PERCUSSION FIGURES IN CRYSTALS
SIR C. V. RAMAN

THE} impact of elastic solids was the subject

of investigation by the author many
years ago. The earliest of his publications
on the subject which appeared in the
Physical Review for December 1918 recorded
the discovery that the coefficient of restitution
in the impact of elastic solid spheres tends to
unity as the velocity of impact diminishes
and becomes small, a result which could have
been anticipated from theoretical considera-
tions. His second paper which appeared Iin
the Physical Review for April 1919 considered
the problem of the impact of spheres on
elastic plates of finite thickness but of ex-
tended area. It was shown theoretically and
confirmed experimentally that the kinetic
energy of the impinging sphere is transferred
to the elastic plate as energy of wave motion
to an extent determined by the thickness of
the plate and that as a consequence, the
coefficient of restitution diminishes pro-
gressively from unity for thick plates to small
values for thin ones.

In the course of the studies referred to
above, the remarkable effects arising from
the impact of a polished sphere of steel on
the surface of a thick slab of glass came
under the nofice of the author. They were
described and illustrated in a note published
in Nature of the 9th October 1919. Some
further studies of the same effect were later
reported in the Journal of the Optical Society
of America for April 1926. It had long been
the intention of the author to return to the
subject and investigate the effect of impact
of spheres on crystal slabs. Only recently,
however, did this intention materialize,
Studies have been made of the results of the
impact of polished steel spheres of appro-
priately chosen size on the optically polished
surfaces of quartz, calcite, barytes and felspar,
The results of the study show clearly that
though the size of the sphere and the velocity
of the impact are important factors, the gene-

ral nature of the effects observed is a charac-
teristic property of the crystal itself and 1s
related both to the structure of the crystal
and to the orientation of the face on which the
impact occurs. The importance of the sub-
ject is thereby made evident and a wide field
of research is opened up. It is proposed to
give here a brief account illustrated by select-
ed photographs of the results of the research.
The interested reader will find a more de-
tailed account and many more illustrations
in the paper published by the author in the
Proceedings of the Indian Academy of Scien-
ces for December 1958.

92  PERCUSSION FIGURES IN (FLASS

It is useful to commence with &a brief
account of the effects observed when a
polished steel sphere is dropped on the smooth
surface of a thick slab of glass from an
appropriate height. The most striking feature
of the percussion figures observed in the glass
is a fracture which is symmetrical in shape
and extends inwards from a ring-shaped crack
on the surface to a sharply defined limit in
the iInterior. The fracture exhibits inter-
ference colours both in transmission and by
reflection, these belng complementary to
each other. A remarkable feature is that
the area over which the sphere and the glass
come Into contact during the impact exhibits
no visible damage, and indeed only with
difficulty can one perceive by passing the
finger over the surface of the glass that the
impact has had any effect at all. The ring-
crack from which the intermal fracture
spreads inwards is however readily visible
at the surface, and a critical examination by
reflected light also reveals a slight elevation
of the surface round the crack, as is naturally
to be expected from the presence within the
glass of fracture surfaces which are separat-
ed from each other. This effect is however
best exhibited by placing a test plate of
glass over the percussion figure and



2 Percussion Figures in Crystals

observing the interferences between the lower
surface of the test plate and the upper sur-
face of the glass slab by reflected light.
Moncchromatic light, e.g.. that of a sodium
lamp should be used for the observations.
The phenomenon of which a photograph is
reproduced as Fig. 1 (a) 1s then observed.
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around the area and slopes down gradually
to the original level on all sides, as is shown
by the configuration of the closely spaced
circular interference rings.
3. PERCUsSION FIGURES IN QUARTZ

The nature of the results observed with

quartz 18 found to depend notably on the

(2)

FI1G. 1. Percussion Figures.

At the centre of the figure i1s seen the un-
damaged area of the surface bounded by the
circular ring crack. There i1s then a sudden
elevation of the surface which is symmetrical

orientation of the surface on which the im-~
pact occurs. The most interesting results
are those noticed when this surface is per-
pendicular to the optic axis of quartz,
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Figs. 1 (b) and 1 (¢) reproduce photographs
of the percussion figure observed in this
case, Fig. 1 (b) representing what is observed
by transmitted light and Fig. 1 (c¢) being the
interference rings observed when a 1test
plate is laid on the slab of quartz over the
percussion figure. Fig. 1 (b) exhibits the
very striking fact that the fracture surface
inside the gquartz exhibits only trigonal
symmetry and not hexagonal symmetry.
This feature is further evident from the
nature of the elevation of the surface as re-
vealed by Fig. 1 (¢). There are, of course,
many other features noticeable in the photo-
graphs reproduced, but it is not possible to
refer to them here in detail. They will be
found fully set out and illustrated in the
detailed paper referred to above.

4, PERCUSSION CALCITE

Figure 1 (d) illustrates the effect of drop-
ping a small steel sphere on the rhombohedral
face of a crystal of calcite which had been
smoothed and polished to optical perfection.
The photograph was taken with a test flat
laid on the surface and allowed to settle
down. Much the same features are also ex-
hibited by the percussion figure itself with-
out a test plate. An examination of the
percussion figure reveals that the character-
istic cleavages of calcite play an important
role i determining the results of the impact
Indeed, it is observed that on either side of
the area of contact between the impinging
sphere and the crystal, two cleavages making
an acute angle with each other develop and
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extend outwards from the edges of that area.
These cleavages are clearly visible on the
face of the crystal and they sharply limit
the area within which the fracture develops
and spreads inwards. Another interesting
feature is the appearance of a whole series
of parallel lines outside the region of contact
and only on one side of it. These lines are
equally inclined to the two sets of cleavages
and may be explained as due to glides occur-
ring within the crystal along the direction
of a rhombohedral edge.

5. PERCUSSION FIGURES IN OTHER (CRYSTALS

Quartz and calcite are specially suited for
studies of the kind described, since 1t 1is
possible to obtain fairly large specimens
which are clear enough to enable the results
of the impact within the crystal to be satis-
factorily observed. In other cases, it is not
so easy to find material of this quality which
could be used for such =studies. There is
usually no difficulty, however, in obtaining
single crystals of the desired size on which
surtaces of the desired orientation can be cut,
ground and polished to optical perfection.
The results of the impact on the external
surface can then be readily studied by plac-
ing a test plate on it and observing the con-
figuration of the interference patterns seen
in monochromatic light. These patterns are
found to be highly characteristic of the
material studied as well as of the chosen
orlentation of the surface. Fig. 1 (e) in the
plate shows the pattern observed with
barytes and Fig. 1 (f) with felspar.

THE INDIAN ACADEMY OF

T the invitation of the Maharaja Sayajirao

University, the Twenty-Fourth Annual Meet-
ing of the Academy was held in Baroda on the
27th, 28th and 29th of December 1958,

The function which was held in the Cenftral
Hall of the Baroda College before a large and
distinguished gathering was inaugurated af
17-30 hrs. on the 27th by His Highness Maharaja
Fatehsinh Gaekwad, Chancellor of the Univer-
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gity. In a felicitous speech His Highness
appealed to the scientists ‘to fashion their

work in such a way that its results would b
useful for bettering the life of the common man™
The ultimate aim of all sciences, he said, is and
ought to be the well-being and all-round pro-
gress of humanity. FEarlier Dr. J. M. Mehta,
Vice-Chancellor of the University in his wel»
come address referred to the relation between



