To see how a diffraction pattern arises, we will analyze the important case
of monochromatic light passing through a narrow slit. We will assume that
parallel rays (plane waves) of light fall on the slit of width D, and pass through
to a viewing screen very far away.” As we know from studying water waves and
from Huygens® principle, the waves passing through the slit spread out in all
directions. We will now examine how the waves passing through different parts
of the slit interfere with each other.

Parallel rays of monochromatic light pass through the narrow slit as
shown in Fig. 24-20a. The light falls on a screen which is assumed to be very
far away, so the rays heading for any point are very nearly parallel before they
meel at the screen. First we consider rays that pass straight through as in
Fig. 24-20a. They are all in phase, so there will be a central bright spot on the
screen, In Fig, 24-20b, we consider rays moving at an angle ¢ such that the ray
from the top of the slit travels exactly one wavelength farther than the ray
from the bottom edge to reach the screen. The ray passing through the very
center of the slit will travel one-half wavelength farther than the ray at the
bottom of the slit. These two rays will be exactly out of phase with one another
and so will destructively interfere when they overlap at the screen. Similarly, a
ray slightly above the bottom one will cancel a ray that is the same distance
above the central one. Indeed, each ray passing through the lower half of the
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FIGURE 24-20 Analysis of diffraction pattern formed by light passing through a narrow slit.

slit will cancel with a corresponding ray passing through the upper half. Thus,
all the rays destructively interfere in pairs, and so the light intensity will be zero on
the viewing screen at this angle. The angle ¢ at which this takes place can be seen
from Fig. 24-20b to occur when A = Dsin#f, so
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The light intensity is a maximum at # = 0° and decreases to a minimum
(intensity = zero) at the angle # given by Eq. 24-3a.

Now consider a larger angle # such that the top ray travels 3 A farther than
the bottom ray, as in Fig. 24-20c. In this case, the rays from the bottom third of
the slit will cancel in pairs with those in the middle third because they will be
A/2 out of phase. However, light from the top third of the slit will still reach the
screen, so there will be a bright spot centered near sin 8 = 3A/2D, but it will not
be nearly as bright as the central spot at 8 = 0% For an even larger angle # such
that the top ray travels 2A farther than the bottom ray, Fig. 24-20d, rays from
the bottom quarter of the slit will cancel with those in the quarter just above
it because the path lengths differ by A/2. And the rays through the quarter of
the slit just above center will cancel with those through the top quarter. At
this angle there will again be a minimum of zero intensity in the diffraction

PIf the viewing screen is not far away, lenses can be used to make the rays parallel.
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