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In a recent paper, Kedzie, Lyons, and Kes-
tigian' have described observations of paramag-
netic resonance of trivalent iron in a strong
crystal field in calcium tungstate (CaWO4).
The resonance was almost isotropic and had

ag value of about 4.3 at both 9 and 25 Gc/sec
and is thus similar to that observed by Cast-
ner et al.' from trivalent iron in some glass-
es. The latter authors have shown that a strong
second-order rhombic crystal field will split the
'S„, ground state of the Fe'+ free ion into three
Kramers doublets, the center one of which has
an isotropic g value of 4.3. However, Kedzie,
Lyons, and Kestigian have shown that an iso-
tropic g =4.3 resonance can also arise from
a ground state of Fe3 if there is an acciden-
tal relationship between the second- and fourth-
order components of a strong tetragonal crys-
tal field. It is evident that an experiment to
search for depopulation of the resonance should
decide which model is correct for Fes+ in cal-
cium tungstate. Without giving experimental
details Kedzie, Lyons, and Kestigian state that
they failed to observe depopulation at 25 Gc/
sec between 4.2 and 1.5'K, and they concluded
that the tetragonal-field model was correct.
We have carried out similar experiments over
the same temperature range but at a frequen-

cy near 9 Gc/sec and have found evidence to
the contrary. In this Letter we describe ob-
servations of depopulation of the g =4.3 doub-
let and estimate its height above the ground
state.

The two samples examined were cut from
a boule which was pulled from a calcium-tung-
state melt doped with a, nominal 0.005 at. /o of
iron oxide (Fe,O,). As Kedzie and Kestigian
have pointed out, the small (0.5%) anisotropy
of the g value leads to the observation of four
lines when the dc magnetic field is oriented
along a general direction relative to the crys-
tal axes. To avoid misorientation problems,
measurements were made on just one of four
such lines. The sample temperature was tak-
en to be the same as that of the brass cavity
and was measured by means of a standardized
carbon resistor. Great care was taken to avoid
saturation effects, and the power incident on
the sample was always less than 100 pW. The
intensity measurements, were made relative
to a standard sample of phosphorus-doped sil-
icon (3 x 10 8 donors/cm3) which was kindly pro-
vided by E. A. Gere who also supplied details
of the temperature variation of the linewidth
and spin concentration. The results of inde-
pendent experiments on two samples at five fixed
temperatures are shown in the following table.

Temperature
( K.)

No. of spins giving rise to one
resonance line

(&& iO'4/cm')
RUN 1 RUN 2

Difference between
two runs

(%)

4.17 +0.05
3.40 6 0.05
2.85 +0.05
2.37 + 0.05
2.00 + 0.05

1.70
1.55
1.10
0.79
0.70

1.53
1.35
1.10
0.89
0.72

10
13

14
3

We conclude from these measurements that
depopulation occurs and that the g =4.3 reso-
nance is, in fact, observed from an excited
doublet. If it occurs from the center doublet
of three equally spaced doublets, as in the mod-

el of Castner et al. ,
' we can calculate the ex-

pected temperature variation of intensity I,~.
In a magnetic field the three doublets of Fe +

will each be split, and the levels can be num-
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bered 1 to 6 from the lowest level upwards. I3~ will then be proportional to the population difference
f'34 between levels 3 and 4 where

E»—/kT E~—~/kT

-E»/kT E»-/kT E~-4/kT E»-/kT -E»/kT '

1+e ' +e '3 +e ' +e ' +e

Our observed temperature variation is predict-
ed by Eq. (1) when 6 =2(E„+E»)=4.8+0.5 cm
A maximum in the intensity is predicted at a
temperature of -O'K for hv=0. 3 cm (9 Gc/
sec), and it is calculated that almost the same
depopulation should still occur between 4 and
1.5'K with k v=0.83 cm ' (25 Gc/sec).

In view of the discrepancy between our re-
sults and those of Kedzie, Lyons, and Kesti-
gian, the same experiment was kindly carried
out independently by S. D. McLaughlan and A. F.
Fray of the Royal Radar Establishment, Mal-
vern, who examined the relative intensities of
a Si-I' marker and theg=4. 3 resonance in one
of our samples using their 9-Gc/sec equipment
at 10, 4.2, and 1.4'K. They confirmed that de-
population occurred between 4.2 and 1.4'K and
found almost equal intensities at 4.2 and 10'K
which is qualitatively consistent with the tem-
perature variation predicted by Eq. (1) with &

=4.8 cm
We therefore suggest that the conclusions of

Kedzie, Lyons, and Kestigian concerning the de-
tailed nature of the site occupied by Fes+ in
CaWO~ are questionable. We hope to publish a
full account of observations on this resonance
when our own investigations of the center are
complete.

We wish to thank D. B. Gasson who grew the
calcium-tungstate crystals and F. C. Thorpe
for his experimental assistance.
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Knowledge of the relative importance of the
mechanisms by which moving atoms lose en-
ergy in solids is important in studies of ra-
diation-damage effects and in interpretation
and design of experiments in certain areas of
nuclea, r physics. Energy losses at high pa.rti-
cle velocities are dominated by the effects of
collisions which transfer energy to electrons
and at low velocities by the effects of collisions
which transfer energy to an entire atom. The
theory'&' for this energy division is especial. —

ly straightforward if the particle has the same
ma.ss and atomic number as the environment
in which it stops because then there are only

heavy particles of one type. However, no mea-
surements have previously been made to ver-

ify the theory for this particularly simple sit-
uation in an energy region where the energy
losses to electronic and atomic collisions are
comparable, although the calculations of Lind-
hard, Scharff, and Schiott' are in good agree-
ment with measurements of particle ranges
in various media. It is the purpose of this
Letter to present the results of a direct deter-
mination of the energy loss to electron colli-
sions of germanium atoms in a germanium
environment.

In a previous investigations of the spectra,
produced by neutron bombardment of a. lithium-
drifted germanium-radiation detector, it was
found that internal-conversion electrons from
the decay of the 0+ first-excited nuclear state
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