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Physcs360 - E1
THE SPEED OF LIGHT

References.  Elementary optics books by Morgan, Jenkins and White and Sears

(A) The speed of light usng avariation of the Miche son-Foucault method.

Countar

L; 17 cmfocal length
L, 5cmfocal length

M 1 flat mirror, rotating
M, M 3 flat mirror, fixed

M 4 haf-silvered mirror

- TM travelling microscope

In an optimum arangement the disance from the source (or object), S to the lens L. is
2f,. Animage S is formed a M, and the image digance L, to M, is then dso 2f,. The disance
from Sto the rotating mirror M, should be approximatdy equd to f,for best results.

The lignt from M; is then directed back through the sysem to form an image S' as
shown. Thetdescopeisusedtolocae S'.

In your introduction show that the pogtion of S' is independent of the angular postion of
M,, as long as light can pass through the system. Object- image pogtion rdationships for plane
mirrors and lenses are dl that are required for a beds for this proof. Explan why the image of
S' moves when the rotating mirror is speeded up. Derive an expresson for speed of light in
terms of the speed of the rotating mirror and the distances involved.

SYSTEM ALIGNMENT: Assuming that the focd length of L, is 5.0m, arrange M,, M,
and L, as shown to an accuracy of =5 cm. L, isdready mounted on the laser.

Usng the specid key provided, adjust the angular podtion of M, to cause the beam to
pass through the centre of L, and reflect off the centre of M, and then M. Now adjugt the
pogtion of M; so that it reflects the beam directly back upon itsdf. You should be able to see the



two spots on L, as they come into coincidence. It is diticdly important that the returning beam
is seen to enter the opening for the rotating mirror.  The beam should now form image S'. Insert
the polarizer into the beam and adjus it to obtan a minimum intengty. DO NOT look through
the microscope with M, ddionary. Note that for an adequate photocdl signd consderable laser
light must pass M, when it is pardld to the beam  The photocel therefore needs to be carefully
adjusted to redlize an adequate outpLt.

Stat the mirror rotating a ~ 2 rotationgsec. Set up the traveling microscope to focus on
M,. You should see a shap bright spot flashing a 4Hz. Extra spots are due to reflections at the

back surface of the beam plitter. If the spot is not adequate repest the aignment.

Note that the podtion of S' changes with mirror speed. Make severd graphs relating
this displacement to the mirror speed. Use least squares fits and average the vaues of C obtained
from the severd grephs  Make dgnificant and quantitative comments on sources of errors for
this experiment.  Specificdly decide if it is the indrumentd or experimenters erors which are
mog sgnificant.

(B) The Speed of Light Usng a Pulsed Laser

A red light emitting semiconductor lasr which can have its output power modulated by
an gpplied voltage is usad to direct a beam of light dong a long pah by way of a lens some
plane mirrors and a retro-reflector (corner cube). The latter returns the beam to the source.  An
goplied voltage pulse periodicdly cuts off the light. The returned beam is directed into a fast
photodiode, dong with the reference pulse, from a nearby mirror.  The difference in arivd time
of the (negaive) pulsess can be measured directly on a digitd dorage oscilloscope.  The
measured time interva and the known distances can be used to determine the speed of light.

OPTICS. The laser beam converges to a sharp focus about 30 cm in front of the laser.
The large lens has a focd length of 5.0 m. It should therefore be placed a this distance from the
focus of the lasar.  The beam, quite large at the lens will then remain wel collimated and return
to refocus a the origind focus The deector and sndl lens should be adjusted to pick up the
returning beam, and the smdl mirror "M" should be adjusted to put sufficient reference beam
into the detector.

ELECTRONICS. The pulse generator provides two outputs, one to modulate the laser,
and another to trigger the ostilloscope. The A input should be st @ maximum sengtivity, and
connected to the detector. The B input is used to digplay the voltage pulse, and to trigger the
swveep of the ostlloscope. Once good sgnd are obtained, the oscilloscope should be put into
averaging mode to smooth out the pulsess A had copy of the screen of the scope may be
obtained if aplotter is connected.
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EXPERIMENT: Measure dl rdevant didances Note that the retro-reflector
may be placed in the beam anywhere beyond the large lens  You should do messurements for
svad different digances. Give some thought to where you podtion the cursor; some places

may be better than others.

RESULTS.  Cdculate the vadues for the speed of light usng the measurements for the
different path lengths Asdgn experimenta errors for eech.  Combine the results weighting the

different vaues according to standard methods (see Appendix). Quote your find average result

and its absolute error.



APPENDIX
J(%e, ) +(%e)? =c = (%e)=c *¢

, = l, te _ 4 N
tl * e[ tl
where @ will only have one dgnificant figure and ¢, is rounded off appropriately.
WEIGHTING: Each c vdue is weighted inversdy as the square of the associated error.
- dthough

You can use the absolute error or the % error here snce the resulting difference in
important in some Stuations - is not Sgnificant here.
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Aswadl, the error in the mean is given by:

Cean = i
e’
An example
€, =285+008, =305+006, G=315+02
Then:
285 305 315
= (0'28)2 (0'26)2 (0'12)2 = 2.9874+0.0467
(0.08)? ' (0.06)* ' (0.2)?

or findly with atention to Sgnificant figures.

€T=29+005
Revisad Spring 2001, J. Gardiner



