PHY 300 Lab 6, Fall 2008 Oct. 16, 2008
Lab 6: Michelson I nterferometer

1 Introduction

The Michelson interferometer has great historical sigaifie, for it is the instrument that Michelson
and Morely used to try and measure the Doppler shift of lightdlling parallel to and perpendicular
to the motion of earth through the ether. Furthermore, tlsécdayout continues to be used in many
optical testing situations.

2 How it Works

The Michelson interferometer (see Hij). 1) is based on thefiseme sort of beam splitter. This can
either be a partially silvered mirror, or a cube beamspl{itdere a thin layer of a different refractive
index is sandwiched between two prisms); the idea is thab#ansplitter transmits about half and
reflects about half of the light incident upon it. One beamsgioea fixed mirror, and the other beam
goes to a movable mirror. The beams are then re-combined @wang screen.

Question 1: Does it matter which mirror is movable and which is fixed? Whywy
not?

Clearly the distances in Figl 1 can be arranged so that teetestructive interference all across the
viewing screen when the incident light beam is collimatetd¢gparallel. In this case, there is light
entering the interferometer, but no light on the screen.
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Figure 1: The Michelson interferometer. Left: equipmewblat and distances. Right: ray paths. The
offsets between ray paths are not real; they're just putia fa clarity.

Question 2: What happens to the energy? How can we conserve energy?

To figure out what's happening in the Michelson interferoendet’s consider rays which bounce
off each of the mirrors separately yet which meet at a comnoant pn the viewing screen and thereby
interfere. This situation is sketched in Hg. 2 (next page)e path of the ray that bounces off the
fixed mirror is given as
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where we have used the small angle approximatist¥) ~ 1 —6%/2, and similarly for/,. The phase
difference between waves travelling each of the paths s ghen by
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wheret is the path length difference as shown on the left side of [BigThe relationship between
angled and fringe numbem is
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If we then writem = my — Am and definen, = 4t/ A, we find
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as the angular position of the'" fringe.
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Figure 2: Schematic view of Michelson inter-

ferometer geometry.

3 TheExperiment

Interferometers are highly sensitive optical instrumeoépable of detecting minute changes in the
optical path length of a beam of light. They provide one of itih@st accurate means of measuring
position with an accuracy of fractions of a wavelength of ligat used. We will use a Michelson
interferometer to detect the position of a mirror, senseatibns, measure fluctuations in air density,
and compare the refractive indices of air and glass. We V\gitl emeasure the wavelength of He-Ne
laser light. For this experiment you will need:

¢ He-Ne laser

e Short optical bench
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o Interferometer bench
e Interferometer kit
e Optics kit

The movable mirror is the one with the smallest mount, andstagonary mirror is the largest one
(with alignment knobs on the back). The transparent windothé other mount is the beam-splitter.
In addition to these, your interferometer kit contains a neigg mount for the viewing screen in your
optics kit. First, put your laser on the short bench, andllanel adjust its height with the screw
“legs.” Next, mount the elements as shown in Elg. 1, and cliegkthe laser beam is at the right level
to hit the mirrors and beam-splitter in their centers. Naoming the beam splitter out of the way of
the beam, and get the beam to hit the center of the movablenritut the screen behind the movable
mirror, and adjust the laser so that you only get one spot. thewaser beam is perpendicular to the
mirror.

Next, rotate the splitter back into the beam, and adjushitgeaso that the reflected beam hits the
movable mirror in its center. Now, with a screen in the posighown in the diagram, you should see
two spots. Check that one comes from the movable mirror, laadther from the fixed mirror.

Question 3: How can you tell which beam comes from which mirror?

Now use the knobs on the fixed mirror to make the two spots apexs well as you can. Finally,
place a diverging lens (from your optics kit) on the front oly laser, and align it so that you get a
big spot of light on your screen. You should see fringes irsfi. These fringes are part of a circular
fringe pattern. Carefully adjust the knobs on the fixed miis@that you get wider fringes (i.e., fewer
fringes for a given angular exte@if or smallert). You can move the movable mirror by turning the
micrometer dial on the side of the bench. Try it slowly, ankesure you can see the fringes shifting.

M easurement of wavelength Figure out a relationship between the change in mirror jwosithe
number of fringe shifts in the interference pattern, andiheelength of the light. Calculate the
wavelength and your uncertainty, and compare it with theNiddaser wavelength of = 632
nm.

Optical path distortion An interferometer of this sort is very sensitive to vibratidry tapping the
bench and table, and see if you notice shifting of the fringey stamping your feet on the
floor. Try speaking near one of the mirrors. Can you detecehgbrations? Describe what
happens to the fringe pattern, and explain why.

Index of refraction of glass Find the rotating table (a flat, circular piece of metal, watpin in the
center and a long arm), and mount it in between the beamespdittd the moving mirror. The
pin fits in the hole in the bench, and the arm should lie on tlgkam scale at the edge of the
bench. Mount the glass plate supplied with your optics kitaomolder, and mount both on
the rotating table. As you rotate the table, you should segds shifting in the interference
pattern. Explain why. When the fringe shift changes dimttthe beam is perpendicular to the
surface of the glass plate. Starting with the beam perpalatito the plate, count the number of
fringes that go by as you rotate the table a known angle. Kngwiis, the wavelength that you
measured above, and the thickness of the glass plate, @amethod to calculate the refractive
index of the glass.
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Index of refraction of air Place the gas cell between the beam-splitter and the mowabler, so
that the beam goes through the cell. You may have to make seradjustments to get your
fringe pattern back. Slowly pump the air out of the cell, andrtt the number of fringes that
go by. Record the pressure on the gauge and the number aédrthgt have gone by as you do
this. Assume that the refractive index of air is directly podional to the pressure. Plot your
data, and obtain a value for the refractive index of the athenlaboratory, assuming that in a
vacuum (air pressure=0),is 1. Compare this value with theory.

Whitelight interferometer Complete this section if you have some time remaining aftergeting
the other sections of the lab. For this part of the experingentwill need to find the position
wheret = 0. This is not easy when you consider that the movable mirrostrbe placed
in the correct position to within a fraction of a wavelengtfhe point where = 0 may be
recognized as the point where the fringes will change thiegctdon of motion as you move
the mirror. Replace the laser with the light bulb. You shcaéé fringes! (Tweak the movable
mirror around a bit if you have to). Why? Think about monochaticity A\/ A\, and how many
waves can interfere with white light and the eye as a detector
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