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1  INTRODUCTION 
Understanding the nature of colour is one of the important issues in learning 
optics, not only from the fundamental point of view, but also for the numerous 
applications of colour, which range from optical devices and instruments to 
everyday objects. Since Newton’s prism refraction experiment, we all know, and 
teach to the students, that colour is a property of light and not of matter; however 
we also know that different materials interact with light in a different way with 
preferential absorption and emission rates which depend on the wavelength 
according to Kirchhoff laws [1]. 
 It is less common to discuss the effect of the geometrical dimension of the optical 
object, which becomes important or even dominant when it is close to the light 
wavelength due to the interference between different possible paths. 
Interferometric effect are frequent in nature, are important in optical devices [2] 
and are becoming rather common also in everyday objects, because the technology 
of deposing thin layers is now very diffuse and relatively inexpensive: for example, 
eye glasses are often treated with so-called “antireflex” coating, which is obtained 
essentially by depositing thin layers of transparent material of suitable thickness to 
maximize the reflection of blue light. The advantages of using thin layers to 
manipulate the colour is that the dependence on the material properties is less 
restrictive, because the colour transmitted or reflected can be changed rather easily 
by adjusting the thickness of the deposited layer, and that the effects depend on the 
direction of the incident light, which is a nice aspect, most suitable for applications 
to decorative objects, because the aesthetical effect can be very pleasant. 
 We used a decorative plastic sheet, which reflects different colours when 
observed from different directions, to start discussing interference in thin layers 
with students of a vocational school who were preparing to work in optical shops. 
Using an everyday object, instead of a lab device, makes the students more 
interested and better disposed to work, the basic idea being that “if it is such a 
common thing, it cannot be too difficult to understand!” The aim of the lab 
measurements, and of the simple mathematical model developed to interpret 
them, was to demonstrate that the colour composition of light can be changed 
without using differential absorption and to relate the observed behaviour to 
interferometric effects due to an embedded thin layer. 
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 The difficulties of students in understanding the two problems, that is, on one 
hand, the wave aspects of light in interferometric phenomena and, on the other 
hand, the change of colour composition in reflected and transmitted light, are 
widely discussed in the educational literature [3]. The novelty of our proposal is 
twofold: first, the two problems are brought together using the same device, which 
is also a common inexpensive object, second, the interferometry is approached in a 
multiple reflection situation in which the difference of the path lengths of the 
interfering rays is evident and easy to calculate. 
 In the following sections we will describe the experimental setup, the results 
of the measurements and the mathematical model used for their analysis. 

2  THE EXPERIMENT 
Two experimental setups were used to measure the colour dependence of light 
intensity: a simple one, with the use of two laser beams of different wave length, in 
which the scan is done at fixed wave length as a function of the incident light 
direction, and a more complex one, which uses “white” light and diffraction 
gratings to disperse the colours, in which the scan is done at a fixed incident light 
direction as a function of the wave length. 

2.1  Measurements with laser beams 
The experimental layout is shown in Fig.1. 
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Figure 1 

The thin plastic film was mounted on a rotating support, in order to have the 
possibility of positioning it at different angles with respect to the incident laser 
beam direction. The photocell remained in a fixed position in transmission 
measurements, while in reflection measurements it had to be moved to positions, 
perpendicular to the reflected beam, at fixed distances from the film surface. The 
results are shown in Fig. 2 for the green laser beam (λ = 540 nm) and in Fig. 3 for 
the red laser beam (λ = 632 nm). They confirm the visual observations: the green 
light is transmitted more at small angles, below 35°, while at large angles reflection 
is dominant; the red light, on the contrary, is predominantly reflected up to about 
65°. Besides, they show clearly that the light is not “absorbed” inside the plastic 
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sheet, but different colours are either transmitted or reflected depending on the 
angle. 
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Figure 2  Results with green laser beam: 
circles for reflected light, triangles for 
transmitted light. 
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Figure 3  Results with red laser beam: 
squares for reflected light, diamonds for 
transmitted light. 
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2.2  Measurements with a “white” beam 
In the second experiment a “white light” spectrum was measured as a function of 
the wave length at fixed angles, in order to have a general overview. The scheme of 
experimental apparatus is shown in the Fig. 4 and a picture in Fig. 5. 
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Figure 4 
 

Figure 5 

An incandescent filament lamp produces a white light beam, which is focussed on 
the screen by a convergent lens. Before reaching the screen the beam passes 
through the film mounted on the rotating support and the diffraction grating. A 
small photodiode, which can move in a slit of the screen, is positioned at different 
places to measure the intensity of the diffracted beam at different wavelengths. The 
results are shown in Fig. 6, for three different angles of the film with respect to the 
beam direction (0°, 35° and 55°): they show that the peak values move to smaller 
wavelengths as the angle increases, which is contrary to the naïve expectation that, 
being the path length in the layer longer for larger incident direction angles, the 
peak should move to larger wavelengths. We thus checked the measurements by 
repeating them using a commercial spectrophotometer: the spectra, for the same 
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angles, are shown in Fig. 7, together with the unscreened lamp spectrum, and 
confirm the results of the manual measurements. 
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Figure 6  Transmission spectra as a 
function of wavelength; circles at 0°, 
squares at 35°, triangles at 55°. 
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Figure 7  Unscreened lamp and transmission 
spectra as a function of wavelength at different 
angles measured with the spectrophotometer. 
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Also the reflected spectra were measured at the three angles, confirming that the 
reflected and the transmitted spectra are complementary and that the sheet 
absorption is weak. 

3  THE MODEL 
To model the results we assumed that a thin transparent layer of thickness d and 
index of refraction n was deposited on the much thicker transparent film of index 
of refraction n’. We considered only the interference between the rays (t1 and t2 for 
transmission, r1 and r2 for reflection) reflected at the interfaces between the thin 
layer and the air and between the thin layer and the thick film, as shown in Fig. 8. 
The calculations were based on phase vector superposition [1], with three free 
parameters: the optical thickness dopt = nd of the thin layer, the ratio a between the 
amplitudes of the two interfering rays and the sign of the difference n − n’ [4]. The 
intensity resulting from the superposition was then normalized to the unfiltered 
lamp spectrum. 
 The fitted spectra are shown in Fig. 9; the best fit parameter for the optical 
thickness is about 1 μm at 0°, slightly different at the other incident directions. 
 The principal reason for using this model was that, from the fitted dopt value, 
the students could easily calculate, given the incident angle α and the wave length 
λ, the two basic quantities, that is the difference D = 2dopt/cosα  between the optical 
path lengths of the interfering rays and the ratio m = D/λ. As shown in the 
following table, m has roughly half integer values for the peak wavelengths, with 
an approximate increase of one unit, at fixed angle, between the second and the 
first peak to compensate the decrease of wavelength. An approximate increase of 
one unit in m is also needed to compensate the increasing path length when the 
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angle increases, thus showing that slightly smaller wavelengths obtained in each 
peak at larger angles are purely accidental, because the only request is that the 
product mpeak λpeak cosα  = 2dopt  remains constant. 
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Figure 9 

 
 

Table 1 

angle λ of the first 
peak 

m of the first 
peak 

λ of the second 
peak 

m of the second 
peak 

0° ~580 nm ~3,5 ~790 nm ~2,5 
35° ~560 nm ~4,5 ~760 nm ~3,5 
55° ~540 nm ~5,5 ~720 nm ~4,5 

 

4  CONCLUSIONS 
Our experience is that these activities, based on an everyday object, can raise a 
large interest and the desire to understand more deeply a difficult concept as light 
interference. It is however very important to provide the students with simple 
models to help them to understand the underlying physics and to do personally 
simple calculations. 
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