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Zero-field level crossing resonances have been observed on the ground state of 37Rb. The width, a few

microgauss, and the signal to noise ratio, about 2.5x 103

Zero field level crossing resonances in excited
states of atoms are well known (Hanle [1] effect).
The same effect may be observed on the
ground state of optically pumped atoms [2]:
if a static field Hg, perpendicular to the pump-
ing beam F, is scanned around zero, resonant
variations are observed on the absorbed or re-
emitted light. The width of the resonances,

AHQ = 2/y7, is inversely proportional to the re-
laxation time, 7, and the gyromagnetic ratio, y,
of the ground state. These resonances have first
been observed on the ground state of the odd iso-
topes of Cd and Hg [2], for which 7 ~ 1 sec,

y =~ 2 X 103 rad/s. gauss (nuclear paramagnetism
in the ground state); in this case AHp = 10-3
gauss. For alkali atoms, the paramagnetism is of
electronic origin: y is about 103 times larger;
one can obtain 7T & 1 sec with deuterated paraffin
coated cells [3], so that very narrow resonances
with AHg ~ 10-6 gauss are expected [4].

In order to eliminate the magnetic noise pres-
ent in the laboratory, and the inhomogeneities
which broaden considerably the resonances [5],
we have put the cell inside a magnetic shield
made of 4 concentric cylinders of mu-metal (1 m
long, 2 mm thick). The shielding efficiency is
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Fig. 1. Response of the signal to a square pulse of
magnetic field of 2.1 x 10-9 gauss amplitude (time con-
stant 3 s).

P
1minute

638

, allow the measurement of 10-9 gauss fields.

about 104-105. We use paraffin coated cells,
without buffer gas, so that there is a motional
averaging of the residual magnetic field inhomo-
geneities. We have effectively observed in this
way Hanle resonances: width: 1.4 uG; signal to
noise: 20.

In order to detect very weak magnetic fields
we have also increased the signal to noise by us-
ing a new type of detection of the resonances. We
apply an r.f. field H1 cos w ?parallel to Hy;

w/27 = 400 Hz is large compared to the width of
the resonances. When Hy is scanned around 0,
theory shows that modulations appear on the ab-
sorbed pumping light, at the various harmonics
pw of w[6]. These modulations undergo a resonant
variation around zero values of Hp, with a disper-
sion shape for p odd and an absorption shape for

Fig. 2. Response of the signal to repetitive square
pulses of magnetic field of 3 x 10-10 gauss amplitude
(time constant 0.1 s; 3000 runs).
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p even and the same width as the Hanle curve
(strictly independent of the r.f. power). We make
a selective amplification of the modulation w

(p = 1) and a phase sensitive detection with a ti-
me constant of 3 sec. By this way, we have got,
for optimal pumping beam intensity, a signal to
noise ratio of 2.5 X 103 with a width of 5 uG.

For detection of very weak magnetic fields, we
fix H, at the zero value, corresponding to the
maximum slope of the dispersion shaped reso-
nance . We can test the sensitivity of the appa-
ratus by sending on sweeping coils square pulses
of current corresponding to a given variation,
§Hg, of Hy. Fig. 1 shows the signal obtained
for 6Hy = 2.1 % 1079 gauss. This sensitivity can
be still improved for repetitive signals by using
noise averaging multichannel techniques. Fig. 2
shows 3 X 10-10 gauss amplitude pulses.

Such a high sensitivity, the highest to our
knowledge, seems promising for several applica-
tions: measurement of the very weak interstel-
lar fields, biomagnetism [7], measurement of
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the static magnetization of very dilute magnetic
samples, ...

The authors are grateful to M. A. Bouchiat
and J. Brossel for their constant interest dur-
ing the course of this work.

References

1. W.Hanle. Z.Phys. 30 (1924) 93.

2. J.C.Lehmann and C. Cohen-Tannoudji. Comptes
Rend. 258 (1964) 4463.

3. M. A. Bouchiat and J. Brossel, Phys. Rev. 147 (1966)
41.

4. E.B. Alexandrov, A.M. Bonch-Bruevich and B. A.
Khodovoi, Opt. Spectry. 23 (1967) 151.

5. T.Ito, K.Kondo and T,Hashi, Jap. J. Appl. Phys. 7
(1968) 565.

6. N.Polonsky and C.Cohen~Tannoudji. Comptes Rend.
260 (1965) 5231.
For excited states see:
C.J. Favre and E. Geneux, Phys. Letters 8 (1964) 190.
E. B. Alexandrov et al.. Zh. Eksp. i Teor. Fiz. 45
(1963) 503.

7. A.Kolin, Physics Today. November 1968, p.39.

* k ok kX

ANHARMONICITY AND GRUNEISEN PARAMETER IN GERMANIUM

K. C.SHARMA *I
Theoretical Physics Institute, University of Albevta, Edmonton, Canada

Received 18 December 1968

Assuming anharmonic contributions as composed of purely volume dependent and self energy parts, the
values of the Gruineisen parameter y, for Ge, are shown, qualitatively to be due to both of these contri-

butions.

Recent interest has been revived in solids for
which the behaviour of Griineisen parameter, cu-
stomarily describing the anharmonic properties
of solids, shows some deviations from the mo-
notonic increase in gamma with temperature. The
solids include mainly those that crystallize in
diamond type structure. Blackman [1] attributed
the anomaly, viz. a minimum, to the low lying
transverse modes in the phonon spectrum. A few
calculations in Ge show that this minimum is
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very sensitive to the nature of the dispersion in
transverse modes. Even the decrease of disper-
sion corresponding to about 10% change at the
zone boundary is enough to shift the value of gam-
ma from the negative to the positive region. But
a shallow minimum is unavoidable if at all the ef-
fect of dispersion which might be as simple as the
one obtained from the Born von Karman theory
for the monatomic linear chain, is considered
(unpublished).

Furthermore, an investigation of the Griinei-
sen gamma also involves the temperature depen-
dence of the frequency v j corresponding to the
jth modes implicitly. This contribution, from
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