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The parameter Hp is related to an effective Dingle
relaxation time r through r = vm~c/eHj» where m~

is the electron effective mass. We let A~ be the
oscillation amplitude at V= h~o/e when relaxation
by LO-phonon emission is allowed and Az be the
oscillation amplitude at V= h~o/e when relaxation
by LO-phonon emission is forbidden. If y2 is the
relaxation time governing Aa, the relaxation time
w&, governing A~, is given by

I/r ~
= I/v2+ I/r ~, (2)

where v. ~ is the LO-phonon emission time. The
ratio A2/A& is then given by

A /A = '" «'Lo'"
a (3)

It is clear from Eq. (3) that the decrease in oscil-
lation amplitude at P= 30 mV should be more pro-
nounced at lower H and that v~ can be determined
by measuring this amplitude decrease as a function
of H.

In Fig. 2, we plot A2/A~, obtained from data in
the Pb positive bias at 4. 2 K, on a logarithmic
scale as a function of the inverse magnetic field
B . The quantities A2 and A, are obtained by in-
terpolating the bias dependence of the oscillation
amplitude. In other words, A& is the oscillation
amplitude at P= 30 mV as extrapolated from V&30
mV, and A& is the amplitude at V= 30 mV as extrap-
olated from V&30 mV. From the slope of the
solid line in Fig. 2 and using m" = 0.032 mo (as
deduced from the observed oscillation' period) we
obtain rLo=(5. 1+0.3)x10 '3 sec. We note that,
within experimental errors, identical results are

obtained from data in the Pb negative bias. We
should also note that the effective Dingle relaxation
times 7, and va, deduced from the magnetic field
dependence of the oscillation amplitude, are -4
x10 ' sec. This fact by itself indicates that ~«
» ~, and ~~ and that we cannot obtain ~„o by mea-
suring the bias dependence of the effective Dingle
relaxation time.

The problem of electrons interacting through po-
lar coupling with optical phonons in degenerate
semiconductors has been studied by Mahan and
Duke, using field-theoretic techniques. The imag-
inary part of the electron self-energy, ImZ, is re-
lated to the phonon emission time v of the electron
through —ImZ =R/2v. In order to compare the

theory with our experiment, we follow Conley and
Mahan and use their approximate expression for
the one-phonon self-energy to evaluate the LO-
phonon emission time .'

n(I+ u'. /ur)'
(4)

2ekeo(K~O/&r)' ~

and z is the polar constant given by

(5)

Here, k~=(6vne/e Er) ~ is the Thomas-Fermi
screening constant, kr = (3m n) ~ is the electron
Fermi wave vector, and g„and &p are the high-
frequency and static dielectric constant, respec-
tively. For our InAs sample (n=5. 5x10 /cm ),
we obtain 7u, =5.3x10 ' sec from Eq. (4) by using
pyg~ = 0.032yygp, E„=12.3 and fp = 14.9, in excellent
agreement with the experimental result.

Finally, it should be noted that we expect the
polar coupling to LO phonons in our InAs sample
most suitable for testing the perturbation theory
of Mahan and Duke. Its polar constant (a = 0.05)
is small, its plasma energy (jim~ = 50 meV) is
larger than its LO-phonon energy, and, above all,
it is a high-density electron gas as indicated by
r, = 0.2 (here r, is the interelectron spacing mea-
sured in units of the effective Bohr radius). The
theory, however, does not take into account of the
quantizing magnetic field, which is essential to
our experiment. Although we do not expect mag-
netic quantization to change the result appreciably,
it is apparent that a more quantitative test for the
theory of polarons in degenerate semiconductors
will need an extension of the theory to include the
magnetic field.

I acknowledge helpful conversations with G. A.
Baraff, P. M. Platzman, and J. M. Rowell.
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