EXPERIMENT O-6

Micheson I nterferometer

Abstract

A Michelson interferometer, constructed by the shidis used to measure the wavelength of He-Ne
laser light.

References

Taylor, Zafiratos and Dubson, Modern Physics, sdaatition, Section 1.5.

Pre-Lab

Look at the Michelson interferometer diagram in teference, and compare to Figure 1 below. Irsfeixt
is usually assumed that an observer looks intantteeferometer, so that the eye receives light that
originated at a relatively weak source. In thiperkment a laser is used as the source, so thieldighing
the interferometer is bright enough to be projectec screen.

Suppose that in Figure 1, the lens between the daskthe interferometer is removed. The lasembtban
follows the dotted path (length x) into the intedimeter. When it hits the beamsplitter, half tightl is
reflected along pathJto a fixed mirror and the other half continuesigiint ahead, along path,Lto a
movable mirror. The mirrors reflect the light baokhe beamsplitter, where each returning raglisagain.
Half of the light returning from each mirror leavi®e interferometer along the dotted path (lengthnd
travels to a screen mounted on the far wall. Stiineee are two light beams arriving at this pomtite screen,
the spot is bright or dark depending on whethey #re in or out of phase. One beam travels ardista +
2L, +y from point S to the wall, while the secondréis x + 2L, +y. The difference in these path lengths is
therefore 2(k - L1), and the spot on the screen is bright only whexig an integer times the laser wavelength,

i.e. when(L, - L1) = n QA/2).

Now suppose the movable mirror's motor is runngugthat Iy changes at a constant rate. The spot
where the dotted path meets the screen (far wdllltherefore alternate between bright and darkneO

complete cycle of this intensity variation is cdlke"fringe shift" and occurs each timgdhanges by/2, i.e.
whenAL; = n QA/2).

When the lens is in front of the laser, as showFigiure 1, it focuses the laser beam to point Schvh
acts as a point source sending light into the fiatemeter. Light waves emerging from a point seuace
spherical, i.e. the light rays coming out of S dij@from one another. This means that the ligssipg
through the interferometer illuminates the entimeen, not just the “central” point where dotteith yenits. To
find out if a particular point P on the screenright or dark, we need to consider the differemqasith lengths
from S to P for light traveling along the two arofdhe interferometer. The resulting pattern anghreen
turns out to be a series of concentric circulaghtrand dark bands called "fringes", as illustrateBigure 2
below.
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Figure 1: Michelson Interferometer

To understand why the pattern is circular, rementtetrthe lens focuses the parallel rays from the
laser to the point, which can be considered as the actual "sourckfjlfentering the interferometer. As
described above, light froBigets to the screen by either of two routes thrahghinterferometer and, for the
center of the pattern, the lengths of these rares+ 2L, +y andx + 2L , +y, respectively. Therefore, what
happens on the screen is the same as wbald happen if there wergvo point sources located at these
distances in front of the screen on a common agishown in Figure 2, provided that wave cresisleach
of the sources simultaneously. (Notice that if yonfold" the paths in Figure 1 you get Figure &ince
L,>>(L,-L ), the rays frons, andS, to P are nearly parallel. For a particular angléhe light fromS; travels
a distancer while the light fronS, travelsa + 2(L ,-L ;)cosB. If the difference between these two path lengths
is an integral number of wavelengths, construdtiterference occurs and you have brightneBs&ince the
same angl® exists for all point$® on a circle concentric with the center of the pattgou see a bright
circular ring. Finally, if you increase or decre8sso tha(L , -L ;)cosB changes b/2, you get a dark ring.
The pattern is thus a series of concentric brightdark fringes.

To make sure you are prepared for lab and readPtleeedure section below. Think about
QUESTIONS 1 and 2, so you can quickly answer when you come to theka.always, feel free to ask
guestions!

Apparatus

Steel plate on an inner tube Short focal leqgiitive lens
He-Ne laser and stand Beam splitting cube ognetic base
Optically flat reflectors on magnetic bases

Procedure

Taking care not to touch any optical surfaces, énatthe components on magnetic bases. In contrast
to ordinary mirrors, the optically flat reflectdnave their reflective coating on the front surfatéhe glass.
This results in higher optical quality but makesiich easier to damage the coatingease avoid contact
with these coatings, sincethey scratch easily and are severely corroded by skin oils. The tilt of the mirrors
can be adjusted by turning the two screws thatkaftao the base. Set the screws near the mafdheeir



travel range. Note that the beamsplitter cubeattaalf-silvered" interior diagonal surface, cagsirbeam of
light entering any side to be half transmittedafgiint through) and half reflected (at 90 degrees).
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Figure2: Two Source Representation

Do not turn the micrometer shaft by hand. Movement causes "backlash” that can last 10 teshu
Note that the motor turns the shaft very slowlyy@o can read the micrometer even with the motorvdake
sure you know how to read the scale (refer toGbenmonly Used Lab Equipmdimk in Lyceum) before
starting.

Place the steel slab on top of the inner tube waitt,the levers on the magnetic bases in thafii""
positions, arrange the optical components on thle abk shown in Figure 1. Place the laser opptigite
movable mirror and adjust the components untilakes of the laser and mirrors are perpendiculéngo
beamsplitter faces. Lock the magnetic bases tetded slab.(Hint: It helps ifL; andL, are nearly, but not
quite, identical. Also, you may want to positiba tnirror with the motor in a location where youymwaad
the micrometer scale easilyWyith the laser on, you should see a patternighbdots on the wall opposite the
bench. Observe the behavior of these dots whemither tilt adjustments are varied, returning siceews to
the middle of their travel rangeQUESTION 1: Why are there more than two dots? To determihg, w
observe what happens when an index card or piepapdr is inserted between the beamsplitter ame iedf
the mirrors. Next, try blocking both mirrors.

The first thing to do is to make the two brightdets overlap. As a coarse adjustment, align the
magnetic base first. For fine adjustment only,thsescrews to modify the tilt of one of the migoWhen the
dots overlap, place the lens in front of the |aseh that a broad spot of light appears on theapalbsite the
bench. Inreduced room light you should now skimge pattern in this spot. The pattern can retered by
making fine adjustments in the tilt of either mitro



Wavelength M easur ement

One "fringe shift" corresponds to a change in "Emngth”,AL 1, equal to\/2. You getAL ; by taking
the difference between two-micrometer readingse gdul in this lab, as in all labs is to minimizeartainty
in your measurements. If the uncertainty of therameter is known, then the change in ‘arm length’
necessary to keep the uncertainty in our calculatis small as possible can be calculated. (ithdf
uncertainty of the instrument you are using is 1rang you take a measurement that is 4mm, thenngou a
only certain to 25%, which is not great. Howevdhe measurement you are taking is 100mm, them you
result improves to 1% uncertaintyQUESTI ON 2: Assuming you can read the micrometer to one-tefith
smallest scale division, and can count fringe shifith complete certainty, how much should the langth
be changed to guarantee a wavelength result with tban 5 percent uncertaintylRote: the rest of this
experiment is based on the correctness of your @mteathis question. Check your answer with onaof
before proceeding!

Using the micrometer scale, determine the numbgingfe shifts that result from a known change in
the length of one interferometer arm. Be suredont enough fringes to guarantee a final wavelength
uncertainty smaller than 5 percent. Repeat (aterg lab partners) the measurements at least twe times.

Sample Calculations
Compute the best wavelength for one of your tri&aow all calculations.

Dismantlethe apparatus, unplug any equipment, and return thelab to itsoriginal state.
Analysis

From the data taken in the first part of the labd fthe wavelength\, of the laser light and its
associated uncertainty in Excel. Find the uncetydirst, by finding the wavelength for each tréald using

(max-min)/2, and then by using partial uncertaanglysis wriAL 1 andN (the # of fringe shifts). A sample
spreadsheet for this experiment is included in yee For more information about partial uncertainéad
theLab Supplement: Worst-Case vs. Partial Uncertafalysislink in Lyceum.

Important: In this and future labs, be sure to include inytab book the Excel formulas
used for calculations, and be sure your printecegpisheets include the alphanumeric row
and column headers that appear in these formulasprint Excel formulas, you can toggle
your spreadsheet view between formulas and theuleddd results of formulas by typing
Ctrl-~, where ~ is the key above the Tab key. rird gxcel alphanumeric row and column
headers, you should find an option to “Print heagiihin the Page Layout tab.

QUESTION 3. Suppose that in Figures 1 and 2, x = y=15.00 cm and = 5.15 cm, and the wavelength
of the light incident on the system is 600 nm. wae all of these values are exact (quantities are
valid to at least 8 significant digits).

a) Referring to Figure 2, how many wavelengthigbit will fit between points Sand $ (along line
segment §5,)? Record you answer to the nearest half a wagtien

b) Based on your answer to (a), is the centehefriterference pattern an intensity maximum or an
intensity minimum? Explain why.

¢) Now assume point P in Figure 2 lies on the firgy of minimum intensity from the center of the
pattern. How does the length of the small rigiainigle side labeled 2fl- Ly)co9 differ from the
length of the side of the right triangle definedlimg segment &,? Hint: you don’t knowd — this
involves a little thought about constructive andtdgctive interference!

d) For the conditions described in (c), what & ¥hlue ob in degrees to 2 significant digits?



e) What is the diameter (in cm) to 2 significaigitd of the smallest dark ring of the interference
pattern (the ring that corresponds to the firgriigrence minimum)?

Write a conclusion that summarizes and interprets your results. Restate results and
uncertainty, comment on whether results appear to be reasonable based on known values for
calculations (alittleresearch can help here!!l) discussreasonable sour cesof uncertainty (look at partial
uncertainties to help!!), suggest ways you could improve the results if you were to repeat the
experiment, mention problemsyou had in lab, etc...



