are Made – or  
Some Remarks on the Discovery of the Borrmann Effect 

Dedicated to Professor Dr. G. Borrmann on the occasion of his ninety-fourth birthday and to all 
those authors who contributed papers on the occasion of my own birthday. 
 
 

About fourteen years ago G. Borrmann published a paper “Aus Kossels Laboratorium, 
Danzig 1932-38“ (From Kossels Lab, Gdansk 1932-38) /1/, which covered the period of 
Borrmann’s first successes but left out his subsequent time in Berlin, where he made his 
famous discovery of anomalous absorption of X-rays in perfect crystals /2/. But very recently 
he sent me (quasi as a birthday present) three typewritten pages entitled “Ein einfacher 
Versuch“ (A simple experiment), obviously composed many years ago as a personal 
reminiscence on Laue’s long-standing assistant Georg Menzer and describing the 
experiments in Berlin in much detail. Since the story is now complete it might be 
recapitulated in short. 

Everything started with the Kossel lines, searched for for long times and finally found by 
Kossel about 1935, who used electrons for exciting the atoms in a probe crystal. A nice 
Kossel diagram is to be found together with references in Laue’s book “Röntgenstrahl-
Interferenzen“ /3/ on pages 430/31. Borrmann, being Kossel’s doctorand at that time, 
succeeded in getting similar diagrams with the excitation by X-rays. The Kossel lines 
exposed complicated dark/light contrasts, which Kossel failed to explain. Then Laue made a 
visit and was immediately convinced: only the dynamical theory of X-ray diffraction, applied 
on Borrmann’s method (X-ray excitation) would be able to interpret the experimental 
findings. Back in Berlin he published still in 1935 a beautiful paper on this subject /4/ 
(slightly corrected in one detail two years later /5/). The base was the reciprocity theorem of 
light optics which he formulated for X-rays. In a next step he considered the positions of 
wavefields in a perfect crystal lattice, using his recent reformulation of the Ewald 
dynamically theory /6/ together with the reciprocity theorem: If a narrow X-ray beam enters 
the probe in such a direction that wavefields with their maxima at the atom sites are excited, 
then these atoms would emit strong fluorescent radiation just in this same direction, 
producing dark lines (or the dark intense part of lines). If an incident beam entering in a 
slightly different direction produces wavefields with their minima at the atom sites then 
fluorescent radiation leaving the crystal in this direction would have weak intensity. This 
theory predicted the light borders of black/light lines correctly on the convex line side, cp. 
the mentioned diagram in Laue’s book. 

At another place (p. 440) of this book Laue makes the statement, that this agreement with 
experience be extremely important because besides the Kossel effect no means is known (at 
that time, 1960) for a direct experimental evidence of the existence and position of X-ray 
interferences in space lattice; even the absorption anomaly (Borrmann effect !) can only be 
considered as an indirect proof. 
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This is in contradiction -sorry!- to A. Authiers statement in his recent excellent book on 
Dynamical Theory /7/ where he writes (Ch. 1.10) that “up to the year 1940, all the 
experiments .... did not bring any clue as to the actual physical behaviour of the wavefields 
inside the crystal“. 

In autumn 1938 Borrmann must leave Kossel’s institute: a stable position for somebody 
not being a member of any of the Nazi organizations was not available. However, M. v. 
Laue, vice-director of the Kaiser-Wilhelm-Institute of Physics in Berlin-Dahlem, had invited 
him to work there. After some hesitation and a further impatient invitation Borrmann agreed 
to what seemed to him to be a risk. The more he was astonished when Laue asked him “what 
do you intend to do?“. Being happy to have a free hand Borrmann announced to further study 
the Kossel lines. After Laue’s OK G. Menzer introduced Borrmann to his work and his new 
surrounding. He got a stipend, but it was cancelled after three months. Laue then managed to 
keep Borrmann alive with a monthly salary of 125 Reichsmark. It remained Laue’s secret 
where this money came from. 

In his last experiments in Kossel’s Lab Borrmann had used a new arrangement which 
enabled him to study Kossel lines in transmission or, with inclined crystal slabs, 
simultaneously also in reflection /8/. Using thin-etched Fe single crystals he got unexpected 
results: Only thinnest plates agreed to the old findings, but behind plates of 20 ... 50 µm 
thickness the transmission contrast was reversed (convex Kossel cone now with strong 
intensity). This was a new problem, and the importance of absorption and crystal perfection 
for its solution were brought as open questions to Berlin. 

The older experiments clearly had shown: the more perfect the crystals, the more 
pronounced the Kossel diagrams. Therefore Borrmann made new exposures with more 
perfect Fe and Cu crystals - no new results. Then he thought of calcite which - in best 
examples - had been found to be perfect enough to obey dynamical theory. But it turned out 
to be impossible to get Kossel lines from Ca-K radiation, even using the best Icelandic 
calcite which Menzer had put to Borrmann’s disposal. 

In this confused situation the idea arose: why not, for safety’s sake, begin again from the 
scratch using an arrangement as simple as possible like the Rutherford-Andrade method 
(1914) ? In such a wide-angle geometry the cone of incident radiation, traversing a crystal, is 
weakened in those directions where radiation is subtracted due to the production of a 
reflection at lattice planes: extinction lines on the X-ray film are the result. Using diamond 
one had got beautiful extinction diagrams. 

But, astonishingly enough, Borrmann’s calcite plates did not show any extinction; instead 
there were weak dark/light lines with some additional intensity. Obviously still existing 
interfering radiation in extinction direction had undergone smaller absorption than the 
neighboring non-interfering radiation.  

v. Laue was surprised - and declining. Without saying a word he left the room when 
Borrmann presented this strange result: these “wrong“ extinction lines could not be 
convincing. But if absorption was really different then there should exist a simple means to 
prove it: just using thicker crystals! This recipe worked wonders; compared to the 
background the intensity increased enormously, in direction of the “wrong“ extinction line a 
real reflection R0  appeared. The related usual reflection RH also was present, but it seemed 
difficult to guess its absorption. At crystal thickness of 0.3 mm, however, both reflections 
proved to be of similar strong intensity. 
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While Borrmann tried to gain firm ground Laue soon remembered his wavefields which had 
helped him to explain the light/dark Kossel lines. The same lattice plane-adapted fields 
which would bring about a maximum or minimum of emission with the reciprocity theorem 
will lead to a maximum or minimum of absorption without this theorem. The wavefield with 
smallest absorption succeeds the more the thicker the crystal, its both components produce 
equivalent reflections R0 and RH. 

Also quartz behaved equally: a good probe exhibited the changed absorption, a bad one 
presented extinction. Thus anomalous absorption is not a peculiarity of calcite, it is a 
property of the perfect space lattice. 

The war finished these experiments, only the results on quartz were published /2/. 
Meanwhile the Berlin KWI of Physics had been displaced to Hechingen in South-West 

Germany. After the war (1948) G. Menzer, working at that place, visited Borrmann and 
reported: two of six high-voltage equipments (earlier donated from the Rockefeller 
Foundation) had been set up at Hechingen, and one of them together with a complete X-ray 
Lab he offered to be at Borrmann’s disposal. So Borrmann took his Icelandic calcite  crystal 
to this new place, started work and realized anomalous absorption up to a thickness of 2.7 
mm. 

At such a thickness also the beam path of wavefields became accessible to observation: 
obviously the fields with smallest absorption followed the direction of the “reflecting“ lattice 
planes, only at the crystal’s exit surface they split up into their components. 

This became important when one later tried to understand the trajectories of wavefields 
calculated by M. v. Laue /9/.  

“Die wundersame Idylle in Hechingen ging zu Ende“ (the wondrous Hechingen idyll 
came to its end). Menzer got appointed to chairs at first in Tübingen, then in Munich1, M. v. 
Laue at age 71 agreed to become Director of the “Institut für Physikalische und 
Elektrochemie der Deutschen Forschungshochschule Berlin-Dahlem“ (April 1951), which he 
then called “Fritz-Haber Institute“;  Borrmann soon followed, became his assistant and, 
shortly later, head of an own department.  

The last two-thirds of this article are based on Borrmann’s (slightly damaged) three 
pages, which are reproduced at the end of this article. 
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1 Menzer died on 13. Oct. 1989, cp. Borrmann /10/. 
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