PHY 252 Lab 2: Searching for the Ather Wind

Fall 2009

In this lab, you will use the same Michelson interferometgup from last week, but look at
its measurement characteristics in more depth and thentgedesék for the “Ather wind” which,
if it existed, might have been expected to alter the speeidjlof. |

1 Determining random and systematic errors

Last week you noted a micrometer position in its dial unithiok we will call d;. You then
moved the micrometer untih fringes had crossed your reference mark on a viewing scegen,
which point you recorded a second micrometer positignAs we’ll see later on in the course,
we can predict from fundamental physics the emission wagttecorresponding to a particular
atomic transition, so we will assume that the wavelengtbf light emitted from the laser is a
known quantity. Therefore, we can determine a scaling factmetween micrometer dial position
differenceqd, — d;) and true physical distances, from
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All said and done, right?

Well, maybe not. How reproducible is your measuremeritofre there any systematic vari-
ations? Any random variations? We want to learn somethiogtie accuracy of measurements
in the process of answering these questions. Here’s theguoe:

1. Set up the Michelson interferometer all over again, feifg the procedure you used in the
last lab.

2. Starting from micrometer dial positiafy, move the micrometer unti, fringes go by.
Record the ending positiafy.

3. Now move fromds until anothermss fringes go by (chosei,; = mq»; that is, you might
move bym = 15 fringes each time), and recodd.

4. Keep doing this, recording, ds, . . ., ds; or so, with the same number of fringes going
by each time.



Now how should we look at the data? Let's ask if there is anygibs variation in the micrometer
scale factok. That is, we want to calculate a scale factor for each indizignove:
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and so on. Next, you can calculate the mean scale factor
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and the individual deviations from the mean

Plot these values oAk; versus the index. If it were a perfect experiment with no random or
systematic error, you would have the same valuk, @f each case, giving\k; for all values. But
what do you see? Is there any systematic trend to your elratyou can see? What's a “typical”
or representative error? You might try calculating a “tgbierror according to
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and see if this gives a good characterization of the “typieabr.
Note that all of the above calculations are really easy tmdospreadsheet program.

2 Hunting for the aether wind

Now that you understand the measurements you can get outuofMizhelson interferometer,
let’'s go looking for the aether wind. If one arm of the intediereter were flying into the wind,
while the other was across the wind, you would expect to stereinces in light propagation
speeds and thus in the number of waves per distance in oneasusvanother. Therefore you
want to measure the micrometer dial distance required tdyo® say, 30 fringes going by in one
interferometer orientation, and then you should rotateetitée interferometer b90° and repeat
the measurement. Usirigas determined above, what was the physical distagce- k(d; — d;)
needed to have 30 fringes go by in one orientatibs:(0°), versus the distance,. = k(dy — dy)
needed to have 30 fringes go by in the other orientatior 00°)? Make your comparison in the
context of the random error you found in micrometer scaléfae, above.
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