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ABSTRACT

Values of the concentration susceptibility (ax/aA)T p of liquid

3He/4He mixtures have been determined near the lambda ]ine gﬁd tricritical

point from measurements of the differential osmotic pressure as a function

of temperature T at four values of the 3He mole fraction, x = 0.594,

= 0.644, x = 0.680, and x = 0.706. Here & = u3-u4'is the difference
between molar chémical pbtentia]s'and P is the pressure. In contrast to
other determinations, our results for the two values of x less than the
tricritical value x;'= 0.675 show pronounced peaks at the lambda fransition.
For 3 x 10'4 < lel = IT-TA(X)I/TX(X) 5 1072 these'peaks may be characterized
abeve,and below the transition by the form (A/a) (|e]fa -1} + B with
exponents a lying 1n the range from ~ 0.0 to v 0 2. Except perhapé for

X < Xy in the normal-fluid region away from the transition, our data appear

to be cons1stent w1th a simple tr1cr1t1ca1 sca11ng relationship of the form

N E AR [ -
aA“:T,P : = Tt ‘ X I
where f and = are funct1ons determined by experlment and Tt = 0.867 K

is the tr1cr1t1ca1 value of T. : .



The current interest in tricritical points] has been stimulated by

and has itself encouraged a number of experiments'explorihg the thermo-

3

dynamic behav1or of ]1qu1d He/ He m1xtures in the tricritical reg1on ' For

severa] reasons, including the ease of obta1n1ng pure and homogeneous

-

samples, these mixtures provide a very favorable system for the study of

tricritical behavior. The experiments include capacitante2 and optica]3
measurements of the density along the two branches of the coexistence curve,
measurements of the molar specific heat Cy P'at constant 3He mole fraction x

4,5 second-sound'measurements of the superfluid density

and pressure P,
ps,6 and determinations of the concentration susceptibility (3x/3A)T p by

means of vapor pressure7’8 and 11ght-scatter1ng3’9 measurements. " Here A is

“the dtfference,u3—u4 between molar chemical potentials and T is the absolute

tempereture. The ouantity (ax/SA)T p analogous in T,A space-(at constant P)

to the compressibility of a pore fluid in T,P space, is of particular importance

,because of the information it contains about the re1ation between T, x; and

A. We report here determinations. of (ax/BA)T p from measurements of the

10

differential osmotlc pressure. We have been espec1a11y 1nterested in the .

lambda transition, where, contrary to the vapor—pressure and 11ght-scatter1ng L

results, our data show a pronounced peak.

A schematic drawing of the experimenta]-sel] is ehown in Fig. 1. The
cell consiets of two chambers which are maintained at the same temperature
and which are eompletely filled with 3He/4He mixtures differing in composition
by.a small amount Ax. The chambers are connected by a Vycor_g]asé super]eak,]]

which, when a éuperf]uid connection exists through‘its pores, permits the

-molar chemical potential Mg of the 4He component to reach equilibrium between

the two chambers. We measure the resulting osmotic pressure difference AP



between the chambers by meane of a flexible stainless-steel diaphragm
separating them. The deflection of this diaphragm is measured capacitively,
the capac1tor form1ng part of the tank c1rcu1t of a Tow-temperature back d1ode
h oscillator. 12 | .

A remarkable feature'of the experiment is'that,despite the small size
of the pores, at va]ues of x 2 0.55 the superleak‘fdnctions not on]y-in the
suoerf]u1dreg1on of the phase diagram for the bulk fluid but also in a sma]]
portion of the normal-fluid region adjacent to the lambda and coexistence
chVes, thus permitting us to make measurements on both the superfluid and
normal- f1u1d sides of the tricritical point. We believe this phenemenon to
be due to the format1on of a superf1u1d 4He rich film covering the wa]]s of the
pores w1th which the 3He/ He m1xture is in contact; the effects of such fllms'
have been seen in a number of other exper1ments 13 The occurrence of th1s
phenomenon in the vicinity of the trlcr1t1ca1 point and the extent of the |
region of the“phase diagram in which we “observe it were reported by us in an
earller pub11cat1on 14
, Measurenents were made at four d1fferent va]ues uf the average 3he | e E
mole fract1on 1n the“chambers, = 0.594, x = 0. 644 x = 0.680, and x = 0. 706.
At each value, AP was’ measured as a funct1on of T for several different values

4, a value of 1 x 107 -4

of Ax ranging in magn1tude from 0 tod4x10 being
representat1ve of those with which our best results were obtained. Deta
were recorded with a cell temperature stability of several microkelvins at
intervels down to 20 uK. The resolution of our pressure meashrehents,
limited by the long-term stability of the pressure-measuring system, has

+ 0.02 Pa.



~in the suscept1b111t1es derlved from vapor pressure measurements,7 and only

The concentration susceptibility as a function of T was obtained from

P(T)'by-meaﬁs of the re]atiohship

(B_X) =. L(?.".) = X T ‘ (])
oA T,P Vg oP I,u4 Vg ] . , |

S

where Vg TV - X (av/ax)T p and where v, in tukn, is the molar volume. Because
we were not ab]e to make direct determinations of Ax, it was necessary to

normalize our results for (ax/aA)T p to outside data at one va]ue of T for

‘each value of x. For this purpose we used the results of the vapor pressure

measurements of Goellner, Behringer, and Meyer (GBM).7
Our results for (ax/BA)T p are shown in Fig. 2. Of particular interest
is the prominent peak which occurs at the lambda transition for the two

lowest values of x. Such a peak is entire]y missing at these concentrations

—

a mlnor max1mum in susceptibility at TA was observed at x = 0.632 in the
11ght—scatter1ng resu]ts 9
We have attempted to fit the T dependence of (ax/':)A)T p at constant X

near the ]ambda trans1t1on to the simple power-law form
.(ax/aa)T;p = Wa)(lel™ -+, (2)

where € = [T - TA(X)]/TA(X) and where, in turn, TA(X) is the lambda temperature
at the particular value of x in question. Successful fits. were obtained for _

- - - -2 :
data in the range 2 x 10 4 < le|l £ 10 2 for x = 0.594 and 4 x 10 4 <lel 1007 -

for x = 0.644; when data at smaller values of le| were used, the quaiity_of

* fit decreased considerab]y. We believe that the data at smaller values of

le| were subject toserious distortion as the result of gravitational



inhomogeneities in x within each chamber and of finite Ax between chambers.
Considerable latitude was present in the fits, with values for « both above

and below the.transition ranging from ~ 0.0 to ~ 0.2. Except perhaps for T > TA

at x = 0.644;. ‘where o > 0 seemed to.be fauored, it was pqsstb1e to. obtain
acceptab]e fits w1th a.= 0 both above and below the transition.

The behav1or of (ax/aA)T p at the lambda curve is closely related to
that of the spec1f1c heat Ca, P Near-zero values have been obtained for the
exponents describing the temperature behavior of p for pure 4He‘and'of CA,P
for m1xtures in the range 0 < x < 0.53 along paths of constant A. 15,16
| 'Although a proper comparison should involve the behavior of (3x/3A)T p along

paths of constant A rather than constant x, peaks in (axlaA)T p with near-zero
exponents would be consistent with these specific-heat results when combined .
with the hypothesis that the exponents are universal along the lambda curve.
An_exponent. for (ax/aA)T p significantly greater than zero for T > T “at
O 644 m]ght reflect the presence of crossover effects in our data there,
~ rather than a departure from the above consistency. 8 ]7
R1ede1 Meyer, .and Behringer (RMB) have proposed a simple tricritical

“1 and find that the results from vapor : ,-~~;

scaling re]at1onsh1p for (ax/aA)T p
pressure measurements appear to satisfy th1s re]at1onsh1p w1th1n a certain

"scaling reg1on" around the tr1cr1t1ca] point. 8; The1r relat10nsh1p is of .
.the form o

< 1/w : | :
. -1 [t u
(%%) t_,P»: f(x) =, K———Ttt>/ ] s ()

|

|

|
where X¢ and Tt are the tricritical values.of x and T and ;= is a function. '

]

|

|

|

|

\

|

X-Xt

Xt

w1th two branches, one for x < Xy and one for x > xt, determ1ned by exper1ment

The exponent w, js found experimentally to be 1.00. The1r funct1on f(x) equa]s




1

8 _
> where 8 o is found experimentally to be-2.05.. We have

n,t~

| (x-x) /%]
tested our results against this relationship by plotting
= = (3X/8A)T,p—]/|(X-Xt)/xt|1'05 versus z = [(T—Tt»Tt]/l(x-xt)/xtl.
A major portion of our results for x < X, are shown ih’Fig. 3 together with
the vapor pressure results of GBM and RMB that lie in the RMB scaling

7,8,18

region and the light-scattering results of Watts and Webb (WW) at

X = 0.632,9 all assuming Xp = 0.675 and Tt = 0.867 K.4’6’9

It is interesfing to note that in the superfluid region and {n the
norha]-f]uid'region immediately adjacent to the lambda. curve, our data seem‘
to obey this scaling relation, even though the form of = (2) tHat we

obtain near the lambda transition is quite different from that of RMB.8 It

should be emphasiied that, because of the normalization of our data to those
of GBM, our results do not provide an independent test of the form of f(x).
Indeed, for the purpose of enhancing the coincidence of our data for different

X near the lambda transition, the normalization of the susceptibilities for

x = 0.594 used in Fig. 3 was increased by a few percent relative to that used

~in Fig. 2. Figure 3 shows that in the normal-fluid region away from the ' fHNA

transition.our“dqfa fdr X < X¢ deviate from scaling, although our data for-

x = 0.594 at ﬁhe'highest temperatures are open to some<question.'<0ur results
in the normal-fluid region for X > x, appear Eo bg roughly consistent wfth the |
RMB scaling relationship. In this connection, attention is called to the
discovery that the RME scaling relationship implies a scaling form for the

specific heat Cy p which appears to be satisfied in the superfluid but not
19 |

in the normal-fluid fegion.
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FIGURE CAPTIONS

Fig. 1. .The experimental cell.

Fig. 2. The concentration suscéptibf1ity versus temperatufedat four values

of SHe mole fraction. The double-circles mark the points at which

the results are normalized to those of cam.’

Fig. 3. A plot of our results at x = 0.594 and X = 0.644, those of GBM

and RMB which lie in their scaling region for X kAxt,]’8{18‘and__

those of WW at x = 0.632,g"in the scaling form of RMB.. We have

assumed T, = 0.867 K and xi = 0.675.
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