180°

IS

b-
Distribution of the 21 known pulsars

PULSARS

90°

is concentrated near the galactic plane.

The list swells

Six more pulsars have been discov-
ered by Australian radio astronomers,
bringing the known total to 21.

Chances are good that this number
will be doubled by the end of February,
the anniversary of the public announce-
ment of the first pulsar. As fainter and
ever shorter period pulsating radio
sources are detected, the count could
rise as high as 200.

Considering that there are some 100
billion stars in earth’s home galaxy,
however, even that figure means pulsars
are relatively rare.

An apparent clustering of many
pulsar periods around certain values,
according to Dr. Frank Drake of the
Cornell-Sydney University Astronomy
Center in Ithaca, N.Y., is “tantalizing
but not significant.”

Nevertheless, all but five of the 21
known pulsars blast out their radio sig-
nals near multiples of 0.25 seconds.

One reason so many new pulsars
have been discovered since August—
only five were known previously—is
that radio astronomers had to modify
their equipment to detect the rapid but
regular variations at radio wavelengths.
That adaptation took them about six
months.

The discovery of two with pulsations
of less than one-tenth of a second, both
associated with known remnants of
supernovas (SN: 10/12, p. 363), has
strengthened the theory that pulsars
are connected with neutron stars, stars
that have exploded their gaseous outer
shell into space, leaving a concentrated
core of matter that weighs perhaps a
billion tons per cubic inch. Such neu-
tron stars would not be visible optically
because of their small size.

Further support for the theory that
pulsars are rotating neutron stars comes
from the observation that the period of

the fastest one known—33-thousandths
of a second for NP-0532—is slowing
down (SN: 12/7, p. 574). A neutron
star is surrounded by a cloud of plasma
whose drag would tend to slow down
the rotation. If the neutron star theory
is correct, this would mean that the 21
pulsars so far detected are older super-
novas.

NP-0532, detected with the 300-foot
radio antenna at the National Radio
Astronomy Observatory in Green Bank,
W. Va,, was confirmed as being in the
Crab Nebula by radio astronomers at
the Cornell-Sydney University Astron-
omy Center using the 1,000-foot dish
near Arecibo in Puerto Rico. The Crab
Nebula is a known supernova whose ex-
plosion was observed on July 4, 1054,
and the tiny slowing down observed in
the rate of pulsations from NP-0532
jibes with an age of about 900 years for
the supernova.

If the slowing down in the radio
pulse rate is also found in other sources
—scientists around the world are now
searching for a change in the ticking
rate as well as for new pulsars—then
the neutron star theory would become
the accepted one. In this model the
generation of the pulsating radio waves
results in a slowing of the neutron star’s
rotation rate.

Until new pulsars are discovered,
however, the best place to listen for a
slowing down is from the pulsar known
as PSR-0833, which sends out its sig-
nals every 0.089 seconds and is the
remnant of another known supernova in
the constellation of Vela, visible only
from the Southern Hemisphere.

The identification of neutron stars
would open up a new realm of astro-
physical exploration, not only of very
dense matter, but of extremely high
magnetic and gravitational fields.
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TRANSURANIC
Hopping to stable elements

Next year’s Federal science budget
will be tight. The effort to keep present
programs going will not leave much
room for new starts.

Yet, if the reported enthusiasm in the
National Science Board carries through,
the fiscal 1970 budget may include
funds for one significant and fairly
costly start, an accelerator for heavy
ions in the one billion to three billion
electron volt range.

Three or four groups at different lab-
oratories have plans for machines of
this type. Among them is the Lawrence
Radiation Laboratory’s Omnitron (SN:
3/18/67, p. 257), which would cost
$25 million. A spokesman for the
Atomic Energy Commission says the
commission would like to fund Om-
nitron—if it can get the money.

The purpose of such an installation is
to produce beams of heavy ions—essen-
tially heavy atomic nuclei—and drive
these against targets of similarly heavy
elements in the expectation that some
of the beam and target nuclei will fuse
into even heavier nuclei. The science
board’s enthusiasm has apparently been
kindled by the hope of finding stable
elements heavier than uranium, a hope
which has been growing among nuclear
scientists over the past few months.

Uranium, with 92 protons and 146
neutrons, is the heaviest known stable
nucleus. Stability depends on the balance
between the attractive nuclear forces
and the repulsive electric forces between
the constituent particles. In general, the
larger a nucleus is, the less likely it is
to be stable. Nuclei have been discov-
ered or manufactured up to proton
number 103, and a Russian group has a
disputed claim to 104, but all above 92
are highly unstable.

Recent suggestions that stability, or
relative stability, may exist at higher
numbers than these is based on what
people in the field call magic numbers.
According to the shell model, which
sees a nucleus as a series of concentric
shells, a nucleus whose outermost shell
is full of neutrons and protons will be
relatively stabler than its near neighbors
in the periodic table whose outermost
shells are incomplete.

This idea leads to a series of magic
numbers, shell by shell, that represent
stable configurations. Theorists now hope
that by extending the magic numbers
beyond uranium they may point out for
experimenters hypothetical nuclei that,
if not absolutely stable, will be long-
lived with respect to their neighbors.

Soviet scientists, says Prof. S. G.
Nilsson of Lund University in Sweden,
have followed this reasoning and “put
before us a star of hope, really a red
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The neat lineup of tin, lead and 114:

star of hope, around 114 protons to
184 neutrons.” Here and also at proton
number 110 is where much of the cur-
rent action is concentrated, and the
hope, as Prof. Nilsson points out, is
international. As AEC chairman Dr.
Glenn T. Seaborg points out, lead and
tin, two stable elements, occupy the
same column in the periodic table as
element 114.

’The nucleon magic numbers are all
in line,” says Dr. Nilsson, “. . . a very
good omen.”

Scientists at the Lawrence Radiation
Laboratory got “really quite excited last
summer”’ about looking for element 110,
says Dr. Stanley Thompson. Later,
realizing that 114 was an even better
bet than 110, they began looking for
both. Some of the half-lives of magic
number elements in this range can be
quite long, says Dr. Thompson; the
hypothetical element with 110 protons
and 184 neutrons should have a half-
life of 100 million years.

Lasting as long as that, element 110
might appear in nature, the Lawrence
scientists reasoned. Since it should have
chemical properties similar to platinum,
they looked for it in association with
that metal in platinum ores. If it is
there, they find, it cannot be more
abundant than one 10-billionth of the
amount of platinum. X-ray spectros-
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a “good omen” for the transuranics.

copy and bombardment of targets with
heavy ions have also failed to find either
element 110 or 114.

The Lawrence group is now trying
to get two-billion-year-old platinum
from a South African mine in the hope
of finding fission products of 110 in it.
The negative results so far are not a
contradiction to theory, says Dr. Thomp-
son; “we were hoping nature would be
more generous than the theoreticians.”

Meanwhile, the theoreticians in their
speculations are running far beyond
atomic weight 300. There is no reason
why magic numbers should stop at
atomic weight 250 or even 500, says
Lawrence’s Dr. W. J. Swiatecki. He
would like to be able to accelerate and
bang together uranium or plutonium
nuclei to check on what happens to
them.

Furthermore, in Dr. Swiatecki’s view,
there is a possibility of super-sized
macronuclei. If one hypothesizes put-
ting together a nucleus out of thousands
of neutrons and protons, unusual things
—such as bubbles—could happen to
their shape and structure that would
permit them to be stable.

“Atomic number 14,000 might in
principle be stable,” says Dr. Swiatecki,
and he speaks of a possible nucleus a
millimeter wide that would weigh 10
tons.

Into the pilot stage

Until World War 1II, coal and oil
had been like two long-lost relatives.
Born millions of years ago of the same
parents—heat and pressure—they had
little to do with each other. Then
critical shortages forced German scien-
tists to attempt to find a way to make
oil from coal. They succeeded, but the
product was expensive.

After the war, a combination of an
oil-thirsty America and dwindling pe-
troleum reserves compelled U.S. scien-
tists to join the effort in earnest. Since
coal and oil were both derived from

primeval organic matter and since they
are both essentially composed of hydro-
gen and carbon—coal has less hydro-
gen—it was natural that chemists try
to convert the more plentiful coal into
the scarcer oil.

The U.S. Office of Coal Research in
Washington estimates that there is
enough coal underground to meet
United States’ petroleum requirements
for the next 200 to 300 years, while
new oil reserves are becoming more
difficult to find. Present figures show
four times as much coal as oil, oil
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Science’ to a young friend or relative
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B. Loves to ‘‘talk science’ to anyone

C. Is fascinated by scientific
experiments

“Things of Science” is a series of
monthly science kits, each devoted to
a different scientific subject, and con-
taining:
A. A professionally-written science
lesson
B. As many as 20 experiments
C. Actual materials to be used in
performing the experiments
Recent subjects have included Glass,
Vision, Papermaking, Magnets, Holo-
grams, dozens more. Order today and
we’ll enclose a gift card in your name.
Send $9.50 for 1 year (12 kits) with
your name and address and name and
address of recipient to:
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