To see how this thin-film interference happens, consider a smooth surface of

A water on top of which is a thin uniform layer of another substance, say an oil whose
index of refraction is less than that of water (we’ll see why we assume this in a

moment); see Fig. 24-30, Assume for the moment that the incident light is of a

single wavelength, Part of the incident light is reflected at A on the top surface, and

part of the light transmitted is reflected at B on the lower surface. The part

reflected at the lower surface must travel the extra distance ABC. If this

path difference ABC equals one or a whole number of wavelengths in the film (A,,),

the two waves will reach the eye in phase and interfere constructively.

Ay [C Air  Hence the region AC on the surface film will appear bright. But if ABC
Oil equals A, ,3 A,,, and so on, the two waves will be exactly out of phase and destructive
B Water interference occurs: the area AC on the film will be dark. The wavelength A, is

the wavelength in the film: A, = A/n, where n is the index of refraction in the
film and A is the wavelength in vacuum. See Eq. 24-1.

When white light falls on such a film, the path difference ABC will equal A,

(or mA,, with m = an integer) for only one wavelength at a given viewing

This analysis assumes the light strikes a_ngle. The color cqrrespm{ding to A (A in air) will_ l?e seen as very bright. For

the surface nearly perpendicularly, light viewed at a shghtly different an_glc, the path dlﬂcrcnf:c A_BC will be longer

but is shown here at an angle so we ~ Of shorter and a different color will undergo constructive interference. Thus,

can display each ray. for an extended (nonpoint) source emitting white light, a series of bright colors will

be seen next to one another. Variations in thickness of the film will also alter the path

difference ABC and therefore affect the color of light that is most strongly reflected.

When a curved glass surface is placed in contact with a flat glass surface,

Fig. 24-31, a series of concentric rings is seen when illuminated from above by

FIGURE 24-30 Light reflected
from the upper and lower surfaces
of a thin film of oil lving on water.

FIGURE 24-31 Newton's rings.

(a)

Newron's rings  monochromatic light. These are called Newton's rings’ and they are due to inter-
FIGURE 24-32 (a) Reflected ray ference between rays rc_ﬂcclcd _hy the top and hot‘tum surfac;s qf the very thin air
changes phase by 180° or L cycle if ~ &4P b(:.:[“’&t_‘l‘l the two pieces of glass. Because this gap (which is equivalent to a
ny > ny, but (b) does not if ny < n,. thin film) increases in width from the central contact point out to the edges,
the extra path length for the lower ray (equal to BCD) varies; where it
ny g n2>mn equals 0.3 A, A, 3 A, 2A, and so on, it corresponds to constructive and destructive inter-
ference; and this gives rise to the series of bright and dark lines seen in Fig. 24-31b.
The point of contact of the two glass surfaces (A in Fig. 24-31a) is dark in
Fig. 24-31b. Since the path difference is zero here, our previous analysis would
suggest that the rays reflected from each surface are in phase and so this central
point ought to be bright, But it is dark, which tells us something else is happening
(a) here: the two rays must be completely out of phase. This can happen only because
one of the waves, upon reflection, flips over—a crest becomes a trough—see
Fig. 24-32. We say the wave has undergone a phase change of 180°, or of half a
wave cycle. Indeed, this and other experiments reveal that, at normal incidence,
a beam of light reflected by a material with index of refraction greater than that of
the material in which it is traveling, changes phase by 180° or } evele; see Fig. 24-32.
This phase change acts just like a path difference of £ A. If the index of refraction is
less than that of the material in which the light is traveling, no phase change occurs.
) PAlthough Newton gave an elaborate description of them, they had been first observed and
(b) described by his contemporary, Robert Hooke.
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