The electrons that are undergoing this
process of capture lose energy by drop-
ping through a series of quantum energy
states (provided they do not undergo col-
lisions and lose energy that way). The
conditions imposed on the design of such
a plasma laser —a segmented plasma ex-
citation and recombination (SPER) laser,
as the developers call it — are thus quite
stringent. The plasma has first to be made
in such a way that a large number of elec-
trons are in the highest possible energy
states. That means making the plasma at
high density. The plasma must then be
immediately cooled to induce recombina-
tion. That must be done in such a way as to
minimize interference by collisions, which
can deexcite the electrons in unwanted
ways. This means cooling by expansion
against the background gas.

There is a second form of assurance
against collisional deexcitation of the
electrons — choosing substances that
have a large gap in the series of their quan-
tum steps. It is harder for the dynamic
conditions of a random collision to match
a large and specific energy gap, and so
trigger release of energy, than it is for them
to match one of a series of small steps.
This condition means rejecting ordinary
gases like hydrogen, which do not have a
large gap, in favor of certain metals, such
as indium or cadmium, which do.

It turns out also that the plasma cools
best if it is segmented; it should be formed
in small balls so that all of the balls can
expand in three dimensions within a ves-
sel of background gas.

Satisfying all these conditions, the basic
element of the laser comes out quite sim-
ple nevertheless. It consists of a substrate
strip to which pieces of thin metal film are
attached, “pieces of metal on glass with
sticky tape,” Silfvast says. The gaps be-
tween the metal pieces are where the ac-
tion takes place.

The way to make a plasma with this kind
of set up is to fire a pulse of electric cur-
rent and make sparks that cross the gaps
between the metal pieces. The electric
arcs pull atoms off the metal pieces and
ionize them, forming little puffs of plasma
in each gap.

The whole arrangement is located in a
glass tube full of some background gas.
The little plasma balls expand against the
gas, cool and recombine. Recombination
yields the desired light. Mirrors at the end
of the tubes set up the feedback and
coherence conditions, and the laser pulse
is on its way.

The arrangement is naturally a pulsed
laser. However, the experimenters have
run it at rates of thousands of pulses a
second, and they want to see whether they
can work up to continuous-wave condi-
tions. Such a laser has a certain lifetime.
The arcing gradually erodes the metal
pieces, and when they disappear, so does
the laser. Silfvast believes the lifetime will
be reasonably long. So far the largest
number of repetitions with a single laser is
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on the order of 100,000, and that seems
nowhere near the limit.

At the moment the operating SPER lasers
all work in the near infrared. “The next
stage is shorter wavelengths,” Silfvast
says. The design principle permits a kind
of scaling. Series of metals have similar
patterns of energy levels, but the patterns
shift to higher and higher absolute ener-

gies as the atomic number of the metal
rises. Higher absalute energies means
shorter-wavelength radiations. By climb-
ing such a scale the experimenters hope to
reach their gpal of a vacuum-ultraviolet
laser. Of course, says Silfvast, the visible
infrared and ordinary ultraviolet
possibilities both stand on their own
merits. a

Brain transplants: A growing success

Parkinson’s disease, stroke, senility,
brain damage due to tumor or accidents,
and perhaps even genetic brain disorders
like Huntington’s chorea may be treated in
the future with what is essentially a brain
transplant. That is a conclusion being
drawn from two recent findings: the
ability of young mammalian nerves in the
central nervous system to repair them-
selves if damaged, and the ability of trans-
planted young nerves to correct central
nerve disorders in the adult mammalian
brain.

In 1979, Katherine Kalil and Thomas Reh
of the University of Wisconsin at Madison
reported that severed central nerves in
baby hamsters could not only regenerate
but regenerate in a useful way, contrary to
previous findings (SN: 9/22/79, p.199). Last
spring, Richard Jed Wyatt of the National
Institute of Mental Health and colleagues
reported that they had implanted fetal
nerve cells from the substantia nigra area
of the brain into the brains of nine adult
rats with damaged substantia nigra nerves
(and resulting Parkinson disease-like
tremors) and that the implanted nerves
grew correctly in the brains and improved
the condition (SN: 5/12/79, p. 308). At a
Dec. 8 news conference held by the Ameri-
can Psychiatric Association, Wyatt said
that he and his team have extended the
same findings to 75 rats. And now, in the
Dec. 19 Scienck, Don Gash, John R. Sladek
Jr. and Celia D. Sladek of the University of
Rochester School of Medicine and Den-
tistry report that an inherited diabetic de-
fect in the brains of adult rats has been
improved, in some cases, by fetal nerve
cell transplants.

The researchers performed their exper-
iments on adult rats with diabetes in-
sipidus, an inherited condition in which
nerves in the hypothalamus fail to make
the water-conserving hormone vasopres-
sin. The researchers took hypothalamic
nerves that make vasopressin from rat
fetuses and implanted them in the
hypothalami of 40 adult diabetic rats.
Another group of diabetic rats served as
one form of control: They received trans-
plants of central nerves from the occipital
cortex of rat fetuses. Still a third group of
the rats acted as a second form of control:
They only got an injection of saline. Al-
though both control groups showed some
improvement, it was not nearly as good as
that experienced by nine of the 40 rats that
got the vasopressin neuron transplants.
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'| Vasopressin-
containing
neurons can be
seen in the
hypothalamic
tissue trans-
plants that the
diabetic rats
received and
that helped
ameliorate
their diabetes.
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The nine experimental animals with posit-
ive responses to the nerve transplants
were then sacrificed, and their
hypothalamic transplants were found to
contain nerves that secrete vasopressin.
These nerves could also be seen hooking
up to blood vessels in the hosts’ brains.
This evidence, the investigators conclude,
suggests that “the axons of the grafted
fetal neurons made appropriate and func-
tional connections,” and that the neurons
improved the animals’ diabetes.

These results, Gash explains, do not
have practical implications for human
diabetics because diabetes insipidus is
rare in humans (occurring after head
trauma) and can be treated successfully
with a vasopressin nasal spray. However,
these findings, along with those reported
by Kalil and Reh and Wyatt and his group,
have important implications for adult pa-
tients suffering from Parkinson’s disease,
stroke, senility, brain damage, Hun-
tington’s chorea and other central nerve
disorders, Gash points out, because they
suggest that transplanted fetal central
nerves might help to correct such defi-
ciencies.

Once such experiments are ready to be
tried on human patients, of course, they
might raise some ethical questions if
transplanted nerves come from aborted or
even miscarried human fetuses. On the
other hand, transplanted central nerves
might be obtained from some part of a
patient’s own body. In fact, Wyatt points
out that he and his colleagues have taken
central nerve tissue from the adrenal
gland of a rat with Parkinson-like disease
and have transplanted it into the rat’s
damaged brain. The transplanted adrenal
gland nerves seem to be correcting the
disease. ]
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