Fizeau Interferometry Lab

This is a rather free-form lab.  Your task is to observe, to try to understand what you are seeing, and then to explain it.  Station 3, in particular, has many more things that could be investigated than you will have time for.  So start out by attempting to answer the questions posed here, and continue with whatever piques your interest or seems important to you.  You will be graded by how well your notebook describes what you have seen and by how well you make it apparent that you understand it.
What you see at all three stations is described by the geometrical equation for the optical path difference between two locally-parallel surfaces:

m = 2 n d ( cos(,

where m is the optical path difference (in wavelengths) for light reflected from the first and second surfaces (or for light passing straight through and that reflected by both surfaces in the case of transmission), n is the index of refraction between the surfaces, d is the distance between the surfaces, ( is the wavenumber of the light (equal to 1/(), and ( is the angle between the observation direction and local normal to the surfaces.  There will be a brightness maximum wherever m is an integer or odd half-integer, depending on the nature of the reflections, and a brightness minimum when the other is the case.  The profile in between depends on the reflectivities, which determine the effective "number of beams" involved in the interference.  The more complicated math this involves will be discussed in lecture and can be found in the text.  It is not needed for this lab.

The many manifestations of Fizeau fringes and their apparently complicated behavior are due mostly to the fact that there are five variables in this equation.  In the usual situation, we are setting up an apparatus to measure one of these; a spectrometer for example would measure (, while a position control interferometer would measure d.  It is then necessary to control variations in the other parameters to allow the desired precision in determining the one of interest.  You will be investigating the effects of varying each of these, with the exception of ( which will wait for the Michelson experiment.  You will want to investigate the concepts of bull's-eye fringes, straight line fringes, localized fringes, and fringes at infinity.  Please identify each of these concepts at some point in your notebook!
Note two “special cases” of the equation: If you a looking at the shape of a fringe, or the motion of fringes as something is varied, then m is a constant for any given fringe, and you can solve the equation for one variable on the right in terms of the others.  If you are looking at the distance between two fringes, then (m = 1, and you can again make an appropriate solution of the rest.

Note that fringes can be “washed out”, or rendered invisible, if light collected at one point (on an image screen or on your retina) has a range of m values.  Then you see only the average brightness over the range of m, which will not change much with m if the range approaches or exceeds one.  You will investigate this somewhat quantitatively at station 1.  Its effects can also be investigated by using a lens larger than your eye or by “stopping down” the diameter of your eye with a pinhole, techniques you should definitely try at station 3.

It will help you immensely at certain points to recall that the leading terms of the Taylor series expansion of  cos( are 1 – (2/2.  

Station 1 — Adjustable Fabry-Perot Etalon

You can make small adjustments to the parallelism of this pair of reflecting plates using the knob at the edge.  Ask the instructor to show you how.  You should not turn it unless you are observing fringes — it is time-consuming to get back in alignment if it gets far off.  The sodium lamp takes about 10 minutes to warm up, after which it produces a closely-spaced pair of bright yellow spectral lines.  The lens can be used to project an image of the light that comes through the etalon on a white screen.  You can image pure angles on the screen by placing it at the image of infinity, or you can image the etalon on the screen by appropriate placement of screen and lens (remember your conjugate methods!).  There are also two iris stops.  One can be placed immediately behind the etalon to restrict the area of the etalon observed, and the other at the infinity focus of the lens when you are set up to observe the etalon image on the screen.  What does it limit at this point?  Decide what the effects of these limiting apertures should be, and how they interact with the varying slope of the etalon spacing.  Get this in your notebook!  It is usually useful to put your eye in the light path and figure out what's going on before you try to get an image on a screen.  (This helps because your eye is smaller than the lens.  Why does that help?)

Station 2 — Fabry-Perot Etalon with fixed spacer and pressure scanning

This station has a very precisely parallel etalon in a chamber where the gas pressure can be varied, allowing you to adjust n.  Project the rings on a piece of paper on the wall. 

1. With the pressure fixed, measure the diameters of several successive rings. Derive the formula for (((2), and verify it from your data, using the distance from the lens to the wall to turn the diameters to angles.  HeNe laser light ( = 6328 Å.  Calculate the FP gap, d, from your data.  You can approximate n by 1 for this calculation.  Why can you get away with this when we will use d below to calculate n0 to 0.003%? 
2. Change the gas pressure and note the effect on the rings.  Explain why the rings move away from the center of the bulls eye when the pressure increases. (You can think of this as "blowing rings" so you remember without figuring it out each time.) Starting with a tiny closed ring at the center, measure the pressure difference that will bring successive orders to the center.  Use this information and the value of d found above to calculate the refractive index n0 of N2 at S. T. P.  Note that (n – 1) varies linearly with gas density.  The gauge reads Torr relative to atmospheric pressure.  The air pressure on the 4th floor of Chamberlin is typically within (10 Torr of 738 Torr.  Try to keep the gauge from going off scale at 800 Torr.

Station 3 —  Assorted sources of Fizeau fringes

This station has two mercury lamp boxes that are filtered to pass only a single green spectral line.   There are a wide variety of glass surfaces available, and you are to use the grand Fizeau equation to see what you can tell about them.  Answer as many of the following questions as you can, but do not be constrained by them.  You can add or substitute others of interest.

1. There is a 1/10-wave precision reference flat in a box.  Take it out and use it to locate the good flat among the specimens that are set out.  It is about 3 cm diameter and has a caret mark on the side indicating the good surface.  Then put the reference flat back in the box — please don't leave it out or handle it unnecessarily.  The instructor will show you how to use a kimwipe to remove dust from the plates before they are placed in contact.

2. There is a second rather good flat.  Locate it and note the appearance of the fringes, and how air trapped between the plates can be gently squeezed out.  Use the kimwipe . . .

3. Investigate other pieces of glass.  How do the fringes show you how flat the piece of glass is?  Can you quantitatively determine the surface profile?  How would you judge whether a flat specified as “1/4-wave” really meets this specification?  Concentric circles indicate a bump or dip.  How can you tell which it is?  (Pressing down gently is one way.  Can you tell without touching?)

4. Some pieces are quite flat (showing rather straight fringes), but have jagged edges on the fringes.  What is this telling you about the surface?

5. Take the thinnest of the projector slide cover glasses (about 4 x 6 cm in size), hold it up close to your eye and move your eye to various positions while looking at the light box.  What do you see?  What does this tell you about the piece of glass?  Try it with other samples.

6. View a pair of plates with some "wedge," giving a number of parallel fringes.   Now move your head through as large a range of angles as you can, from zero to close to 90°.  The fringes will move.  Why?  How do they move as a function of the angle?  What does the direction they move tell you about the spacing between the plates? Does the distance between fringes change markedly as the angle of view gets large. How and why? 

7.   Use the beamsplitter to enable you to examine fringes at normal incidence.  Why do you need it to be able to do this?

