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Demonstrating optical-path compensation in a Michelson interferometer
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In this paper we present a simple experiment using a fully compensated Michelson interferometer and a white-light source to demonstrate
the importance and the effects of the optical-path compensation. Polyester sheets are introduced in one of the arms of the interferometer to
partially decompensate the system. The change in mirror position required to see the fringes in these two cases is related to the refractive
index and the thickness of the polyester sheets, and the degradation in the contrast of the white-light fringes due to the partial compensation
can easily be demonstrated.
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1. Introduction

One of the basic optics undergraduate experiments is the
Michelson interferometer [1-8]. Different aspects of optics
can be studied with this apparatus, including interference and
temporal coherence and its relationship with the spectrum of
the light source, as well as displacements and the refractive
index of materials [1-8]. Usually, three different types of
light sources are used with the Michelson: a laser, to mea-
sure the wavelength of the light, the refractive index of air by
counting fringes or displacements of one of the interferom-
eter mirrors [3]; a gas emission lamp, commonly sodium to
measure the separation between the two lines of the sodium
d-line doublet [7]; and a white light source as an example of a
low-coherence source to demonstrate the production of a few
colored fringes in very narrow region of the mirror positions
due to this low coherence [8].

To be able to obtain fringes with white light, the inter-
ferometer must be compensated by including a glass block
the same size as the beamsplitter, and at the same inclina-
tion angle, to equalize the optical paths in the two arms of
the device. The compensation is a question which is some-
times difficult for students to grasp, particularly when the in-
terferometer cannot be changed to change the compensation
conditions and to see the effect on the fringes.

In this paper we present a simple experiment to demon-
strate the principle of compensation in a Michelson inter-
ferometer with a white-light source, which only requires a
few sections of polyester sheets (we used blank slides for old
overhead projectors) or microscope slides as additional ma-
terial, making it a very accessible method for undergraduate
teaching laboratories.

In Sec. 2 of this paper we present the theory of compensa-
tion in a Michelson interferometer, in section 3 we present the
experimental results obtained and conclusions are presented
in Sec. 4.

2. Theory

2.1. Compensated Michelson interferometer

Figure 1 shows the basic experimental setup for a compen-
sated Michelson interferometer and the path of a single ray
passing through the device, including the division into two
parts at the first surface of the beam splitter [1]. The diffuser
in front of the light source is to ensure that the light enters
the interferometer with many different propagation angles to
ensure a clear interference pattern. In Fig. 1, the ray which
is reflected from the first surface of the beam splitter (shown
in black) passes through the compensator plate, which is a
glass plate made of the same material as the beam splitter,
and at the same inclination angle. This ray then goes to the
mirror M1 and is transmitted back through the compensator
plate and on to the beam splitter again. This ray will be split
by the first surface of the beam splitter and part of it will pass
through the glass of this component to be finally transmitted
to the lens and detector (which can be a human eye). The ray

FIGURE 1. Setup for the Michelson interferometer. The path of
one ray is shown, the ray is shown as black after the first reflec-
tion at the first surface of the beam splitter, and blue after the first
transmission at the beam splitter, only for clarity in the figure.
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which is transmitted through the first surface of the beam
splitter (shown in blue) passes through the glass of this com-
ponent, is reflected by mirrorM2, and comes back to the
beamsplitter plate. Here, remembering that the reflecting
surface of the beam splitter is the surface to the top-left of
the plate, the returning ray passes through the glass of the
beam splitter, is reflected and passes through the glass again.
The ray finally goes to the lens and detector, to be combined
with the first ray. It is important to remember that rays orig-
inating at different points on the diffuser have different, ran-
dom, phases and give incoherent addition, and rays leaving
the same point on the diffuser at different angles will reach
different points on the detector plane, so the only interfer-
ence contribution comes from the contributions of the rays
described here.

In equations, the optical paths for the rays in this com-
pensated interferometer are given by:

d1 = ∆1 + 3nδ , (1)

d2 = ∆2 + 3nδ , (2)

wheredi is the optical path for the ray reflected from mirror
Mi, ∆i is the distance travelled in air for the ray going from
the beamsplitter to mirrorMi and back to the beamsplitter,
n is the refractive index of the glass of the beamsplitter plate
and the compensator plate, andδ is the distance travelled in-
side the glass for each pass through the beamsplitter plate.
It is assumed that all the rays shown travel through the glass
at approximately the same angle. Each ray in the compen-
sated interferometer passes through a glass plate three times
and this is considered in Eqs. (1) and (2). There can also be
a difference in the optical paths between the two rays in the
air between the beamsplitter and the detector plane, but we
will assume that this term is also included in the∆i terms in
Eqs. (1) and (2).

Now, the interference depends on the difference in optical
paths of these two rays,∆d:

∆d = ∆2 −∆1 + 3nδ − 3nδ = ∆2 −∆1, (3)

which means that the phase difference between the two rays
is:

∆φ =
2π

λ
(∆2 −∆1), (4)

where Eq. (4) shows that for every wavelengthλ, if ∆2 −
∆1 = 0, then the phase difference is0, and all the zero-order
interference fringes for all the wavelengths in the source
spectrum coincide in position on the screen. This can be ar-
ranged by changing the position of mirrorM2 in Fig. 1, to
change∆2, to cancel the value of∆1.This means that all the
low-order fringes coincide for different wavelengths and can
be seen on the screen or detector (see Fig. 2). As the order
of the fringes increases the term∆2−∆1 is no longer 0, and
the phase difference, Eq. (4), depends on the wavelengthλ,
so the fringes for different colors have a different separation,
and start to mix, giving fringes where the different colors
can be seen.

FIGURE 2. The white-light fringe pattern obtained in a compen-
sated Michelson interferometer. (Left) image showing the center
of the fringe pattern, with high contrast fringes in the center and
colors appearing as the fringes for different wavelengths have dif-
ferent separations (note that the pattern is not exactly symmetric
due to an additional phase difference between internal and exter-
nal reflection in the beam splitter); (Right) the whole fringe pattern
showing how the contrast is lost after a few fringes.

Finally, there is so much mixing of the fringes that only the
original color of the source can be seen, Fig. 2.

2.2. Uncompensated Michelson interferometer

Now, what happens if there is no compensator in the interfer-
ometer? In this case the ray reflected on mirrorM1 will only
pass through the glass plate of the beam splitter once giving:

d1 = ∆1 + 1nδ, (5)

d2 = ∆2 + 3nδ, (6)

and the phase difference between the two rays will be:

∆φ =
2π

λ
∆d =

2π

λ
(∆2 −∆1 + 2nδ). (7)

This phase difference can only be made equal to zero when:

∆2 −∆1 = −2nδ, (8)

but, since the refractive index,n, changes for different wave-
lengths, Eq. (8) can only be satisfied for one wavelength at a
time. This means that the zero-phase difference position can
only be found for one wavelength at a time by changing the

FIGURE 3. (Left) The white-light fringe pattern obtained in a com-
pensated Michelson interferometer; (Right) The white-light uni-
form intensity obtained in a non-compensated Michelson interfer-
ometer.
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position of mirrorM2 in Fig. 1, and therefore the zero-order
positions of the different wavelengths in the spectrum of the
source do not coincide. This, in turn means that the fringes
for different colors are displaced from one another, as can
be seen in the right side of Fig. 3, and the colors are always
mixed up to give a uniform intensity the same color as the
source and no visible fringes for a white-light source and a
non-compensated interferometer.

2.3. Partially uncompensated Michelson interferometer

Assuming a compensated interferometer and a white-light
source, with visible fringes centered on the screen or detector,
the interferometer can be uncompensated by adding a piece
of glass or transparent plastic in one of its arms (see Fig. 4).
We assume that the extra glass or plastic is in theM2 arm of
the interferometer, but the case of having the extra glass in
the other arm can easily be used with a very similar analy-
sis. We have used a polyester sheet (a blank transparency for
old overhead projectors) with a thickness of approximately
0.12 mm and a refractive index of about 1.66 [10], of which
various layers are required to remove the compensation, or
a microscope slide, with a thickness of approximately 1 mm
and a refractive index of around 1.5, which we have found
is thick enough to partially decompensate the interferometer
without destroying the compensation completely, and as will
be described in the results section below.

There are reflections from each surface of the additional
microscope slide or polyester sheet, but they are much less in-
tense than the reflection from interferometer mirrorM2, and
we have found it impossible to detect the fringes from these
extra reflections by eye, so the reflection fromM2 can be
clearly seen, with a double pass through the additional glass
or plastic layer.

In equations, for an originally compensated interferome-
ter and an extra thickness ofde in theM2 arm:

d1 = ∆1 + 3nδ, (9)

d2 = ∆2 + 3nδ + 2(ne − 1)de, (10)

FIGURE 4. Setup for the Michelson interferometer with an addi-
tional microscope slide introduced to partially decompensate the
system.

where the subscripte indicates the values for the extra mate-
rial placed in the interferometer arm, for the refractive index
and thickness. The term2(ne − 1)de is the change in the
optical path when the microscope slide or polyester sheet is
introduced into the interferometer, with the thickness of the
slide in air being removed and replaced by glass or plastic,
and the light passing through the slide twice. In this case the
phase difference is now given by:

∆φ =
2π

λ
(∆2 −∆1 + 2(ne − 1)de). (11)

This means that the position of mirrorM2 must be changed
between the case of the compensated interferometer (without
the microscope slide or polyester sheet and with the fringes
centered on the screen or the detector), and the case of the
partially compensated interferometer (with the microscope
slide or polyester sheet and with the fringes centered on the
screen or the detector). Changing the position ofM2 by a
distancex changes the total optical path in that arm by2x,
since the light has a double pass up to the mirror and back
towards the beamsplitter. Then, to compensate the additional
optical path,M2 must be moved by a distance:

x = (ne − 1)de. (12)

It is important to note that the interferometer is no longer
compensated because the refractive index of the polyester
sheet or the microscope slide also depends on the wavelength,
so there will be a degradation in the contrast of the fringes,
but because the added samples are thin, the compensation
will not be completely removed.

The distance moved byM2, x, is proportional to the opti-
cal path change when the microscope slide or polyester sheet
is introduced, meaning that this experiment can also be used
to extract information on either the thickness or refractive in-
dex of the slide using Eq. (12), the other parameter (the thick-
ness to measure the refractive index, or the refractive index
to measure the thickness) must be known or estimated [9].

3. Results

As mentioned above, polyester sheets can be used to de-
compensate the interferometer, but in this case, as the sheets
are thin, about 120µm in width, more than one sheet is re-
quired to remove the compensation completely. The effect
on the fringe contrast can be seen gradually as more sheets
are added, as shown in Fig. 5. Table I shows the results of
the mirror movement required to find the fringes with the
polyester sheets present, and the calculated refractive index
using Eq. (12) and a measured value of the slide thickness
of dms = 0.120 ± 0.005 mm. All the movements of the
mirror M2 were measured using the micrometer attached to
the interferometer. For 9 polyester sheets the fringes were
no longer visible and the interferometer was completely un-
compensated, as shown in Fig. 3. In this case the position of
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FIGURE 5. The white-light fringes for different numbers of
polyester sheets, from 0 to 8, in the interferometer.

TABLE I. Mirror movement required to find the white-light fringes
in the interferometer for each case, and the calculated refractive
index.

Number of sheets movement (mm) n

1 0.086± 0.003 1.72± 0.02

2 0.170± 0.003 1.70± 0.02

3 0.256± 0.003 1.72± 0.02

4 0.340± 0.003 1.70± 0.02

5 0.424± 0.003 1.70± 0.02

6 0.508± 0.003 1.70± 0.02

7 0.592± 0.003 1.70± 0.02

8 0.676± 0.003 1.70± 0.02

9 0.760± 0.003 1.70± 0.02

mirror M2 was determined from the average step required
between the fringe positions for the cases of 1 to 8 polyester
sheets, since the fringes were no longer visible.

From only a visual inspection of the fringe patterns for
the different cases it is clear that the contrast of the fringes
decreases as more of the additional components are added to
the interferometer, but this can also be studied quantitatively
by using an image analysis program such as ImageJ [11,12],
which is a free, widely used program, and which is easily ac-
cessible for students. An intensity profile can be obtained for
each image, as shown in Fig. 6.

The contrast can be found using the difference in gray
levels in the photographs of the fringe patterns measured by
ImageJ using the equation:

C =
Imax − Imin

Imax − Imin
, (13)

FIGURE 6. The contrast measured is given by the maximum con-
trast (maximum intensity to minimum intensity as shown by the
orange line) in the plot profile for each case.

TABLE II. Maximum fringe contrast in the interference pattern for
each case.

Number of sheets Contrast C

No polyester sheet 0.96

1 0.26

2 0.22

3 0.16

4 0.12

5 0.13

6 0.08

7 0.1

8 0

9 0

whereImax andImin are the maximum and minimum gray
levels in the images analyzed in ImageJ. Since the fringe con-
trast varies over the interference pattern, the maximum con-
trast in each pattern, obtained near the centre of the fringe
pattern, is chosen as a good parameter of comparison. The
results of the contrast measurements are shown in Table II.

FIGURE 7. Photograph of the experimental set up including the
microscope slide in one of the arms of the interferometer.
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FIGURE 8. The view of the white-light fringes after introducing
the microscope slide in the bottom part of the field of view before
moving mirrorM2. The fringes can still be seen in the top half of
the image, which is still fully compensated, but in the bottom half
the fringes are no longer visible with these mirror positions.

FIGURE 9. The view of the white-light fringes after moving the
position ofM2 towards the beamsplitter by a distance given by Eq.
(12). Fringes are now visible in the bottom half of the field of view,
where the microscope slide was added.

For the cases with lower fringe contrast, the noise in the im-
age makes it difficult to find a very precise contrast value,
but the overall behaviour of a reduction of the contrast of the
fringes as more material is added, is clear from Table II.

In the case of the microscope slide, it was found that
adding two slides removes the compensation completely and
the fringes cannot be seen. For one microscope slide, the
experimental setup is as shown in Eq. (7), with the slide
mounted in one arm of the interferometer such that it covered
only the bottom half of the field of view, giving the fringe

pattern shown in Fig. 8, with the white-light fringes visible
only in the top half of the field of view. Then the mirrorM2

was moved towards the beam splitter to compensate the ex-
tra optical path introduced by replacing air in this arm of the
interferometer with the glass of the microscope slide. As mir-
ror M2 is moved the fringes at the top of Fig. 8 move away
from the field of view, meaning no fringes can be seen, and
when the mirror has moved the distance given by Eq. (12)
fringes will move into the bottom part of the field of view,
as shown in Fig. 9. The measured value of the slide thick-
ness wasdms = 0.928 ± 0.005 mm. The calculated refrac-
tive index using Eq. (12) and a movement of mirrorM2 of
0.4748 ± 0.0004 mm, was1.512 ± 0.001, which is consis-
tent with the expected value of glass. It can also be seen that
the fringe shape changes in the bottom half of Fig. 9. This
is due to deformations of the microscope slide and the incli-
nation of its position in the interferometer, which can change
the wavefront from this arm of the Michelson.

4. Conclusions

In this paper a simple method of demonstrating the effect of
the compensation in a Michelson interferometer has been pre-
sented. This idea is sometimes difficult for students to under-
stand, since the compensation cannot be undone to observe
the effect on the fringes in the interferometer. The method
proposed here uses a compensated Michelson interferome-
ter, which is a typical undergraduate optics laboratory exper-
iment, with a white light source, and uses polyester sheets or
microscope slides to decompensate the interferometer. The
position of one of the mirrors must be changed to see fringes
as the additional material is added to one of the interferom-
eter arms, and the contrast of the fringes is reduced because
of the reduced compensation. The fringe contrast can be seen
directly or can be measured by using an image analysis soft-
ware.

Control of the interferometer compensation is important
in Optical Coherence Tomography, which is used to image
the eye or skin structure, as it gives a limit on the depth which
can be imaged with this technique [13-17], and in other inter-
ferometric techniques which use a wide spectrum, such as
absorption spectrometry, or Fourier transform spectroscopy
for measuring spectra [18].
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