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Spin-Lattice Relaxation and Self-Diffusion in Liquid He t
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The spin-lattice relaxation time T& and the coefficient of self-diffusion D were measured in liquid He in
the temperature range between 0.35 and 3'K at SVP. Pulsed nuclear magnetic resonance in a Geld of 6800
G was used. The measured T~, characteristic of bulk relaxation, was found to pass through a minimum value
of about 290 sec in the vicinity of 1'K. Surface relaxation e6'ects were examined and possible explanations
for the great diversity of the T& values reported in the literature are given. Certain details of experimental
procedure are described.

INTRODUCTION The equipment used in our experiments consisted
mainly of units which are available commercially. The
timing and pulse-generating circuits were built from
modular pulse generators (160 series Tektronix). Pulses
derived from these generators were amplified (General
Radio Pulse Amplifier 1219-A) and then fed into a
pulsed radio-frequency oscillator (Arenberg PG 650-C)
which produced the necessary radio-frequency power.
A half-wavelength cable (Amphenol 114) was used to
couple the oscillator, i.e., the transmitter, to a single
sample coil. The receiving amplifier was connected
through appropriate matching networks to the tank
circuit of the transmitter. This arrangement simpli6ed
the tuning procedure since only the tank circuit of the
transmitter had to be adjusted for optimum perform-
ance. However, the signal-to-noise ratio of this arrange-
ment is worse than in the case of individually tuned
transmitter and receiver. Nevertheless, in most of our
measurements the signal-to-noise ratio was quite
adequate.

The nuclear signal, after ampli6cation, was displayed
directly on an oscilloscope (Tektronix 585) without
demodulation. This was done to avoid any nonlinearities
and corrections usually associated with demodulation of
the radio-frequency signal. The signals were recorded
photographically with a Polaroid camera. The ampli-
tude of the nuclear signal was taken to be equal to the
peak amplitude of the signal minus the thickness of the
baseline including noise if any. The gain of the receiving
chain was checked periodically during measurements, to
correct for any long-term drift of the gain.

The experiments were performed in an all-metal
Dewar system (constructed in our workshop) which was
found to be very satisfactory and trouble free. Tem-
peratures between 1.3 and 4.2'K were produced by
pumping on a bath of liquid He4. A He' refrigerator'0
was used to produce temperatures below 1.3'K.

Temperatures were measured by means of carbon
resistors (Allen Bradley —,

' W) placed in the frequency
determining network of a Wien bridge oscillator. "The
resistors were calibrated against vapor pressure meas-
urements over liquid He4 and He'. In order to reduce the

HE spin-lattice relaxation time T& in liquid He'
has been studied by many investigators. ' The

results obtained for T& diRer widely and in some cases it
has been reported that the apparent T1 at any given
temperature and pressure was not reproducible from one
run to another. "Our measurements of T1 were started
in the hope of obtaining reproducible values of T1
representing as nearly as possible the bulk relaxation in
liquid He'. We also hoped to provide an explanation for
the large discrepancies in T1 reported in the literature.
In addition, we have made measurements of the self-
diRusion coeKcient in liquid He' at saturated vapor
pressure in a 6eld of about 6800 G. These measurements
can be compared with results obtained in other labora-
tories 2' Our initial measurements of T1 made in nylon,
Delrin, Pyrex, and fused quartz cells, indicated that the
nature of the surface in the sample container played an
important role in the observed spin-lattice relaxation
time of liquid He'. Quartz cells, which showed the
smallest surface relaxation eRects, were used in the T1
measurements reported below.

EXPERIMENTAL ARRANGEMENT

Most of the measurements reported here were made
at 22 Mc/sec in a 6eld of 6790 G produced by a 12-in.
electromagnet with a 3-in. gap. The pulsed nuclear
magnetic resonance technique was employed. "'
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Research Office (Durham) and by an equipment loan contract
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phy, to the Graduate School of Washington University, St. Louis,
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power dissipated in these resistors the amplitude of
oscillation was kept below 10mV over the entire fre-

quency range between 50kc/sec and 1 Mc/sec. Two
resistors with room temperature values of 9 and 50 0
covered the range of temperatures between 0.3 and
4.2'K. The frequency of oscillations, measured by a
digital frequency counter, was found to be an approxi-
mately linear function of the absolute temperature.

Sample cells were constructed out of nylon, Delrin,
Pyrex, and quartz. Plastic cells were in the form of
cylinders with 2.5-mm i.d, and the glass cells were
approximately spherical. The effective length of the
plastic cells could be accurately controlled by means of
a plastic piston. By adjusting the position of the piston
from the top of the experimental probe the effective
volume of the sample could be easily changed. This
feature was found to be very convenient in optimizing
the volume of the sample. The plastic cells were sealed
to metal tubing by means of a differential contraction
seal. ' "For Pyrex bulbs, graded-glass-Kovar seals were
used to connect the sample cells to the rest of the system.
A different method of sealing was used for quartz bulbs.
A schematic diagram of a quartz sample cell is shown
in Fig. 1. This cell could be used for high-pressure
experiments up to 1000 psi and possibly to much higher
pressures. Though the quartz bulb itself is quite weak,
the surrounding paraffin wax (filled with Pyrex powder
to adjust the coe%cient of expansion) enables it to
withstand quite high pressures. The main function of
the brass can, surrounding the sample cell, is to prevent
He' from escaping into the adjacent vacuum jacket
should the sample cell break.

Pressure could be applied to the sample by means of
an. oil-mercury Toepler pump activated by a hand-
operated oil pump. The level of mercury in the pump
was determined by measuring the resistance of a thin

platinum wire extended inside the pump. Pressures
below 1 atm were measured with the aid of a mercury
manometer connected to the sample tube. Pressures in
excess of 1 atm were determined by means of a Bourdon
gauge attached to the oil pump. Measurements of high
pressure obtained in this way were found to be inaccur-
ate because of the very large "dead volume" (mainly
the volume of the compression chamber in the pump
containing gaseous He') associated with the gauge. An
appreciable uncertainty in the pressure reading results
from the fact that in such a system the time required for
the sample and the pump to reach equilibrium is quite
long. The system was later modified" and the pressure
gauge was connected directly to the sample tube. The
gauge was filled with glycerine and separated from the
He' gas by a TeAon diaphragm. With this arrangement
equilibrium readings were obtained in a matter of
minutes.

EXPERIMENTAL PROCEDURE

In measuring the spin-lattice relaxation time we have
employed a pulse sequence consisting in principle of
90'—0" —90', where O~ is the time interval between the
90' pulses. In practice, at time 3=0 several rf pulses are
applied to the sample until there is no signal, i.e., the
component of magnetization of the sample along the
main field Ho is zero, or M, (0)=0. After a waiting
interval 0" a pulse producing as nearly as possible a 90'
rotation of M, (0) is applied and the resulting free-
induction decay signal measured. The height of the free-
induction decay h(O~) proportional to M, (O~) is meas-
ured at a certain fixed distance, typically 1.5 msec, from
the radio-frequency pulse. This is done to avoid any
possible complications arising from the amplifier block-
ing effects.

If the recovery of M„-(O~) is governed by a single time
constant T~ we have

Fro. 1. Sample
cell. A: liquid He3;
B: brass can; C:
brass plug; D: in-
dium ring; E: eposy
resin glass-to-metal
joint; F:sample coil;
G:parafFin; H:phos-
phor bronze spring;I: ground contact;
J: indium 0-ring;
K: glass bulb, 4-mm
o.d. ; L: TeQon in-
sulation; M: Kovar
seal.

'~ K. Luszczynski, R. E. Norberg, and J.Opfer, Phys. Rev. 128,
186 (1962).

A plot of lnI 1—h(O~)/h(~ )]versus O~ gives us Ti. When
T, is of the order of minutes, the determination of h(~ )
may become quite difficult. In principle one can deter-
mine Ti from two suitably spaced values of h(O'), but in
practice, in view of the complications described below,
one has to determine the full recovery curve, that is to
say h(O~) for several suitable values of O~.

The usual procedure employed in our experiments
was to measure h(O~) for successively increasing values
of 0', say, 0"=100, 200, sec. After a whole series of
points was obtained, the 200-sec picture was retaken,
and if it did not agree with the initial picture within
experimental error, the complete series was repeated
until a satisfactory agreement was achieved. A typical
measurement of one T~ point took several hours. When-
ever possible the delayed function plot' "of h(O~) versus
h(O'+6), where 6 is of the order of Ti, was used to
determine h(~).

"P.C. Mangelsdorf, J, Appl. Phys. 30, 442 (1959).
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Fxc. 2. A plot which shows a compound recovery of nuclear
magnetization. This set of data, taken from measurements of the
spin-relaxation time in liquid He', at 2.5'K and at a pressure of
about1atm, corresponds to the following constants in Eq. (2):
Tr, =47 sec; Tr'=430 sec; h, (~):h'(~) =6:4.

measurements was generally very much smaller. Experi-
mental points plotted in Fig. 2 are represented by the
curve ABC. If TI,((TI~, then section BC is controlled
entirely by T&&. Hence, from the slope of BC we deter-
mine T~~ and from the intercept D of the extrapolation
of BC on the ordinate axis we find the relative amplitude
of this component, equal to h'(~)/h(~). Subtracting
line CD from A BC gives us line EF which represents the
short component. Hence, we can derive T1, and
h (~)/h(~).

The spin-lattice relaxation time T~ was also deter-
mined by measuring the amplitude of the primary echo
following a 90'—180' pulse sequence. The results ob-
tained from the free-induction method and the echo
method agreed within experimental error. However, the
echo method is less satisfactory than the free-induction
method because the amplitude of the echo is much more
susceptible to any drifts of the apparatus from thy resq-

In many cases h(O) was found to be governed by at
least two time constants, so that

h(O) =h. ( )[1—e p(—o/T'. )3
+h'(~)[1—exp( —0/T„j (2)

alld
h(~) =h, (~)+h'(~),

where T~, and T~~ are the short- and the long-relaxation
times, respectively. The amplitudes of the two com-
ponents are proportional to h, (~) and h'(~). All the
four constants in Fq. (2) can be deduced from a single
plot of in[1—h(O~)/h(~) j versus 0', if Tt,«Trt. A plot
of one set of experimental points taken from our data on
He liquid is shown in Fig. 2. This set of points was
chosen merely to illustrate the procedure for determin-
ing the four constants in Eq. (2). The degree of com-
plexity in h(O') observed in the great majority of our

FIG. 3. The rate
of attenuation of the
peak echo amplitude
due to diffusion in
liquid He', at 1.6'K
and about 70-mm
Hg. The plot of
logR versus P shows
a definite nonline-
arity near the origin.
The coefficient of
self-diffusion is de-
rived from the slope
of the linear portion
of this plot. In this
case a=9&&10 ' cm'
sec '.
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nance condition. For this reason the free-induction
signal was used in our measurements of T~.

Measurements of the self-diffusion coefficient were
made with the aid of a pulse sequence consisting of
three pulses, i.e.,90'—v.—180'—T—180'.This sequence
gives rise to two echoes separated by a time interval
/=2(T —r). If the attenuation of the peak echo ampli-
tude is controlled mainly by diffusion, then the ratio of
the peak amplitudes of the two echoes is' '

A=exp[ —(yG)'DP/12j, (3)

where p is the gyromagnetic ratio, 6 is the linear field
gradient along II0, and D is the self-diffusion coe'.scient.

The linear fieM gradient G was produced by a pair of
coils attached to the pole faces of the electromagnet.
The value of G was derived from the signal shape ob-
tained from samples with a very well defined geometry. ' '

In our measurements, R is determined for several
values of 3=2(T—r), where r is held constant and T
varied. A plot of lnR versus t gives a straight line which,
when extrapolated back to t= 0, in most cases does not
go through the origin. The effect is illustrated in Fig. 3,
which shows that near the origin lnR drops very rapidly
compared with the main diRusion eRect represented by
the straight-line portion of the plot.

RESULTS AND DISCUSSION

The experimental values of the spin-lattice relaxation
time TI obtained in a 3.5-mm-i. d. quartz sample cell at
22 Mc/sec are given in Fig. 4. Between1 and 3'K, Tr
increases with temperature. Measurements below 1'K
indicate an apparent increase in T~ as the temperature
is lowered. That is to say T~ goes through a minimum of
about 290 sec between 0.5 and 1'K. The error Gags in
the figure represent the possible range of values of T~
that can be fitted to the experimental points obtained at
any given temperature; the maximum possible error in
Tt is estimated to be about ~10%.

Figure 4 shows in addition to our experimental results
a curve (solid line) drawn through the results for Tt
obtained iq. a Pyre' bulb, ' Thy two sets Of data obtained
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FIG. 4. The spin-lattice relaxation time T1 iri liquid He' at
SVP: o-this research in a 3-mm quartz bulb;, Romer (Ref. 3)
in Pyrex bulbs, smoothed data; ————T&(D), derived from self-
diffusion measurements (Ref. 7).

3rrrfaD/k T= 1, (5)

where r) is the viscosity of the liquid, then Eq. (4)
becomes

Tt= (Sk/6x y4A'N) (T/rf) . (6)
N. Bloembergen, K. M. Purcell, and R. V. Pound, Phys. Rev.

73, 679 (1948);and R. Kubo and K.Tomita, J.Phys. Soc. (Japan)
9, 888 (1954).

'P H. C. Torrey, Suppl. Nuovo Cimento 9, 95 (1958).

by different methods agree within the experimental
error.

The reason for the observed minimum in T~ is not
clearly understood. Many materials exhibit a T&

minimum in the temperature region where the correla-
tion frequency v, of the material is approximately equal
to the Larmor frequency vp employed in the experiment
(in this case vs=2. 2&&10r c/sec). The position of the
minimum, thus, depends on vp. The correlation fre-
quency in He' at 0.5'K is estimated to be v,=i/
(2z.r,) =2D/(r') —10"c/sec, where D is the self-diffu-
sion coeScient and (r') is the mean-square interatomic
distance. Since vp/v, «1, we do not expect any depen-
dence of T~ on vp."Indeed, our experiments show that
at 0.66'K there is no dependence of TI on the Larmor
frequency in the range between 8 and 22 Mc/sec. It is
quite clear that we cannot explain this minimum in T&

in the usual terms.
In ordinary liquids where vp/v, .«1, the spin-lattice

relaxation time T&"may be expressed in the following
way" "

Tr (5a/27ry4A'N) D——, (4)

where a is the distance of closest approach, E is the
number of magnetic moments per unit volume, and D
is the self-diffusion coeKcient. If we use the Stokes
relationship,

Experimental data on viscosity" and diffusion in
liquid He' show that the Stokes relationship is not
applicable to the liquid below about 1.5'K."Correlating
the experimental results for T~ and D, and also for T~
and g, we hand that the temperature dependence of Tj is
much more like that of D than that of (T/rf). In order to
illustrate this point, the spin-lattice relaxation time
derived from Eq. (4) and denoted by Tt(D) is plotted in
Fig. 4 (dashed line). The constant in this equation is
arbitrarily adjusted to make the minimum value of
Tr(D) equal to the corresponding experimental value of
about 290 sec. Above 1.2'K, Tt(D) and the measured
Tj have the same temperature dependence, within the
experimental error. Below 1'K, the correlation between
the measured T&and T&(D) is less satisfactory. However,
measurements of diffusion and susceptibility7 show that
below 1'K the properties of the Fermi liquid become
apparent in liquid He and, therefore, deviations from
the classical liquid formulas should be expected. Quali-
tatively, it appears that T& may be more sensitive to the
Fermi-Dirac degeneracy than are diffusion or suscepti-
bility, so that a departure of Tj from the classical be-
havior could occur at a higher temperature than the
minimum of D or the deviation from Curie's law.

It is worth noting that the observed minimum in T~
might be associated with other phenomena. In particu-
lar, if the measured Tj were still partially controlled by
the surface relaxation, a decrease in the effectiveness of
the latter in this temperature region would also result in
an apparent minimum in T~. Our observations made in
connection with the surface relaxation effects indicate
that the values of T& given in Fig. 4 represent the bulk
spin-lattice relaxation free of wall relaxation; however,
any relaxation by impurities suspended in liquid He'
cannot be entirely excluded.

The pressure dependence of T~ was investigated in
quartz and nylon cells. In quartz cells, at 3'K for ex-
ample, T& decreases with increasing pressure. In nylon
cells the pressure dependence of T~ is similar to that
obtained in epoxy resin cells. ' This dependence of Tj on
pressure indicates that in quartz cells T& is character-
istic of bulk spin-lattice relaxation, while in nylon cells
T& is determined mainly by the surface relaxation. The
temperature dependence of Tr in nylon cells (2.5 nun
i.d. and 5 rnm long) is very slight; typically T& is of the
order of 90 sec and it has a very broad maximum at
about 1.4'K at 1 atm.

A certain amount of spurious relaxation was observed
in all sample cells. It is diS.cult to make precise state-
ments about this phenomenon because the observed
effects are not completely reproducible, however, in
most cases we found that (a) the recovery curve h(O')
consists of at least two components Lcf. Eq. (2)j, one
having a short Tt(= Tt,) and a small amplitude and the

'P K. N. Zinoveva, Zh. Kksperim. i Teor. Fiz. 34, 609 (1958)
Ltranslation: Soviet Phys. —JETP 7, 421 (1958)j."E.F. Hammel, Symposia on Liquid and Solid Heligm 3
(Ohio State University Press, Columbus, Ohio, 1960), p. 6.
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other having a long T&(=T$7) and representing some
90% of the signal amplitude; (b) the normalized signal
shape depends on the waiting time 0', that is to say, the
T~, component is associated with a short free-induction
decay and the T&& component with a long decay (the
length of the decay is determined by the distribution of
Ho over the sample contributing to the signal); (c) the
characteristics of the recovery curve h(O) depend on the
sample container.

In view of these complications a very careful analysis
of the data has to be made to obtain meaningful results,
since one can derive different values of T~ depending on
the method of analysis.

In certain cases, by resolving h(0~) into two com-
ponents (cf. Fig. 2) we found that T~, remains approx-
imately independent of temperature or perhaps rises
slowly as the temperature is decreased. The long T&

component approaches the values shown in Fig. 4. If the
average T&, determined let us say from the half-height
of h(0~) were taken, the result would have been quite
different. It was found that the average T~ exhibits a
maximum in the vicinity of 1.4'K at SVP. This behavior
arises partly from the fact that the relative amplitudes
of the components change with temperature, i.e., the
amplitude of the short T~ component decreases as the
temperature is lowered. In general, the ratio of these
amplitudes does not remain constant from one run to
another at any given temperature and pressure. This
could account for the apparent irreproducibility of T~
values.

Our observations can be explained in terms of surface
relaxation, occuring at liquid-wall and liquid-vapor
interfaces. The relaxation at the liquid-wall interface
has a very pronounced effect on the measured T&. For
instance, in going from a quartz bulb to a nylon con-
tainer, we And that the measured T~ is reduced from
some 600 to 90 sec at 3 K and SVP, with all other condi-
tions being equal. The effective T& in the He' vapor in
contact with a rapidly relaxing surface is quite short, "
of the order of a few seconds. Thus, the presence of
vapor in the sample cell, or even close to it, results in a
compound signal with long and short Ti components
whose amplitudes depend on temperature as well as on
the relative amounts of liquid and vapor in the cell.

Since the spurious relaxation phenomena were only of
incidental interest to us, our observations of these effects
are incomplete. Nevertheless, we can indicate possible
explanations for most of the spurious relaxation effects
reported in the literature.

Measurements of Garwin and Reich' in liquid He'
under pressure in epoxy resin cells are very similar to
those made by us in nylon cells. The measured T» repre-
sents surface relaxation superimposed on a compara-
tively very much weaker bulk relaxation. The relaxation
time of the bulk liquid is proportional to the self-
diffusion D, whereas the surface relaxation time is
inversely proportional to D. The superposition of the
two effects gives rise to broad maxima in the measured.

, 20 —,
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FIG. 5. The coefficient of self-diffusion D in liquid He' at SVP.
Several different sample containers were used: v' —2.5-mm-i. d.,
5-mm-long Delrin cylinder; &—3-mm-i. d. quartz bulb; o-8-mm-
i.d. Pyrex bulb; p —10-mm-i. d. Pyrex bulb; the solid line repre-
sents the results of Hart and Wheatley (Ref. 7) obtained in a
7.6-mm-i. d. , 8.4-mm-long epoxy resin cylinder.

T» versus T, which shift to higher temperatures as the
pressure is increased. Some of the very pronounced
peaks in the measured T& reported by Careri, Modena,
and Santini' were also observed. in our experiments when

vapor was present in our samples. Invariably, under
those conditions the recovery curve h(0') is compound.
The relative amplitudes of the two T~ components
change with temperature. The major effect arises from
the change in the amount of liquid in the sample cell. If
the recovery curve is resolved into two components, then
the values of the long T~ approach those given in Fig. 4.
Experiments with a metal probe suspended in the vapor
above liquid He' reported by Walters' can be also
explained in similar terms. The results of Low and
Rorschach', specifically the Geld dependence of T~, are
not understood. Our measurements of Tj in nylon con-
tainers show no field dependence. Finally, it is reason-
able to assume that Romer' was able to measure the
bulk relaxation times because of a favorable sample
geometry and design. His system consisted entirely of
Pyrex glass which is much less effective in relaxing He'
atoms than most other materials. Moreover, Romer
reported that his sample cell was full of liquid at all
times during the measurements.

The results for the self-diffusion coeKcient D in
liquid He' measured in the 6eld of about 6800 G and at
SVP are shown in Fig. 5. These measurements were
made iri glass and plastic cells with different geometry
and dimensions.

Measurements of D made in small diameter ( 3 mm)
cells gave values which are in good agreement with
those obtained by Hart and Wheatley, ' but the meas-
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ured values of the self-diffusion coefficient in larger

( 8 mm Pyrex) sample cells fall systematically higher.
For instance, the apparent self-diffusion coefficient D
in a 10-mm Pyrex cell is some 40% higher than that
obtained in a 3-mxn quartz bulb. A more accurate study
of this phenomenon would be required to determine
definitely whether we are dealing, in fact, with a "size
effect, " that is to say, a limitation of the atomic self-
diffusion due to the finite size of the container, or
whether this behavior is entirely due to some systematic
errors of measurement.

In our apparatus we could not use sample bulbs much
larger than 10-mm diam mainly because the natural
homogeneity of the polarizing field H0 was relatively
poor and secondly because the external gradient
generated by the gradient coils would not remain
reasonably linear over a region bigger than 10mm.
Moreover, in large bulbs, temperature gradients and the
resulting convection are more easily set up. A Carr-
Purcell pulse sequence' was used to verify that no
appreciable convection was present during our measure-
ments. On the basis of these tests we exclude convection
as a possible cause of the observed size effect.

Error in D arising from the increase in the non-
linearity of the external field gradient G as the sample
size is increased, is estimated to be less than 1%.There-
fore, this nonlinearity cannot account for the observed
40% difference in D. Other possible instrumental eRects
show a similar disparity between the estimated and the
observed size effects.

The self-diffusion coefficient as measured by the spin-
echo technique can be decreased by the presence of
artificial barriers perpendicular to the direction of the
main magnetic field gradient. Qualitatively, then, in
very small cells the apparent self-diffusion should be
smaller than in the bulk liquid. To evaluate the max-
imum possible effect of the wall of the container on self-
diffusion let us divide the sample into two regions: One
region consisting of atoms which within the measured
diRusion time (defined arbitrarily as the time in which
R decays to R/e, and typically of the order of 40 msec)
suffer some degree of retardation in their diffusion rate
due to the presence of the wall; the other region con-
taining atoms, remaining in the bulk of the liquid, which
do not come in contact with the wall. In the case of our
2.5-mm-i. d. , 5-mm-long cylindrical plastic cell, we find
that the maximum possible fraction of the volume of the
liquid that can be retarded by the wall is less than 2%.
This result is obtained on the assumption" that the
rms distance traveled by an atom along an axis in time
t is about (2Dt)'i'. The estimated retarding effect of the
wall is very much smaller than the observed effect. In
view of this, the observed "size effect" becomes rather
difficult to understand. Further measurements of D in

' W. Jost, Dgusion in Solids, Liquids and Gases (Academic
Press IIIc., New York, 1960), P. 25.

sample containers with widely different dimensions
would provide more conclusive results.

We have also observed that the apparent self-diffu-
sion is very much higher when the sample bulb contains
some vapor in addition to the liquid. This can be
accounted for by recognizing the fact that the observed
nuclear signal in such a case is composed of two com-
ponents associated with the vapor and the liquid. The
two signals have very different spin relaxation times and
coefficients of diffusion, so that the behavior of the
nuclear signal is quite complex. In fact, under these
circumstances the measured self-diffusion coeKcient
depends on the waiting interval O~ between pulse se-

quences, that is to say, the apparent D decreases as 0" is
increased. These difficulties can be avoided by employ-
ing excess vapor pressures so that the sample bulb
remains filled with liquid. Even under those conditions
there still is a "fast-diffusion" component in the diffu-
sion plot, as illustrated in Fig. 3. The plot of lnR versus
P for the small t ((15msec) is not linear. In the deriva-
tion of the self-diffusion coefficient in the liquid, this
nonlinear region is disregarded and a best straight line
drawn through the remaining points. Thus, the results
for D plotted in Fig. 5 correspond to the linear section
of lnR versus t'. The presence of the nonlinearity in lnR
is rot due to an imperfect pulse sequence, ' because
experimentally R approaches unity as t is reduced to
zero. There appears to be no correlation between this
effect and the size of the sample.

CONCLUSIONS

Our measurements of the spin-lattice relaxation time
T~ in liquid He' show that T~ goes through a minimum
of some 290 sec in the vicinity of 1'K. Insofar as the
measured Ti represents the spin-lattice relaxation in the
bulk liquid He', it appears that T& rejects the non-
classical nature of the liquid at low temperatures. Most
of the variation in the T~ data reported in the literature
can be interpreted in terms of surface relaxation effects
at the liquid-vapor or the liquid-wall interface.

Measurements of the coe%cient of self-diffusion D at
SVP, in a field of 6800 G, made in small sample cells,
agree reasonably well with those reported by Hart and
Wheatley, ' which were made in a comparatively low

magnetic field. The measured values of D in larger
sample cells fall systematically higher, outside our
estimate of the maximum possible experimental error.
Further and more extensive measurements of D would
be required to establish conclusively whether we are
dealing with a real "size-effect" of the sample cell on D
or whether the observed phenomenon results from a
combination of certain instrumental effects.
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