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our approximate eigenstate is

(3)

We expect the Debye model to be adequate for
very heavy impurities, since then &0«&D.
Using it we find, with x =+/&uD,

3bm 2 x 1+x 3&i 4n&D(~+ie) =1- xm 1- —ln X e

07 2 1 X 2 M

For b,m/m»1, we find

The cross section for absorption of Mossbauer

y rays will have a peak at ~, with width I' and
a height which can be shown to be approximately
x, ' times the one-phonon background, a factor
of 100 for the example above.

A more direct experiment to pick up the ap-
proximate eigenstate is a measurement of neu-
tron transmission. Scattering should be enhanced
by x, ' at &„and a neutron experiment would
yield both the location and width of the resonance.

We are grateful to Dr. Paul Craig and Dr. Dar-
ragh Nagle for discussions on the feasibility of
this experiment.

x =~ /~ =(m/3b. m)~,
0 0 D

I /(do = Kxo/2.

It is thus seen that for Am jm»1 one may have

quite a sharp resonance in the continuum. For
example, a mass ratio of 25 in a material of
Debye temperature 300'K (such as a heavy metal
placed in a light molecular solid by evaporation)
would give w, =3 x10 ' eV and I'/2 =3xl0~ eV.

~V ork performed under the auspices of the U. S.
Atomic Energy Commission.
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We have performed a preliminary experiment
an thin Ge samples in fields up to 90 kG at room
temperature in order to investigate the oscil-
latory behavior of the interband Faraday rota-
tion predicted theoretically. The infrared radi-
ation from a monochromator was polarized with
a Polaroid sheet and focussed on a sample 4
microns thick which was placed in the center of
a Bitter solenoid. The transmitted radiation
was split inta two beams, each being focussed
on a PbS detector. Analyzers in front of both
detectors had their planes of polarization per-
pendicular to each other and 45 degrees to that

of the polarizer. The signal outputs of the de-
tectors were balanced out to zero in the ab-
sence of a magnetic field. With the field on,
the Faraday rotation in the sample gave rise
to an unbalanced component of signal output
which was calibrated in terms of actual rotation
in the plane of polarization. The results of our
experiments are shown in Figs. 1 and 2. The
oscillatory character is shown prominently at
23 kG which has eleven minima and maxima
within the range of 0.1 eV above the energy gap.
With increased field, only a few peaks are ob-
served within this range of energy. However,
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F1G.. 1. The Faraday rotation in a Ge sin lee sing e crystal
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FIG. 2. The Far aday rotation in the second Ge0 ~

sample for strong magnetic fields at room tempera-
ture. The field was applied in [110]direction 0

there is evidence of fine structure as seen in

ig. 2. The lines not only broaden, but show

subsidiary maxima and minima tha on e original
peaks. The first few peaks correlate quite ex-

obtained in magnetoabsorption experiments and

extrapolate to the energy gap of 0.803 eV as be-
fore. In the ease of Faraday rotation, we are
able to deduce to a good approximation a linear
relationship of the peak arnplit drnp 1 u e as a function
of the magnetic field. This is most evident for

ve upthe first few peaks which we have observed
to the maximum field available.

From the theory the important term of the
Faraday rotation, 8, is the term with the sing-
ularity which is of the form

0=(A(u /(u)5 T ~'S(u (d/dx )Re(X +j) '", (1)

where A is a constant determined by band pa-
rameters Xn

= ~n-~ITn ~n = ~g+ ("+ )~c
zc = cyclotron frequency for reduced effective
mass for electrons and hole = fs, (d&= requency

for the gap energy, A~ = 8w+ =y&, y+ is a phenom-
enological constant 8 is a d xte, c e ernal magnetic

e, an co is opticalield, vz is a relaxation tim d

requency. The first major line indicated by
is a c aracter-the positive sharp rise in Fig. 2 is h

is ic dispersion curve which is obtained from the
ver, e secondtheoretical expression. However the

major line which is correlated with the ZLR
results' has the line shape reversed, suggesting
a change in the sign of y for this tra 't
n principle the amplitude of the Faraday rota-

the m
ion for a given transition sh ld
e magnitude of this parameter if the val

the coefficie
e value of

icient A is known. In practice this is
dif ficult. Howowever, if the Faraday rotat'
combined

ion 1s
ine with the oscillatory interband Voi t

effect, then it is possible to determine effective
an oigt

g factor or y~ of each transition from the com-
bined results. From the approximation given by
Eq. (1), we can show' that the peak-to-peak
ampl. itude is given by

e (n)=o.eg~ /~)& aT "'
C Pl Pt
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Similarly, for the interband Voigt effect we can
show that the phase shift

6= g~ /2~)Q ~ ~(&(u )'(d'/dx ')Re(X +j) ~,
c n n n n n

(n)=0. 5(A& /&)(y H)*r ~. (4)

Therefore,

(6 je )(n)=O. Sy H~ .
max max n n' (5)

9 Q Ty-. HX. .. , j, (X..
' +1).ij ij ij ij ij (6)

The Voigt effect has the phase shift, 5, of the

From the line shape study of our experimental
data, T is approximately 10 '~ sec. If we as-
sume that I g I

= 2 for an approximate evaluation,
then the above ratio given by Eq. (5) becomes
the order of unity for our largest field. At lower
temperatures, where 7 increases, the amplitude
of the Voigt effect 5max can exceed that of the
Faraday rotation Omax. Furthermore, if the

g factor is anomalously large, then the oscil-
latory Voigt effect becomes more pronounced
than the Faraday rotation.

Experiments of ZLR' show that the L~e shape
of magnetoabsorption for the indirect transi-
tion is a step function with a finite width. ' It can
be represented by tan 'Xi&, where Xi& = (ui& -~)Ti&
and &uij =&ug+ep+("i+2)&uc +(nj+ a)~c2 From
the dispersion -ln(X. '+1) it follows that Faradayv
rotation for indirect transition is of the form

form

6-P. . (T . .y „H)'(1-X..')/(1+X. .')'.
V V U U U

It is evident from the analytic form of Eqs. (6)
and (7) that an oscillatory pattern for the in-
direct interband Faraday rotation and Voigt
effect would be expected above the energy gap.
The ratio of 6m~/8m~ (indirect) is of the
order y,&avij. Since the indirect exciton ex-
hibits the same line shape experimentally as
that of the corresponding magnetoabsorption,
Eqs. (6) and (7) should approximate the Faraday
and Voigt effect of the exciton. Hence the g
factor for the exciton as well as for the magnetic
transitions will be determined from these ex-
perimentss.

%e are grateful to Dr. S. Zwerdling for loan-
ing us Ge samples, and to Mr. R. Newcomb for
his assistance in the experiments.
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RESONANT HARMONIC GENERATION IN RUBY
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Harmonic generation in a nonlinear medium is
a standard procedure at Low and microwave fre-
quencies, and has recently been accomplished at
optical frequencies. ' In this harmonic generation
the nonlinear medium is nonresonant with respect
to either the fundamental or the harmonic. In the
following, an experiment is described in which
harmonic generation occurs in a medium which
is resonant with respect to both the fundamental
and the harmonic. It is related to phenomena

which are often referred to as multiquantum proc-
esses.

Senitzky' has predicted that in a quantum-mech-
anical three-level system, where the transition
probabilities do not vanish, there should occur a
mixing effect if the rf fields of frequencies corre-
sponding to two of the energy level separations
are present; i.e. , if two rf fields are absorbed,
there is emission at the sum frequency. The two
absorbed frequencies used, in this case, were


