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Abstract:

In this paper explain working process of
Michelson interferometer and application
for determine of wavelength, sodium light,
refractive index of transparent solids

It operates as follows: we “divide” the
wave amplitude by partial reflection using
a beam splitter G1, with the two resulting
wave fronts maintaining the original width
by having reduced amplitudes [1]. A beam

. Introduction splitter is nothing more than a plate o
1. Introduct 1 h h late of
Interferometers are devices employed in glass, which is ‘m.ade partially reflective:
the study of interference patterns as such, the splitting occurs because part
produced by various light sources. They of the light is reflected off of the surface,
are conveniently divided into two main and part is transmitted through it.

classes: those based on division of wave ‘ .
front, and those based on division of The two beams obtained by amplitude
amplitude. division are sent in different directions

against plane mirrors, then reflected back
along their same respected paths to the

2. Michelson interferometer: : .
beam splitter to form an interference

theory pattern. The core optical setup, which is

The Michelson interferometer employs a labelled in Fig.1, consists of two highly

division of amplitude scheme. It can be used polished plates, Al and A2, acting as the

to carry out the following principal above-mentioned mirrors, and two parallel

measurements: plates of glass G1 and G2 - one is the

» Width and fine structure of spectral beam splitter, and the other is a

lines. compensating plate, whose purpose will

» Lengths or displacements in terms of be described below. The light reflected

wavelengths of light. normally from mirror Al passes through

» Refractive indices of transparent Gl and reaches the eye. The light

solids. reflected from the mirror A2 passes back

» Differences in the velocity of light through G2 for a second time, is reflected
along 2 different directions. from the surface of G1 and into the eye.
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Figure 1: A schematic diagram of the Michelson interferometer.

1

The purpose of the compensating plate fringes in monochromatic light, but it is
G2 is to render the path in glass of the crucial for producing such fringes in
two rays equal [1]. This is not essential white light (a reason will be given in the
for producing effective, sharp, and clear “White Light Fringes” section). The
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mirror A; is mounted on a carriage,
whose position can be adjusted with a
micrometer. To obtain fringes, the
mirrors A; and A, are made exactly
perpendicular to each other by means of
the calibration screws (Fig. 1),
controlling the tilt of A,.

There are two very important requirements
that need to be satisfied along with the
above set up in order for interference
fringes to appear:

1. Use an extended light source. The
point here is purely one of
illumination: if the source is a point,
there is not much space for you to see
the fringes on. You can convince
yourself of the usefulness of using an
extended source by positioning a
variable size aperture in front of an
extended source and shrinking its
radius to the minimum possible (thus
effectively converting it to a point
source). As you can see, the field of
view over which you can see the
fringes shrinks right with it. Hence, it
is in your best interest to use as big of
a source as possible (a different screen
is of further great aid here).

2. The light must be monochromatic, or
nearly so. This is especially important
if the distances of 4; and A,from
G,are appreciably different. The
spacing of fringes for a given colour
of light is linearly proportional to the
wavelength of that light: hence the
fringes will only coincide near the
region where the path difference is
zero. The solid line here corresponds
to the intensity of interference pattern
of green light, and the dashed curve
— to that of red light. We can see that
only around zero path difference will
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the colours remain relatively pure: as
we move farther away from that
region, colours will start to mix and
become impure and unsaturated -
already about 8-10 fringes away the
colours mix back into white light,
making fringes indistinguishable.
Hence the region where fringes are
visible is very narrow and hard to find
with non-monochromatic light.

Some of the light sources suitable for the
Michelson interferometer are a sodium
flame or a mercury arc. If you use a
small source bulb instead, a ground-glass
diffusing screen in front of the source
will do the job; looking at the mirror
A through the plate G ;, you then see the
whole field of view filled with light.
Circular Fringes

To view circular fringes  with
monochromatic light, the mirrors must be
almost perfectly perpendicular to each
other. The origin of the circular fringes is
understood from Fig. 2. The real mirror
Arhas been replaced by its virtual image
A’, formed by the reflection in Gi: hence
A’ i1s parallel to 4;.

Since light in the interferometer gets
reflected many times, we can think of the
extended source as being at L, where L is
behind the observer as seen in Fig. 2; L
forms 2 virtual images, L1 and L2, in
mirrors A; and A,’, respectively. The
virtual sources in L1 and L2 are said to be
in phase with each other (such sources are
called coherent sources), in that the
phases of corresponding points in the two
are exactly the same at all times. If dis the
separation of A; and A,’, the virtual
sources are then separated by 2d, as can
be seen in
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Figure 2: Virtual images from the two mirrors created by the light source and the beam splitter in

the Michelson interferometer.

When d is exactly an integer number of
half wavelengths, every ray that is
reflected normal to the mirrors 4; and 4,
will always be in phase. The path
difference, 2d, must then be an integer
number of wavelengths. Rays of light that
are reflected at other angles will not, in
general, be in phase. This means that the
path difference between two incoming
rays from pointsP” and P will be 2dcosb,
where 6 is the angle between the viewing
axis and the incoming ray. We can say
that @ is the same for the two rays when
Ajand A4, are parallel, which implies that
the rays themselves are parallel. Since the
eye is focused to receive the parallel rays,
it is more convenient to use a telescope
lens, especially for looking at interference
patterns with large values of d.

Y

Observer

where dis the separation of A; and
A", mis the fringe order, A is the
wavelength of the source of light
used, € is as above (if the two are
nearly collinear, we, of course, haved
~ (0 — this is the case for the fringes
in the very centre of the field of
view).

Since, for a given m, 4, and d the angle 6
is constant, the maxima and minima lie on
a circular plane about the foot of the
perpendicular axis stretching from the eye
to the mirrors. As was mentioned before,
the Michelson interferometer uses
division by amplitude scheme: hence the
resultant amplitudes of the waves, a; and
a;, are fractions of the original amplitude
A, with respective phases a; and a,. We
can calculate the phase difference between

The parallel rays will interfere with each
other, creating a fringe pattern of maxima and mirror separation. If the path difference is
minima for which the following relation is 2d cos6, then the phase difference o for
satisfied: light of wavelength 4 is simply

2dcosomi (1)
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the two beams based on the respective
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Here the ratio of the path difference to
the wavelength tells you what fraction
of a wavelength have you passed, and
multiplication by 27z makes it a
fraction of the full period of a
sinusoid, thus giving you exactly the
sought phase difference.

By starting with A4,a few centimeters
beyond 4%, the fringe system will have
the general appearance which is shown in
Fig.3, where the rings of the system are
very closely spaced. As the distance
between 4; and 4", decreases, the fringe
pattern evolves, growing at first until the
point of zero path difference is reached,
and then shrinking again, as that point is
passed.

Figure 3: The circular fringe interference
pattern  produced by a  Michelson

interferometer.

This implies that a given ring,
characterized by a given value of the
fringe order m, must have a decreasing
radius in order for (2) to remain true. The
rings therefore shrink and vanish at the
centre, where a ring will disappear each
time 2d decreases by A. This is because at
the centre, cosd = 1, and so we have the
simplified version of equation (2),

2d = m). 3)

From here we see that the fringe order
changes by 1 precisely when 2d changes by
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4, hence for a fringe to disappear we need to

decrease 2d by 4, as claimed above.

Localized fringes

In case when the mirrors are not exactly
parallel, fringes can still be observed in
monochromatic light for path differences
not much greater than a few millimeters.
The space between the mirrors is wedge-
shaped (Fig. 4): thus the two rays
reaching the eye from the mirrors are no
longer parallel and appear to diverge.
Hence, the interference picture will be
more like that of Fig. 5: the fringes are
now semi-circles, with the centre lying
outside the field of view — such fringes
are often called localized fringes. The
reason these fringes are almost straight is
primarily because of the variation of the
thickness of air in the wedge, as that is
now the main reason for the variation of
the path difference between the two
beams across the field of view.

One would expect all fringes to be
perfectly straight, parallel to the edge of
the wedge: however, that is not the case,
as the path difference still does vary
somewhat with the angle 0, especially if
d is large. Depending on the magnitude
of d, we <can observe different
interference patterns: as we change the
path difference the fringes become
straighter, until we hit point of zero path
difference. At that point, if we were
looking at circular fringes, they would
fill the whole field of view, become very
large circles — that means that localized
fringes would become parallel lines, as
if there were small sections of the
circumferences of very large circles.

The association “large circular fringes —
parallel localized fringes” will be
important in the next section, when we
use it to locate white light fringes.
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Figure 4: Formation of localized fringes with non-perpendicular mirrors — the air wedge is clearly
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Figure 5: The localized fringe

interference patterns produced
by a Michelson interferometer:
(a) and (c) are depictions of
curved fringes, implying the
mirror is far from the region of
zero path difference, and (b)
shows straight, parallel fringes
— this must be at or very near

the point of zero path
difference.
Application of Michelson
Interferometer -
Determination of wavelength of
monochromatic light Michelson’s

interferometer is adjusted in such a way that
circular fringes are formed. The movable
mirror M1 is moved backward or forward by
the micrometer screw so that a path difference
is introduced in the path of waves. Now if the
mirror M1 is displayed through a distance “d”,
then the path difference introduced in the path
of waves will be “2d”. Due to displacement of

C

mirror M1 fringes appear to be crossing the
field of view. Let N fringes cross the field of
view when the mirror M1 is displaced through
a distance x. Hence

2x = NA
a=2x
N

If x and N are known, then the wavelength of
light used can be determined.

Determination of the Difference in
wavelength between two neighboring
spectral lines (Resolution of the spectral
lines.):

There are two spectral linesD1 & D2 of
sodium light. They are very near to each other
and the difference in their wavelength is small.
Suppose, the wavelength of D1 line is A1 and
the wavelength of D2 line is A2. Also A1 #A2.
Each spectral line will give rise to its fringes in
a Michelson interferometer. By adjusting the
position of the mirror M1 of the Michelson
interferometer, the position is found when
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fringes are very bright. In this position, the
bright fringes due to D1 coincides with the
bright fringes due to D2. When the mirror M1
is moved, the two sets of fringes get out of
step because their wavelengths are different.
When the mirror M1 is moved through a
certain distance, the bright fringes due to one
set will be seen in this case. Again by moving
the mirror M1, a position is reached when a
bright fringe of one set falls on the bright
fringe of the other and the fringes are again
distinct. This is possible when the nth order of
the longer wavelength coincides with the
(n+1)th order of the shorter wavelength.

Let nl & n2 be the changes in the other at the
center of the field of view, when the mirror
Mlis displaced through a distance “d”
between two consecutive position of
maximum distinctness of the fringes.

2d =n A =n,A,
ifAl is greater theni2
n,=n, +1
2d =nA, =(n, +1)A,
nA, = (n1 + 1)2“2
A
n =—->:
/11 - /12
Substituting the value of nlin Eq(1)
AA
A —A, =—>=
2d
2
AM =1 -1, = i
2d

Future Scope of Michelson’s

Interferometer

1. One application of particular interest:
the measurement of Gravitational
Waves.

2. Used to study turbulence in wind-
tunnels (the refractive index of air
depends on its density), or the
physical state of plasmas in fusion
reactors.

Reference

1.. J. Hall, L. Hollberg, T. Baer, and H.
Robinson, Appl. Phys. Lett. 39, 680 (1981).
2.. B. J. Meers and K. A. Strain, Phys. Rev. A
44, 4693 (1991).

3. L. F. Vitushkin and M. Z. Smirnov, Opt.
Spectrosc. 60, 379 (1986).

4. A.J. Stevenson, M. B. Gray, H.-A. Bachor,
and D. E. McClelland, Appl. Opt. 32, 3481
(1993). 5. This is the specification for the
ThorLabs PDA 150 detector that we used in
the experimental work to be described.
Certain commercial equipment, instruments,
or materials are identified in this article in
order to specify the experimental procedure
adequately. Such identification is not
intended to imply recommendation or
endorsement by the National Institute of
Standards and Technology, nor is it intended
to imply that the materials or equipment
identified are necessarily the best available
for the purpose.

6. N. Bobroff, Meas. Sci. Technol. 4, 907
(1993).

7. J. N. Dukes and G. B. Gordon, Hewlett-
Packard J. 21, 2 (1970). Google Scholar

8. C.-M. Wu, J. Lawall, and R. Deslattes,
Appl. Opt. 38, 4089 (1999).

Available online: https://edupediapublications.org/journals/index.php/IJR/

Page | 784




