CLASSROOM

Classroom

Inthis section of Resonance,weinvitereadersto posequestionslikelytoberaised
inaclassroom situation. We may suggest strategies for dealing with them, orinvite
responses,orboth.“Classroom” is equally aforum forraising broader issues and
sharing personal experiences and viewpoints on matters related to teaching and

learning science.

I Quantum Theory of the Doppler Effect

Generally text books give only the wave theory of the Doppler
effect. It is instructive to consider the same phenomenon in the
guantum theory, allowing for the effects of special relativity . Let
M be the mass of the source and V its velocity before photon
emission. When a photon is emitted by the source, the internal
energy EchangestoE'. Wedefine v, = £~ . Asaresultof photon
emission the source experiences arecoil, and hence its velocity
changestoV'(Figure 1). Intherelativistic case the changeinthe
internal energy ofthe source, is nothing butthe energy associated
with the change in the rest mass of the source. If the rest masses
of the source before and after photon emission be M and M’
respectively, then (E- E)=(M-M") c2

Now momentum conservation leads to

MV = MV cos¢+&cos®
\/1_[32 \/1_[32 (of ’
O:Msin ¢—h—CVsin 0O,

G SRanganath, Raman Research
Institute, Bangalore 560 080

- -

RESONANCE | October 1996



CLASSROOM

@ v 2 I
Ve P

Further, energy conservation gives

Mc? _ M ’c? by
J1-B2 J1-p2

In these equations p=V/c, p'=V '/c and c isthe velocity of
light. Also © is the angle between the direction of the initial
velocity V and the direction of the light emission and ¢ is the
angle between the directions of V and V' Eliminating M', V'
and ¢, we get

2
hvg

Mc?v
(1-Bcos®) = Mc?v, -

1-p2

If the mass M of the source is sufficiently large compared to the
photonic mass (hv,/c?) oflightthenwe canneglectthe lastterm
to get:

J1-PB?

V=vyg ———.
1-pBcos®

Itis important to note that v=v, evenwhen © =7/2. This is the

famousrelativistic transverse Doppler effect. Incidentally we get

the well known result of the non-relativistic Doppler effect when

Figure 1 Quantum theory

of the Doppler effect.
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©=0 and p?is negligible compared to unity. This theory is rather
reminiscent of the Compton theory of X-ray scattering by
electrons.

We can easily generalize thistheory to discuss the Doppler effect
ina medium. If the refractive index of the medium is u then we
change Bto up. Aninteresting possibility ina medium is that the
source can move with a velocity greater than the velocity of light
inthat mediumi. e., V> c/u. Then a careful analysis leads to the
surprising result that even if the source is not initially excited, it
will be excited with the simultaneous emission of photons inside
the Cherenkov cone (O < © =cos™ (ﬁ )). Then the excited
source will make a transition to the lower state emitting photons
outside the Cherenkov cone (© > ©,). This is not a paradoxical
result since the energy needed for exciting the source and for the
emission of the photon are both derived from the kinetic energy
ofthe source.

Suggested Reading

¢ VL Ginzburg,LMLevin, M S Rabinovich and DV Sivukhin. Problems
in undergraduate physics.Pergamon Press, 1965.
¢ VL Ginzburg.Waynflete Lectures on Physics. Pergamon Press, 1983.

! Microbiology as if Bird Watching

| became a bird-watcher much before | started studying
Microbiology for my Bachelor’s. | wasn’t sure why | opted for
Microbiology. Perhaps just by default, since inthose days, there
were few options for a student not going into medicine. | was
equally uncertain about taking bird-watching seriously. Itjust so
happened that one of our instructors, in a sort of hobby-club to
which | subscribedin my high school days, took us bird watching
once ortwice. Somehow, this hobby lingered on and became more
and more absorbing. Today | can say with confidence thatiflam
a good microbiologist, it is because of bird-watching.
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