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fluctuations in the superradiating process known

to us are restricted to the cases of few atoms or
a single mode of the radiation field. The inter-
esting work of Bonifacio and Preparata is of the
latter type, and one sees in it the periodic ex-
change of energy between atoms and field which
should be expected in a cavity. The principal

drawback of the Bialynicka-Birula treatment is
the restriction to times sufficiently close to the
instant of peak emission, while Dillard and Robl
have concentrated on small numbers of atoms.
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The critical isotherm of He has been measured over a density range IAp I
=

) p —p~ I /p~ up

to 0.6, and the chemical potential change p —p, , was obtained as a function of the density

change p -p, . The departure from perfect antisymmetry about p„which can be represented

by an expression of the form (Ap (' with e = 6. 2, is compared with theoretical suggestions.

Recently Missoni, Sengers, and Green have re-
ported success in scaling the thermodynamic prop-
erties near the critical point for a number of fluids

and magnets. They found that the change in chem-

ical potential

AP = [P (P, T) —P (P., T)1/I'. ~.

equation of state. The corresponding Helmholtz

energy I' was expressed as a function of t and

reduced variable x= t I ~p j
~. Generalizing this

result to physical systems of no known symmetry,
CSG assert that the free energy in the critical re-
gion is given by an expression of the form

was antisymmetric in the change in density ~
= (p —p, ) /p, for I ap i& 0. 30 for the fluids He', Xe,
and CO2 when —0.01 &f= (T —T,)/T, &0. 03. Along

the critical isotherm, 6 p. Cch p j ~ p j
' ', where

6 =4.0 —4. 6 for all fluids. We have reported'
agreement for He with their scaled equation of
state for l 6p I & 0.25, and in the present note we

wish to describe the departure from antisymmetry
for 0. 25 & I ~ p I & 0. 6.

Cooper, Sengers, and Green' (CSG) have proposed
a modification of the scaling ideas to extend the
interpretation over an enlarged region about the
critical point and also to include systems lacking
an intrinsic or known symmetry. Cooper and

Green found for an ideal Bose gas that the simple
scaling form appears as the first term in an ex-
pansion about the critical point for a nonclassical

where the f, (x) are regular functions. Since one

has

(2)

we immediately see that along the critical isotherm
where the asymmetric 6 p. term varies as 6p
x ) 4 p )' ', the first correction which gives a sym-
metric term is of the order 6p l 6 p j

' ' with &

= 5+1.
Griffiths has discussed two asymmetric lattice-

gas models. For his first model, the leading sym-

metric term for the chemical potential change Ap.

as a function of hp along the critical isotherm has

an exponent e = 25. A more recent model, which

is a "decorated" system, gives a=25 —P '.
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6- ~T = 3.5098 K

%6 have made extensive I', p, T measurements
near the critical point of He for solutions of 10
and 250-ppm He impurities using dielectx'ic-con-
stant techniques. The 250-ppm work, which will
be repox'ted elsewhere in detail, describes the
cryostat, experimental procedures, and errors.
%6 found no significant differences between the
two mixtures, and we report here our findings on
He'(10-ppm He ) where we have extended our den-
sity measurements along the critical isotherm to

t 5pI=0. 6 so as to compare oux results with the
suggestions of CSG and Griffiths.

coexistence-curve dRta fx'oIQ 1V isothex'IQs
were analyzed, and we obtained p, = 0. 04138
+ 0. 0002g/cm', t!= 0. 361+ 0. 005, and T, = 3. 3093
+ 0. 0005 K. The P-versus-p relation for three
isotherms 3. 3095, 3. 3098, and 3. 3101 'K was
then IQeRsux'ed ovex' lRlge density 1anges Rnd p,
—p., wRs obtRlned by gx Rphxcal integx ation using
the expx ession d p, = VdP along an isotherm. The
systematic correction of the results caused by the
slight density dependence of the dielectric con-
stant of He was found to be negligibly small, as
discussed previously. The large number of data
makes a tabulation impractical in this note. The
original P-p-T data, together with the calculated
hp. -versus-h p isotherms, will be submitted to
the National Auxiliary Publications Service, to-
gether with the results described in Ref. 2. The
tabulations are also available from the authox's.

For T=3.3098'K, a plot of ) 6 p, j versus ) Spa
on logarithmic scales gave within experimental error
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FIG. 2. LogarithDlic plot of j +p j versus t4p I fol'
I Ap ( & 0. 22 on the critical isotherm of He, showing the
depRX'tur'e froID Rntisymmetry between the gRS side
(p & p, ) and the liquid side (p & p, ).

astraight line for ! hp! &0. 25 (Fig. l), thus rein-
forcing our conclusion that this was the true criti-
cal isotherm. Prom this density range, where
there is no evidence of a symmetric term in hp, ,
we obtained 5 = 4, 16+ 0. 1. This value is in good
agreement with the theoretical prediction by Kiang
based on the liquid-droplet model, namely, 5 = 4. 24
for He .

For 0. 25 & l lp the f11st ordel cox"rect1on be"
comes incx'6R81ngly slgnif1cRnt, and the experiIQental
results (Fig. 2) could be well represented by the
expx'esslon

~! =W ~p((~pj '-a~p)~p)'-'), (3)

whereA. =2.42, 8=0.45, and &=Ge18+0.5, and we
note that

) ap, j„,&~ aII,
~ „

for a given
~
a p(. For

clarity we plot in Fig. 3 hap, = Ihp, I~~ —Ihp. t»~
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FIG. 1. LogarithDlic plot of the leduced chRnge ln
chemical potential leap I versus the reduced density change
~4p I in He for three isotherms. The temperature T
= 3.3098 'K is believed to be the critical one. I"or con-
venience, the range 0. 16 & )~p I & 0. 22, which shows a
continuation of the straight line for T= 3.3098 K has been
omitted from this figure.
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FIG. 3. The difference in chemical potential between
gas and liquid on the critical isotherm in. He (present
work) and He plotted on a logarithmic scale versus (Spa.
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versus 6p on a logarithmic scale, where it can be
seen that within the experimental error a straight
line is obtained. Since the theoretically suggested
exponent & is that for the first symmetric term only
in a power series in 6 p, it may be assumed that
comparison between experiment and theory can only
be made for EAii, «( ( Aii, )),„.The difficulty is, of
course, that for small Ahp, , the experimental scat-
ter is large, preventing an accurate determination
of the exponent &. One might expect that, as 55p,
increases, more terms in the series will become
important, and a logarithmic plot of AAp, versus
6p mould show some curvature. This does not
appear to be the case in our experiments up to
AAti/(( Ap ))„=0.3. Hence possibly, the straight
line we obtain in Fig. 3 implies that only the first
symmetric term in the above-mentioned series is
contributing and that the measured slope is not an

average representing several terms in the expan-
sion series. Although we are not able to justify
from first principles that ) 4p. , ( should be larger
than j 4p. g$q) we note that this is so for a fluid
obeying the classical van der Waals equation. Here
one finds 5 =3 and e =5+1=4. Higher-order terms
for the correction from antisymmetry around p,
become important for j 6pI &0. 35.

We also examined the He data of Roach, ' and
calculated Ap, versus 6p along his "critical" iso-
therm (T= 5. 1929 K), and over the density range
that extended up to ) d p) =0. 45. These He' resu1. ts
are plotted in Fig. 3, where we note the disagree-
ment with the data for He . This discrepancy is
not understood, especially as other scaled prop-
erties are nearly the same. However, the slope
e is about Va 1.5 and is consistent with that for
He.

%e conclude that for both helium isotopes, the
exponent e that describes the departure from per-
fect antisymmetry of AJLt, versus 6 p along the crit-
ical isotherm lies between the two extreme theoret-
ical suggestions, namely, D+ 1 and 25. It is fairly
consistent with the suggestion 25 —1/P = 5. 6. The
data on He', more abundant than that on He', sug-
gest a power of about 6+ 2.
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Stiniulated Electric Polarization and Photon
Echoes. C. V. Heer and R. H. Kohl [Phys. Rev.
A 1, 693 (19t0)].Although Eq. (22) is correct for
U(t, 0), it must be changed for U(t, to) to

This change in form is important for the study of
the shape of the echo and the time dependence of
the echo is dependent on e i"'e ' ""' '". Echo
intensity and polarization depend on $(t -to) and the
results reported in the paper are unchanged.

n, n'
tX

ii t iZ„~to/h (e n'e 0e

- i(H0/h+h)t - i4(t-t0) i(H0/&+&)t0=e e e 0

Hyperfine Str~icture of tlute Ground State of 'He'
by tire lo»-Storage Exchange-Collision Technique,
H. A. Schuessler, E. ¹ Fortson, and H. G.
Dehmelt [Phys. Rev. 187, (1969)]. The following

corrections should be noted:


