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E e have meagured the normal fraction density of
i superfluid °He-B down to a reduced temperature,
bT/Tc, of 0.2 at pressures ranging from 5 to 29
L bar. These measurements are an extension of
earlier work! to lower temperatures with in-

k creased precision in the measurement of both

P the normal density and the temperature.

The liquid 3He was cooled by the nuclear de-
. magnetization of copper. The experimental cell
 was a torsional oscillator in which the 3He was
i confined to a flat slab of thickness 95um and
radius 0.42 cm. The epoxy cell was supported
. by a BeCu torsion rod, which also served as a
i fi11 line. Motion of the oscillator was driven
¢ and detected electrostatically. The oscilla-
tor was operated in a feedback loop which en-
sured that it ran at its natural frequency of
' approximately 904 Hz and at a constant ampli-
f tude. Both the period of the oscillation and
f the drive voltage necessary to maintain con-
stant amplitude were measured as a function of
i temperature. The temperature was determined
from the magnetic susceptibility of 95% La
diluted CMN, as measured by a SQUID magnetom-
eter. The salt was located immediately below
f the fi11 line to the torsional oscillator. It
was calibrated against the nuclear suscepti-
L bility of Pt powder, as measured by pulsed NMR.
. The salt susceptibility appears to follow a
| Curie-Weiss law down to the lowest temperature
attained of 0.34 mK, with deviations of less
- than 5%, which may partly be due to systematic
effects in the Pt thermometry.

The normal fraction density in the superfluid
phase is largely given by the shift of the
oscillator period from the empty cell period,

normalized by the total period shift P(T)-P(0).
TY_(“;P Tc)-P(0

This must be corrected for slip of the normal
fluid fraction. Since the viscous penetration
depth is larger than the thickness of the slab,
this correction is small. Shown in fig. 1 are
values of the normal fraction density as a
function of reduced temperature at various
pressures. The correction for normal fluid
slip has been made using hydrodynamics, over
the whole temperature range. Finite mean
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We have used a torsional oscillator to study the normal fraction density in super-
fluid 3He-B down to a reduced temperature, T/Tc, of 0.2 and over a wide range of
pressures. Below the reduced temperature of approximately 0.27 the normal fraction
density is less than 1%. The pressure dependence of the normal density is removed by
making corrections for Fermi liquid effects only, in disagreement with present
theoretical predictions of the effect of strong coupling on the normal density.

free path effects and departures from hydro-
dynamic flow are important in interpreting the
measurements of the viscosity of the normal
component at the lowest temperaturesZ, but their
influence on the values of the normal density
are small.

One important new feature of our analysis is the
determination of the empty cell period P(0). We
fit the period as a function of temperature at
the lowest temperatures in order to fix P(0)
with an estimated accuracy of better than 0.2ns,
compared with a total period shift of order
200ns. This procedure is more accurate and less
subject to systematic error than that previously
employed in such work.

According to Leggett3 the normal density of a
superfluid Fermi liquid is given not simply by
the Yosida Function Y(T) but by the relation
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Figure 1: Dependence of normal fraction density
on reduced temperature at various pressures.
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where Fy is the Fermi liquid parameter,

1+ 1/3}1 = m*/m. The data from fig. 1 and ex-
perimental values of m*/m allow us to construct
the effective Yosida Function for each pressure.
In fig. 2 the deviation of this quantity from
the BCS Yosida Function, as interpolated from
Muh]schlege14, is shown as a function of reduced
temperature. The m*/m values used are those of
Alvesalo et. al.9, which are in good agreement
with the measurements, based on the same temper-
atuge scale as this work, reported by Zeise et.
al.® MWe observe a remarkable absence of pres-
sure dependent strong coupling effects over the
entire temperature range. This is not affected
by scaling the m*/m values by the same factor
at each pressure. Thus the same conclusion is
obtained_if the values of m*/m listed by
Wheatley’/ are used. The initial slope of

1-Yeff at Tc is pressure independent and 12%
smaller than the BCS value. The asymptotic
behavior of Yars(T) at the lowest temperatures
is also pressure independent. It deviates
systematically from the asymptotic form of the
BCS Yosida Function. Since wtn1 at the lowest
temperatures, where t is the quasiparticle
relaxation time, this may be the result of
deviations from hydrodynamics. This is the
subject of further analysis.
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Figure 2: Deviation of effective Yosida Func-
tion from BCS Yosida Function versus reduced
temperature at various pressures.
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