Lab #3 -- Basic interference (Mach-Zehnder Interferometer)

In this lab a Mach-Zehnder interferometer will be used to observe interference between two plane

waves, a plane wave and a spherical wave, and a plane wave and a cylindrical wave. An important part of this

lab is determining whether a wavefront is diverging or converging by looking at the interference fringes and

lightly pushing on one mirror in the system. You will use this procedure a lot during the semester.

Preparation

1) Adjust the mirrors (M1 and M2) so that the two beams are superimposed at the reflective surface of

the beamsplitter (BS2).

2) To get the two plane waves nearly parallel, put a lens in the interferometer output and adjust the

second beamsplitter so both beams are superimposed in the focal plane of the lens. There should be

no shear between the two beams.

3) Repeat 1) and 2) until there is no shear between the beams.

4) Adjust the tip and tilt of the second beamsplitter to get interference fringes.
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Procedure

1) Look at the two interferometer outputs. Prove to yourself that the two outputs are 180 degrees out of phase.

2) Note the shape of the fringes. Flip the collimating lens. Again note the shape of the fringes. Adjust

the collimating lens to obtain minimum aberration, and repeat the alignment procedure to get straight

equally spaced fringes.

3) Zero out the tilt fringes. Put a weak, positive spherical lens into one arm of the interferometer. Adjust

the tilt to get circular fringes. By measuring the diameter of the circular fringes determine the radius

of curvature of the spherical wavefront.

4) Push in very lightly on first one, then the other mirror in the interferometer. Note that pushing in on

one of the mirrors causes the fringes to expand, and pushing in on the other mirror causes the fringes

to contract. By pushing in on a mirror and watching the direction of fringe motion determine a

procedure to tell whether the spherical wavefront is converging or diverging.

5) Repeat 3) and 4) for negative spherical lens.

6) Put a positive and negative lens of supposed equal magnitude of power into the interferometer.

Determine if the resulting power of the lens combination is positive or negative.

7) Repeat 3) and 4) for a "cylinder lens."

8) Put a cylinder lens and a spherical lens together and note the resulting interferogram. Explain the

shape of the fringes.

To determine the radius of curvature of a wavefront by looking at the fringes.
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where r is the radius of curvature of the mth fringe, and 
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 is the distance to the viewing plane from a spherical wave source (the radius of curvature of the wavefront).  By measuring r for two adjacent fringes we can solve for The equation is
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 are radii of adjacent fringes The sign is determined by pushing on one mirror and noting the

direction the fringes move.

Diopter

One diopter is one inverse meter of power. If I have a focal length of 4 meters, that is 0.25 diopters of power.

Questions

1) What tilt angle between the two beams of the Mach-Zehnder gives 5 interference fringes?

2) Is the interferometer sensitive to vibration?

3) Explain why aberrations in the collimated laser beam affect the shape of the interference fringes.

4) If a positive spherical lens is placed in one beam, do both output beams have the same sign, ie. are they

both contracting, both expanding, or one of each?

5) In part 4, why does pushing on different mirrors cause the fringes to move in different directions?
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