
SEARCH AND DISCOVERY

Neutron Scattering Verifies Dynamic Scaling
A Brookhaven group has observed the
time-dependent behavior of rubidium
manganese fluoride near the critical
point, and their results agree with
dynamic-scaling predictions made by
Bertrand Halperin and Pierre Hohen-
berg (Bell Telephone Laboratories);
the agreement is the latest in a series
of successes that scaling laws have
achieved in predicting critical-point
behavior.

Static scaling. When a substance
changes from a disordered to an
ordered state, for example, in mag-
netic systems, the susceptibility is in-
finite at the transition temperature.
In a liquid in equilibrium with its
vapor, as the temperature is raised the
compressibility becomes infinite at the
critical point. The spontaneous mag-
netization in a ferromagnet goes to
zero as the temperature is raised to
the transition point.

These qualitative properties are well
described by the "classical theories" of
van der Waals, Weiss and Landau.
Recently, careful experiments have
revealed quantitative discrepancies
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SCALING LAWS apply to correlation
functions for small wave numbers k, when
the temperature T is close to a critical
point Tc. The correlation length 1 is a
function of T that diverges at Tc. Regions
I and III are the "macroscopic regions"
below and above Tc respectively, where
k £, < < 1. Region II is the extreme criti-
cal region where k £ > > 1. An experi-
ment at constant k (solid color) will pass
through all three regions as T is varied.

with classical theories. In addition, as
early as 1944, Lars Onsager's famous
solution of the two-dimensional Ising
model revealed behavior that differed
markedly from that predicted clas-
sically. The hope has been to find an
alternative phenomenologieal theory,
which would be in better agreement
with both the Onsager solution and
experiments on real systems.

Initial attempts dealt with static
properties, trying to understand tem-
perature dependence. Benjamin Wi-
dom1 (Cornell) and others introduced
so-called "scaling laws," which were
first applied to the dependence of
thermodynamic parameters on tem-
perature T and magnetization M. In
the equation of state the magnetic
field of a ferromagnet is a function of
T and M. As M and T — Tc approach
zero, one approaches a very compli-
cated singularity in the two variables.

If one makes the strong assumption
that the equation of state can be writ-
ten as a homogeneous function of
T — Tc and Mx where x is some expo-
nent, one can obtain relations between
the critical singularities in the vari-
ables T and M.

The next step was made by Leo
KadanofP (Brown) and by A. Z. Pata-
shinskii and V. L. Pokrovskii3 (Novo-
sibirsk), who applied scaling not only
to thermodynamic quantities, but also
to static correlation functions. The
spin correlation function, for example,
is a function of T, M and r, the spatial
separation of the two spins (or k, the
wave number, if one takes the Fourier
transform). In the small-A: limit the
correlation function becomes propor-
tional to a thermodynamic derivative.
(Correlations at small k, that is, at
long wavelengths, are related to sus-
ceptibilities, for example.) Whatever
behavior the correlation function has,
it must reduce to the homogeneity that
was assumed for thermodynamic quan-
tities. Near the transition, large cor-
relations exist, whose spatial range or
correlation length £ goes to infinity as
X goes to Tc in zero magnetic field.

According to the scaling assumption,
the correlation functions become
homogeneous functions of r and I when
both r and | are large, while i itself is

presumably a homogeneous function
of M* and T - Tc. The behavior of
the Fourier-transformed correlation
function then depends on the dimen-
sionless parameter k£, essentially the
ratio of £ to the wavelength under con-
sideration. For any fixed temperature,
other than Tc itself, the parameter H
becomes small compared to unity when
the wavelength is sufficiently large;
one is then in the "macroscopic region."
If the wavelength is fixed and the tem-
perature approaches Tc, /c| must even-
tually become large compared to unity,
and one leaves the macroscopic do-
main. The scaling laws enable one to
derive relations between the behaviors
in the different regions.

Dynamic scaling. Could the static
laws be extended to time-dependent
properties? Richard A. Ferrell and his
collaborators at the University of Vir-
ginia4 did such an extension, in study-
ing the X point of lie4, by scaling the
characteristic frequencies. They pre-
dicted an anomalous damping of sec-
ond sound below T\ and a singular
thermal conductivity above T\. These
properties were soon verified: J. An-
thony Tysoir' (at the University of
Chicago) reported anomalous damp-
ing of second sound that agreed well
with prediction, and Guenther Ahlers1*'
(Bell Labs) observed the singular ther-
mal conductivity.

Two years ago Halperin and Hohen-
berg7 applied scaling to dynamics of
magnetic systems as well, talking about
the characteristic frequency u of spin
fluctuations. Similar work was done
independently by Kyozi Kawasaki3

(Kyushu University). At any value of
k and any T (or £)> you have a value
for u that is a function of k and £. Again
one assumes that ki is the relevant
variable and looks at the behavior for
large and small values of k£. Knowing
the behavior in the macroscopic do-
main (when H is small), you can make
predictions (dynamic scaling laws)
about the behavior in the other domain,
the critical domain, for which k£ is
large. For example, at the Neel tem-
perature of a Heisenberg antifenomag-
net, dynamic scaling predicts that the
characteristic frequency for fluctua-
tions of the staggered magnetization
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6 ways to reduce
yourlight bill.

It's a pity there's no con-
sumers report on CW lasers.
Because we'd be the low-priced
model rated as good or better
than all the others.

This applies to all six of our
He-Ne lasers. Of course, price isn't
everything. You also want the right
power level, and reliable perform-
ance.

So we offer the most complete
Modeli90 practically priced

CW line on the
market. And the
whole line carries
a one-year war-
ranty backed by

a company that's been in the busi-
ness since lasers began.

If you'd like to make compari-
sons, here's the place to start:
Mode!
Power.
Milliwatts TEM°°
Beam Divergence.
Milliradians
Beam Diameter,
Millimeters
Resonator (Cavity)
Length. Centimeters
Price

190/191

10

1.0

2.0

34.3
5295/330

19:

2.0

0.7

1.5

43

210

4.0

0.7

1.5

43

230

7.0

1.0

1.25

79

233

10.0

1.0

1.25

79

250

15.0

10

1.4

80

$375 $545 $1,095 51.595 $2,695

Plasma tube with special coaxial design
The models 190/191 1 mw la-

sers have internal mirrors, and are
ideal for school and laboratory work.

The 2, 4,7, 10 and 15 mw in-
struments have external Brewster
angle mirrors, which gives you the
option of working in the infrared
range. And their com- Models 250, 230,
pact, versatile design
allows you to fit them
easily into your own
system.

Besides using a
Gettering system to
trap impurities, we've
added an exclusive
protective ingredient
to our hot cathode
lasers. A special co-
axial design elimi-
nates direct ion bombardment of the
cathode. This adds considerably to
the life of the tube.

These units also have a fill
ratio that insures a more consistent
power level throughout the tube's
operational life. And we test and ad-
just each laser very thoroughly to
give you the most constant power
level possible.

210,195

We also make a number of
accessories for use with our CW la-
sers, like the two shown below.
Model 177 holographic camera
Model 615 power meter

The light brigade

If you'd like to cut your light
bill and get better light into the bar-
gain, just send us the coupon. We'll
send you complete details.

' " ^ ^™ ^™ ~ " ~ ^™ ^ ~ ^ — ^ — • — «̂— — ~— — — — ^ _ — ^ ^ ^ _ _ » — . —m — ~~"1

Optics Technology Inc. CD j
901 California Avenue
Palo Alto, California 94304 PT1O9-27/2-70

J Please send me complete information about your
W CW laser line.

Name
Company.

Address
City. -State. -Zip.

I would also like to receive information from you on the fol
lowing: • Pulsed lasers • Filters and coatings
• Fiber optics • MTF Analyzers
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should be proportional to fc3/2, because
the spin-wave frequency is believed to
vary as £ ~1/- k in the macroscopic
region below Xc

The Brookhaven exper iment was
done by H. Y. Lau, Lester Corliss, A.
Delapalme, Julius Hastings, Robert
Nathans and A. Tucciarone (Phys.
Rev. Lett. 23, 1225, 1969). The ex-
perimenters used a simple "fruit-fly"
type of material, rubidium manganese
fluoride: the manganese atoms sit on
a simple cubic lattice; the exchange
interaction is very closely of the form
Si • S2, where Si and S2 are atomic
spins; the interactions lead to antifer-
romagnetic ordering at a temperature
TN of 83 K.

A beam of neutrons strikes the
sample, and the experimenters mea-
sure the energy and momentum of the
inelastic magnetically scattered neu-
trons. The momentum dependence
yields information on the spatial extent
of the correlated regions, and the en-

ergy dependence yields information on
their time dependence.

The Brookhaven group was able to
determine the characteristic frequency
for k approximately equal to zero as a
function of temperature (or i) and for
T = TN (i'1 = 0) as a function of k.
Comparing the behavior in these two
regions, they find good quantitative
agreement with the prediction of
dynamic scaling. —GBL
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Panel Suggests New Uses for Accelerators of 6 MeV or Less

A National Academy of Sciences re-
port, "New Uses for Low-Energy Ac-
celerators," suggests a variety of ex-
periments for nuclear astrophysicists,
atomic and solid-state physicists. The
173-page report, prepared by an ad-
hoc panel chaired by William A.
Fowler, discusses many uses for ma-
chines with energies of 6 MeV or less.
Comments from the report include:

• Thermonuclear-reaction studies
provide the most useful application of
these accelerators to nuclear astro-
physics. One can study nonresonant
charged-particle, resonant and neu-
tron-induced reactions and photonu-
clear rates.

• With beam-foil spectroscopy the
atomic physicist can study the level
structure of monatomic ions. The
atomic lifetimes of the highly charged
ions produced in the foil experiments
are determined by measuring the de-
crease either in the transition rate or
in the brightness of the emerging ions.

• Among the experiments of interest
to solid-state physicists are those deal-
ing with energy loss and with pene-
tration of keV to MeV particles into
amorphous and crystalline solids.
Channeling (anisotropic-penetration)
studies can be performed on crystals
to locate foreign atoms, determine pre-
cise crystal orientation and study lat-
tice damage. One can possibly tailor

solid-state materials by adding atoms
dynamically (ion implantation) rather
than by conventional doping tech-
niques.

• Solid-state and nuclear physicists
might profitably cooperate in studies
of the interaction of nuclear moments
with solid-state environments. Mea-
surements of magnetic and electric
fields in solids interacting with the
magnetic and electric moments of the
nuclei could be used to study either
the fields or the moments.

.Doppler Shift Is Used to
Study Superfluid Currents

At the December APS meeting in Los
Angeles, a group from UCLA reported
on a new method of studying persis-
tent currents in superfluid helium in
which they observe the Doppler shift
of a sound wave in the medium.1 This
method has also been used by a Texas
A & M group.2

In the UCLA work, Isadore Rud-
nick, H. Kojima, Wolfgang Veith and
Reynold S. Kagiwada place liquid
helium in a container packed with
powder of very fine (about 17 to 32.5
nanometers) grain size. They rotate
the cylinder as it is cooled below the
critical temperature and then stop the
rotation. Because of the viscosity of
the normal fluid, it is trapped by the

powder pores while the superfluid com-
ponent is free to move.

When a resonant sound wave is in-
duced in the cavity it propagates only
in the superfluid, a mode of propaga-
tion known as "fourth sound". Because
fourth sound faces infinite resistance in
the normal fluid and zero resistance in
the superfluid there is no power loss.

The motion of the superfluid causes
the fourth-sound resonance to be split
into a doublet whose frequency dif-
ference measures the angular momen-
tum of the superfluid. The mean fre-
quency is proportional to the super-
fluid density, and Rudnick believes
that the constant of proportionality,
which depends on a scattering correc-
tion for the grains of the powder, is
empirically well determined. Other
studies of persistent currents,3 ' ' which
depend on the gyroscopic effects as-
sociated with the rotation, also mea-
sure the angular momentum but are
able to determine only temperature de-
pendence of superfluid density.

Rudnick and his colleagues plan to
investigate not only the persistent-
current velocity but also the super-
fluid density, which is a function of
temperature, coherence length and
pore size of the powder.5 Because the
density goes to zero on the boundary
of the pore, the average density is less
than the density in the bulk, especially
for small pore sizes. By comparing the
measurements of the density of super-
fluids on the free surface of a film1 to
the UCLA measurements of the dens-
ity on bound surfaces, one should ob-
tain interesting information about the
boundary conditions on superfluids.

So far the UCLA team has only
preliminary data. They hope to obtain
greater accuracy by replacing the
present dipole-source transducer with
one that will consist of n segments,
each one 2ir/n out of phase with its
neighbor. For a given direction of
phase difference this transducer would
excite only one of the two resonant
frequencies. —BGL
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