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FIGURE 24-24 Diffraction grating.
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FIGURE 24-25 Intensity as a func-
tion of viewing angle # (or position
on the screen) for (a) two slits, (b) six
slits. For a diffraction grating, the
number of slits is very large (= 10%)
and the peaks are narrower still,
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m Diffraction Grating

A large number of equally spaced parallel slits is called a diffraction grating,
although the term “interference grating” might be as appropriate. Gratings can
be made by precision machining of very fine parallel lines on a glass plate. The
untouched spaces between the lines serve as the slits. Photographic transparen-
cies of an original grating serve as inexpensive gratings. Gratings containing
10,000 lines per centimeter are common, and are very useful for precise
measurements of wavelengths, A dilfraction grating containing slits is called a
transmission grating. Another type of diffraction grating is the reflection
grating, made by ruling fine lines on a metallic or glass surface from which light
is reflected and analyzed. The analysis is basically the same as for a transmission
grating, which we now discuss.

The analysis of a diffraction grating is much like that of Young's double-slit
experiment. We assume parallel rays of light are incident on the grating as
shown in Fig. 24-24. We also assume that the slits are narrow enough so that
diffraction by each of them spreads light over a very wide angle on a distant
screen beyond the grating, and interference can occur with light from all the
other slits. Light rays that pass through each slit without deviation (8 = 07)
interfere constructively to produce a bright line at the center of the screen.
Constructive interference also occurs at an angle 6 such that rays from adjacent
slits travel an extra distance of Al = mA, where m is an integer. If d is the
distance between slits, then we see from Fig. 24-24 that Al = dsin#, and

sinf = % m=10,1,2-- [principal maxima] (24-4)
is the criterion to have a brightness maximum. This is the same equation as for
the double-slit situation, and again m is called the order of the pattern.

There is an important difference between a double-slit and a multiple-
slit pattern. The bright maxima are much sharper and narrower for a grating.
Why? Suppose that the angle # is increased just slightly beyond that
required for a maximum. In the case of only two slits, the two waves will be
only slightly out of phase, so nearly full constructive interference occurs.
This means the maxima are wide (see Fig. 24-10). For a grating, the waves
from two adjacent slits will also not be significantly out of phase. But waves
from one slit and those from a sccond one a few hundred slits away may be
exactly out of phase; all or nearly all the light can cancel in pairs in this way.
For example, suppose the angle @ is very slightly different from its first-order
maximum, so that the extra path length for a pair of adjacent slits is not
exactly A but rather 1.O010A. The wave through one slit and another one
500 slits below will have a path difference of 1A + (500){0.001A) = 1.5000A, or
I+ wavelengths, so the two will cancel. A pair of slits, one below each of
these, will also cancel. That is, the light from slit 1 cancels with that from
slit 501; light from slit 2 cancels with that from slit 502, and so on. Thus
even for a tiny angle’ corresponding to an extra path length of myA,
there is much destructive interference, and so the maxima are very narrow,
The more lines there are in a grating, the sharper will be the peaks (see
Fig. 24-25). Because a grating produces much sharper (and brighter)
lines than two slits alone can, it is a far more precise device for measuring
wavelengths,

Suppose the light striking a diffraction grating is not monochromatic, but
consists of two or more distinct wavelengths. Then for all orders other than
m =0, each wavelength will produce a maximum at a different angle
(Fig. 24-26a), just as for a double slit. If white light strikes a grating, the central
(m = 0) maximum will be a sharp white peak. But for all other orders, there

"Depending on the total number of slits, there may or may not be complete cancellation for such an
angle, so there will be very tiny peaks between the main maxima (see Fig. 24-25b), but they are
usually much too small to be seen.
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