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Simultaneous measurements of both viscosity and light scattering are performed on two
critical mixtures. The first one is a triethylamine-water solution, which exhibits a lower
consolute point, the second one a methanol-ciclohexane mixture with an upper consolute point.
1t is found that the singular behavior of viscosity cannot be fitted by a simple power law, nor
by a logarithmic one, in the entire range of temperature. The asymptotic behavior, however,
tends to become logarithmic as the critical temperature is approached. The simultaneous
observation of scattered light allows one to exclude the intervention of spurious processes,
like a breaking of correlations because of impurities. In addition, it is shown that the cor-
relation length seems to depend mainly on the reduced temperature, irrespective of the sys-

tem under examination.

I. INTRODUCTION

In the present paper we report a series of mea-
surements of viscosity and light scattering, per-
formed simultaneously on a critical binary mix-
ture. There are, in the literature, many measure-
ments on viscosity, the majority of which seem to
indicate that, near the critical point, this physical
property can exhibit, at most, a logarithmic di-
vergence. - However, certain results seem to indi-
cate a stronger divergence, at least at those tem-
peratures not too close to the critical tempera-
ture. ? Now Kawasaki® has recently shown that a
logical inconsistency would derive from a diver-
gence of viscosity stronger than a logarithmic one,
as a consequence of the application of the scaling
laws in the frame of the mode-mode coupling the-
ory. Therefore, a divergence in the viscosity
stronger than a logarithmic one would indicate that
the scaling laws do not apply in that range. As
suggested by Tsai, * one can postulate the existence
of two critical regions. The first one, classical
in character, takes place relatively far from the

critical point. In such a region the viscosity can
diverge strongly. Close to the critical point, how-
ever, there is a second critical region, in which
scaling laws would apply, and therefore the viscos-
ity can diverge at most logarithmically.

Alternatively, Barber and Champion® suggest
that impurities of various kinds present in the sys-
tem prevent the correlation length from becoming
larger and larger as the critical point is ap-
proached. In such a case the strong divergence of
viscosity, observed relatively far from the critical
point, would be the effective behavior, while the
weak divergence observed near the critical point is
simply due to the impurity effect of breaking the
critical correlations.

The experiments we report in the present paper
are performed in order to discriminate between
the two points of view sketched above. For this
purpose we perform, on the same sample and at
the same time, measurements of both the viscosity
and the scattered-light intensity.

We use a vibrating-wire viscometer which allows
a good thermostatation by immersing the viscome-
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ter, in which the sample is maintained at rest, in
a large thermostatic bath. The optical arrange-
ment we use is not a refined one because our main
interest is simply the observation of the approach
to the critical point as measured by the increasing
correlation length. As explained in Sec. II, we
detect a light beam that is due to both a direct
beam and a scattered beam. The two beams have
different intensities. As the critical point is ap-
proached, we expect a decrease in the intensity of
the direct beam, and an increase of the scattered
one. In such a way, the measured light intensity
would exhibit a nonmonotonic behavior, as a func-
tion of the temperature, so that information con-
cerning the correlation length can be related to the
existence of maxima or minima in the intensity
measurements, rather than in the absolute value.

We performed measurements on two entirely dif-
ferent systems. The first one was a mixture of
triethylamine-water, which exhibits a lower criti-
cal consolute temperature. The second one was a
mixture of methanol-cyclohexane, which exhibits an
upper critical consolute point.

In Sec. II we describe in some detail the experi-
mental equipment and the procedure followed in
the measurements. Sections III and IV are dedi-
cated to the experimental results obtained in the
two mixtures, respectively. In Sec. V we discuss
the results obtained in the viscosity measurements
while the measurements of scattered light are
discussed in Sec. VI.

II. EXPERIMENTAL SETUP AND PROCEDURE

The apparatus consists essentially of a vibrating-
wire viscometer.® The viscosity of the fluid under
examination was tested through the damping exerted
on the motion of a vibrating wire. The latter is a
metallic wire in a magnetic field, and therefore
can be driven by a suitable electric current. A

(b)

general view of the viscometer is shown in Fig. 1.
It can be seen that we employ two wires. With this
arrangement a viscosity measurement is possible
either below or above the critical consolute point;
i. e., the viscosity of the two components can be
measured, after the phase separation occurs, giv-
ing two distinct values, so that the critical tem-
perature can easily be determined.

Such a viscometer can be used in several ways.
One can drive the wire with a pulse of dc current
in order to observe the subsequent damped oscilla-
tions (see Fig. 2). A logarithmic plot of the suc-
cessive pulse amplitudes then provides the damping
constant of the wire which, in turn, is related to
the viscosity of the medium. The kinematic viscos-
ity of the fluid under examination can be obtained
either by a calculation of the dynamics of the wire
or by a calibration of the viscometer with fluids of
well-known viscosity (e. g., glycerol-water solu-
tions). We use the second alternative. For further
details on this method see Ref. 5 and our previous
work. ® In the present work such a method was used
in the methanol-cyclohexane measurements.

Alternatively, one can drive the wire with an
ac current of angular frequency w; then the ampli-
tude of the vibrations of the wire can be recorded
as a function of w, and the resonance peak will give
information on the losses suffered by the vibrating
wire which are again related to the viscosity of
the medium. A block diagram of the electronic
equipment used in this arrangement is shown in
Fig. 3. The information on the viscosity can be ob-
tained in two ways. The @ of the vibrating system
can be calculated from the shape of the resonance
peak or, alternatively, the impedance of the sys-
tem can be measured by the ratio between the driv-
ing current and the peak amplitude.

It is to be noted that we are interested in the
mechanical impedance of the wire. The voltage
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FIG. 2. Damped oscillations of vibrating wire. In-
sert: semilogarithmic plot of peak amplitude vs time.

peak measures the amplitude of mechanical vibra-
tions, while the current is related to the driving
force. From this point of view the electrical re-
sistivity of the wire gives a contribution that will
be detected far from the resonant frequency and
then subtracted. For this reason we use, in such
an arrangement, a silver wire rather than a tungs-
ten one in order to minimize the electrical resis-
tivity. Test measurements have shown that both
the @ determination and the peak-amplitude mea-
surement give consistent results. The second
method, however, appears to be more sensitive.
In addition, the system under examination can be
followed continuously when the temperature of the
mixture is changed, giving information about the

approach to the state of thermodynamic equilibrium.

A straightforward calculation can be carried out
in order to examine the dynamics of the wire. ®
However, in such a case it is better to calibrate
the viscometer using a fluid of known viscosity,
and we follow this procedure. From test mea-
surements we can assert that, in the range of in-
terest, the kinematic viscosity of the medium and
the reciprocal peak amplitude (at constant driving-
current amplitude) are linearly related to each
other.

However, an absolute evaluation of viscosity re-
quires a more careful stability control in the elec-
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tronic apparatus (mainly in the zero suppression of
the constant Ohmic part of the signal). In the fol-
lowing we therefore prefer to report the viscosity
measurements in arbitrary units. In addition to
the viscosity measurements we perform, on the
same sample and at the same time, light scatter-
ing measurements. Such measurements can give
useful information concerning the proximity of the
state of the system to the critical point. It is
found” that light scattered at small angles first
increases as the system approaches its critical
point and then suddenly drops very near to the
critical point.

The purpose of our measurements is simply to
achieve a very sensitive control on the approach to
the critical point. The apparatus we use does not
allow accurate measurements of critical scatter-
ing. However, in addition to the mentioned control
function, our measurements reveal a peculiar be-
havior that we shall discuss later.

A schematic view of the optical disposition is
shown in Fig. 4. The over-all optical geometry
is such that the light scattered between the angles
of 0. 34° and 1.76° is detected. In addition to light
scattered by the medium, however, there is spuri-
ous scattering which originates in the optical com-
ponents we use (mirrors, windows, etc.). Such
a contribution decreases as the system goes to the
critical point, being scattered out of the angles of
detection.

As far as temperature control and measurements
are concerned, we use a Leeds and Northrup
thermostatic bath, which ensures a temperature
control better than 10 °K. The thermostat, in
turn, was placed in a closed room in which the
temperature was roughly controlled and maintained
a few degrees above the thermostatic bath tempera-
ture. The electronic equipment for the experimen-
tal measurement was located in another room.

The particular choice of viscometer allows its im-
mersion in the thermostatic bath, thus ensuring a
very careful control and stability of temperature.

Temperature measurements are carried out by

TUNING CONTROL

rf
rf — tuned Digital
generator amplifier voltmeter
Current ¢ Frequency
control Ro, amplitude C.RT.
converter
'4Vibra('ing
wire x y
L4

Recorder

FIG. 3. Block diagram of electronic equipment.
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FIG. 4. Schematic view of optical arrangement. In
the lower part are sketched the angles of interest (see
text).

three sensitive probes. The first one is incorpo-
rated in the thermostat as part of the control and
regulation device. The second one is a mercury

capillary thermometer with a sensitivity of 10-¢°C.
This thermometer measures the bath temperature.

The third probe consists of a four-wire NTC re-
sistor placed inside the viscometer and mounted
as an arm of a Miiller bridge. This probe allows
temperature measurements of better than 107 °C,
In the experiments on the triethylamine-water

critical system, we use also a less refined thermo-
stat for preliminary measurements, as will be
discussed in Sec. III

III. EXPERIMENTAL RESULTS IN TRIETHYLAMINE-WATER
MIXTURE

The triethylamine-water mixture exhibits a low-
er critical consolute point; i.e., the system can
exist in a single homogeneous phase only below the
critical temperature. For the critical composition
and an evaluation of the critical temperature we
refer to Refs. 8 and 9.

The procedure we followed in the present experi-
ments was, as discussed in Sec. II to detect the
resonance-peak amplitude of the vibrating silver
wire. The experimental results are shown in Figs.
5 and 6. The circles in Fig. 5 refer to measure-
ments of the viscosity as a function of the tempera-
ture in the range between 14 and 19°C (the critical
temperature being approximately in the neighbor-
hood of 18 °C), performed with an auxiliary thermo-
stat with transparent walls, where the tempera-
ture control was about 2x102°C, The purpose
of such preliminary experiments was to detect the
critical temperature to better than 0. 5 °C in order
to concentrate the successive measurements, in
the main thermostat and with a careful tempera-
ture control, in the range of interest. The location
of the critical temperature was visually detected
through the onset of the critical opalescence and
the subsequent formation of the meniscus.

Preliminary test measurements had shown that
the critical temperature remained constant, with
an accuracy of 1071°C, for a given sample in the
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FIG. 6. Measurements near the criti-
cal point on the triethylamine-water so-
lution. The meaning of the curves is the
same as in Fig. 5.
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viscometer, during several days, and after several
passages above and below the critical point. In
Fig. 5 and to the right of the critical temperature,
the lower points refer to the triethylamine-rich
phase, while the upper points refer to the water-
rich phase. The full circles in Fig. 5 refer to
measurements performed in the main thermostat,
in the range between 17 and 19 °C, with an accu-
racy of 10 °C. During these measurements the
light scattering was also determined. The line in
the upper part of the figure refers to the light-
scattering measurements. We should emphasize
that we observe, near the critical point, that each
change in the bath temperature was followed by an
increase in the scattered-light intensity. This in-
crease disappeared when the system reached the
new equilibrium state and is in fact a good test for
the reaching of the equilibrium. The deep mini-
mum of the scattered-light intensity allows us to
locate with reasonable accuracy the critical tem-
perature in the neighborhood of 18.2°C. Further
details and a discussion of the light-scattering ex-
periment are reported in Sec. VI

Figure 6 refers to successive accurate measure-
ments at intervals of about 1073 °C in the immediate
neighborhood of the critical point, and precisely
between 18 and 18.2°C. At the same time, the
scattered light was also detected. In order to per-
form the last set of measurements we first cooled
the thermostatic bath well below the critical tem-
perature, in order to be sure that the system had
gone into the homogeneous phase state, and then we
gently warmed it until the temperature of 18 °C was

reached. At this point we started with measure-
ment steps. In Fig. 6 we also report, as before,
light-scattering data. The meaning of the point to
the right of the critical temperature and of the up-
per line is the same as in Fig. 5. Full circles in
Fig. 6 represent measurements carried out in the
previous sets, which fall into the temperature in-
terval spanned in the last one.

_IV. EXPERIMENTAL RESULTS IN
METHANOL-CYCLOHEXANE MIXTURE

As can be seen from Fig. 6, the behavior of the
scattered-light intensity becomes very peculiar
near the critical point. In fact, after the drop of
intensity due to intense critical opalescence, ’ a
sharp peak appears at a few millidegrees from the
critical point. We discuss such behavior in Sec.
VL

In order to test this phenomenon we have per-
formed a set of measurements of the same kind on
a different critical system, and precisely on a
methanol-cyclohexane critical mixture. Such a
system exhibits an upper consolute point. Esti-
mates of critical concentration and critical tem-
perature are found in the literature.® We per-
formed measurements only in the immediate neigh-
borhood of the critical point, using the main ther-
mostatic bath, with a temperature control better
than 1073°C. The method we used consists of the
recording of damped oscillations of a tungsten
wire (see Sec. II and Ref. 6).

The results we obtained are summarized in Fig.
7. As a result of the narrowness of the tempera-
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FIG. 7. Measurement near the critical point on the
methanol-cyclohexane solution, The meaning of the
curves is the same as in Fig. 5.

ture range spanned by our measurements, it is not
possible, in such a case, to extrapolate a “normal”
behavior for the viscosity. However, we believe
that in such a limited range a linear dependence of
“normal” viscosity versus temperature can be as-
sumed. It can be shown that anomalous behavior
of the scattered-light intensity was also repro-
duced in such a system. It is to be noted that, be-
cause the methanol-cyclohexane mixture exhibits
an upper consolute temperature while the triethyl-
amine-water system exhibits a lower one, the
curve of Fig., 7 presents a reversed behavior as
compared with the curve in Fig. 6.

V. DISCUSSION OF EXPERIMENTAL RESULTS ON
VISCOSITY

In recent years much attention has been paid to
the observation of the anomalous behavior of vis-
cosity near the critical point, both from a theo-
retical and an experimental point of view. In the
following, we limit ourselves to a discussion
mainly concerned with the critical mixture.

The oldest theory seems to be the one attributed
to Fixman that predicts a rather strong anomaly
due to an increase in entropy production near the

critical point. Then Kawasaki'? obtained the same

results from a more rigorous standpoint. His pre-
diction can be put in the form
Dan~¢t, 1)

where D is the diffusion coefficient, An the anoma-
lous part of the viscosity, and ¢ the correlation
length among fluctuations of concentration.

It is well known that, near the critical point, ¢
diverges as

E~e™, (2)

where €= (T - T,)/T, and several theoretical and
experimental works assign to the critical index v
the value®®

w|o

3)

V=

Now, depending on the behavior of the diffusion
constant D, the excess viscosity An can either di-
verge or stay finite at the critical point. In the
earlier approach!™'? a power law of the kind

D~¢2 @)

was indicated. In such a case, a strong divergence
results for An. The prediction (4) is based mainly
on the assumption that the Onsager kinetic coeffi-
cient @, defined by

is well behaved near the critical point. * Now some
experimental results exist which indicate that this
is not the case. Chu and Schoenes!’® find a power
law for D:

D~¢¥3 (6)

As a consequence, the critical exponent charac-
terizing the behavior of the viscosity would be zero,
indicating a divergence that is logarithmic at most,
and may reduce to a strong cusp.

More recent theories confirm such results.
Kadanoff and Swift'® and Swift!” derive, on the ba-
sis of the scaling-laws hypothesis, a theory which
predicts, at most, logarithmic divergence. More
recently Kawasaki® shows that even a very weak
divergence of the excess viscosity is inconsistent
with the mode-mode coupling theory of transport
processes.

On the other hand, it is well known that the scal-
ing laws have only an asymptotic validity. A pre-
critical region in which scaling does not apply can
be theoretically predicted. !* From the experimen-
tal point of view, there are a large number of in-
vestigations with rather scattered results.® An
interesting feature of some results consists of a
nonmonotonic behavior of the excess viscosity near
the critical point. An indication in this direction
was first given by Leister ef al.* on a 3-methyl-
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pentane -nitroethane mixture. They found a strong
divergence of the excess viscosity in the range
13.5-0. 08 °C from the critical temperature with

a critical exponent of 0. 34, while in the immediate
neighborhood of the critical point the divergence
became less dramatic and, in fact, tended to a
logarithmic (at most) behavior.

More recently, Barber and Cha.mpion2 obtained
a similar result on an isobutyric acid-water mix-
ture. They found a power-law divergence with an
exponent of 0. 35 in the range 1-0.1°C, while
closer to the critical point the excess viscosity
seems to round off to a constant value, indicating
the existence of only a strong cusp. Analogous
results are obtained by Tsai.* Barber and Cham-
pion suggest that such a rounding off may be due
to the effect of impurities which prevent the range
of correlations from increasing indefinitely. In
the absence of this effect the power law would be
the correct description for the excess viscosity.
On the contrary, Leister et al.* explain their re-
sults with the hypothesis of two critical regions,
the first one classical in character, in which a
strong divergence would be expected, and the sec-
ond one, close to the critical point, in which a
scaling hypothesis would apply, with a consequent
logarithmic divergence at most.

In a later paper Stein et al. ? have gotten con-
tradictory data on the basis of more careful mea-
surements. However, from their experimental re-
sults, whose behavior is still analogous to that of
the data reported in Fig. 9, it is quite evident that
a single (logarithmic or power) law cannot easily
be fitted to all the data points. In particular, as
a consequence of such a fitting procedure, the dif-
ferences between calculated and measured values
exhibit a systematic behavior and become negative
and larger as € goes to zero. Allegra et al. ex-
plain such behavior with the hypothesis of a break-
ing of correlations due to impurities. %

VISCOSITY AND LIGHT SCATTERING IN CRITICAL MIXTURES 1639

On the whole, from the body of experimental re-
sults now available, it seems that a critical expo-
nent describing the divergence of viscosity would
be very small and practically zero, thus indicating
a logarithmic divergence, at most, very near the
critical point. The data concerning the existence
of a classical critical region, relatively far from
the critical point where the scaling hypothesis
would no longer apply, as suggested by Tsai, * are
not sufficient.

The results of our experiment stress the fact that
a single power law cannot be valid over the entire
range of the measurements.

The most crucial step in the elaboration of the
experimental data consists in evaluating the “ideal”
part of the viscosity 1,4, from which the anomalous
part An can be obtained:

AN=n =14 (7

The usual procedure consists in extrapolating an
Arrhenius law from data far from the critical point.
A criticism of this procedure is that it is not clear
how far from the critical point one has to go to be
sure that anomalous behavior is no longer present.

We proceed in a different manner. Because the
ideal Arrhenius dependence is expressed by an
exponential law

n(T) =y e, (8)

a plot of the quantity T'Ilnn vs T would give a
straight line until Eq. (8) applies. A deviation
from linearity could easily appear and would indi-
cate the onset of anomalous behavior. In Fig. 8
we report such a plot for the triethylamine-water
mixture. It can be seen that a sudden and rather
drastic deviation from the linear behavior takes
place at a temperature of about 17.4 °C, i.e., at
0. 8°C from the critical temperature (18. 2 °C).
The indication that the critical behavior appears
only this close to the critical point is in contrast
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FIG. 8. Tlnn vs T in triethylamine-
water solution. The straight line cor-
responds to an Arrhenius-type law.
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with the majority of experimental results obtained ties. In particular, it seems that thermodynamic

by other authors. Here we point out that this is a
common feature of our experiments.® We have
carefully tested such circumstances, carrying out
several sets of measurements of viscosity as a
function of temperature, at intervals of about 0. 5
°C both on the triethylamine -water mixture and in
the other mixtures, such as aniline-cyclohexane or
methanol-cyclohexane. In all cases, an anomalous
behavior of the viscosity appears closer to the
critical point than indicated by other authors. In
particular, the value of 17.4 °C found for the onset
of the anomaly in the triethylamine-water system
was systematically obtained, irrespective of the
experimental procedure that we followed (see Sec.
1I).

Such peculiarity should thus be attributed to the
particular choice of viscometer. Unfortunately,
at present, the data available are not sufficient to
make a definitive comparison between the capillary-
flow viscometer usually used and other kinds of
viscometers, such as those in which a rotating disk
or an oscillating cylinder are used. There is a
system for which two entirely different kinds of
measurements have been carried out (the 3-
methylpentane -nitroethane mixture). Leister and
co-workers*® use a Cannon-Fenske capillary
viscometer, while Tsai* uses a rotating-cylinder
viscometer (closed viscometer). There is some
indication that in Tsai’s measurements, the criti-
cal behavior appeared somewhat closer to the criti-
cal point than in the measurements of Leister et al.
In addition, the numerical values of the critical
parameters in the two investigations are quite dif-
ferent. It is interesting to note that our values
are very close to those obtained by Tsai, as we
shall see later.

It is commonly accepted® that capillary-flow
measurements are affected by several uncertain-

equilibrium is not well assured. On the other
hand, we can follow continuously the behavior of
viscosity when the temperature is changed, as
explained in Sec. II. A general feature of our re-
sults is that the viscosity shows an apparent in-
crease during the time spent by the system in
reaching a new equilibrium state upon the change
in the bath temperature, while the viscosity gradu-
ally drops to a lower value when the equilibrium is
attained. Analogous indications are provided by the
the light-scattering measurements.

We can tentatively conclude that the better
thermodynamic equilibrium that we are able to en-
sure through the use of a closed viscometer is the
cause of the delayed appearance of critical be-
havior.

From the plot of Fig. 8 the ideal viscosity can
be extrapolated up to the critical point, and then
the excess viscosity Az can be obtained. We plot
wvoth An and lnAn as a function of Ine in Fig. 9. It
can be noted that the critical behavior of the vis-
cosity is observed in a range of about four decades,
namely, up to € =10,

It is evident that our results are in good qualita-
tive agreement with those obtained by Leister et
al.,* Tsai,* and Barber and Champion. 2 In par-
ticular, the quantity lnAn tends to become constant
when €~ 0. In this respect our results confirm
that the anomalous behavior of the excess viscosity
can be described by at most a logarithmic law.

The data of Fig. 9, together with similar results
quoted above, show that the anomalous behavior
of the excess viscosity cannot simply be described
by a single (power or logarithmic) law. It is to
be stressed that from our results on light scatter-
ing, we are sure that no impurity effects are pres-
ent.

On the other hand, the very definition of critical
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index refers to an asymptotic behavior rather than
to an actual one. We believe that in such a case a
fitting procedure throughout the entire set of data
points would be less appropriate. From data such
as those of Fig. 9, one can argue that the asymp-
totic behavior is, in fact, a logarithmic one.
However, relatively far from the critical point the
excess viscosity seems to diverge more strongly.
It is a matter of convenience whether one draws

a rounded line through the experimental points or
a certain number of straight lines with different
slopes. The second procedure can be used in order
to have information concerning the strength of the
divergence at various distances from the critical

temperature.
For the sake of comparison, from the data of

Fig. 9 we obtain a value of 0.52 for the exponent
with which An diverges in the range ~10™<e<1073,
This value is to be compared with the value 0. 34
found by Leister ef al. and the value 0. 35 found by
Barber and Champion with the use of the open
viscometer, and with the value 0.523 found by Tsai
with the use of a closed viscometer.

For the slope near the critical point, we obtain
a value of 0.09. Again one can compare such val-
ue with the value 0. 04 of Barber and Champion and
the value 0. 107 of Tsai.

In conclusion, from our results it seems evident
that the excess viscosity exhibits, when the tem-
perature approaches the critical value, a diver-
gence, which becomes less and less strong as €
goes to zero.

An asymptotic behavior finally takes place for
small €, indicating, at most, a logarithmic di-
vergence. A tentative explanation of such behavior
can be given if one supposes that different trans-
port coefficients do not become singular in the
same range of values of €. If, in particular, the
Onsager kinetic coefficient @ becomes singular only
very near the critical point, a behavior such as that
of Fig. 9 for the excess viscosity can be expected.

Alternatively, one can explain the experimental
results by making the hypothesis that the excess
viscosity stays finite at the critical point. A
strong cusp in the viscosity, centered at the criti-
cal temperature, will also give results like those
of Fig. 9.

V1. DISCUSSION OF EXPERIMENTAL RESULTS ON LIGHT
SCATTERING

The observation of scattered light was primarily
performed in order to have a sensitive probe indi-
cating the reaching of a thermodynamic equilibrium
state and to have a clear indication of the close-
ness to the critical temperature. It is in fact well
known that the intensity of scattered light suddenly
drops near the critical point’ owing to the greatly
enhanced turbidity of the system (or, equivalently,
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to the intervention of multiple-scattering proces-
ses®),

In addition the simultaneous measurement of
light intensity and viscosity allows one to relate
directly the latter to the increase in the correla-
tion length, and thus to exclude any effect due to
impurities.??

However, since the experiment performed on the
triethylamine-water system showed a very peculiar
behavior very near the critical point, we repeated
the same experiment on a different system: a
methanol-cyclohexane mixture. The results are
very similar to those obtained in the former sys-
tem, and we shall briefly discuss them in the fol-
lowing.

As explained in Sec. I, our measured light inten-
sity is the sum of a direct beam due to spurious
scattering and a beam of light scattered by the sam-
ple. The intensities of the two beams change with
temperature, the first one being lowered by scat-
tering processes in the sample, the second one
being increased by the same processes. In addi-
tion, very near to the critical point multiple-scat-
tering processes become important.

The observed experimental behavior of the light
intensity shows an initial decrease due to the first
contribution, then an increase when the second con-
tribution becomes predominant, and finally a dras-
tic drop near the critical temperature due to multi-
ple scattering. Very near the critical point, how-
ever, we observe again a sharp increase, probably
due to the marked forward character of the scat-
tering.

In Fig. 10 we report on the same curve the data
obtained for the two systems examined. It can be
seen that in both cases the same behavior was ob-
served, and loci of maxima or minima occur for
the two systems at the same values of the reduced
temperature €.

In spite of the simplicity of our optical appara-
tus, two conclusions can be drawn, in our opinion,
from the experimental results. The first one is
that, in fact, the correlation length continues to
increase as one approaches the critical point. A
breaking of correlations would instead lead to a
nearly constant behavior of the measured light in-
tensity. The second one is that the correlation
length £ seems to depend on the reduced tempera-
ture € essentially in the same way for the two sys-
tems under examination,

VII. CONCLUSIONS

We have observed, on the same sample and at
the same time, the critical behavior of two physi-
cal quantities, namely, the viscosity and the light
scattering, in critical mixtures.

The simultaneity of the measurements allows us
to correlate the behavior of viscosity with the in-
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FIG. 10. Light intensity vs reduced
temperature. The circles refer to the
triethylamine-water solution, the solid
circles to the methanol-cyclohexane solu-
tion.
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creasing correlation length. The critical behavior
of viscosity cannot be explained by a single power
law, nor by a logarithmic one. Relatively far
from the critical temperature (5X107°< e<107%)
the viscosity shows a stronger divergence consis-
tent with a power law whose exponent is of the or-
der of 0.5, while very near the critical point
(€<5%x107%) such a divergence becomes less dras-
tic and, in fact, tends to a logarithmic one (critical
exponent less than 0.09). On the other hand,
from the simultaneous light-scattering measure-
ments we can exclude that such behavior is due to
the effect of impurities that break down the critical
correlation, as Barber and Champion® and Allegra
et al.?! suggest. In fact we can see that in the
same range of temperature the correlation length
again increases when the reduced temperature €
goes to zero. We then conclude that our experi-
ments indicate that the logarithmic divergence in
the excess viscosity takes place only asymptotical-
ly. Relatively far from the critical point there is
a range of temperature in which the viscosity di-
verges more strongly than logarithmically.

Since Kawasaki® has shown that a strong diver-
gence in the viscosity would imply a logical incon-

£

sistency in the frame of the scaling laws, one can
deduce that either the critical behavior of a trans-
port coefficient must set in before the scaling laws
become effective or the excess viscosity stays
finite at the critical point, exhibiting only a strong
cusp. In addition, we observe the same behavior
of scattered light in two entirely different critical
mixtures, the first one with an upper critical con-
solute point and the other with a lower one. Such
a result well agrees with the idea of universality,
showing that the correlation length of the critical
fluctuation seems to be a function of reduced tem-
perature only, irrespective of the particular sys-
tem under examination.

Research is in progress in order to improve the
viscosity and light measurements. In particular
we hope that a direct comparison between the ex-
cess viscosity and the light-scattering intensity
could be helpful in assessing the actual behavior
of the viscosity close to the critical point.
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The results of an experimental determination of the statistical properties of radiation from
OH maser sources are reported and interpreted. The radiation is found to have Gaussian
statistics with no deviations greater than 1%.

Radiation from astronomical objects is generally
assumed to arise through processes in which the
individual particles radiate independently. The re-
sulting radiation fields are Gaussian; a complete
description of such fields requires only the evalua-
tion of quantities which are of second order in the
field strength.1 Consequently, astronomical mea-
surements are normally limited to estimating the
power spectrum and the angular distribution of in-
tensity, which correspond to the second-order tem-
poral and spatial correlation functions of the radia-
tion field. In maser systems, stimulated emission
is dominant so that the radiating particles no longer
act independently. This may produce a non-Gauss-
ian radiation field if the system has nonlinear
properties. In the case where a maser amplifier
provides linear amplification of initially random
signals, such as radiation from a background
source or from spontaneous emission within the
amplifying region, no departures from Gaussian
statistics will develop. However, if saturation oc-
curs, reducing the gain for high intensities, large
amplitudes will appear less frequently in the output
than in a Gaussian field of the same mean intensity.

Conversely, if the gain increases for large signals,
the probability density will show an excess of large
amplitudes. The latter type of nonlinearity might
be produced through the interaction of beams travel-
ing in slightly different directions through a medium
with population inversion. In such media, the
stronger beam may rob energy from the weaker
beam.? In any case, both the coherence of the
individual radiators and the nonlinear gain charac-
teristic are necessary to disturb the Gaussian na-
ture of the original field.

The extreme brightness of many OH and H,0O
emission sources, 3'* usually associated with re-
gions of ionized hydrogen or with cool giant stars,
can be best explained by maser amplification. In
some cases the shapes of the emission lines in the
power spectra indicate saturation of the maser
process.® Because these conditions bear consider-
able resemblance to laboratory systems which pro-
duce non-Gaussian radiation fields, ~® we have car-
ried out a search for departures from Gaussian
statistics in the radiation from astronomical ma-
sers.

In this experiment we investigated the statistical



