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Secondary waves of light

It has hitherto been held that, so long as the diffraction apertures used (cut in
perfectly opaque or perfectly reflecting screens) are large compared with the
wavelength of light, Fresnel’s expression for the dmplitude of the disturbance due
to a surface-element gives us a close approximation to the observed diffraction
effects, and that the exact value for the obliquity factor is of little importance (e.g.
see Schuster’s *Optics,’ sec. 48). That this is true only in the special case in which
the apertures are held normal to the waves of light, and not in other cases, is
shown by some new diffraction phenomena that I have made the subject of study.

The only experiment so far known which might seem to show effects due to the
obliquity factor is the well known one with the circular disc, but it is really
inconclusive. The observed fact, that the illumination along the axis of the disc
decreases as the disc is approached, is more or less entirely due to minute
irregularities in the rim of the disc, and not, as is sometimes stated, to the
increasing obliquity of the secondary waves producing the illumination.

The theoretical grounds on which my experiments were based were these: If
diffraction bands are produced and observed in a direction in which the
amplitude of the disturbance in the secondary waves varies rapidly from point to
point, we might expect effects due to varying obliquity. Such effects would
obviously not occur if the diffraction aperture or mirror is, as is usual, held
normal to the waves of light incident on it, but might if it be held obliquely.

In the Philos. Mag. for November, 1906, I showed that the diffraction bands
due to a rectangular aperture held very obliquely are not equidistant, that the
band-width increases progressively from one side of the pattern to the other, and
that the number of bands on one side of the pattern is limited. They are most
easily seen on the spectrometer if the image of the slit of the instrument formed by
light reflected very obliquely from the face of a prism is observed. The positions of
the minima of illumination, actually observed, are closely in agreement with those
calculated from the usual formula (cosf—cos¢ = =+ ni/a), 6, ¢ being the
complements of the angles of incidence and diffraction. Further observations
have elicited the following: from the expression for the intensity of the
illumination in the pattern deduced by the ordinary method
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it would appear that the maxima of illumination in corresponding bands on
either side of the middle one should be of equal brightness. This is flatly
contradicted by observation, both visual and photographic. It is found that the
bands on one side are considerably fainter than those on the other, and this
difference becomes very large as the light approaches grazing incidence. The
illumination in the diffraction pattern (with a gi%n angle of incidence) decreases
and dies away as we approach the limiting plane of the fringes, which is the plane
of the reflecting surface (FF in the diagram). -

" This effect is inexplicable if the question of the variation of the amplitude in
different directions of the secondary. waves, supposed to be sent out by the
elements of the reflecting surface FF, is not taken into account. It must be
remembered that we are not dealing with apertures small compared with the
wavelength; both the aperture and its projection are large compared with 4, and
there are no polarisation effects observed. The question may be attacked
analytically, and it can be shown that an element of the surface of a reflecting
body is equivalent in its effect to a double source of appropriate intensity which, it
is known, produces zero effect in its equatorial plane and a maximum along its
axis. The effect of an element of the surface FF is therefore zero along the line FF,
and in other directions increases as we move away from the line FF.
Remembering that the elements are not in the same phase, and integrating their
separate effects, we get-an explanation of the phenomenon observed.

A fuller discussion and a mathematical investigation will be published in due
course. I found that similar effects are observed when the transmitting aperture is
used. Some experiments with coarsely ruled gratings are in progtess which seem
" to point in the same direction.
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