protect mice from the effects of rapid
decompression, and he suggests that the
liquids would be useful for such appli-
cations as escape from submarines and
deep-sea diving.

Intravenously injected perfluorochem-
icals can be lethal because they are
immiscible with blood and can thus pro-
duce embolisms (blood vessel obstruc-
tions). This problem can be overcome
by dispersing the perfluorochemical in-
to very small particles with the aid of

a surfactant. About 5 years ago, Robert
P. Geyer of the Harvard School of
Public Health, Boston, Massachusetts,
made the fortuitous discovery that mem-
bers of a family of polyoxyethylene—
polyoxypropylene polymers called Plu-
ronics not only emulsify the organic
phase, but also serve as plasma ex-
panders to. reproduce the oncotic pres-
sure normally provided by blood pro-
teins. A typical preparation, then, would
contain about 15 to 30 percent per-

fluorochemical by weight and 2.5 to
10 percent surfactant in an aqueous
solution with an ionic composition re-
sembling that of blood.

The Pluronic polyols have molecular
weights ranging from 8,000 to 14,000.
They are nontoxic at low concentrations
—for a typical Pluronic, the lethal dose
for 50 percent of mice receiving it
(LD;,) is 10 grams per kilogram—
and, unlike all ionic and many non-
ionic surfactants, they do not cause

Speaking of Science

Physics and Astronomy in 1972:

Several years ago the discoveries of
the “quark” and polymerized water
were announced, but today few scien-
tists think that new entities were found.
The year 1972 was marked with the
announcement of several “firsts” in
physics and astronomy, some of which
may become matters of record while
others become matters of dispute.

Two big announcements were the
purported discoveries of an x-ray laser
and a “black hole” in our galaxy. The
evidence for the x-ray laser is being
hotly disputed, but the possibility that
a black hole was really discovered
seems to be accepted more readily.
Other firsts, such as the first close-up
pictures of Mars and the first beam of
high-energy protons (400 billion elec-
tron volts) from the National Accelera-
tor Laboratory, were not so much new
discoveries as outstanding technical
achievements which will almost cer-
tainly lead to new understanding about
the evolution of the fourth planet and
the - interactions of the fundamental
particles of nature.

Out of the many experiments re-
ported during the past year, the Ameri-
can Institute of Physics has selected
about 35 developments as being “in-
teresting, exciting, and important ac-
tivities” of Physics in 1972 (I). Some
of them were:

» The announcement that the source
of erratic x-ray emissions called Cyg-
nus X-1 is a black hole, that is, a
burned-out star that has collapsed to
become so dense that it would trap
anything that came near, including
light. Cygnus X-1 is only one of many
unusual objects that have been dis-
covered with Uhuru (Small Astronomy
Satellite-A), the first U.S. satellite for

observations of x-ray emissions from
the stars.

» An experiment claimed as evi-
dence for an x-ray laser was reported
by physicists at the University of Utah
earlier this year. They irradiated a
sandwich of glass and copper-sulfate
gel with a neodymium glass laser, and
reported that a collimated x-ray beam
emerged. No one has yet confirmed the
experiment, but many researchers have
made proposals for producing coherent
X-ray emissions in aluminum ions, oxy-
gen, and diamond. An extremely im-
portant instrument that would become
feasible if x-ray lasers are developed
would be a high-resolution x-ray micro-
scope for studying the structure of bio-
logical molecules.

» The most spectacular outburst
ever witnessed by radio astronomers
occurred on 2 September in another
recently discovered x-ray source, called
Cygnus X-3. The radio outburst,
which was at least 1000-fold greater
than the normal radio signal, was ob-
served by six radio telescopes, but
neither the x-ray detectors on Uhuru
nor the ultraviolet detector on the re-
cently launched Copernicus (Orbiting
Astronomical Observatory-C) recorded
any outburst. It was probably one of
the best-documented events in radio
astronomy. All the evidence together
suggests that the signals did not just
come from a hot body, but from a
cloud of relativistic electrons.

» Another result of studies of an
object producing x-rays, this time the
Crab Nebula, seems to indicate that
cosmic rays may come from the Crab
pulsar. Measurements of the polariza-
tion of x-rays from the Crab Nebula,
made in a rocket-borne experiment,

Progress with Fusion

established that the x-rays are polarized
in the same direction and to the same
extent as radio and optical emissions.
This indicated that very high energy
electrons and protons may come from
the pulsar in the nebula.

» A recent addition to the long list
of molecules found in space is hydro-
gen sulfide (H,S). With the 11-meter
(36-foot) radio telescope of the National
Radio Astronomy Observatory on Kitt
Peak in Arizona, astronomers detected
millimeter-wave radiation characteristic
of certain molecular transition in H,S
in the extended regions of seven galac-
tic clouds. It had not been previously
detected in any astronomical sources,
including the sun, stars, planets, and
comets. Also in the last year, hydrogen
isocyanide (HNC), a peculiar isomer of
hydrogen cyanide (HCN) that does not
exist on the earth, was tentatively iden-
tified in two sources. Methanol (CHjs-
OH) and nitrous oxide (N,O) were
found in the central region of the
Milky Way.

» A new route was opened in the
search for a controlled thermonuclear
fusion reaction, as the Atomic Energy
Commission revealed that fusion in-
duced by a very high-powered laser is
beginning to look much more promis-
ing. The idea of laser-induced fusion
is to heat small pellets of fusion fuel
(deuterium plus tritium) so rapidly with
a laser pulse that the fusion conditions
will be reached before the heat is dis-
sipated. Thus, the “magnetic bottle”
that confines the fuel during fusion in the
traditional schemes is not needed. The
new idea in laser fusion is that many
properly shaped pulses hitting the fuel
pellet from all directions will produce
an implosion. The imploding pellet is
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hemolysis of erythrocytes. Clark has
2is0 had success with similar surfac-
tants to which a fluorinated aliphatic
chain has been attached. Because this
chain has a higher affinity for the liquid
perfluorochemical, he argues, the fluori-
nated surfactant is able to disperse the
organic phase into smaller particles.
The size of the particles is apparently
very important. Particles much larger
_ than erythrocytes, which are about 10
micrometers in diameter, will not pass

through small capillaries, and thus in-
crease the risk of embolism. Further-
more, Geyer says, large particles are
removed from the bloodstream more
quickly than smaller ones. Decreasing
the particle size, however, increases
the viscosity of the emulsion for most
perfluorochemicals, but this can be
partially overcome by reducing the con-
centration of the organic phase. Geyer
has also had great success with hydroxy-
ethyl-starch as a viscosity reducer. The

best preparations now in use have par-
ticle diameters less than 0.2 micro-
meter—a size that makes them col-
loidal suspensions rather than emulsions
—and can remain in the bloodstream
for as long as 7 days.

Preliminary experiments with per-
fluorochemical emulsions have shown
much promise. Henry A. Sloviter of the
University of Pennsylvania Medical
School, Philadelphia, has shown, for
example, that isolated rat brains per-

and Lasers, and New

expected to reach fusion conditions
with much less energy than needed in
the simple laser heating approach.

» A significant advance was made
along one of the old routes to a con-
trolled fusion reaction, as a new meth-
od of heating fusion fuel in a toroidal
magnetic bottle proved successful, The
device is a variation of the tokamak
design called the Adiabatic Toroidal
Compressor (ATC). The ATC demon-
strated that compression of the radius
of the plasma by means of a magnetic
field is a viable method of heating. The
plasma pressure achieved in the ATC
is several times higher than the best
previous values which were reported
by Soviet tokamak experimenters.

» The world’s largest particle ac-
celerator succeeded in producing a beam
at the energy specified in the original
design, 200 billion electron volts (Gev),
in March, then reached 300 Gev in
July and 400 Gev in December. The
first experiment from the National Ac-

celerator Laboratory in Batavia, Illi-

nois, was completed in August.

» A new theory that attempts to
unite two of the four basic forces of
nature has been hailed as one of the
most important developments in weak-
interaction theory in the last 15 years.
On a scale in which the nuclear force
(the strongest) is 1, the electromagnetic
force has a relative strength of 10—2,
the weak-interaction force is in the
range 10-5 to 10—13, and the gravi-
tational force has a relative strength
of 10—40, The theory of Steven Wein-
berg of M.LT. is a possible unification of
the weak and electromagnetic forces.
The theory predicts the existence of a
charged intermediate vector boson with
a mass greater than 37.3 Gev.

Discoveries with an X-ray Satellite

» The measurements of the number
of neutrinos coming from the sun seem
to have cast serious doubt on the cur-
rent models of the sun. The neutrino
is the only fundamental particle that
can emerge unscathed from the middle
of the dense sun and, in principle, bring
information directly to the earth. It
has no mass or charge, and interacts
only by the weak interaction. A neu-
trino experiment conducted deep in the
Homestake Gold Mine in South Dakota
by Raymond Davis of the Brookhaven
National Laboratory has found five to
ten times fewer neutrinos than ex-
pected.

> A new type of laser that appears
to be a reality is a semiconductor laser
that emits visible light at room tempera-
tures. Before 1970 semiconductor lasers
(first demonstrated in 1962) operated
only at low temperatures, and before
1972 the room-temperature lasers
emitted only infrared radiation. A
group at the University of Illinois, Ur-
bana, reported laser action in the visi-
ble region of the spectrum for a semi-
conducting alloy of indium, gallium, and
phosphorus. A group at RCA labora-
tories in Princeton, New Jersey, re-

ported visible laser action from a cooled -

junction diode of the same materials.
Junction diodes promise to be very in-
expensive and simple lasers.

» With an extremely well-stabilized
helium-neon gas laser, scientists at the
National Bureau of Standards in Boul-
der, Colorado, simultaneously measured
the frequency and wavelength of an
infrared emission line, and thereby
established an improved value for the
speed of light. The new value is 299,-
792.4562 #+ 0.0011 km/sec, with an
error of only 1 part in 300 million. The

accuracy with which the speed of light
is known is important for a number of
applications, such as the laser ranging
measurements to determine the distance
from the earth to the moon. At the
National Bureau of Standards in Gaith-
ersburg, Maryland, the frequency of a
visible red emission line from a helium-
neon laser was measured as (473,612,-
166 = 29) X 108 hertz. This is the
highest frequency ever measured abso-
lutely.

The year 1972 was also marked by
the publication by the National Acade-
my of Sciences of a massive report,
Physics in Perspective, on the past and
future of physics, and by the awarding
of the Nobel Prize in physics to the
men responsible for the Bardeen-Coop-
er-Schrieffer (BCS) theory of super-
conductivity.

In outline, the theory shows how
the interactions of electrons with the
vibrations of the atoms in a crystal
lattice result in an attraction between
electrons that is greater than the mu-
tual electrostatic repulsion. Because of
the net attraction, electrons tend to
form pairs, and this pairing is ultimately
responsible for superconductivity. The
BCS theory has been called the most
important development in theoretical
physics since quantum mechanics.

All in all, 1972 seems to have been
a year for striking discoveries in as-
tronomy, with the x-ray detecting
satellite Uhuru, and notable progress in
fusion, and lasers, while most of the
rest of physics proceeded at a moderate
steady pace.—WiLLiaM D. METZ
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