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tional algorithms are also able to solve this
easier version of the problem’, probably
much more quickly than the methods des-
cribed in the paper. The conventicnal
approach also produces results that are
probably near to optimal®.

I share Bounds® enthusiasm for these
novel methods of optimization, but my
own experience in applying them has been
that they are more impressive in their
range of application than in their speed or
quality of results. All three approaches
are closely related to simple gradient
ascent (hill climbing) in that they depend
onlocal improvements in the cost function
to indicate progress toward a global
optimum. I find it surprising that so many
practical problems yield to such a simple
attack. Yet, in applications as diverse as
arranging circuits on microchips’ and pro-
nouncing written text’, these methods
produce useful results. Like the elephants
in the circus, the remarkable thing is not
how well they dance, but that they dance
at all. W.DaniEL HiLLis
Thinking Machines Corporation,
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Why was the fleece golden?

SiR—G.J. Smith's explanation of the
Golden Ficece (Nature 327, 561; 1987)
has a certain attractive quaintness (in
common with other purported scientific
explanations applied to legends and folk-
lore) but T would like to point out some
contrary evidence.

First, many epicuticular waxes contain
oleanoic acid’. Grapes, for example, con-
tain up to 50 per cent oleanoic acid in their
wax, 50 that over a gram of the acid will be
consumed by a person eating a bunch of
grapes. Thus, even though triterpenic
hydroxyacids seem to be fungistatic’, they
do not seem to be toxic to human beings’.
Some recent reports on intoxication by the
consumption of huge amounts of fresh
apples™, which contain the isomeric ursolic
acid, refer to deposition of the hydro-
carbons and not to toxicity due to the
triterpenic compounds.
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SCIENTIFC CORRESPONDENCE

Jets in supernova 1987A7?

Sin—Speckle observations'” of SN1987A
reveal a secondary light source, 2-3 mag-
nitudes dimmer than the primary and
0.057+0.014 arc s away from it. Its lumino-
sity L, is thus < 10" erg s, and it is
{4.6+1.1)x10"m from the supernova
itself. This separation, at < 2.6x10° s,
after the explosion implies a relativistic
velocity of v, = (0.6+0.15)¢/sinx, where
« is the angle between the velocity and
the line of sight. With the main energy
reservoir of the collapse depleted by neut-
rino emission, the kinetic energy available
to the ejecta cannot exceed ~ 5x107erg.
The mass of the ejecta, m,, must therefore
be < 0.01M_. We suggest that the obser-
ved secondary object is a relativistic jet. A
similar conclusion was reached independ-
ently by Rees’, but we differ in suggesting
that a rapidly rotating core—collapse has
resulted in ejection of jet (or jets) along
the rotation axis. T. Nakumura and M.
Fukugita (preprint) have suggested rapid
core rotation for other reasons. A virtue
of this model is that it is based on ingred-
ients which are intrinsic to the supernova
and does not require any external object.

Numerical simulations' have demon-
strated that a rapidly rotating core col-
lapses first along its rotation axis. Collapse
continues along the equatorial directions,
then bounces along the rotation axis to
form jets. In one example, a 1.4M
stellar core modelled as a y = 3/4 poly-
trope produced jets with mass 0.007M,
kinetic energy 5 X 10*' erg, internal energy
3.8 x 10” erg and average volocity 0.6¢. A
typical density in the jet, at 7 = 107cm from
the centre, is 10" g em™. If the same solid
angle is maintained, the density of the jet
at the star’s envelope, r = 10"cm, will be
1gem™, and it will easily pass through the
envelope, pushing it aside and accreting
mass comparable to or less than its own
mass. Rotating collapse is most likely to
produce two jets. The luminosity ratio
between the two will be (1 + v,cos a)*/(1
— veos «) = 16, and only the blue-
shifted one will be observed.

Matter accelerated near the core will
cool down as it moves outwards, with T o
R™' (R being the size of the matter blob) if
itis radiation dominated, or T = R *ifitis
a polytrope with y = 5/3. (If the ejecta
were accelerated near the envelope, atr =
10"cm, its thermal energy would be com-
parable to its kinetic energy, and its tem-
perature would be between 10° and 10°K.
The initial X-ray luminosity would exceed
the total initial luminosity of the super-
nova itself, and this is ruled out by obser-
vation.) The luminosity after cooling can
be estimated at

L = (4nc/x)(RE,/m.)
= (471¢/k) (RE i fron/ )

where E" is the initial thermal energy
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of the matter, fun = Eo/E¥is the cooling
factor. When the matter crosses the
envelope, R = 10"cm and we find that L,
=f . 10%ergs . The adiabatic cooling from
R =10°cm (at r = 10’cm) to R = 10"cm (at
r = 10") is large enough that by the time
the ejecta reaches the envelope its intrin-
sic luminosity will not pose a problem.

The cooled ejecta must be moderately
reheated to emit the observed optical
radiation. The needed energy can be sup-
plied by radioactive decay of the jet
material (M.J. Rees, personal communi-
cation), by interactions with the ambient
material’, or by radiation beamed from a
pulsar which is formed in the core’, and
still hidden from us by the envelope. The
jet pierces a hole in the envelope through
which energy can be supplied. Although
the pulsar’s luminosity’, 1., = 3x10%(B,/
10°GY(P/2ms) * erg s ', is enough to
reheat the ejecta, it is not enough to punch
a hole in the envelope by itself. A lumino-
sity of 1.5%10* (AQ/0.01)(2x 10%/T} erg
s ' is required over a period of T seconds
to create an opening with a solid angle A(}
in the supernova shell.

One might contemplate replacing the
jet by the ejection of a fragment of the
core using the sling-shot mechanism of the
“Collapse, Pursuit and Plunge” model®,
but tidal interactions will easily destroy
any 0.01M_ fragment orbiting near
~ 0.5M, fragments. Furthermore, the
typical rotation velocity of the orbiting
fragments is much smaller than the
needed 0.6¢.

Our model leads to two clear predic-
tions. (1) The secondary light source
should be receding from the supernova at
a constant rate, and the separation by now
(early July) should be four times larger
than the separation in late March. (2) The
emission from the secondary image should
be blue-shifted, and one should look for
weak, highly shifted lines in the supernova
spectrum due to emission from this
source.

We thank Martin Rees for helpful com-
ments on an earlier version of this letter.
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