PROBLEM SOLVING QLIGIEIERTE
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Interference effects depend on the simultaneous
arrival of two or more waves at the same point in
space.

Constructive interference occurs when the waves
arrive in phase with each other: a crest of one wave
arrives at the same time as a crest of the other
wave. The amplitudes of the waves then add to
form a larger amplitude. Constructive interference
also occurs when the path difference is exactly one
full wavelength or any integer multiple of a full
wavelength: 1A, 24, 3A,---,

Destructive interference occurs when a crest of one
wave arrives at the same time as a trough of the

other wave. The amplitudes add, but they are of
opposite sign, so the total amplitude is reduced to
zero if the two amplitudes are equal. Destructive
interference occurs whenever the phase difference
is half a wave cycle, or the path difference is a half-
integral number of wavelengths. Thus, the total
amplitude will be zero il two identical waves arrive
one-half wavelength out of phase, or (m + 1) A out
of phase, where m is an integer,

. For thin-film interference, an extra half-wavelength

phase shift occurs when light reflects from an opti-
cally more dense medium (going from a medium of
lesser toward greater index of refraction).

Nonreflective coating. What is the thickness of an
optical coating of MgF, whose index of refraction is # = 1.38 and is designed
to eliminate reflected light at wavelengths (in air) around 550 nm when inci-
dent normally on glass for which »n = 1,507

APPROACH We explicitly follow the procedure outlined in the Problem

Solving Box above.

SOLUTION

(1) Interference effects: Consider two ravs reflected from the front and rear
surfaces of the coating on the lens as shown in Fig. 24-36. The rays are
drawn not quite perpendicular to the lens so we can see each of them.
These two reflected rays will interfere with each other.

(2) Constructive interference: We want to eliminate reflected light. so we do not
consider constructive interference.

(3) Destructive interference: To eliminate reflection, we want reflected rays |
and 2 to be 4 cycle out of phase with each other so that they destructively
interfere. The phase difference is due to the path difference 21 traveled by
ray 2, as well as anv phase change in either ray due to reflection.

(4) Reflection phase shift: Rays | and 2 both undergo a change of phase by ¥ eycle
when they reflect from the coating’s front and rear surfaces, respectively
(at both surfaces the index of refraction increases). Thus there is no net
change in phase due to the reflections. The net phase difference will be due
to the extra path 2¢ taken by ray 2 in the coating, where n = 1.38
We want 27 to equal 1A, so that destructive interference oceurs,
where A, = A/n is the wavelength in the coating. With 21 = A,/2 = A/2n,
then

A, A (550nm)

= =" = 996nm.
2 = an " (@)138) _ 6nm

NOTE We could have set 2t = (m + 5)A,, where m is an integer. The
smallest thickness (m = 0) is usually chosen because destructive interference
will occur over the widest angle.

NOTE Complete destructive interference occurs only for the given wavelength of
visible light. Longer and shorter wavelengths will have only partial cancellation.

SECTION 24-8

Coating

FIGURE 24-36 Example 24-10.
Incident ray of light is partially
reflected at the front surface of a
lens coating (ray 1) and again
partially reflected at the rear
surface of the coating (ray 2), with
most of the energy passing as the
transmitted ray into the glass.
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