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1. SEMI-CIRCULAR AND SEGMENTAL OBSTACLES

Tlm Fresnel diffraction patterns of obstacles having the shapes of a semicircle, and of a segment of a circle smaller than a semicircle, taken
with monochromatic light. are shown in Figs. 3 (a) and (c) Plate III.
respectively. The patterns exhibited by the same in white light are
shown in Figs. 3 (b) and (d). The most interesting feature with the
semi-circle is that, close to the centre, the fringes are almost exactly circular,
while near the circumference they are straight lines. The same phenomenon
is also exhibited by the segment. Near the curved edge, the fringes are
straight, while near the straight edge, they are parallel to the circumference.

FIG. I

The pattern with a semi-circle has been geometrically constructed in
Fig. 1 to scale on the lines described in the first paper of this series. Just
as with the square, here also, both the poles are of minimum path, so that
the thin lines are drawn to correspond to differences of phase of ir,
It will be seen that the shape of the fringes (thick lines) constructed in Fig. I
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agree closely with that actually found. In fact, careful measurement
shows quantitative agreement between the two. From the figure it becomes
clear why near the curved edge the fringes are straight and vice versa. It
is so because the first line of equal phase difference (phase difference= i)
occurs at a fair distance from the edge of the geometric shadow. Within
this region, the phase of the radiation from the corresponding edge changes
very slowly, but that from the opposite edge changes rapidly. Consequently the position of the fringes is determined essentially by the phase
of the radiation from the opposite edge, and will practically coincide
with the lines of equal phase difference for it. These being parallel to the
edge from which they originate, the fringes close to the curved (or
straight) edge is parallel to the straight (or curved edge).
The case of a segment of a circle is exactly similar, and can be explained
in the same manner as with a semicircle. The white light pattern in
both the cases shows only the fringes of small phase retardation strongly,
just as with the square.
Figs. 3 (e) and (f) are the diffraction patterns of a semi-circle from
which a concentric semi-circle has been removed, in monochromatic and
white light respectively. Since the important edges of the obstacle have the
shapes of arcs of concentric circles, the fringes also run parallel to the two
edges. Superposed on these, however, the fringes produced by edges meeting at a corner are also recorded.
2. PATTERN IN THE REGION OF LIGHT WITH APERTURES

As was mentioned in the first paper, the pattern in the region of light
is mainly produced by the interference of the direct light with the
boundary radiation. Consequently the fringes in this case ought to have the
same shape as the curves of equal phase difference. With segments of a circle,
therefore, the fringes would be arcs of concentric circles, and parallel
straight lines. This is beautifully illustrated by Figs. 4 (a) to (j), Plate IV,
for apertures of different sizes, both when they are semi-circular, and
when they are larger than a semi-circle. In Fig. 2, the positions of
the bright fringes have been constructed for a semi-circle of size corresponding to Fig. 4(J). These will be the same as the lines of equal phase
difference having odd sequential numbers, since, in the region of light,
the phase of the pole radiation differs from that of the direct light by
The small phase change of n/4 has been neglected.
3. PATTERN IN THE REGION OF SHADOW WITH APERTURES
Figs. 5 (a), (b), (c), Plate IV, are the diffraction patterns in the
region of shadow exhibited by semi-circular apertures of Figs. 4, (d) to (f),
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and Figs. 5 (d), (e), (f) are similar patterns obtained with segments of a circle
smaller than a semi-circle. These photographs were obtained by giving very
large exposures, so that the details in the region of light were lost by overexposure. The interesting features of these patterns are the oval-shaped
rings beyond the straight edge of the semi-circle, and curved arcs on the
other side.
In Fig. 2, the diffraction pattern of the semi-circular aperture corresponding to Fig. 5 (c) has been constructed on the lines suggested in the
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first paper of this series. The oval-shaped curves arise as a result of
the interference between the radiations from the straight and the circular
edges. The figure is self-explanatory on this point. The curved fringes
on the top of the figure also arise in a similar manner. Here, however,
the corner radiation also plays a small part. The lines of equal phase
difference for the straight edge are the continuous lines. Their length
is exactly equal to the diameter of the semi-circle. At the two ends,
however, these lines have been continued along the dotted lines which
are the lines of equal phase-difference for the two corners. The intersection of these lines with the circular arcs gives the interference pattern at
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the top. It may be remarked that the constructed patterns, both at the top
and the bottom, bear a striking resemblance to those photographed.
An important factor has been neglected in the construction of the
pattern, viz., the difference in phase between the radiations from the poles,
partly because of the fact that the light from one passes through the region
of light while that from the other does not, and also because one of the
poles may correspond to maximum path while the other correspond to
minimum path. The omission of this factor is not, however, a serious
defect, for the effect of its inclusion would only shift the fringes a little,
without materially affecting their shape.
If one studies the photographs in Fig. 5 a little more closely, it will
be found that, in addition to the fringes described above, there are also
unequally spaced bands, running perpendicular to the straight edge, and
appearing faintly on both sides of the semi-circle. These have their origin
in the same cause as with the square (see Paper II), viz., in the interference
of the corner radiations with those from the straight edge.
Figs. 6 (a), to (e), Plate V, are the Fresnel diffraction patterns of a
number of semi-circular apertures of decreasing size. Fig. 6 (a) was taken
with a large aperture, and shows' all the typical features of the Fresnel
diffraction pattern. As the size is reduced the pattern gradually alters in
nature, until in Fig. 6 (e), it possesses a large amount of symmetry about
a point of symmetry. The similarity between Fig. 6 (e) and Fig. 6 (J), which
is the Fraunhofer pattern of a semi-circular aperture, is striking. Thus, in
this case also, on reducing the size of the aperture, the pattern slowly
transforms into the Fraunhofer type.
In conclusion, the author wishes to express his grateful thanks to Prof.
Sir C. V. Raman, Kt., F.R.S., N.L., for the valuable suggestions and kind
interest in the course of this investigation.
SUMMARY
In this paper, the Fresnel diffraction patterns exhibited by apertures
and obstacles having the shapes of the semicircle and the segments of a
circle are described and explained in terms of the general theory proposed
in the first paper of these series. The transition for a semi-circular aperture
from the Fresnel to the Fraunhofer class of phenomena as the size of the
aperture is diminished is also illustrated.

