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HELICON RESONANCES IN NIOBIUM NEAR Hc2f
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In a recent Letter, Caroli and Maki' calcu-
late the low-frequency (&u «k Tc/k) electromag-
netic response for a pure type-II superconduc-
tor in the vicinity of H~2. In particular, when
the oscillating currents are in a plane perpen-
dicular to the static external magnetic field
Ho, the imaginary part of conductivity vanish-
es to order H&2-Hp. As a consequence of this,
they find that the helicon resonant frequency
in the mixed state just below H~2 should be
the normal-state value at H~2 scaled by an ap-
propriate field- and temperature-dependent
carrier density, N„.

Caroli and Maki' suggest that a precise de-
termination of the helicon frequency in the vi-
cinity of H 2 would be a direct check of their
theory. We have determined the field depen-
dence of the helicon resonant frequency near
8~2 in a very pure, strain-free sample of Nb'
having a residual-resistance ratio of about
11000. The field dependence near H~2 is much
different from that reported previously, s prob-
ably because strains that were introduced by
spark cutting are no longer present. The ex-
perimental results are shown in Fig. 1. Both
the field and frequency scales are expanded
to show the detailed field dependence near H~2.
There is no discontinuity in v~, but there ap-
pears to be a discontinuity in the slope of vz
VS Po.

On close examination there appear to be two
"critical'* fields. These are shown in Fig. 1

by arrows labeled H~ and Hy. At the lower
field, H~, there is a sharp change in the slope
of v~ vs H, . This field corresponds to H~2 ob-
tained by others from magnetization measure-
ments. ' Between H~ and Hb the resonant fre-
quency changes gradually to the extra, polated
nor mal-state value. The helicon-resonance
amplitude reaches the normal-state value at
H~. Neither the resonant frequency nor the
amplitude show a,ny hysteresis.

To examine the region between H~ and Hb
more closely, we determined the field depen-
dence of the surface impedance using a mar-
ginal oscillator. ' The results are shown in
Fig. 2. As expected, the surface resistance'
is almost linear in Ho well below H 2. How-
ever, in the vicinity of H 2 the surface resis-
tance changes more rapidly, but it does not
reach the normal-state value until H~. The
field dependence of the surface reactance shows
similar behavior near H~2.

We can offer no explanation of the behavior
in the region between H~ and Hb but, since it
is above 8~2, it may be associated with sur-
face superconductivity. Our flat plate sample
was accurately (within —,")perpendicular to
the applied field; so the usual surface super-
conductivity' should be absent. If the transi-
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FIG. 1. The field dependence of the helicon resonant
frequency in niobium near H~2. Both scales are ex-
panded. The niobium sample is a Qat plate 0.3 mm &&4

mm-'& 35 mm having a resistance ratio of 11000. The
dashed line shows the extrapolated normal-state heli-
con resonant frequency. H~ =HC2= 2630 0 and H&
=2750 Q.
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FIG. 2. The field dependence of the surface resis-
tance near Hq2 at 680 kHz for the same sample shown
in Fig. 1. Both scales are expanded. The dashed line
is the extrapolated linear surface resistance in the
mixed state and the solid line is the extrapolated nor-
mal-state resistance.
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tion region were not present, it appears that
the mixed-state helicon resonance would change
rather rapidly to the normal-state value. This
is the behavior expected at low frequencies
from the work of Caroli and Maki. ' Because
of the presence of the transition region, attempt-
ing a fit to their theory does not seem reason-
able.

%e are extremely grateful to Dr. R. %. Mey-
erhoff and the Union Carbide Corporation for
supplying us with the niobium samples used
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Wilkins have been very helpful.
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Mossbauer-effect measurements in external magnetic fields show that the magnetic
structure of ferrimagnetic Nire204 is the collinear Neel type. ¹iFeo3Cr~ 704 is shown
to have a triangujar structure with 8& = 20 + 10' and 8&= 50+ 4'.

In a recent Letter, ' Kedem and Rothem have
presented Mossbauer data which they propose
is evidence for a Yafet-Kittel triangular spin
arrangement' in the ferrimagnetic spinel Ni Fe,O4.
Their conclusions are in sharp disagreement
with the results of susceptibility measurements
by Jacobs, ' who proposed a Noel collinear mod-
el4 for this material. We report here Moss-
bauer measurements in external magnetic fields
which provide conclusive evidence for the Keel
model and thus support the conclusions drawn
by Jacobs. In addition, we show that the chro-
mium substituted ferrite ¹iFeo,Cr, ,04 is con-
sistent with a Yafet-Kittel model.

Many of the magnetic properties of the fer-
rimagnetic spinel compounds M N, +04 are
well understood on the basis of the Neel col-
linear model. However, for spinels with large
amounts of chromium, the spontaneous mag-
netization is lower than the expected from this
model and is usually interpreted in terms of

the Yafet-Kittel triangular arrangement in which
each tetrahedral A and octahedral 8 sublattice
is divided into two sub-sublattices; the resul-
tant moments of the two triangular sublattices
are antiparallel. Experimental evidence for
the Yafet-Kittel model has been established
by high-field susceptibility measurements'~'
and neutron-diffraction experiments. '~' Pre-
vious nmr' and Mossbauer'~" studies of ¹iFe~04
indicate two different hyperfine fields, corre-
sponding to the iron ions on the A sites and
the B sites. However, Kedem and Rothem'
have concluded, mainly from the width of the
Mossbauer lines, that there are four hyper-
fine fields and that this observation constitut-
ed experimental evidence for the Yafet-Kittel
model.

Our samples were made by firing mixed ox-
ides including Fe,O, enriched in Fe" in a plat-
inum crucible at 1200'C in air for ten hours;
the resulting product was then ground to a pow-
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