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Interference From a Soap Film

In this project you will study light interference from a draining soap film
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1. Equipment

• Metal ring, soap solution, DSLR camera, Blue light camera filter and tripod

2. Background Theory

PHYS142 In your textbook, College Physics, 9’th edition, by Serway and Veuille, the following sections
are most relevant:

• Chapter 22.2, Reflection and Refraction, Chapter 22.3, The Law of Refraction, Chapter 24.3, Change
of Phase Due to Reflection

• Chapter 24.4, Interference in Thin Films

PHYS152 In your textbook, Physics for Scientists and Engineers, by Serway and Jewett, the following
sections are most relevant:

• Chapter 35.4, Analysis Model: Wave Under Reflection, Chapter 35.5, Analysis Model: Wave Under
Refraction, Chapter 37.4, Change of Phase Due to Reflection

• Chapter 37.5, Interference in Thin Films

Thin-film interference is a natural phenomenon in which light waves reflected by the upper and lower
boundaries of a thin film interfere with one another, either enhancing or reducing the reflected light. It also
is the mechanism behind the action of antireflection coatings used on glasses and camera lenses. Studying
the light reflected or transmitted by a thin film can reveal information about the thickness of the film or
the effective refractive index of the film medium. Thin films have many commercial applications including
anti-reflection coatings, mirrors, and optical filters.

Fig. 1 shows two light beams (A and B) incident on thin films. Each beam produces a reflected beam
(dashed). The reflections of interest are beam A’s reflection off of the lower surface and beam B’s reflection
off of the upper surface. These reflected beams combine to produce a resultant beam (C). If the reflected
beams are in phase (as in the left figure) the resultant beam is relatively bright, a light maximum. If, on
the other hand, the reflected beams have opposite phase (as in the right figure), the resulting beams are
relatively dark, a light minimum.

Figure 1: Reflections of light rays from the top and bottom surfaces of thin films. (LEFT) After reflections, the two rays are in
phase and produce an amplified signal by constructive interference (RIGHT) For a slightly thicker film, the two reflected rays
are out of phase and nearly cancel each other out by destructive interference.
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For incident light that is nearly perpendicular to a thin film (i.e. θ = 0), the conditions for the reflected
light are as follows:

Bright Maxima: dmax = (m+ 1/2)
λ

2n
Dark Minima: dmin =

mλ

2n
(1)

where m = 0, 1, 2, 3 . . ..

A soap film is similar to a simple thin slide, but with one major difference. Because of gravity, a vertical
soap film is constantly draining downwards, getting thinner and thinner with time. In addition, at any time,
the profile itself is not uniform, it is always thickest at the bottom and thinnest at the top. As illustrated
in Fig. 2, the changing film thickness d(z) with height gives rise to the sequence of repeating bands of
interference maxima.

Figure 2: (a) Interference from a simplified ”model” soap film. Gravity causes the film thickness to vary with height. (b) This
gives rise to a sequence of bright interference maxima from which information about the thickness profile of the film, d(z), can
be extracted.
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3. PROJECT: Interference and Thickness Profile of a Soap Film

The general experimental setup to create and photograph soap films is shown in Fig. 3(a). A light source
illuminates the film which is then photographed using a DSLR camera. Remember that fringes are meant
to be seen in the light reflected off (not transmitted through) the soap film. Figure 3(b) shows a photograph
of interference fringes that result when white light reflects off a thin film of soapy water. The appearance
of different interference colors occurs because white light is made up of all visible wavelengths of light. The
conditions for constructive interference occurs for different colors at different thicknesses.

Figure 3: (LEFT) Experimental setup to photograph the interference pattern from a soap film. The white screen produces
light that is reflected off of the soap film and back into the camera. (RIGHT) Interference of light reflected off of a thin soap
film. (https://sciencedemonstrations.fas.harvard.edu/presentations/thin-film-interference)

Note that the theory developed for light interference in Eq. (1) above assumes that the incident light
is monochromatic, i.e. it has a single wavelength λ. On the other hand, white light is made up of many
colors and is certainly not monochromatic. Using a monochromatic theory to interpret the colored fringe
patterns observed in soap films can become quite complicated. To simplify this situation, you can place a
narrowband light filter (see Fig. 4) in front of the camera lens. This filter only allows a very narrow range
of light wavelengths to pass through it. (It is tuned to the wavelength λ = 486.1nm, corresponding to one of
the Balmer lines of Hydrogen.) With this filter in place, your photographic results can readily be interpreted
with the monochromatic theory equations.

Figure 4: Light transmission spectrum through a Hydrogen-β narrowband line filter.

3.1. Image J: Soap Film Photo Analysis Software

In order to be able to quantitatively interpret your interference photographs, you will need some image
processing software. The popular, and free, program called Image J, works well and can be downloaded
from https://imagej.nih.gov/ij/download.html. Fig. 5 shows an example of what the program can do. On
the left is the (rotated) soap film image from Fig. 3. On the right is the Image J analysis of light intensity
vs. distance, clearly showing the fringe maxima and minima.
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While ImageJ has many advanced options, a simple analysis like that shown in Fig. 5 is done in the
following way. First open your image in ImageJ, then

1. Rotate the image until the interference lines are as vertical as possible, as shown in Fig. 5. To do that
in ImageJ, select Image→Transform→Rotate.

2. Draw a thin rectangular box from left to right across the fringe lines. The analysis will be done for
the data only inside the box drawn.

3. Select Analyze→Plot Profile. A pop up window with the intensity graph should appear. To improve
your results, click on the Live button in the graph window and adjust the rectangular box until your
graph shows the best contrast.

4. When done, click on Save to save your results as a .csv Excel file for further analysis.

Figure 5: Sample analysis of a soap film photograph in ImageJ.

5. Equation (1) can be used to help analyze your fringe patterns.

Possible Questions to Explore: After you have spent time making soap films and learning how to pho-
tograph them both with and without filters, there are several questions that naturally arise about their
behavior. How thin are the films? What does the thickness profile d(z) of a soap film look like? How does
it vary in time? Trying to quantitatively answer any of these questions will require you to analyze and
calibrate your photographs using Image J.

21



PHYS142/152 Project: Interference Oxford College

.

22


