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minor axis and counter-rotating flow about the major axis. The diffusion is enhanced by a, term in
dj ~,/dr which measures the shear of the magnetic field, and also by a term x, which measures the
outwax'd shift of the plasma associated with the rotation.
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The superconducting transition temperature of the compounds V&Si, V30a, and V306
is found to increase linearly with the application of hydrostatic pressure. This behavior
is compared with p1edictions based Upon IIleasUrements of the elastic Dlodull,

The superconducting transition temperature of
the compounds V,Si, V,GR, and V,Ge have been
raised by the application of hydrostatic pressure.
This observation is compared with some interest-
ing pxedictions r egarding the strain dependence
of the superconducting transition temperature
for these compounds made in R. recent note by
Testardi, Kunzler, Levinstein, and Wernick. '

The samples studied were in the form of small
sections (weight -O.l g) of arc-cast buttons,
with the addition of a cylindrica. l sample 3 mm in
diameter, 3 mm long, wh1ch was cut, by spa, xk
erosion, from a large single crystal of V,Si.'
Hydrostatic pressure was applied to the samples
at room temperature with a I:I mixture of g-pen-
tane and isoamyl alcohol as the transmitting fluid
1Q R piston RQd cyllndel arrangement using R cell
technique similax to that described by Jayara-
man et al.' A clamp technique was used to re-
tain the pressure during cooling to the supercon-
dUctlQg tx'RQ81tlon temper Rtul e. Thus the only
inhomogeneity in the pressure distribution is that
which is introduced upon the freezing of the
transmitting fluid and the thermal contraction
dul lng the subsequent cool1Qg to the low tempera-
ture. Previous experience with this arrange-
ment suggests that only slight deviation from a
hydrostatic pressure environment results. The
transition to the superconducting state was de-
tected magnetically using an ac technique and a

Table I. Lattice parameter, T„and BT,/BP for
some V3X compounds.

Coxnpound (A)
BT, /BP

(10 'K bar )

&3Si (single crystal)
&'Pi (polycrystal)

V30a
V306

16.85
4.725 16.88
4.816 13.87
4.783 6.104

8.7
8.1
1.0
8.1

measuxing frequency of 130 cps. The tempera, —

ture was determined by a germanium resistance
thermometer which had been calibrated against
the vapor pressures of liquid helium and hydro-
gen and the superconducting transition tempera-
tures of lead and niobium. Pressures were de-
termined relative to the superconducting tx'ansi-
tion temperature of tin or lead. ' Room-tempera-
ture lattice-parameter determinations were made
on filings taken from the polycxystal samples af-
ter the pressure measurements had been made. '

The zero-pressure T, values, takeQ. before the
pressuxe measurements, and the room-tempera-
ture lattice parameters are listed in Table I. All
quoted T, values, both at zero and high pxessure,
are for the midpoint of the transition. The transi-
tion for the V,Ge was sharp (-0.03'K wide), but
the transitions for the V,GR Rnd the polycxystal-
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transition (to within +0.05'K). More recently
Neubauer' has examined under hydrostatic pres-
sure (using a transmitting medium very similar
to that in the present investigation) several A15
compounds 1ncludlng V3Sl~ for which he also
finds T, increases under pressure.

In view of the observations of Weger, Silber-
nagel, and Greiner we wouM explain the discrep-
ancy between the present observations (and those
of Neubauer) and those of Mitller and Saur as be-
ing due to poorer hydrostatic pressure condi-
tions in the latter workers' experimental ar-
rangement. The nature of the samples which

they employed could lead to quite considerable
stress at the boundary between the mire and the
surface layer. Furthermore, it is questionable
as to hom accurately hydrostatic is the pressure
that is produced by the ice-bomb arrangement. '
From the data of %cger, Silbernagel, and Grein-
er we estimate that a 10' inhomogeneity in the
pressure would be sufficient to account for the
decrease in T, of V,Si observed by MQller and
Saur. It may be further noted that the change of
T, (-0.02'K) which we would expect at the hydro-
static pressure applied by %cger, Silbernagel,
and Greiner lies well within their quoted resolu-
tion.

Testardi et al. ' have expanded T, as linear and
quadratic functions of strain, which may be ex-
pressed for volume strain in the cubic case'0 a,s

where r; = BT,/B e;, b,;,. = B'T,/B e,e, , and e is the
linear strain. From measurements of the tem-
perature dependence of the elastic moduli above
and below T, they estimate for V,Si, 6„=-24,
b,„=-5, ll, l

& 50, and for V,Ge &„=9.4, b,„
=-1.8, (r, I&45, where I", is in units of 'K and

6;,. in units of 10 'K. Substituting these values
into (1) leads to the prediction that T, will de-
crease for V,Si (and for V,Ga from a scaling of
the ela.stic data taken on polycrystal material)
and increase for V,oe under a uniform reduction
of volume. In addition a strong quadratic depen-
dence of T, upon volume change is expected be-
cause of the very large values of 6;,

It is clear from the present measurements that
the predicted behavior for the T, of V3Si and
V30a is contrary to that observed. Specif ical ly,
for V,Si we estimate from (1) that at 20 kbar T,
is expected to decrease by -'7'K, where it is
found to have increased by -0.7 K." Using the
values of BT,/BP given in Table I and taking the

bulk modulus to be 1760 kbar, "we calculate val-
ues for I', of 55 and 140 K for V,Si and V,oe, re-
spectively. Thus, the value of I', for V,Si lies
just at the upper limit quoted by Testardi et al. ,

'
but the value for V,oe exceeds their upper limit
by a factor of 3. Furthermore, the data present-
ed in Fig. 2 show no indication of the proposed
strongly quadratic dependence of T, upon strain, "
If the slight deviation from linearity in the pres-
sure dependence of T, for V,Si above 20 kbar is
taken to be evidence of a quadratic contribution
(and in view of the broadening of the transition
this should be done with caution), the col 1 espond-
ing value for the quadratic contribution would be
at least two orders of magnitude smaller than
that predicted in Ref. 1. In the case of the V,oe,
in view of the lineality of the pressure depeQ-
dence of T„a similar reduction mould place an
upper limit on the quadratic contribution.

It is a pleasure to acknowledge the encourage-
ment of B. T. Matthias during the course of this
work and conversations mith S. L. McCarthy,
L. R. Testardi, and I. J. Vieland.
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The wavelength modulation spectrum of Cu is presented at 7'K in the range of 2.0
~ Ru - 6.0 eV. The band structure of Cu calculated by the empirical pseudopotential
method is used to compute the imaginary part of the dielectric function e&(~) and the log-
arithmic derivative of the refiectivity, R (ce)/R(e). Good agreement between theory and
experiment is obtained at the absorption edge and at higher energies using the one-elec-
tron approximation if dipole matrix elements are calculated from wave functions includ-
ing core contributions rather than the pseudowave functions. The transitions causing the
structure in R'(~)/R(~) are identified.

Recent advances in optical derivative spectros-
copy have helped significantly in obtaining de-
tailed knowledge about the band structure of
semiconductors. ' Applications of this technique
to metals, however, have been scarce. There
have been measurements of the electroreflec-
tance of Ag and Au, ' but there is some uncertain-
ty' associated with the interpretation of these re-
sults. Thermoreflectance and piezoreflectance
have yielded valuable information about noble-
metal band structure, and in the case of piezore-
flectance the deformation potentials of Cu were
measured. In this Letter, we present the wave-
length modulation spectrum of Cu from 2.0 to
6.0 eV taken at 7 K. To our knowledge, this is
the first application of wavelength modulation
spectroscopy to metals at low temperatures.
Our derivative spectrum of Cu shows clearly
better resolution than those obtained by other
methods. The experimental setup was described
briefly elsewhere. ' The Cu sample used in our
measurements was the same single crystal used
in cyclotron resonance experiments by Kip,
Langenberg, and Morre. 6 After electropolishing
the surface, the sample was quickly transferred
to the low-temperature Dewar to avoid surface
contamination. The sample temperature could
be varied easily from 7 to 300 K. Here, for the
sake of clarity, we present in Fig. I only the
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FIG. 1. The measured R (~)/R (~) at T =7 K and the

calculated R (cu)/R (~).

Cu-derivative spectrum taken at 7'K. We have
also measured the normal ref lectivity spectrum
of Cu which agrees well with that of Gerhardt. 4

The origin of most of the structure in the mea-
sured derivative spectrum of Cu can be deter-
mined using the theoretical band structure of Cu,
calculated by the empirical pseudopotential meth-
od. ' In the calculation we used four form factors
for the local pseudopotential and four other pa-
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