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100 YEARS AGO
‘Styles of the calendar’ — At the approach
of the end of a century, this subject
naturally comes to the front again; but it
has lately been somewhat unexpectedly
raised to special prominence by the
suggested probability of one at least of
the Oriental countries of Europe adopting
the usage which, on the initiative of
Rome in 1582, all the western nations
gradually accepted, England (we say
advisedly England not Britain, because
Scotland adopted it before the union even
of the crowns) being the last in 1752.
America having been colonised by the
western Europeans, and the United
States having still been British colonies at
the date last mentioned, the Gregorian
style is universal in that continent. But
eastern Europe, including Russia and all
the nationalities of the Balkan peninsula,
still adheres to the old Julian style; and
this chiefly because the Christians of
these countries belong to the Greek or
Eastern Church, though it is difficult to
see why this should restrain them from
falling in with a change which has many
conveniences, and would bring their
dates into uniformity with those of the
Latin, Teutonic, and Scandinavian nations
— an object of increasing importance, as
intercommunication is constantly
becoming more frequent.
From Nature 24 June 1897.

50 YEARS AGO
Apart from its interest to Londoners and
its inherent æsthetic merit, the statue of
Eros, surmounting the Shaftesbury
Memorial Fountain in Piccadilly Circus,
London, has a scientific aspect.
Originally unveiled in 1893, it is cast in
aluminium alloy, the basal structure
being of bronze. Its restoration, after a
war-time exile, necessitated a thorough
cleaning, the repair of a few defects, and
the provision of a new bow and arrow. ...
The cleaning was carried out with neutral
soap and warm water, the surprising
discovery being that there is no trace of
corrosion arising from the past fifty years
in the London atmosphere; with suitable
care the original oxide film of the
aluminium and the patina of the bronze
have both been retained. ... The
experience with the restoration of Eros
should give an impetus to designers to
make more use of these ‘modern
metals’.
From Nature 28 June 1947.

the connection between algae and clouds
represents not only a climate linkage, but
also a climate-regulating mechanism. Since
then, as recent papers attest9,10, there has
been a great deal of progress, and evidence in
support of the climatic significance of DMS
continues to grow. For instance, clear rela-
tionships have been shown to exist between
high levels of DMS in the atmosphere,
increased particle concentrations and
enhanced cloud albedo. In all, it is clear that
the myriad interactions between the compo-
nents of the microbial food web and their
physical and chemical environment funda-
mentally influence how much DMS is avail-
able for exchange with the atmosphere. But
direct proof of the phytoplankton–
DMS–climate feedback idea, whereby 
climate would affect the quantity of DMS
emitted to the air, remains elusive. 

The papers by Gage et al.2 and Wolfe 
et al.3 are examples of how, by increasing our
understanding of the marine microbial maze,

we can inch closer to the ultimate goal of being
able to predict how changes in environmental
parameters might impinge on natural inputs
of sulphur to the atmosphere.
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Enigmatic bursts of g-rays from cosmic
sources are detected about once a day
from every direction on the sky. Dur-

ing their brief duration, typically between
10–2 and 103 seconds1, these bursts often have
the brightest g-ray intensities ever seen.
Now, after almost three decades of observa-
tion and speculation, the distance scale to g-
ray burst (GRB) sources seems at last to have
been settled. Evidence has been growing at a
remarkable rate in the past few months —
the most striking pieces appearing on pages
876 and 878 of this issue2,3 — to support the
proposal that most, and perhaps all, of the
bursts come from explosions involving neu-
tron stars or black holes near the edge of our
observable Universe. If this is indeed the
case, GRB sources are among the most 
powerful events in the Universe. This was 
the view of most of the participants in a 
GRB workshop last month*. 

In 1991, the Burst and Transient Source
Experiment (BATSE), on board the Comp-
ton Gamma-Ray Observatory, began to
accumulate what has now grown to almost
2,000 burst observations. These show us to
be at the centre of a nearly homogeneous dis-
tribution of bursting sources, and the pauci-
ty of faint bursts implies that we are seeing
almost to the edge of the source population4.
These two features are natural consequences
of any uniform source distribution in the
simplest cosmological models for our
expanding Universe5. Other suggestions, for

example that GRBs are from relatively small,
recurrent explosions on the surface of 
neutron stars now in the halo of our own
Galaxy6, needed some ad hoc tuning of 
parameters such as delays in the onset of
explosions. This made such models less
appealing, even though they more easily
explained certain controversial features of
some bursts (such as cyclotron resonance
spectral features, periodicities of several sec-
onds, and possible burst source repetitions).

A ‘smoking gun’ was needed, to identify
some GRB source with a familiar type of
object which could determine the distance-
scale. The problem was that g-ray telescopes
such as BATSE have an angular resolution 
of several degrees, and so cannot pin down a
burst location finely enough for other kinds
of telescopes to identify a unique counter-
part at other wavelengths. The Inter-
planetary Network of satellites, started in the
1970s, could triangulate the angular position
of a burst from arrival-time differences at
different satellites, but gave only a handful 
of arc-minute-sized error boxes, generally
months after a burst — far too long an inter-
val to allow the identification of other tran-
sient emissions associated with it. 

Since its launch in 1996, the Italian–
Dutch satellite BeppoSAX has improved on
both position and time constraints enor-
mously: it can locate X-ray emission from a
GRB to a few arc minutes, and then tell opti-
cal and radio telescopes where to look within
a few hours. So far, it has identified three 
fading X-ray sources as probable GRB after-
glows. The 28 February 1997 burst7 was 

Gamma-ray astronomy

Bursting out all over
Joshua S. Bloom and Malvin Ruderman

*Workshop on the Latest Developments in Gamma-Ray Bursts, Elba,

Italy, 26–27 May 1997.
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Daedalus

A level viewing field
A video signal takes up a vast bandwidth.
Many coding systems seek to reduce it;
some exploit the properties of fractals.
Daedalus has an extreme case.

A planar fractal such as the Julia set is
generated from a simple mathematical seed,
but contains unlimited detail on all scales. A
video of such details could be neatly
transmitted merely by giving the location of
successive frames within the fractal. A
suitably complex fractal should contain all
possible pictures; indeed, feels Daedalus,
there should be an infinite number of such
fractals. Just as some fractal forms are
particularly good at generating
geographical landscapes, others should be
good at generating typical TV pictures.

So DREADCO mathematicians are now
hunting for the ideal TV-generating fractal.
Their goal is a coding process which locates
each frame within the fractal, and merely
sends its address. The camera and receiver
will need massive computing power, but
mere telephone bandwidths could link
them. And where is massive computing
power linked by telephone lines? On the
Internet, that’s where.

At present, television is a ‘top-down’
oligarchy. There are few stations, all very
rich, and millions of receivers, most quite
poor. TV is thus a way of spreading the
dreams of the rich. In a thousand subtle
ways it invites its audience to yearn for an
impossibly rich, chic, exciting lifestyle.
Millions of viewers base their human
ideals on a few ‘celebrities’ — a celebrity
being someone on whom a TV station is
prepared to lavish its vast air-time costs.
But when efficient video coding allows the
Internet to become the dominant TV
provider, the whole notion of a TV station
or channel or celebrity will vanish. Just as
anybody can set up a Web site, so anyone
will be able to launch a TV programme.
The result will be a much more democratic
TV network, ‘convivial’ in Illich’s sense. 

The consequences could be profound.
The rigidly stylized TV dream-dictatorship,
shaped by big-company advertising, will be
replaced by a chaotic uncensorable mass of
video images, shaped by individual greed,
egotism and missionary zeal. It will be
wildly interactive. Any viewer could reply
to any programme, or send in real-time
suggestions or additions, or launch a
rebuttal or diversion. What video culture
will ultimately crystallize from the chaos,
Daedalus cannot guess, any more than he
can guess where the Internet itself is going.
But the result must be healthier than what
we have now. 
David Jones

followed by a fading optical afterglow from a
source very near the centre of an apparently
distant galaxy8, a result so exciting that soon
afterwards the workshop was organized by F.
Pacini (Arcetri Astrophys. Obs., Florence)
and colleagues to review the new multi-
wavelength evidence and its implications for
GRB models. And, as if to reward the parti-
cipants, nature provided the most exciting
burst so far on 8 May, barely two weeks
before the workshop, but time enough to
identify an afterglow in X-ray, optical and,
for the first time, radio bands. 

The most important new evidence pre-
sented at this meeting was of redshifted
absorption-line features in the optical 
spectrum3, at wavelengths corresponding to
absorption between the burst source and us by
iron and magnesium, at a distance of around
five billion parsecs. Then this burst came from
an explosive emission of about 1051 erg of g-
rays (approximately the total radiation from
our Sun during the 1010-year age of the Uni-
verse) near the edge of the Universe. There is
still a small possibility that the fading optical
source is not associated with the g-ray burst,
but for most of us it has finally ended the dis-
tance-scale debate of the past three decades. 

The huge GRB-source luminosities imply
a very rapid conversion of energy, equivalent
to 0.1 per cent of the total rest-mass energy of
a solar-mass star, into g-rays and afterglow.
Observed time structures of g-ray intensities
indicate that, initially, the sources are typical-
ly not more than 100 km across (ten times the
radius of a neutron star). The merger of two
collapsed stars in a binary (for example, two
neutron stars or a neutron star and a black
hole) is the most popular proposed model for
a cosmological burst source. 

The enormous explosive local energy
release would then initiate a relativistically
expanding fireball whose properties and 
evolution are not sensitive to details of the
explosion that caused it. Almost all of the 
initial fireball energy is eventually converted
into a blast whose energy is carried mainly by
its relativistically expanding nucleon flow. It is
the later interaction of the relativistic blast
wave with the ambient medium around the
exploded source that is thought to be the 
origin of the observed X-ray, optical and radio
afterglows. Progressively lower-energy spectra
are emitted as the blast is slowed 
by this interaction. There was a consensus
among modellers at the workshop that, to
account for what is observed in the optical and
X-ray afterglows, the Lorentz factor of the blast
before such slowdown must be between 100
and 1,000 (that is, the blast’s energy was 100 to
1,000 times its nucleon rest-mass energy). To
achieve blast-wave Lorentz factors exceeding
100, no more than 10–5 of a solar mass of nucle-
ons could have been included in an initial 1051-
erg fireball. The observed afterglows would be
expected when the blasts expand to a radius
exceeding 1016 cm, the precise value depend-

ing on the assumed ambient density.
Radio emission (with a peak flux at 

8.46 GHz), first detected five days after the 
8 May burst9 and flaring to twice its initially
detected magnitude in one day (S. Kulkarni,
Caltech), gives a special clue for just such a
blast wave: a strong, incoherent radio flux
implies an emitting region at least 1016 cm
across to avoid the intensity limitation from
re-absorption of the radio waves by the 
electrons that emitted them.

Some were still unpersuaded about the
cosmological distances. Particularly contro-
versial10 was a report that the optical after-
glow associated with the 28 February GRB
moved by about 1.5 milliseconds of arc per
day11 — very hard for cosmological models
to explain (T. Bulik, Copernicus Center).
Unfortunately, this source is now behind the
Sun and we must wait until August to resolve
this question. (No proper motion was
observed for the very precise radio-location
of the 8 May GRB radio afterglow.) And there
are claims that the nearby nebulosity — the
supposed galaxy host to the burst — may
have changed in either size (D. Lamb, Univ.
Chicago) or brightness. 

If the relativistic-fireball model is estab-
lished, GRB afterglows will become a tool 
to explore properties of the ambient gas in 
the early Universe. Perhaps, when enough 
becomes known about optical-afterglow
absorption line redshifts and GRB intensities,
these events may also yield the necessary rela-
tionship between redshift and distance to
establish crucial cosmological parameters
such as the density of the Universe, or even
the cosmological constant (T. Piran, The
Hebrew Univ.). 

More BeppoSAX designated positions
will come in roughly once a month, and we
expect to see afterglows from many of them.
Afterglows may also be identified in some
cases where the GRB is not, perhaps because
the g-rays are mainly beamed away from us.
It is hard to point to any other such impor-
tant astrophysical problem that should be so
quickly solved as the origin of g-ray bursts.
But that will probably only be the first extra-
ordinary chapter of a book that promises to
become even more exciting.
Joshua S. Bloom is at the Institute of Astronomy,
University of Cambridge, Madingley Road,
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