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1. OBSTACLES HAVING THE SHAPE OF THE SECTOR OF A CIRCLE
FIGS.

4 (a) to (f), Plate VI, are the diffraction patterns inside the region

of shadow produced by sectors of a circle subtending angles of 60°, 90°,
120 , 240°, 270° and 300° respectively at the centre. It will be noticed that,
in the first three cases, where the angle is less than 180°, there is a strong
resemblance to the pattern produced by a triangular obstacle. In fact, such
a sector differs from a triangle only in that one of its sides is curved, while
the triangle has all its three sides straight. In Fig. 1, the diffraction pattern
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of the quadrant of a circle has been constructed. Since all the three poles are
of minimum path, no phase change has been taken into account, It will be
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seen that the constructed pattern describes practically all the details actually
found. The pattern is completely explained as being due to the superposition
of the interference patterns produced by adjacent edges taken two by two.
Another interesting phenomenon is found in the case of the sector of
angle 120°, and more faintly with the others. This is the presence of bright
and dark bands running approximately radially. These have been verified
by construction to arise from the interference of the radiations from the
curved edge with those from the corner at which the circumference and the
radial straight edge meet. In fact, such radial fringes are also found in the
case of a semi-circle [see Fig. 3 (a), Plate III, of Paper III], where these
lines show a tendency to curve very near the centre. The geometric construction also shows that this must be the case.
With sectors having angles greater than 180 , the pattern is somewhat
different. As may be seen from Figs. 4 (d), (e), (f), the fringes are circular
near about the centre. The pattern for a sector of angle 240° has been
constructed in Fig. 2. It can be explained as being produced by the interference of the radiations from two poles, one situated on the circumference,
and the other on one of the straight edges. But no such pair of poles can
be found for a point between the thin lines in Fig. 2. For such a point, there
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is only one pole on the circumference ; the other source of radiation is the
corner at the centre. The interference of this with the boundary radiation
produces the fringes in this region, which are all arcs of concentric circles.
Fig. 2 was constructed in this way to represent the diffraction pattern in
Fig. 4 (d), with which it shows quantitative agreement. The presence of
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circular fringes in the region between the thin lines in Fig. 2 is a proof of the
existence of corner radiation.
2.

REGION OF LIGHT WITH SECTORED APERTURES

Figs. 5 (a) to (f), Plate VII, are the diffraction patterns in the region
of light obtained with apertures having the shapes of sectors of a circle subtending angles of 60°, 90°, 120°, 240°, 270 and 300° respectively at the centre.
Here again, as with the segments of a circle, the primary pattern, with the
fringes parallel to the sides of the aperture, is prominently visible. It may
be noticed that with sectors having angles greater than 180°, the primary
pattern due to the straight edges are found strongly only in the region outside
that enclosed by the thin lines in Fig. 2, as is to be expected.
0

3.

DIFFRACTION PATTERN IN THE REGION OF SHADOW
WITH SECTORED APERTURES

In Figs. 6 (a) to (f), Plate VII, the diffraction patterns obtained with
the same apertures as in Fig. 5, but in the region of shadow, are reproduced.
We shall explain two typical cases, viz., sectors with angles of 90° and 300
corresponding to Figs. 6 (b) and 6 (f) in terms of the general theory developed
earlier. Let us first consider Fig. 6 (f). Fig. 3 shows the geometrically
constructed pattern for this aperture. The continuous fringes at the top are
produced by the interference of the radiations from one of the straight edges
and the circular portion adjacent to it. It will however be seen that corresponding to the circular portion of these fringes, there can be no pole on
either of the two straight edges. Hence, the corner at the centre acts as one
source of radiation, and the other one is on the circumference. That is
why the fringes are concentric with the boundary in the region. At the two
ends, the circles deviate away from the boundary, exactly as with the semicircular aperture.
The set of fringes at the bottom of the figure are produced firstly by the
interference of the radiations from the two straight edges, and secondly by
the interference of the radiations from one of the straight edges and those
from the curved portion opposite to it. In fact, such an artificial distinction
is unnecessary, for the lines of equal phase difference from the straight and
the curved portions are not disconnected, but run continuously, being connected by the lines due to the corner radiation of the point where they meet,
thus forming the thin lines shown in Fig. 3. The intersection of one set of
these thin continuous curves with the other gives the series of fringes at the
bottom. A comparison of the pattern constructed in Fig. 3 with that
photographed in Fig. 6 (f) will show that the explanation is correct,
0
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Even for a sector with an angle less than 180 , the same phenomena
occur. Only the circular portion of the upper fringes are absent, and the
two sets of fringes on either side at the top intersect. All the fringes at the
top can be explained as being due to the interference of the radiations from
a straight edge with those from the circular edge. In the bottom, however,
the fringes obtained with reflex-angled sectors are absent with these. In
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their place, a set of circular fringes come in, which are obviously due to the
interference of the corner radiation from the centre with the boundary radiation from the opposite circular arc. In addition, there are also two sets of
streaks perpendicular to the straight edge, which obviously have their origin
in the interference of the radiation from the edge with those from the corners,
just as in the triangle, semicircle, etc.
The transition from the Fresnel to the Fraunhofer class of phenomenon
with a quadrantal aperture is illustrated by Figs. 7 (a) to (J), Plate VIII.
As in all other cases, it is seen that as the size of the aperture is diminished
the Fresnel pattern approaches more and more the Fraunhofer pattern
illustrated by Fig. 7 (f).
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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 exhibited by sectors of
a circle are reproduced and are explained on the basis of the general theory
developed in an earlier paper. The transition from the Fresnel to the
Fraunhofer class as the size of the aperture is diminished is also illustrated
with an aperture having the shape of the quadrant of a circle.
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