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bits give a number of electrons per atom 0.82
~ 0.05, but this estimate is subject to modifica-
tion due to the possibility of appreciable d-band
conduction. For field directions giving rise to
open orbits, a small transverse-even voltage is
also observed as expected. "
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The study of paramagnetic resonance absorption
in copper potassium chloride, '~' K CuCl~ 2H, O,
has been extended to a temperature region down
to 1.5'K. When the static magnetic field is ap-
plied along the [001]direction, all the copper ions
in the unit cell become equivalent, though the
unit cell contains two inequivalent copper ions,
and only a single peak can be observed even at
the highest frequency.

In our case the specimens used were ground to
have approximately ellipsoidal shapes. At ~ =1.30
em the linewidth was observed to be about 30 Oe
at about 3'K; however, when the temperature was
lowered it decreased to about 17 Oe at 1.5'K and
the resonance field shifted toward the low field
side by about 60 Oe. In addition, several small
subsidiary peaks appear at the central part of the
main peak. An example of the recorder traces
observed at T = 1.68 K and at ~ = 1.30 cm is shown

in Fig. 1, in which the main peak is labeled m.
The splitting, 5H, , of the ith peak measured

from the main peak increases with decreasing
temperature; however, the ratio, 5H~/5H&, of the
splitting of the ith to the jth peak is constant with
temperature. The origin of these small peaks
was concluded to be the magnetostatic higher mode
of oscillation in the paramagnet expected by Gesch-
wind. s The main peak is due to the uniform pre-
cession of the moments within the specimen which
corresponds to the Kittel mode in ferromagnetic
resonance. ~ In this temperature region and at
the resonance field (about 8 kOe), the total mag-
netization of the specimen may reach about half
of its saturation value, so the effect of the demag-
netization field cannot be neglected.

Walker discussed modes of oscillation of a fer-
romagnetic spheroid having an isotropic g tensor
and calculated the resonance conditions for some
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FIG. 1. An example of the recorder traces of the

paramagnetic resonance in copper potassium chloride
observed at T = 1.68'K when FI&)I[0011 and X =1.30 cm.

Then 5H should correspond to 4wMe(hf- b~) and

be proportional to X, the static susceptibility of
this crystal, as long as 50~ is much smaller than

H, . The plots of 1/5H, as a function of T, the

measuring temperature, gives a relation (1/5Ht)
-(T-B), where the Weiss constant, B, of this
crystal is concluded to be 8 =+0.9 + 0.15'K This
%'eiss constant agrees well with that of the static
susceptibility measurements, ' 8 = 1.05 K, and the
fact that this crystal becomes ferromagnetic be-
low about 0.9'K' Moreover, it is consistent
with the results that the exchange energy, (J/k),
between the copper ions within this crystal was
measured to be about 0.3'K from the frequency
dependence of the paramagnetic resonance line
shape'~' and the magnitude and the tails of the
magnetic specific heat measurements. '

of the simple magnetostatic modes. The main
results are applicable to the paramagnetic case
and can be simply expressed as

where Bo is the applied magnetic field, h~ a nu-
merical factor depending on the mode, Nz the re-
duced demagnetization factor along the applied
field, and M, the total moment of the specimen.
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Thermally released charge displacements oc-
curing in the absence of any externally applied
electric field have been reported recently for
gamma, -' and x-irradiated glasses. In some
preliminary studies to be described here, room-
temperature irradiations of Cabal-type' glasses
with Co have been found to induce a similar ef-
fect when the irradiated samples are heated sub-
sequently in temperature gradients of 20 to 40'C/

The 3-cm' by 0.318-cm thick samples
sandwiched between parallel plate electrodes
are heated by conduction through one of the elec-
trodes. A typical electrometer current trace is
shown in Fig. 1. The charge displacement be-
low 320'C, i.e. , the time integral of the elec-
trometer current prior to its inversion, reaches
a maximum of about 10 s coulomb/cm' after a

25-hour exposure at a 10'-rad/h incident dose
rate. Rather large data scatter due to electrom-
eter drift at elevated temperatures precludes
the inclusion of the 370' current peak in any such
analysis. A second heating of an irradiated sam-
ple produces no residual electrometer deflection.

From Table I it is seen that the total charge
displaced below 320'C is directly proportional
to the temperature gradient applied to the sam-
ples for the three gradients tested. Each value
in Table I is the average of six individual meas-
urements performed on the same glass sample
irradiated repeatedly for 18 minutes at 10' rad/h.
In no case has the standard deviation exceeded ten
percent of the quoted value. It would appear from
this proportionality that the emf for the charge
displacement is of a thermoelectric origin, as




