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1. INTRODUCTION

is a well-known fact that if an opaque circular disc be placed in a beam
of light diverging from a pinhole, then a bright spot is observed at the
centre of the shadow cast by the disc. A spherical obstacle also gives a similar spot. However, it was shown by Sir C. V. Raman and K. S. Krishnan
in 1926 that there is a difference between the two cases. They made a comparative photometric study of the intensity of the central spots produced by
a disc and a sphere of equal radius. They found that the two spots are
almost equally bright at very large distances from the obstacles. As the
point of observation is brought more and more near to the obstacle, the ratio
of the intensity of the disc spot to that of the sphere spot increased progressively, roughly in proportion to the exponential of the inverse of the distance. They qualitatively explained their results as being due to the fact
that in the case of the disc the light diffracted by the edge comes directly
to the point of observation, while the light diffracted by a sphere has to
creep round a part of the surface of the sphere, this being greater the
nearer the point of observation is to the sphere.
The present paper deals mainly with this question of the relative intensity of the central spots obtained with a disc and a sphere. The observations confirm the explanation of Raman and Krishnan. Incidentally, an
attempt is made to explain the Fresnel diffraction patterns of circular
obstacles and apertures in terms of the general theory proposed by the
author in an earlier paper.
2. DIFFRACTION OF LIGHT BY A SPHERE AND A DIsc
IT

The spheres used in the experimental study were steel bearing balls.
Four spheres were used having radii 1.58, 1.98, 2.37 and 3.17 mm. The
corresponding discs were accurately turned on the lathe in the form of a
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very flat cone having for its base a circle of the requisite radius, thus securing
a very sharp edge. The four spheres and the four discs were mounted one
below the other on a plate of glass in such a manner that the diametral plane
of the sphere and the plane of the disc were at the same distance from the
source. Photographs were taken by placing the plate at distances of 5 cm.,
10 cm., 20 cm., 40 cm. and 180 cm. from the obstacles, the distance from the
diffracting screen to the source being in all cases 2 metres. The photographs
obtained in the first four cases are reproduced in Figs. I (a) to (d), Plate XII,
and the last one at 180 cm. is shown in Fig. 2 (a), Plate XII.
A natural consequence of Raman and Krishnan's explanation of the
difference in intensity of the central spots obtained with a sphere and a disc
is that, for the same distance of the screen from the obstacles, the ratio must
be smaller the larger is the radius. The photographs in Fig. 1 are intended
to verify this conclusion. Although no quantitative measurements were
made, the following facts are fairly obvious from a study of the photographs.
In Fig. 1 (a) obtained with the screen at a. distance of 5 cm. behind the
obstacles, the two smaller discs show the central spots, but the corresponding
spheres do not show them. In Fig. 1 (b), (at 10 cm.), all the discs have the
central spots, but only the smallest two spheres show them. In Fig. I (c)
taken at 20 cm., all the disc-spots appear stronger than the corresponding
sphere-spots, and the disparity in intensity is larger for the bigger obstacles.
These facts are also shown by Fig. 1 (d), taken at 40 cm. On the other hand,
with Fig. 2(a) taken at 180 cm., one can hardly find any difference between
the two patterns even for the biggest size. These results provide a verification
of the explanation given by Raman and Krishnan for the difference in
intensity of the central spot of the disc and the sphere.
In Fig. 2(a) the last two spheres and discs exhibit a number of rings
round the central spots. The rings given by the disc have been enlarged in
Fig. 2 (b). Incidentally, it was verified that the positions of the bright and
dark rings agree with those calculated from Lommel's theory, which are
substantially the same as those given by the geometric theory.
3. DIFFRACTION OF LIGHT BY A CIRCULAR APERTURE

Fig. 3 (a) to (f) are the Fresnel diffraction patterns of circular apertures
of decreasing radii. The photographs were obtained by giving very large
exposures of the order of 30 hours in order to bring out the faint details in
the region of shadow. It is thus seen that the illumination is not continuous,
but that there are concentric bright and dark rings, which are similar to
those obtained in the Fraunhofer pattern of a circular aperture.
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In this case, the rings in the region of shadow are produced by two poles
at the two ends of a diameter. It is interesting to note that as the size of
the aperture and consequently that of the central bright region of light is
diminished, the pattern tends to become more and more like the Fraunhofer
pattern.
In conclusion, the author wishes to express his grateful thanks to Prof.
Sir C. V. Raman, Kt., F.R.S., N.L., for valuable suggestions and kind interest
in the course of this investigation.
SUMMARY

The explanation given by Raman and Krishnan for the difference in
the intensities of the central bright spots given by a sphere and a disc of the
same diameter has been verified by using four such pairs of different sizes.
The Fresnel diffraction pattern of a circular aperture in the region of shadow
has been photographed and the transition of this to the Fraunhofer pattern
as the size of the aperture is diminished is illustrated.
REFERENCE

Raman, C. V., and Krishnan, K. S.

.. Proc. Play:. Soc., 1926, 38, 350.

1676.64 Prig ted at The Bangalore Pteee. Ban601ore C@j, by G. Snniveas Rao. Superintendent
and Published by The Indfsn Academy of Sciences. Bangylore

V. V. KalkavaEe

Proc. Ind. r1cap/. Sri, .4, vol. XX1, Pl: X /f

rIG.1

Fic. 2

Y. V. Kathavate

Proc. Ind. Acad. Sci., A, vol. XXI, Pl. XI1I

Fic. 3

