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NOTES AND DISCUSSIONS

Doppler beats or interference fringes?

Paul S. Kelly

Department of Physics, Humboldt State University, Arcata, California 95521

(Received 24 July 1978; accepted 13 October 1978)

The article by Remy on the optical Doppler shift! makes
no mention of a simple and potentially very precise version
of the same experiment which can be carried out using a
Michelson interferometer with a moveable mirror. To ob-
tain audible beat frequencies, the mirror can be cranked at
speeds much less than 1 mm/sec by using a variable speed
motor drive. Mirror speed is determined to three or four
figures by using a stopwatch to time motion over distances
measured by the interferometer scale. The recombined
beams from the interferometer arms falling on a photocell
detector can easily be made to generate beat frequencies
covering the entire range of audible sound. Students can
hear the beats while seeing them on the oscilloscope. En-
tertaining effects are obtained by cranking the mirror
manually.

There is a different point of view to take about these
Doppler beats, namely that the variations of light intensity
arriving at the detector are caused by the ordinary inter-
ference fringes of the interferometer as they move by. In-

Note on properties of spin-1 matrices

Samuel M. Harris

terference fringes are of course present whether the inter-
ferometer mirror is moving or not, and are not in most dis-
cussions associated with Doppler shift or beat frequency.
However, when one mirror is moved new fringes must ap-
pear (or disappear) at the rate of one for each half wave-
length of mirror displacement. A simple calculation shows
that the number of fringes per second expected to be ob-
served by moving the mirror at speed v is given by exactly
the same formula f = 2Fp/c that results from the Doppler
shift theory. (F is the light frequency.)

By placing the photocell detector behind a hole in a screen

- the moving fringes can be observed while the beat frequency

is being heard. The demonstration of two superficially
different explanations converging in one experiment has
great pedagogical value and has been observed to awaken
interest not only in students but in well motivated faculty
members.

'F. Remy, Am J. Phys. 46, 763 (1978)

Department of Physics, Purdue University, West Lafayette, Indiana 47907

(Received 14 August 1978; accepted 5 December 1978)

In a recent paper in this journal,! Weaver has demon-
strated strong similarities between certain spin-1 and spin-1
problems. Much of his development depends on his Eq.

S,-SjSk + SijS,- = 6ijSk + 5ij,'. (1)

The steps which lead to the above result depend on a fa-
miliarity with the properties of the spin tensor under Lo-
rentz transformations and the relation between the spin
tensor and the usual vector spin matrices. Although this
powerful approach may be used for dealing with any spin
value, many readers, particularly students who would
benefit most from Weaver’s later discussion, do not have
the background to follow these arguments. In the following
paragraphs, we provide an alternate proof of Eq. (1).

We will deal with a 3 X 3 matrix representation of the
spin-1 operators. Since a 3 X 3 matrix has nine components,
the most general such matrix can be expanded in terms of
nine linearly independent basis matrices. The nine possible
quadratic combinations of our spin-1 matrices form such
a basis, so that we can write for a general matrix M,

M= CUS,S] (2)

(A repeated index indicates summation over that index.)
The spin matrices themselves can be expanded simply in
such a series because of their commutation relations,
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S,'Sj - SjS,‘ = iéiijk. (3)
A particular example would be
S3 =i(S28) — S152). 4)

Similarly, the unit matrix expansion follows from the re-
sult:

Si+S3+83=2. )

A product of three or more spin-1 matrices may always
be reduced to the quadratic form given in Eq. (2). In par-
ticular, we have

SiSjSk = AijkmnSmSm (6)
where the expansion coefficients must be imaginary con-
stants. This latter property emerges if we observe that Eq.
(6) must remain invariant under the time reversal operation
which changes the sign of a spin operator, and replaces a

¢ number by its complex conjugate. The adjoint of Eq. (6)
is (since the S; are Hermitian, S| = S;)

(SiSiSk)t = SikSiSi = A jkmn(SmSn)t
= _-ﬂijkmnSnSm- (7)
Adding Egs. (6) and (7), we obtain
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