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1. INTRODUCTION
IN the first paper of this series a general theory has been developed by
means of which it is possible to determine the diffraction patterns due to
apertures and obstacles of arbitrary shape. There it is suggested that the
illumination at any point can be considered as arising from the superposition of the direct radiation with radiations having their origin at points on
the boundary. At places where there is no direct illumination, the latter
alone are effective. In this paper, we shall employ this method for a
detailed consideration of the diffraction patterns due to apertures and
obstacles having rectilinear boundaries.
2. EXPERIMENTAL ARRANGEMENT

The apparatus consisted of a light-tight rectangular box, about five
metres in length, at one end of which was kept a fine pinhole. Light from
a straight filament lamp was focussed on the pinhole by means of a
suitable lens, the light being roughly monochromatised by means of a red
filter, transmitting a range of about 500 A.U. with a mean wave-length of
6320 A.U. The diffracting screen was kept inside the box and its position
with respect to the pinhole could be varied as required. The diffraction
pattern was photographed on a plate kept at the other end of the box.
Ilford H P 3 plates were used for monochromatic red light, while Selochrome
plates were used for white light photographs. Exposures of the order of
half an hour were given with obstacles, while an exposure of twenty to
thirty hours was necessary to obtain the details in the region of shadow
with apertures.
3. DIFFRACTION PATTERN OF A SQUARE OBSTACLE
The pattern inside the geometric shadow using monochromatic light
is reproduced in Fig. 4 (c), Plate I. The most prominent feature of
188

Geometric Theory of Fresnel Diffraction Patterns—//

189

this pattern is the two sets of curves symmetrical about the diagonals of
the square. There are also two sets of equidistant lines parallel to the
edges of the square.
The diffraction pattern can be very simply explained in terms of the
poles' which are mainly responsible for the disturbance at any point. The
geometric construction is shown in Fig. I where only one-fourth of the
,
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square is drawn. It will be noticed that, for any point in the region of
shadow, there are four poles, one on each side of the square, and that they
are all of minimum path. This happens because of the four discontinuities
at the corners of the square. Because of the above fact, it is not necessary
to consider the phase change of ir/4 of the pole radiation. In Fig. 1, the thin
lines represent the lines of equal phase difference for the two adjacent sides
of the square, drawn according to the formula given in Paper I. The
intersection of pairs of these lines whose sequential numbers differ by an odd
number give the positions of minimum intensity, and the thick lines drawn
through these intersections represent the dark bands found in the diffraction pattern. Similar fringes would be formed by each pair of adjacent
sides, and in this way, the system of curves found in the diffraction
pattern could be explained. In fact, as can be shown in a simple manner,
the curves are all parts of rectangular hyperbole which have the two
diagonals as one set of asymptotes, the other set being the perpendiculars
to these through the corner of the geometric shadow of the square. The
hyperbolae join by symmetry at the centre of the pattern, thus giving an
appearance of two sets of continuous curves. The lines parallel to the sides
of the square arise from the interference of radiations from opposite edges.
It is readily seen that these lines must be equally spaced, being the closer
the farther are the two parallel edges from each other.
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The pattern in white light can be deduced from that in monochromatic
light. Since the phase retardations are inversely proportional to the wavelength, the position of the fringes will vary with wavelength. It is therefore obvious that, in white light, only those fringes for which the difference
in phase of the two interfering beams is a small multiple of would be
prominent. Thus with a square, only the hyperbolic fringes close to the
diagonals, and the parallel fringes close to the lines joining the mid-points of
opposite sides of the geometric shadow should be seen clearly. That this is
actually the case is vividly shown by Fig. 4 (d), Plate I.
4. DIFFRACTION PATTERN OF WEDGE-LIKE OBSTACLES

In a square, the adjacent sides meet at right angles, so that the fringes
take the shape shown in Fig. 1. But the general shape is the same even if
the edges meet at an acute or an obtuse angle, the fringes being symmetrical about the internal bisector of the angle. Fig. 2 shows the geometric
construction for an obtuse angle of 120 . It may be remarked that for
supplementary angles, the shape of the fringes are identical. In fact, with a
wedge having an obtuse angle, the important portion of the pattern is restricted only to a region having the supplementary angle as is shown by dotted
lines in Fig. 2. In the region outside this, only one pole is effective, since
0
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no perpendicular can be drawn to the other edge. However, the corner
acts as a feeble source of boundary radiation, and the fringes should extend
slightly outside the dotted lines also.
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The similarity between the patterns obtained with supplementary
angles is shown in Fig. 4 (f), which is the diffraction pattern of a parallelogram having angles of 60° and 120°. Equidistant fringes running parallel
to the sides of the figure are also noticed. These have their origin in the
precisely the same manner as with the square.
Fig. 4(e shows the diffraction pattern of an equilateral triangle. The
pattern can be completely explained by the superposition of the diffraction
patterns due to the three wedges formed by the sides of the triangle taken
two by two.
Figs. 4(a) and (b) are the, diffraction patterns of a figure having the
shape of a cross taken in monochromatic and white light respectively. It
is interesting to notice that, in white light, a few of the fringes corresponding to small phase differences stand out prominently.
In all these cases, the pattern in the region of light is not very interesting. As explained in the earlier paper, the fringes run parallel to the edges
of the figure. A few such could easily be observed visually. They have
been obliterated by over-exposure in the reproduced pictures in Fig. 4.
They have their corners rounded off, as should be expected from the
consideration that, where the radiation from a pole cannot reach, the corner
radiation is effective.
5.

APERTURES HAVING RECTILINEAR BOUNDARIES

Just as the region of light is not striking in the diffraction patterns of
obstacles, so also with apertures the most interesting portions are in the
region of shadow., outside the projection of the boundary on the diffraction
screen. Figs. 5 (a) to (f), PIate II, are the diffraction patterns of square
apertures of decreasing size, all of them being enlarged to approximately
the same size. With the larger apertures, the prominent features are the
series of lines parallel to the edges, and a few streaks running perpendicular to them. The former are readily explained as being the result of the
interference of radiations from opposite edges. The latter arise in an interesting manner. They are produced by the interference of the radiation
from an edge with that from a corner. The manner in which they arise is
shown very clearly in Fig. 3, where AB is an edge terminated at A, so that
A acts as a centre of spherical radiation. The lines of equal phase difference due to this are the circles, and those due to the edge AB are the thin
lines. Their intersections produce the dark fringes represented by thick
lines, running perpendicular to the edge. In the case of a square, the two
corners on either side interact with the edge and give the system of streaks
symmetrical about the middle point.
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The pattern in the region of light consists simply of a square mesh
formed by two sets of lines parallel to the edges of the square (observed
visually), the explanation of which is obvious.
The transition from the Fresnel to the Fraunhofer class of diffraction
as one reduces the size of the aperture is beautifully illustrated by the
series of photographs in Fig. 5. The first four pictures do not have much
of a resemblance to the Fraunhofer pattern, while the last one, Fig. 5(J) is
strikingly similar to it.
Figs. 6 (a) to (f) are the Fresnel diffraction patterns of equilateral
triangles of decreasing size. Here again, the transition to the Fraunhofer
class is beautifully shown. In the last figure, one can see the formation
of the six-rayed star, which is the Fraunhofer pattern of an equilateral
triangle. The increase in symmetry as the size of the aperture is reduced is
also shown by these photographs.
The Fresnel pattern of an equilateral triangular aperture can be
described as being composed of three sets of curves and three sets of streaks.
The latter arise in precisely the same manner as with a square, viz., by the
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interference of the radiations from an edge and the corners at its ends, the
streaks being perpendicular to the edges of the triangle. It can be easily
verified that the curved fringes arise from the interference of the radiations
from one of the sides with those from the opposite corner.
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

In this paper, the Fresnel diffraction patterns of apertures and
obstacles having rectilinear boundaries are discussed. Photographs of the
patterns in a number of cases such as a square and an equilateral triangle
are reproduced. These are explained in terms of the ideas developed in
the first paper of this series. The transition from the Fresnel to the
Fraunhofer class with square and equilateral triangular apertures is
illustrated by means of photographs taken with apertures of decreasing
size.

