Michelson Interferometer

Refer to figure 1 for a schematic of the Michelson Interferometer.

Apparatus

DO NOT HANDLE THE MIRRORS.  They are "front surface" mirrors.  This means the reflective material is on the surface and can be permanently damaged by being touched!!

P1-beam splitter (front face partially reflecting)

P2-compensator glass

M1-mirror 1 (front face)

M2-mirror 2 (front face)

Background

Background for the Michelson Interferometer can be found in most optics texts.  See the list of references.

Procedure

Study the mechanism.  Determine what each moving part does.  Note the adjustment screws that should be found on at least one of the mirrors.  Note the fine adjustment screw (micrometer).  Study the adjustments that can be made and determine what motion they control.  Determine quantitatively how much control the fine adjustment screw has.

Using a ruler, place the moveable mirror such that the path taken by light is the same for both mirrors.  You will only be able to do this with an accuracy determined by the ruler and your ability to move the plate holding the mirrors with your hands.  Thus the mirror should end up placed with a fraction of a millimeter.  This technique should be sufficient to position the mirrors adequately for the observation of fringes.

Aim the laser at the beam splitter as shown in the figure.  Set up a screen as shown in the figure.  Multiple spots from the laser beam should be observed on the screen.  Make adjustments with the mirror screws to make the multiple images of the laser light overlap as best you can.

Insert a diverging lens between the laser and the interferometer.  Adjust the position until the broad beam of the laser is seen on the screen.  If the alignment has been done adequately fringes should appear on the screen within the field of the laser beam.

When fringes are found adjust the mirror screws, M1 and M2, such that concentric fringes are seen.  When this has been done data can be taken with the apparatus.  

Every time one of the mirrors is moved by one wavelength a new fringe will appear.  A given position of the mirror, d1, is related to the wavelength of light by 2d1=m1, where m1 is a fringe of order 1.  The next fringe will thus be related to the new position by, 2d2=m2.  The absolute positions, d, and the absolute fringe numbers, m, are difficult to determine.  However, the difference, between two positions can easily be determined, from the micrometer readings and the difference in fringe number can easily be determined by simply counting the number of fringes that appear when positioning the micrometer between two positions. Thus the wavelength of light can be determined from:

                  (d1-d2) = (m1-m2)/2

In this equation d is not the position of the micrometer, but rather the position of the mirror that is moved by the micrometer.  You must determine how the micrometer motion and the mirror motion are related quantitatively.  

The larger the differences (d1-d2) the more accurate the measurements will be.  Use this relationship and measure  several different times.  For each measurement be sure to move the micrometer in one direction only.  If not hysteresis in the screw may affect your determination of position.  State your result and include a standard deviation.

Atomics Laboratories M-3 Interferometer - Specifications

As the micrometer is turned it moves a lever up and down.  The lever is 5.150 inches between the micrometer screw and the axis about which it rotates.  The shaft on which the lever rests has a radius of 0.1015 inches.

Reference: 

Fundamentals of Optics, Jenkins & White, McGraw-Hill



Instructor's Notes

Students do library work on Michelson Interferometer before lab.  If they know basics I have an easy time of explaining things.  In fact they explain it to me.

Have them study apparatus and let them figure out, with leading questions, how the damn thing works.  Relate mechanism to wavelength (need to move mirrors by nanometers!!).  Have them explain in detail how to determine mirror movement from micrometer readings.

Once fringes are found explain why the pattern jumps so easily, or have them explain it to you, you know they understand that the mirrors only have to move nm for fringe to move.

Explain the importance of counting many fringes to get good determination of .

Have them calc  before they leave.
After they were done with data I explained what Michelson Morley did when studying the ether.
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Figure 1.  Michelson Interferometer
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