Thus the ray reflected by the curved surface above the air gap in Fig, 24-31a
undergoes no change in phase. The ray reflected at the lower surface, where
the beam in air strikes the glass, undergoes a i-cycle phase change, equiv-
alent to a $A path difference. Thus the two rays reflected at the point of
contact A of the two glass surfaces (where the air gap approaches zero thick-
ness) will be a half cycle (or 180%) outl of phase, and a dark spot occurs.
Other dark bands will occur when the path difference BCD in Fig. 24-31a is
equal to an integral number of wavelengths. Bright bands will oceur when the
path difference is 1A, 3 A, and so on, because the phase change at one surface
effectively adds a path difference of $ A (= $cycle).

Returning for a moment to Fig. 24-30, the light reflecting at both interfaces,
air—oil and oil-water, underwent a phase change of 180° equivalent to a path
difference of 1 A, since we assumed nygier = Mojl = Maip: since the phase changes
were equal, they didn’t affect our analysis.

Thin film of air, wedge-shaped. A very fine wire
7.35 % 10" mm in diameter is placed between two flat glass plates as in
Fig. 24-33a. Light whose wavelength in air is 600 nm falls (and is viewed)
perpendicular to the plates, and a series of bright and dark bands is seen,
Fig. 24-33b. How many light and dark bands will there be in this case? Will the
area next to the wire be bright or dark?

APPROACH We need to consider two effects: (1) path differences for rays
reflecting from the two close surfaces (thin wedge of air between the two glass
plates), and (2) the 3-cycle phase change at the lower surface (point E in
Fig. 24-33a), where rays in air can enter glass. Because of the phase change at
the lower surface, there will be a dark band when the path difference is 0, A,
2A, 3A, and so on. Since the light rays are perpendicular to the plates, the extra
path length equals 27, where 1 is the thickness of the air gap at any point.

SOLUTION Dark bands will occur where
21 = mA, m=0,1,2+-

Bright bands occur when 2¢ = (m + 1)A, where m is an integer. At
the position of the wire, = 7.35 % 10"°m. At this point there will be
20/A = (2)(7.35 % 10°m)/(6.00 X 10" m) = 245 wavelengths. This is
a “half integer,” so the area next to the wire will be bright. There will be
a total of 25 dark lines along the plates, corresponding to path lengths of
0A, 1A, 2A, 3A, -+, 244, including the one at the point of contact A (m = 0).
Between them, there will be 24 bright lines plus the one at the end, or 25.

NOTE The bright and dark bands will be straight only if the glass plates are
extremely flat. If they are not, the pattern is uneven, as in Fig. 24-33c. Thus we
see a very precise way of testing a glass surface for flatness, Spherical lens
surfaces can be tested for precision by placing the lens on a flat glass surface
and observing Newton’s rings (Fig. 24-31b) for perfect circularity,

It the wedge between the two glass plates of Example 24-8 is filled with some
transparent substance other than air—say, water—the pattern shifts because the
wavelength of the light changes. In a material where the index of refraction is n,
the wavelength is A, = A/n, where A is the wavelength in vacuum (see Eq. 24-1).
For instance, if the thin wedge of Example 24-8 were filled with water, then
A, = 600nm/1.33 = 450 nm; instead of 25 dark lines, there would be 33.

When white light (rather than monochromatic light) is incident on the thin
wedge of air in Figs. 24-31a or 24-33a, a colorful series of fringes is seen. This
is because constructive interference occurs for different wavelengths in the
reflected light at different thicknesses along the wedge.

SECTION 24-8

FIGURE 24-33 (a) Light rays
reflected from the upper and lower
surfaces of a thin wedge of air inter-
fere to produce bright and dark
bands. (b) Pattern observed when
glass plates are optically flat:

(c) pattern when plates are not so
flat. See Example 24-8,

(b)

(c)
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