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35.4 Interference In thIn fILmS

You often see bright bands of color when light reflects from a thin layer of 
oil floating on water or from a soap bubble (see the photograph that opens 
this chapter). These are the results of interference. Light waves are reflected from 
the front and back surfaces of such thin films, and constructive interference 
between the two reflected waves (with different path lengths) occurs in different 
places for different wavelengths. Figure 35.11a shows the situation. Light shining 
on the upper surface of a thin film with thickness t is partly reflected at the upper 
surface (path abc). Light transmitted through the upper surface is partly reflected  
at the lower surface (path abdef ). The two reflected waves come together at 
point P on the retina of the eye. Depending on the phase relationship, they may 
interfere constructively or destructively. Different colors have different wave-
lengths, so the interference may be constructive for some colors and destructive 
for others. That’s why we see colored patterns in the photograph that opens this  
chapter (which shows a thin film of oil floating on water) and in Fig. 35.11b  
(which shows thin films of soap solution that make up the bubble walls). The  
complex shapes of the colored patterns result from variations in the thickness of 
the film.

thin-film Interference and Phase Shifts  
during reflection
Let’s look at a simplified situation in which monochromatic light reflects from 
two nearly parallel surfaces at nearly normal incidence. Figure 35.12 shows two 
plates of glass separated by a thin wedge, or film, of air. We want to consider 
interference between the two light waves reflected from the surfaces adjacent to 
the air wedge. (Reflections also occur at the top surface of the upper plate and 
the bottom surface of the lower plate; to keep our discussion simple, we won’t 
include these.) The situation is the same as in Fig. 35.11a except that the film 
(wedge) thickness is not uniform. The path difference between the two waves is 
just twice the thickness t of the air wedge at each point. At points where 2t is an 
integer number of wavelengths, we expect to see constructive interference and a 
bright area; where it is a half-integer number of wavelengths, we expect to see 
destructive interference and a dark area. Where the plates are in contact, there is 
practically no path difference, and we expect a bright area.

When we carry out the experiment, the bright and dark fringes appear, but 
they are interchanged! Along the line where the plates are in contact, we find a 
dark fringe, not a bright one. This suggests that one or the other of the reflected 
waves has undergone a half-cycle phase shift during its reflection. In that case 
the two waves that are reflected at the line of contact are a half-cycle out of phase 
even though they have the same path length.

In fact, this phase shift can be predicted from Maxwell’s equations and the 
electromagnetic nature of light. The details of the derivation are beyond our 
scope, but here is the result. Suppose a light wave with electric-field amplitude Ei 
is traveling in an optical material with index of refraction na  . It strikes, at normal 
incidence, an interface with another optical material with index nb  . The ampli-
tude Er of the wave reflected from the interface is given by

 Er =
na - nb

na + nb
 Ei  (normal incidence) (35.16)

This result shows that the incident and reflected amplitudes have the same sign 
when na is larger than nb and opposite signs when nb is larger than na  . Because 
amplitudes must always be positive or zero, a negative value means that the 
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35.11 (a) A diagram and (b) a photograph 
showing interference of light reflected 
from a thin film.

Light reflected from the upper and lower
surfaces of the film comes together in the eye at
P and undergoes interference.

Some colors interfere constructively and others
destructively, creating
the color bands we see.

(a) Interference between rays reflected from the
two surfaces of a thin film

(b) Colorful reflections from a soap bubble
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35.12 Interference between light waves 
reflected from the two sides of an air 
wedge separating two glass plates. The  
angles and the thickness of the air wedge 
have been exaggerated for clarity; in the 
text we assume that the light strikes the 
upper plate at normal incidence and that 
the distances h and t are much less than l.
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1172    Chapter 35 Interference

wave actually undergoes a half-cycle (180°) phase shift. Figure 35.13 shows 
three possibilities:

Figure 35.13a: When na 7 nb  , light travels more slowly in the first material than 
in the second. In this case, Er and Ei have the same sign, and the phase 
shift of the reflected wave relative to the incident wave is zero. This is 
analogous to reflection of a transverse mechanical wave on a heavy rope at 
a point where it is tied to a lighter rope.

Figure 35.13b: When na = nb  , the amplitude Er of the reflected wave is zero. In 
effect there is no interface, so there is no reflected wave.

Figure 35.13c: When na 6 nb  , light travels more slowly in the second material 
than in the first. In this case, Er and Ei have opposite signs, and the phase 
shift of the reflected wave relative to the incident wave is p rad (a half-
cycle). This is analogous to reflection (with inversion) of a transverse 
mechanical wave on a light rope at a point where it is tied to a heavier rope.

Let’s compare with the situation of Fig. 35.12. For the wave reflected from 
the upper surface of the air wedge, na (glass) is greater than nb  , so this wave has 
zero phase shift. For the wave reflected from the lower surface, na (air) is less 
than nb (glass), so this wave has a half-cycle phase shift. Waves that are reflected 
from the line of contact have no path difference to give additional phase shifts, 
and they interfere destructively; this is what we observe. You can use the above 
principle to show that for normal incidence, the wave reflected at point b in 
Fig. 35.11a is shifted by a half-cycle, while the wave reflected at d is not (if there 
is air below the film).

We can summarize this discussion mathematically. If the film has thickness t, 
the light is at normal incidence and has wavelength l in the film; if neither or 
both of the reflected waves from the two surfaces have a half-cycle reflection 
phase shift, the conditions for constructive and destructive interference are

35.13 Upper figures: electromagnetic waves striking an interface between optical materials at normal incidence  
(shown as a small angle for clarity). Lower figures: mechanical wave pulses on ropes.
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Constructive reflection

(From thin film,
no relative phase shift)
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Thickness of film Wavelength

1m =  0, 1, 2, c22t =  ml

1m =  0, 1, 2, c22l2t =  1m +  12
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If one of the two waves has a half-cycle reflection phase shift, the conditions for 
constructive and destructive interference are reversed:

(35.18a)

(35.18b)

(From thin film,
half-cycle phase shift)

Constructive reflection

Destructive reflection

Thickness of film Wavelength

1m =  0, 1, 2, c22t =  ml

1m =  0, 1, 2, c22l2t =  1m +  12

Thin and Thick Films
We have emphasized thin films in our discussion because of a principle we intro-
duced in Section 35.1: In order for two waves to cause a steady interference pat-
tern, the waves must be coherent, with a definite and constant phase relationship. 
The sun and light bulbs emit light in a stream of short bursts, each of which is 
only a few micrometers long 11 micrometer = 1 mm = 10-6 m2. If light reflects 
from the two surfaces of a thin film, the two reflected waves are part of the same 
burst (Fig. 35.14a). Hence these waves are coherent and interference occurs as 
we have described. If the film is too thick, however, the two reflected waves 
will belong to different bursts (Fig. 35.14b). There is no definite phase relation-
ship between different light bursts, so the two waves are incoherent and there 
is no fixed interference pattern. That’s why you see interference colors in light 
reflected from a soap bubble a few micrometers thick (see Fig. 35.11b), but you 
do not see such colors in the light reflected from a pane of window glass with a 
thickness of a few millimeters (a thousand times greater).

35.14 (a) Light reflecting from a thin  
film produces a steady interference pattern, 
but (b) light reflecting from a thick film  
does not.

(a) Light reflecting from a thin film

Bursts of light a
few mm long

The waves reflected
from the two surfaces
are part of the same
burst and are coherent.

Thin film

(b) Light reflecting from a thick film

The waves reflected from
the two surfaces are from
different bursts and are
not coherent.

Thick film

IdenTIFy the relevant concepts: Problems with thin films involve 
interference of two waves, one reflected from the film’s front sur-
face and one reflected from the back surface. Typically you will be 
asked to relate the wavelength, the film thickness, and the index of 
refraction of the film.

SeT Up the problem using the following steps:
 1. Make a drawing showing the geometry of the film. Identify the 

materials that adjoin the film; their properties determine whether 
one or both of the reflected waves have a half-cycle phase shift.

 2. Identify the target variable.

execUTe the solution as follows:
 1. Apply the rule for phase changes to each reflected wave: There 

is a half-cycle phase shift when nb 7 na and none when nb 6 na.

 2. If neither reflected wave undergoes a phase shift, or if both do, 
use Eqs. (35.17). If only one reflected wave undergoes a phase 
shift, use Eqs. (35.18).

 3. Solve the resulting equation for the target variable. Use the 
wavelength l = l0 >n of light in the film in your calculations, 
where n is the index of refraction of the film. (For air, 
n = 1.000 to four-figure precision.)

 4. If you are asked about the wave that is transmitted through the 
film, remember that minimum intensity in the reflected wave 
corresponds to maximum transmitted intensity, and vice versa.

evalUaTe your answer: Interpret your results by examining what 
would happen if the wavelength were changed or if the film had a 
different thickness.

Problem-Solving Strategy 35.1 interference in thin filmS

 examPle 35.4  thin-film interference i

Suppose the two glass plates in Fig. 35.12 are two microscope 
slides 10.0 cm long. At one end they are in contact; at the other end 
they are separated by a piece of paper 0.0200 mm thick. What is 
the spacing of the interference fringes seen by reflection? Is the 
fringe at the line of contact bright or dark? Assume monochro-
matic light with a wavelength in air of l = l0 = 500 nm.

SolUTIon

IdenTIFy and SeT Up: Figure 35.15 depicts the situation. We’ll 
consider only interference between the light reflected from the 

So
lu

tio
n

35.15 Our sketch for this problem.

Continued
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1174    ChApter 35 Interference

upper and lower surfaces of the air wedge between the microscope 
slides. [The top slide has a relatively great thickness, about 1 mm, 
so we can ignore interference between the light reflected from 
its upper and lower surfaces (see Fig. 35.14b).] Light travels more 
slowly in the glass of the slides than it does in air. Hence the wave 
reflected from the upper surface of the air wedge has no phase 
shift (see Fig. 35.13a), while the wave reflected from the lower 
surface has a half-cycle phase shift (see Fig. 35.13c).

execute: Since only one of the reflected waves undergoes a 
phase shift, the condition for destructive interference (a dark 
fringe) is Eq. (35.18b):

 2t = ml0  1m = 0, 1, 2, c2
From similar triangles in Fig. 35.15 the thickness t of the air 
wedge at each point is proportional to the distance x from the line 
of contact:

 
t

x
=

h

l

Combining this with Eq. (35.18b), we find

  
2xh

l
= ml0

  x = m 
ll0

2h
= m 

10.100 m21500 * 10-9 m2
12210.0200 * 10-3 m2 = m11.25 mm2

Successive dark fringes, corresponding to m = 1, 2, 3, c, are 
spaced 1.25 mm apart. Substituting m = 0 into this equation gives 
x = 0, which is where the two slides touch (at the left-hand side 
of Fig. 35.15). Hence there is a dark fringe at the line of contact.

evaLuate: Our result shows that the fringe spacing is proportional 
to the wavelength of the light used; the fringes would be farther 
apart with red light (larger l0) than with blue light (smaller l0).  
If we use white light, the reflected light at any point is a mixture of 
wavelengths for which constructive interference occurs; the wave-
lengths that interfere destructively are weak or absent in the 
reflected light. (This same effect explains the colors seen when a 
soap bubble is illuminated by white light, as in Fig. 35.11b).

 ExamplE 35.5  ThIn-fIlm InTErfErEncE II

Suppose the glass plates of Example 35.4 have n = 1.52 and the 
space between plates contains water 1n = 1.332 instead of air. 
What happens now?

SoLutIon

IdentIfY and Set uP: The index of refraction of the water wedge 
is still less than that of the glass on either side of it, so the phase  
shifts are the same as in Example 35.4. Once again we use  
Eq. (35.18b) to find the positions of the dark fringes; the only 
difference is that the wavelength l in this equation is now the 
wavelength in water instead of in air.

execute: In the film of water 1n = 1.332, the wavelength is 
l = l0>n = 1500 nm2>11.332 = 376 nm. When we replace l0 
by l in the expression from Example 35.4 for the position x of the 
mth dark fringe, we find that the fringe spacing is reduced by the 
same factor of 1.33 and is equal to 0.940 mm. There is still a dark 
fringe at the line of contact.

evaLuate: Can you see that to obtain the same fringe spacing 
as in Example 35.4, the dimension h in Fig. 35.15 would have to 
be reduced to 10.0200 mm2>1.33 = 0.0150 mm? This shows that 
what matters in thin-film interference is the ratio t>l between 
film thickness and wavelength. [Consider Eqs. (35.17) and (35.18).]

So
lu

tio
n

 ExamplE 35.6  ThIn-fIlm InTErfErEncE III

Suppose the upper of the two plates of Example 35.4 is a plastic with 
n = 1.40, the wedge is filled with a silicone grease with n = 1.50, 
and the bottom plate is a dense flint glass with n = 1.60. What 
happens now?

SoLutIon

IdentIfY and Set uP: The geometry is again the same as shown 
in Fig. 35.15, but now half-cycle phase shifts occur at both sur-
faces of the grease wedge (see Fig. 35.13c). Hence there is no 
relative phase shift and we must use Eq. (35.17b) to find the posi-
tions of the dark fringes.

execute: The value of l to use in Eq. (35.17b) is the wavelength 
in the silicone grease, l = l0>n = 1500 nm2>1.50 = 333 nm. 
You can readily show that the fringe spacing is 0.833 mm. Note 
that the two reflected waves from the line of contact are in phase 
(they both undergo the same phase shift), so the line of contact is 
at a bright fringe.

evaLuate: What would happen if you carefully removed the 
upper microscope slide so that the grease wedge retained its 
shape? There would still be half-cycle phase changes at the upper 
and lower surfaces of the wedge, so the pattern of fringes would 
be the same as with the upper slide present.

So
lu

tio
n

newton’s rings
Figure 35.16a shows the convex surface of a lens in contact with a plane glass 
plate. A thin film of air is formed between the two surfaces. When you view the 
setup with monochromatic light, you see circular interference fringes (Fig. 35.16b). 
These were studied by Newton and are called Newton’s rings.
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