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DIsc
Ftos. 5 (a) to (f), Plate IX, are the diffraction patterns of a series of ellipses
of increasing eccentricity but whose major axes are all equal, taken in monochromatic light. They were obtained by using a circular disc and placing
it at varying angles to the incident beam, so that the cross-section presented
to it had the shape of an ellipse. As was noticed by Sir C. V. Raman (1919)
with elliptic apertures, and by S. K. Mitra (1919) for obstacles, these photographs also show a concentration of luminosity along the evolute of the
geometric projection of the boundary on the observation plane ; but there
is also a large amount of further detail. Thus, a number of rings are seen in
the region outside the evolute. These are very nearly circular in Fig. 5 (a),
when the eccentricity of the ellipse is small, but are more and more elongated
along the minor axis of the ellipse, when the eccentricity is increased. Then
there are a large number of bright dots inside the evolute, which may be
imagined to be produced by the intersection of two or more sets of bright
and dark fringes. This is particularly evident in Figs. 5 (e) and (f), where
the area enclosed by the evolute is large and extends outside the projection
of the ellipse. In such a case, the pattern is vivid only inside the region of
shadow. These features will be explained in terms of the pole radiation in
the next section.
1. THE DIFFRACTION PATTERN OF AN ELLIPTIC

2. THE WAVE-FRONT OF THE BOUNDARY RADIATION AND
THE EXPLANATION OF THE PATTERN OBTAINED WITH AN ELLIPTIC

Disc
Fig. 1 shows the lines of equal phase difference for one-fourth of the
boundary of an ellipse. They were drawn as follows. A number of normals
were drawn to the ellipse, and distances were marked off on this from the
boundary, corresponding to phase differences of v, 2 7T, .... (The phase
change of 7r/4 was neglected.) Smooth curves were then drawn through
points having the same phase difference. The figure (Fig. 1) which was so
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constructed might also be said to represent the propagation of a wave-front
arising from the elliptic boundary. It will be seen from the figure that in the
region outside the corresponding portion of its evolute (thin line) the pole
radiation from a quadrant of an ellipse cannot exist. Hence, only two poles
are active at any point outside the evolute, which are situated one on
the same quadrant and the other on the opposite quadrant. The interference of the light coming from these poles gives rise to the quasi-elliptic
rings, which have been constructed in Fig. 3. They are elongated along the
minor axis of the elliptic disc.
It will be seen from Fig. 1 that, for any point within the evolute, there
are four poles, one in the same quadrant, one in the opposite, and two in the
adjacent quadrant lying on the other side of the major axis. Radiations
from the two poles lying in the same quadrant interfere and produce a pattern
having its fringes (thick lines) parallel to the sides of the evolute as shown in
Fig. 2. In fact, these fringes go right across the region enclosed by the
evolute, and produce the system of bright and dark spots lying in rows
parallel to the evolute. This is particularly clear in Fig. 5 (d). The elliptic
rings and the fringes parallel to the evolute are both shown in Fig. 3.
The radiations from the pole in the same quadrant as the point of
observation and from one of the poles in the adjacent quadrant give rise
to a system of curved bands, symmetric about the major axis,
which are shown by thick lines in Fig. 4. These bands are seen clearly in
Figs. 5 (h) to (J ). On the other hand, the same interfering with the radiations
from the other pole in the adjacent quadrant produces a system of fringes
symmetric about the minor axis as in Fig. 4. These, however, do not
appear strongly in the photographs.
The above results of the theory are particularly vividly borne out by
Figs. 5 (c), (d) and. (e).
3. DIFFRACTION PATTERNS OF ELLIPTIC APERTURES IN THE
REGION OF LIGHT

In Fig. 6, Plate X, there is an array of photographs taken with elliptic
apertures of different sizes and eccentricities. All the ellipses in the
same vertical column had the same major axis, but varying eccentricity.
Three sizes were used, having major axis equal to 6.9 mm., 5.3 mm. and
4.8 mm., designated by A, B and C respectively in Fig. 6. All the ellipses
in the same row had the same eccentricity. This was secured by having three
sharp circular holes in a metal sheet of radii equal to the major axes, and by
tilting the sheet differently with respect to the incident beam and photographing the three diffraction patterns simultaneously. Five such pictures
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were taken and they are denoted by (a), (b), (c), (d) and (e) in Fig. 6. In the
reproduction, all the figures have been enlarged to nearly the same size. The
patterns are really exquisite. In spite of their apparent complexity, they
can be resolved and explained in a manner similar to that employed for the
elliptic disc.
Fig. A (a) shows a number of bright and dark rings parallel to the
boundary. This is the primary pattern produced by the interference of the
boundary radiation with the direct light. These rings should practically
coincide with the lines of equal phase difference and should therefore be
parallel to the boundary. They are seen clearly upto Fig. A (c).
The evolute in the first row is quite small, and there is no appreciable
detail inside. But even here, there are bright or dark spots corresponding
to the ends of the evolute, according as the phase here is the same or opposed
to that of the direct light.
In the second row, the evolute is a little larger, and one can discern
bright and dark bands inside having the shape of the lines of equal phase
difference (thin continuous lines in Fig. 2). But the most striking feature in
these, particularly in Figs. B (b) and C (b), is the presence of elliptic rings
similar to that in the obstacle, These constitute the " secondary pattern"
described in Paper I, being produced by the interference of the boundary
radiations. These rings are seen faintly also in Figs. B (a), C (a), A (h)
and C (c).
The rest of the figures present no new features. They all have fringes
having the shapes of the lines of equal phase difference inside the evolute.
The ends of the evolute are seen prominently as a bright or a dark spot
(depending upon the phase), since it forms the centre of curvature for an
appreciable region of the boundary.
4. DIFFRACTION PATTERN OF APERTURES IN THE
REGION OF SHADOW

For a point in the region of shadow, only two poles are effective, which
lie on opposite quadrants of the elliptic boundary. The radiations from
these interfere to give the quasi-elliptic rings elongated along the minor axis
of the elliptic aperture. In fact, on giving large exposures and obtaining the
pattern in the region of shadow, one finds only these rings to be present,
the pattern inside the region of light being obliterated by over-exposure [see
Figs. 7 (a) to (f), Plate XI]. These represent the Fresnel diffraction
patterns in the region of shadow of elliptic apertures of decreasing size. Since
the evolute lies completely in the region of light (the eccentricity being small)
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the concentration of intensity along the evolute noticed by Sir C. V. Raman
in the region of shadow (loc. cit.) is not seen in these pictures. Just as in
the other cases, the transition to the Fraunhofer pattern occurs with
ellipses also. The similarity of Fig. 6 (f) to the well-known Fraunhofer
pattern of an ellipse is striking.
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
Photographs of the Fresnel diffraction patterns of elliptic apertures and
obstacles are reproduced. These show many new features hitherto unobserved. For instance, with elliptic discs, a number of bright and dark
fringes parallel to the sides of the evolute are found inside it. Another
interesting feature is the existence of quasi-elliptic rings outside the evolute,
with their longer axis along the minor axis of the geometric shadow. These
are found with elliptic apertures also, which besides exhibit bands parallel
to the boundary of the ellipse and a fine criss-cross pattern inside the
evolute. The patterns are explained in terms of the general theory proposed
in Paper I. The transition from the Fresnel to the Fraunhofer pattern as
the size of the aperture is diminished is also illustrated.
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