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FIG. 2. a—Av as a function of the magnetic field for var-
ious numbers of filled Landau levels (• is a datum from
Ref. 5); b—dependence on the density n, of the maximum
effectives-factor (at v = 2,6) and of the minimum effec-
tive g-factor (v = 4,8) (the dashed curves are from Ref.
6).

in a (OOl)Si-MIS structure in a magnetic field splits into
four sublevels because of the lifting of the valley and spin
degeneracy.3 Until recently, no reliable experimental data
were available on the valley energy spitting Av , and the data
available on the effective g-factor had been obtained from
indirect considerations.4 Observation of the oscillations of
the Fermi level has made it possible to determine these quan-
tities directly.

To determine the parameters of the spectrum, we com-
pare the experimental curves with the dependence of the
Fermi level on the magnetic field found through a numerical
solution of the equation

, Er,

where D = (T/Jir) ~ ' e x p [ - ( e - E t )2/T2] incorporates
the broadening of the Landau levels in a real sample,
f(e,EF,T) is the Fermi distribution function, and
Et =fKac(N+ 1/2) ± (g^H/2) ± (Av/2), where Av is
the valley splitting, g is the g-factor, and <wc is the cyclotron
frequency. The parameter F is chosen in the course of the
calculation by fitting the calculated function to the experi-
mental results.

Figure 2a shows the behavior of Av (H) (determined on
the basis of the transitions v = 3,5,7,..., which are seen at
temperatures lower than during the recording of the curves
in Fig. 1). We see that Av, if it depends on «s at all, does so
extremely weakly (in disagreement with the theory4) but
does depend on H. The values found by Roller5 and Kawaji
etal. (cited in Ref. 4) agree well with our data when they are
plotted as a function of H.

Figure 2b shows that ns dependence of the maximum
value of the g-factor found from the change in the Fermi
level at the transitions v = 2,6 (it is assumed here that Av is
independent of «s). Also shown in Fig. 2b are the values of
gmin found from the v = 4,8 transitions with the value4

m* = (0.21 + 0.01 )me. The dashed lines correspond to the
boundaries of the possible range of gmax according to Ref. 6.
We thus see proof of the oscillations in the spin splitting
which have been predicted theoretically.4 We note, however,
that this theory predicts that the amplitude of the oscilla-
tions of the g-factor will be a very strong function of the
electron mobility. The samples used in Ref. 6, on the other
hand, had a mobility one-third that in the present experi-
ments, so that the approximate agreement of the results casts
doubt on the predictions of Ref. 4.

An extrapolation of the value of Av and of the spin split-
ting to H= 0 shows that both the valley splitting (with
Av ~2 K) and the spin splitting (As ~4 K) (apparently due
to a disruption of the inversion symmetry of the crystal by
the presence of a surface) persist at a zero field.

In summary, this study of the variations in the chemical
potential in a magnetic field has yielded realistic values of
the energy splittings in the spectrum of electrons in a mag-
netic field without appeal to theoretical models. The results
pose some new questions for the theory.
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A. I. Burshtein. Collapse and narrowing of spectra dur-
ing condensation of gases. In the adiabatic collision theory,
all spectral lines are subject to a broadening which is linear in
the gas density, and the broadening of each line occurs in a
manner independent of the behavior of other lines. If the
broadening is nonadiabatic, certain components of the spec-

trum interfere (exchange frequencies) and thus undergo a
collapse (or coalescence) with increasing density. It is as a
result of this collapse that the Stark, Zeeman, and hyperfine
structures are averaged over, and a homogeneously broad-
ened line appears at the center of gravity of the spectrum.1 Of
particular interest is the case of extremal collapse, after
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which the spectrum becomes progressively narrower with
increasing density. An extremal collapse on an optical tran-
sition is possible2 if the structure of the initial term (/) is
identical to that of the final term (/) and if the two terms
are perturbed identically by collisions:

S O f 1 \
ii' = "//'• \* /

The collision operator Ptf ef, = (<5,r 8ff — S i f S f f , ) , which
is bilinear in the S matrices, in this case has a zero eigenvalue
which corresponds to the width of an infinitely narrowed
line.

The narrowing conditions, which essentially never pre-
vail in atomic spectroscopy, do prevail quite often in molecu-
lar spectroscopy. The IR spectra of linear molecules, which
have a rich rotational structure of P and R branches in a low-
density gas, collapse to an isolated Q line as the density is
raised. This line contracts as the system undergoes a further
condensation. In the semi-classical theory for this transfor-
mation it is assumed that the nonadiabatic collisions manage
to change only the rotational angular momentum of the mol-
ecule, J—not the orientation of the molecule. This process of
"/-diffusion"3 modulates the frequency and polarization of
the rotation without interrupting its phase; the effect is equi-
valent to condition (1). Accordingly, after the collapse of
the IR spectra and the anisotropic Raman spectra, their
widths l/Tgi and l/rS2 decrease monotonically with in-
creasing density (collision rates 1/r,). This fact is expressed
by the Hubbard relation re,Tj = 1(1 + 1)1/kT, where / is
the moment of inertia of the molecule. This fact is a spectral
manifestation of the condensation process, which trans-
forms free rotation into rotational diffusion. This process
and the accompanying collapse are described most generally
by the Keelson-Storer model of rotational relaxation, which
incorporates all other strong and weak collisions as limiting
cases.4

The collapse of the spectra of isotropic Raman scatter-
ing is also extremal.5 In such spectra the spectral exchange is
induced by a modulation of the rotational energy at a rate I/
TE = ( 1 + y)/Tj (0<y< 1). The phase of the scattered ra-
diation is not interrupted even if the molecule rotates in the
course of collisions. After the collapse of this spectrum, its

narrowing is opposed only by a shift of the vibrational phase,
which is usually small in diatomic molecules. It thus be-
comes possible to describe the contraction of the spectrum of
nitrogen from a tenuous gas to a cryogenic liquid semiclassi-
cally (Fig. I).6 Except for the singularity at the critical
point, the experimental data deviate from the theoretical
corridor whose boundaries correspond to strong (7 = 0)
and weak (/ = 1 ) collisions only after the vibrational loss of
phase coherence (which increases linearly with the collision
rate, l/rv ) becomes greater than the width of the average
rotational structure, «Q TE ( &Q is the frequency disper-
sion in the Q band). By studying the width of the collapsed
spectrum,

as a function of the gas pressure and (in a liquid) as a func-
tion of TJ, measured by NMR methods, it becomes possible
to distinguish the rotational and vibrational components of
the broadening of the Q band. This method,6 which has
found applications in both linear7 and CARS spectroscopy,8

has now become the primary source of information on the
relaxation rates of the rotational energy and the adiabatic
loss of phase coherence in gases.

The quantum-mechanical theory of the collapse of the
Q band9 yields expressions for these rates in terms of the
scattering phase shifts, and calculations can be carried out
from these expressions. This theory explains the large cross
sections for rotational relaxation and the anomalous tem-
perature dependence of these cross sections which was found
in Ref. 10. The theory also confirms that the loss of vibra-
tional phase coherence of simple molecules is only slight; i.e.,
it can be calculated by perturbation theory. In liquid solu-
tions, however, the situation is different. The diffusion scale
times for the encounters of interacting particles are longer
than the collision times, and a strong interaction between
them is not ruled out. The encounter theory11 shows that
during an either pronounced or slight loss of phase coher-
ence the central part of the spectrum is Lorentzian, but its
width increases instead of decreasing with the rate of en-
counters. This conclusion holds for solutions of any type:

FIG. 1. Half-width of the spectrum of isotropic Raman scatter-
ing as a function of rate (T = l/<aQr,) of collisions which
change the rotational angular momentum (in units of a>Q). 1—
Raman scattering in a gas; 2,3—Raman scattering in a liquid;
4,5—CARS in liquid. The circles show the rate of the loss of
phase coherence found by subtracting the rotational component
from A<u1/2 (Refs. 4 and 6).
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gaseous, liquid, or solid. Their static (statistical) spectra are
such that any motion which results in a spectral exchange
initially causes a broadening and only later causes a narrow-
ing of the spectrum.12 If perturbation theory is used outside
its range of applicability, in the region of "motion-induced
broadening," the rate of this broadening may be seriously
overestimated. If errors are to be avoided, it is necessary to
analyze the shape of the non-Lorentzian wings of the spec-
trum, which carries information on what is happening to the
spectrum: a narrowing or a broadening. The theory of fre-
quency modulation shows that13 there is a structural feature
at the far periphery of the spectrum which is accessible to
experimental observation14 and which makes it possible to
distinguish between these situations of a qualitative level.
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A. V. Zalesskii. Domain walls in magnetic materials
according to NMR spectroscopy. A distinctive feature of
NMR in a ferromagnet is that the intensity of NMR absorp-
tion is dominated in many cases by nuclei in domain walls,
since the gain T/W is larger for these nuclei than for nuclei in
the domains. The difficulties involved in interpreting in-wall
NMR spectra are commonly mentioned, but a study of these
spectra might yield valuable information on the properties of
the walls at a microscopic level since the nuclei are in a sense
microscopic probes which can penetrate into the interior of a
wall.

The theoretical papers by Turov et al.l have substantial-
ly changed our understanding of the in-wall NMR spectra.
In the present paper we report an experimental study of do-
main walls by an NMR method in certain magnetically or-
dered crystals. Some of these results have been published
previously.2

The most interesting objects for study turned out to be
crystals of rare earth orthoferrites with the general formula
RFeO3 (R is a rare earth ion). In these orthorhombic weak
ferromagnets the in-wall NMR signals can be obtained in
their "pure form." Furthermore, the domain walls in ortho-
ferrites can with-stand quite strong fields (up to 10 kOe or
higher) perpendicular to the c easy axis without undergoing
any significant structural change. It thus becomes possible
to study the spectra in external fields. The spectra of 57Fe
nuclei which we observed consist of two peaks at closely
spaced frequencies vmax and vmin. A theory explaining these
spectra has been derived by Zvezdin.3 The reason for the
presence of two lines is that, as the antiferromagnetism vec-
tor G in a wall rotates, two frequency branches arise because
of a lowering of the symmetry (in comparison with that in
the domains). The resonant peaks at frequencies vmax and
vmin correspond to a maximum spectral density which itself
corresponds to the condition dv, (<?)/d(? = 0, where vt (6) is
the angular dependence of the NMR frequency for one of the

branches, and 9 is the angle through which G rotates with
respect to the orthorhombic axis a inside a wall. A remarka-
ble feature of the spectra is the possibility of determining the
plane of rotation of G from the nature of the shift of the
frequencies vmax andvmin infields/^ (parallel to the a axis)
and Hy (parallel to the b axis). Two types of walls may occur
in orthoferrites: 1) a wall involving a rotation of G and of the
ferromagnetism vector F as a common unit in the ac plane
(this is an analog of ordinary Bloch walls) and 2) a wall
involving a rotation of G in the ab plane, with F retaining its
orientation along the c axis but changing in magnitude,
crossing zero and changing sign at the center of the wall. The
possibility in principle that such walls exist—they have no
analog in ordinary ferromagnets—was analyzed for the case
of orthoferrites in Refs. 4 and 5. The nature of the changes in
the frequencies vmax and vmin for the walls of types ac and ab
is shown in Figs, la and Ib, respectively. The experimental
results show that at high temperatures walls of type ac exist
in orthoferrites. On the other hand, in the orthoferrite Dy-
FeO3, in which a Morin transition occurs at low tempera-
tures (TM = 40 K) in the ab plane, walls of the ab type have
been observed in the interval 40<r<150 K (frequency
shifts of the type in Fig. lb).6AtT> 150 K, a rotation in the

FIG. 1. Changes in the frequencies vmax and vmin in external fields, a—
For domain walls of type ac; b—type ab.
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