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letters
invariance." The footnotes 1, 2 are
references to articles in Physical Re-
view Letters, three issues apart, by the
Princeton group and the Illinois group,
respectively.

I believe that it should be widely
recognized by the scientific community
that I communicated by letter with
Rene Turlay of the Princeton group our
own results, three weeks prior to the
submission by the Princeton group of
their manuscripts to Physical Review
Letters. I did this because of question-
ing by Turlay during the spring of 1964
on whether we were observing
K2°—>TT+IT~ when I would see him
during meetings and conferences. In
my letter to Turlay, I suggested simul-
taneous publication of the two results;
unfortunately Turlay did not respond
for three weeks, at which he informed
me that they had just submitted their
manuscript.

It has always been a surprise to me
that members of the Princeton colla-
boration have not, to my knowledge,
been willing to admit to that communi-
cation, irrespective of whether it had
an impact upon their own thinking and
actions. It has been a further disap-
pointment to me that over the years,
members of the group have attempted
to downplay the Illinois effort and to
essentially re-write history by elimi-
nating reference to the work.

Two years ago, I wrote a paper
entitled "CP Violation, the Other
View." I will be pleased to send a copy
to any individual interested in under-
standing more completely the history
of the discovery of CP violation.

ALEXANDER ABASHIAN
Virginia Polytechnic Institute and State

University
10/82 Blacksburg, Virginia

Nonhomogeneous kinetics
The dynamics of processes in nonran-
dom systems is an emerging subject in
several areas of science, including phy-
sics, chemistry and biology. The sub-
ject may be called "nonhomogeneous
kinetics." It has been applied to pro-
cesses in radiation chemistry and in
model cells (micelles and vesicles) and
to structured systems as large as the
cosmos. During the introduction of
chemistry students to nonhomogen-
eous reaction kinetics I sometimes use
the Shane-Wirtanen map of a million
galaxies1 as an illustration of a nonran-
dom distribution (a structured system).
Although involvement with nonhomo-
geneous kinetics perhaps gives one an
exaggerated awareness of system struc-
ture, it has led to the following com-
ments on items that have appeared
recently in PHYSICS TODAY.

The article by James Phillips on the



physics of glass (February, page 27)
contains an electron micrograph of an
evaporated film of As2S3 that is 600 A
thick. The film is a network of roughly
hexagonal and pentagonal domains
that are about 1000 A in diameter,
separated by troughs that are about 30
A wide (—3% of the domain diameter)
and nearly as deep as the film. An
interpretation of the troughs was pro-
posed by analogy to misfit dislocations
at crystalline interfaces. However, ev-
ery prairie dweller has seen similar
domains and troughs on the surface of
gumbo that has dried after a rain (see
figure). The troughs are due to shrink-
age as the water evaporates from the
clay structure. The average diameter
of the domains is a function of the
cohesive strength and brittleness of the
material, and of the rate of shrinkage.
The average trough width (about 2 mm)
in the figure is about 3% of the average
domain diameter (about 7 cm), a ratio
similar to that in the As2S3 film.
Pentagonal and hexagonal domains are
favored in both materials. The topo-
logical model of glass formation seems
good, but the nature of a glassy film
evaporated onto a rigid support may be
different from that of an unrestrained,
bulk glass. The troughs in the former
are caused by shrinkage on cooling,
with the base of the film stuck to the
rigid support. In an unrestrained bulk
glass, troughs equivalent to grain boun-
daries should be much less significant
and they should be virtually removed
by application of a pressure of a few
hundred atmospheres.

Domains on the surface of drawn
fibers of insultating oxide glasses are
caused by the more rapid cooling and
hardening of the surface than of the
interior of the fiber during drawing.
The hardened surface cracks and the
domains (scabs) are drawn apart. The
domain size and uniformity would be a
function of the drawing procedure and
the material properties. The disap-
pearance of domain interfaces on silica
or silicate glass fibers upon exposure to
moisture can be attributed to hydration
and swelling of the surface.

Turn now to models of the structure
of the universe. Models are construct-
ed to account for the nature, energy
and spacial distribution of radiation
impinging on the Earth from space.
Let us consider the background 3 K
radiation and the apparent increase of
red shift of light with distance of the
source from the Earth (Martin Harwit,
November, page 172). For secular rea-
sons, the Big Bang theory appears to be
unaesthetic (lacks symmetry, is too
limiting in time and space), and may
therefore be wrong. Say that the uni-
verse is larger and older than assumed
in the Big Bang theory by factors of 1020

or any other large numbers, and that
the average density is similar in each 1

Dried gumbo in the desert near Kairouan,
Tunisia, just like that in Saskatchewan.

(Gpc)3 element of volume, then nuclear
furnaces at the centers of spiral (and
some other?) galaxies would be an
acceptable source of the uniform 3 K
radiation (this speculation was kindly
confirmed by Martin Harwit).

Now consider possible wavelengths
and frequencies of density fluctuations
in the cosmic fluid. As a very crude
approximation, assume that there is a
linear correlation between a system's
size and its oscillation time. The corre-
lation is roughly true over a 1030-fold
span from a carbon-carbon bond vibra-
tion in a molecule (10"10 m, 10"13 sec),
through a sound wavelength in air (1
m, 10 ~3 sec), to the Earth-Sun rotation
(10n m, 108 sec) and galactic rotations
(1020 m, 1017 sec). The model in which
the red shift increases with distance
out to our detection limit might be
limited by the fact that we cannot
detect anything far enough away. On a
scale that our galaxy is the size of this
page in the magazine, the Earth is the
size of the nucleus in one of the atoms
in the paper. The largest detector
covers about 10 "8 of the Earth's sur-
face. On the galaxy/page scale, the
detector that covers 10 ~8 of the nuclear
surface has been able to detect bright
objects at a distance of 3 km. That's not
bad for a puny detector, but there is no
reason not to assume that the universe
continues by another factor of 10lc or
some other number.

One of several possible interpreta-
tions of the red shifts is that we are in
the rarefaction phase of a density
fluctuation in the cosmic fluid. Half a
fluctuation wavelength away they
should be seeing blue shifts. The wave-
length of the oscillation would be
greater than 2 Gpc and the oscillation
period greater than 10'5 yr. If this
model is valid, we have a while to wait
before the red shifts change to blue
shifts in our neighborhood. (A degree
of randomness in the motions should
produce a number of Doppler blue
shifts even now. Some blue shifts are
observed for nearby galaxies [P. S.
Wesson, private communication]. The
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ratio of red to blue shifts would depend
on whether non-Doppler mechanisms
also cause red shifts, on the degree of
randomness in the motions, and on the
rate of rarefaction in the (Gpc)3 volume
element.) The animal that collects the
data when the time comes won't be
much like us. To look for confirming
blue shifts with hope of success during
the timespan of our species, which is
about 106 yr, one should try to look a
thousand or a million times farther
into space. A target of 1 Ppc seems to
fit easily within the allotted time.

Reference
1. E. J. Groth, P. J. E. Peebles, M. Seldner

and R. M. Soneira, Sci. Am., 237, no. 5,76
(1977), see the 5th and 11th figures.

GORDON R. FREEMAN
University of Alberta

11/82 Edmonton, Canada

Merle Tuve remembered
I would like to add a word of apprecia-
tion about the late Merle Tuve (Sep-
tember, page 90), whose personal con-
tribution to turning the tide of World
War II was indeed great.

In mid-1940, David Shoenberg and I
began work in the Mond Laboratory in
Cambridge on an electronic "variable
time" anti-aircraft fuse to replace the
not very effective clockwork fuses. Our
project was not a proximity device but
one that picked up an impulse from a
muzzle-mounted coil that would enable
timing to be adjusted up to the instant
of firing.

By mid-1941 we had solved the prob-
lem of mounting hot-filament glass-
envelope vacuum tubes to withstand
the 104g initial shell acceleration and
the accompanying violent shell vibra-
tion, and we had made the device
function, after a fashion. However, we
suffered in fault diagnosis by having to
use the over-water recovery range in
the Thames estuary, where the shell
touched down at about 12*. This was
the critical angle of contact for horizon-
tal ricochet and usually damaged the
fuse either by shock or by sea water.

I had by then moved to London to
study shell accelerations and vibra-
tions in more detail.

When Tuve had returned to America
after paying us a visit to learn our
experience, he decided that the answer
to damage on touchdown might lie in a
vertical recovery range on land. I
never knew of his home-made cannon,
but heard that he had somehow liberat-
ed a half-inch Browning machine gun
which he set up on a farm in Connecti-
cut. He used the Browning to study
vertical firing to determine the limit of
departure from verticality (about 2°)


