As Stars Fall to Ashes

Astronomy in the extreme ultraviolet poses some questions
for the theory of the last things in the life of a star

Little by little and big by big, astron-
omers over the past generation have been
extending their observational capabilities
from the ancient medium of visible light
in both directions, to the long-wave radio
limits of the electromagnetic spectrum at
one end to gamma rays at the other. But
there are gaps, and some of them seem,
or seemed, intrinsically unfillable.

Take the extreme ultraviolet. This is a
range of the spectrum with somewhat
elastic boundaries, but it lies between the
far ultraviolet and the soft X-ray regions.
(In speaking of ultraviolet, *‘near,”’ *‘far’’
and ‘‘extreme’’ refer to distance in wave-
length size from the visible violet.) Con-
ventional wisdom was that you could
never see stars in the extreme ultraviolet
because the junk in interstellar space
would absorb all the radiation. The sun
was all you could ever expect to see.

So they laughed, or at least smiled
behind their hands, when Stuart Bowyer
of the University of California at Berkeley
and his associates, Michael Lampton,
Francesco Paresce, Bruce Margon, Bob
Stern and Jay Freeman, went down to the
lab to try to figure out how to do EUV
observing. Nevertheless, as Bowyer told
the meeting of the American Physical So-
ciety in Washington, a small EUV tele-
scope on the Apollo-Soyuz spacecraft
found four EUV stars and a possible fifth,
and a later balloon mission in the Southern
Hemisphere found yet another. The data
already have raised some serious ques-
tions about the end points of current
models of the evolutionary history of
stars. So who’s laughing now?

How and why the impossible took just
a little longer than the really difficult is
an interesting story. One thing it illustrates
is the advisability of taking a close look
at any argument based on average or mean
values. Bowyer and his co-workers went
to the laboratory to find out just what the
particular absorptions of EuV by the dif-
ferent components of the interstellar me-
dium were. Meanwhile, it became clear
in the early seventies that the average
value of the density of the interstellar
medium is somewhat misleading for this
purpose. The clouds are patchy, and some
are small. The intercloud density is about
1/,0 atom per cubic centimeter, a tenth of
the overall average. Between the clouds
it turns out to be possible to observe at
one wavelength or another.

Bowyer sets the lower wavelength limit
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Apollo-Soyuz carried EUV telescope.

Sirius A outshines Sirius B (at right).

UC Space Lab, Berkeley

Graduate student Robert Stern checks the EUV telescope in a laboratory clean room.

of the EUV at 100 angstroms. The most
convenient upper cutoff is probably 912
angstroms, the ionization wavelength for
hydrogen. Hydrogen is the most abundant
and pervasive material in interstellar
space, and when it starts to absorb, it will
cover everything. Nevertheless, the
group’s calculations showed that even at
this absorption edge it is possible to see
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at least 10 near stars. It's not a large
number absolutely, but it may prove use-
ful for studies of the physics of stellar
chromospheres.

The group’s main interest was in trying
to see farther out. They calculated that at
a wavelength of 300 angstroms they
should be able to see about 30 light-years.
In that distance are about a million stars,
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‘‘enough to keep me and my co-workers
busy,’”” Bowyer says.

So they decided to fly a small telescope.
An EUV telescope shares certain difticul-
ties with an X-ray telescope. Telescopes
depend on mirrors. Visible light and radio
can be reflected by surfaces more or less
perpendicular to the beam of radiation, but
X-rays and EUV will go right through a
perpendicular surface. Reflection is possi-
ble only at grazing incidence. A telescope
consists of a series of ever narrower col-
lars around the axis of the beam. Gradu-
ally, reflection off these collars narrows
the beam to a focal point. The telescope
built by Bowyer’s group has no imaging
capability, but it will determine if a given
source is radiating EUV.

‘““The telescope was small,”” says
Bowyer, ‘‘but the mounting was large.”’
It was the Apollo-Soyuz spacecraft. Be-
cause of the constraints of the mission,
a sky survey was impossible. The group
had to look at seven objects that seemed
likely candidates because of their radia-
tions in ranges near to the EUV. The ob-
jects successfully detected were two hot
white dwarfs (HZ 43 in Coma Berenices
and Feige 24), a flare star (Proxima Cen-
tauri) and a periodically erupting nova (SS
Cygni [SN: 8/2/75, p. 71]).

The hot white dwarfs turn out to be the
most interesting sources momentarily. In
the case of HZ 43, which is also an X-ray
source, it becomes clear that the X-rays
are the *‘tip of the iceberg.’’ The big blast
is in the EUV. The temperature of the star
can be found from its spectrum. There is
some possible difference depending on
whether the spectrum is read as a black-
body, power-law or exponential relation-
ship, but the temperature of HZ 43 seems
to be a fantastic 110,000° K, give or take
10,000°. This comes to about 17 times the
temperature of the sun and seems extreme
even for a hot white dwarf. Another
white-dwarf surprise was Sirius B. Opti-
cally, this is a small dim dwarf, generally
dominated by its companion, the giant star
Sirius A. In the EUvV, Sirius B turns out
to be 10,000 times as bright as it is opti-
cally. If its spectrum is thermal, its tem-
perature comes to something between
30,000° and 35,000° K.

These temperatures, especially the one
for HZ 43, place the stars somewhat
beyond the pale for white dwarfs. If one
tries to place them on the usual evolution-
ary scheme for stars, the Hertzsprung-
Russell diagram, they fall in a region that
is theoretically supposed to be excluded.
Bowyer suggests this may mean a need
for ‘‘some modification in the theory of
the end point of the evolution of a star.”’

The results so far are exciting enough
that Bowyer and his associates are devel-
oping a telescope with imaging capabil-
ities that could be part of the payload of
a future satellite. Bowyer’s conclusion is
that although EUV astronomy started off
impossible, it may be potentially use-
ful.
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Professor E. McSquared’s
Original, Fantastic and Highly
Edifying Calculus Primer

Single Volume Edition, Combining Parts One and
Two. Howard Swann and John Johnson. 224
pages, 1977. Available July 1977.
Through brilliant use of cartoons and other novel
approaches, the Professor and his friends intro-
duce calculus (and review algebra) with incred-
ible energy. rigor and fun. “Highly recommended
. exceptionally understandable treatment
matching the rigorous mathematics.” — Times
Educational Supplement (London). “Calculus
will just never be the same again.” — American
Mathematical Monthly.
$795papeack ... (A
81695 hardcover ............... ... (B

Hypnosis in the Relief of Pain
Emest R. Hilgard and Josephine R. Hilgard, Stan-
ford University. 256 pages, 1975.

Two distinguished researchers present a consid-
ered assessment of the role of hypnaosis in the freat-
ment of pain based on clinical and experimental
observations, showing that hypnosis has achieved
a significant place among modem treatment
methods. “The Hilgards are the first to have drawn
this material together and to examine the applica-
tion of hypnosis to the gamut of human pain
syndromes. This alone would make the book a
landmark, but there is much more to recommend
it. .. . a significant work which should do much to
influence cument medical thinking and practice.”
— American Scientist. “"Highly recommended”
— AAAS Science Books. Awarded The Arthur
Shapiro Award by the Society for Clinical and
Experimental Hypnosis for “the best book on
hypnosis during the past year.”

$1295cloth ... ... (®]

Of Acceptable Risk:

Science and the Determination of Safety.
William W. Lowrance. 180 pages, 1976.

“There is hardly a subject on the contemporary
scene that is more important and more compli-
cated than the determination of acceptable risk.
... One of the great values of the book is the in-
cisiveness and clarity with which Lowrance
analyzes the very complex problems and brings
the bright light of his intelligence to shine on what
are often murky and seemingly imeconcilable
issues. . . . Lowrance’s range is enormous; he brings
examples from all points of the compass, and his
documentation is thorough. The book will be of
great value to policy makers, to advocates of
one point of view or another, and to students of
the risk assessment process. It is all the more aston-
ishing, then, that Lowrance has written a most
readable book.” — American Scientist.

Draw!

A Visual Approach to Learning,
Thinking and Communicating.

Kurt Hanks and Larry Belliston. 256 pages, 1977.
This oversize book — copiously illustrated with more
than 700 superb drawings — infroduces the meth-
ods and techniques of visualization and drawing
so that any reader can leam to use visual thinking
as a process for tapping creativity and shaping
problem-solving ideas.

$1975cloth ... (3]

Current Trends In Psgchology:
Readings from American Sclentist
Edited by Irving L. Janis, Yale Univ.. 1977.

From the large number of authoritative psychol-
ogy articles published in American Scientist
between 1965 and 1976, 36 have been selected
by Professor Janis as appropriate for both students
and general readers. Collected in this volume,
they provide in-depth illustrations of some of the
best research in psychology during the past
eleven years and make a superior supplement to
the panoramic overview obtainable from text-
books that survey the standard topics.

Included in the book ifself is a red-green viewer
with which to look at nine stereograms illustrative
of Bela Julesz's “Cooperative Phenomena in
Binocular Depth Perception.”
$795paperback ... G)
$16.00 cloth

What’s So Funny About Science?
Cartoons From American Scientist
Sidney Haris, 1977.

A collection of over a hundred cartoons from
American Scientist on a remarkable range of
scientific and technical subjects from mathe-
matics to Martians, from creation and evolution
to psychology and endangered species lists. No
one can match S. Harris’s skill at bringing out what
is human and humorous in the sophisticated world
of modem scientific inquiry. His inimitable draw-
ings have appeared in The New Yorker, Playboy
and many other publications.
$3.95 paper
$7.95 cloth

What Is Economics?
J(i?n717Egger1, Univ. of Wisconsin — Stout. 160 pages.
1 .

An innovative, engaging namative of economic
ideas provides a non-intimidating introduction
for the lay reader who asks, "What Is economics?”
Eggert’s writing is conversational, understandable
and iliustrated with a wealth of cartoons, dia-
grams and photographs. “Try this interesting
litte book on economics.” —Paul Samuelson,
Nobel Laureate in Economics, MIT
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