
substantially smaller than in the polar 
stratospheric clouds, but, especially in 
the years following a large volcanic erup- 
tion such as that of El Chichon in 1982, 
the effect could be n o t i ~ e a b l e ~ ~ ~ .  The 
efficiency of these processes depends on 
the chlorine load of the atmosphere, and 
so is gradually increasing as a result of 
the use of chlorofluorocarbons. If the 
amount of sulphur injected into the stra- 
tosphere by the eruption of Mount Pina- 
tubo in the Philippines in June is 2 or 3 
times larger than that emitted by El 
Chichon, as is indicated by satellite 
observations, a reduction in the ozone 
column could, according to our model 
calculations, reach significant values dur- 
ing next winter at mid- and high lati- 
tudes, after the volcanic material has 
spread out over the entire Northern 
Hemisphere. 

It has also been suggested" that sub- 
stantial amounts of ozone could have 
been destroyed as a result of increased 
production of nitrogen oxides by energe- 
tic protons in the solar wind following 
the large solar flares of 1989. Nitrogen 
oxides are known to destroy ozone 
catalytically at altitudes of 20-50 km. 
Large reductions in ozone concentra- 
tions in the upper stratosphere were 
reported" after a similar event in Au- 
gust 1972. Although TOMS data seem to 
indicate that a limited amount of ozone 
was destro ed in the vicinity of the 
South Pole" following the two proton 
events in March 1989, model 
calculations12 show that the largest per- 
centage reduction in the ozone concen- 
tration (about 20 per cent) following the 
intense flares of the second half of 1989 
should have taken place near 40 km, 
leading to a reduction in the ozone 
column much smaller than the one de- 
rived by the recent trend analysis. 

Evidently, the indications are that 
ozone in the middle atmosphere is more 
sensitive to anthropogenic chlorine than 
previously predicted by numerical mod- 
els. Heterogeneous chemistry on cloud 
and aerosol particles both at high and 
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mid-latitudes is probably playing a key 
role that is not yet fully understood. The 
importance of dilution processes from 
the polar regions in both hemispheres 
also needs to be evaluated. The Arctic 
campaign organized by European, 
American and Soviet scientific groups 
this coming winter will provide vital 
information to address these questions. 

10 cm 

1 cm 
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But the polar aspects of the mission 
might be somewhat overshadowed by 
the chemical and radiative perturbations 
associated with the recent eruption of 
Mount Pinatubo. I3 
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NEUROSCIENCE 

Back together again 
Terrence J. Sejnowski 

IN the 1960s, recordings from single 
neurons opened a new view of the visual 
system'. The surprise was that single 
neurons carried so much information 
about features in the image; the eventual 
disappointment was that recordings from 
dozens of visual areas of cerebral cortex 
did not lead to a deeper view of visual 
perception. As it was put at a recent 
meeting*, poking around in the brain for 

I I Molecules I 

are changing our view of vision. 
New techniques from molecular 

neuroscience are beginning to give us a 
glimpse of how the visual system is put 
together. Many morphologically similar 
neurons differentially express surface 
markers. It was a great surprise, how- 
ever, to find that a monoclonal antibody 
selectively stains the precise subsets of 
cells in the lateral geniculate nucleus and 

corticaT areas VI, ~ 2 ,  MT 
and MST that are part of the 
visual 'motion' processing 
system (S. Huckfield, Yale 
University). Visual experi- 
ence is needed for normal 
properties of this system to 
develop, and also for normal 
expression of the membrane 
marker. It will be exciting to 
learn what the function of 
the molecule might be, and 
whether other functional 
systems can be revealed by 
this approach. 

Recording from one cell 
at a time is like examining a 
tapestry one thread at a 
time. A stunning hardware 
simulation of the salamander 
retina, based on physiolog- 
ical recordings from horizon- 
tal, bipolar and amacrine 
cells (F. Werblin, University 
of California, Berkeley), _, 

Levels of organization in the nervous system. The spatial shows the response Of a 
scales (left) at which anatomical organizations can be large array Of and is 
identified varies over many orders of magnitude. Icons like seeing an entire tapestry 
(right) represent structures at district levels: (top) a subset for the first time. The model 

hints of perception is a bit like searching 
the Louvre for the essence of art (G. 
Fain, University of California Los 
Angeles). But the 1990s promise a great 
deal - visual neuroscience is becoming 
more cognitive2, is making closer links to 
motor systems and behaviour3, and is 
looking beyond the single neuron4. Adv- 
ances at all levels of investigation, from 
the molecular to systems (see figure), 
*Neurons, Vision, and Cognition. New YorK University. 28 
May - 1 June 1991. 

of visual areas in visual cortex; (middle) a model of how can be used to gain insights 
ganglion cells could be connected to simple cells in visual into the consequences of 
cortex; and (bottom) a chemical synapse. (From ref. 2.) changing key parameters, 

such as electrical coupling between hori- - -  
zontal cells, and to develop a better 
sense for how motion is represented in 
the array of ganglion cells5. A wide 
range of modelling and theoretical stu- 
dies were presented - from detailed 
models of cone adaptation (D. Tranch- 
ina, New York University) to network 
models of disparity selectivity in visual 
cortex (R. Freeman, University of Cali- 
fornia, Berkeley). R. Barlow has pro- 
grammed a parallel computer called the 
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Connection Machine to model the lateral 
eye of Limulus polyphemus and may, at 
this moment, be making video record- 
ings in the Atlantic Ocean to use as 
visual input for his model. 

The retina is able to adapt to complex 
temporal as well as spatial patterns of 
light (T. Reuter, University of Helsinki). 
If an arbitrary light stimulus is repeated 
at constant intervals, most ganglion cells 
of the frog retina cease to produce a 
strong response. This is due to neither 
light adaptation nor spike adaptation, 
for slightly changing the frequency im- 
mediately restores the full response. R. 
Desimone (NIMH, Bethesda) presented 
evidence that many neurons in inferior 
temporal cortex of macaques adapt to 
complex visual stimuli after a single 
exposure. If each stage of visual proces- 
sing adapts out those aspects of the 
stimuli that it has analysed, only un- 
explained information reaches higher 
stages, as H. Barlow (University of 
Cambridge) has suggested. Knowing the 
right question to ask is often the key to 
progress, and Barlow provoked the audi- 
ence by asking: “Why do you need your 
cerebral cortex?”. At Oxford it was 
agreed that this was a very good ques- 
tion, but the most memorable answer 
was suggested to him by a Cambridge 
student: “You need your cerebral cortex 
so you know when to shut up”. The 
answer may depend upon the species - 
in rats, the cortex is not needed for the 
acquisition of conditioned fear, but is 
required to extinguish this response (J. 
LeDoux, New York University). 

The output of the cerebral cortex is a 
good place to look for its behavioural 
significance, and eye movements are a 
favourable assay for visual function. S. 
Lisberger (University of California, San 
Francisco) and J. A. Movshon (New 
York University) have shown that the 
eye can track some moving targets - 
coloured ones in particular - that are 
invisible to the classical ‘colour-blind’ 
motion pathway. Moreover the tracking 
system receives accurate signals about 
the speed of these targets even when the 
perceptual system incorrectly registers 
them as moving slowly. Neurons in the 
foveal region of the superior colliculus, 
an area of the midbrain known to be 
important for saccadic eye movements, 
have been discovered that discharge dur- 
ing active fixation of a visual target (R. 
Wurtz, NIMH); stimulation of these 
neurons delays saccades and lesions lead 
to an inability to suppress saccades, 
which occur with less than half the 
latency of normal saccades. 

One way to go beyond the single 
neuron is to record from neural popula- 
tions using voltage-sensitive dyes and 
intrinsic optical signals, and optical re- 
cordings have been used to map the 
spatial organization of neurons with 
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similar properties, such as colour selec- 
tivity and disparity sensitivity, in area V2 
of macaque visual cortex (D. Ts’o, 
Rockefeller University). Using the same 
techniques, A. Grinvald (Weizmann In- 
stitute, Israel) has made movies of cor- 
tical activity - probably subthreshold 
signals in dendrites - that resemble the 
sloshing of water in a swimming pool 
during an earthquake. 

Widely separated pairs of neurons in 
the primary visual cortex of cats some- 
times fire together at around 30-60 Hz 
(C. Gray, Salk Institute), and such syn- 
chrony has also been observed in other 
areas of cerebral cortex (M. Abeles, 
Hebrew University, Israel). These cor- 
relations are relatively rare, but a distri- 
buted population of coherently firing 
neurons could have much greater effect 
on target neurons because of temporal 
summation6. It has been difficult to re- 
late these observations to visual func- 
tion, but they may teach us something 
about cortical circuitry’; for example 
models of inhibitory interactions be- 
tween basket cells and cortical pyramidal 
neurons show that these inhibitory inter- 
neurons could help to synchronize local 
populations of neurons, and that under 
some conditions strong inhibition can 
actually speed up pyramidal neurons’. 

Cognition is the holy grail of neuro- 
science. Visual attention is a window in- 
to our cognitive lives, a window that 
develops rapidly in infants, and it pro- 
vides tags for objects as useful as any 
visual feature. Our short-term working 
memory gives us the ability to make 
plans and carry out complex actions, 
such as sequences of eye movements. 
Long-term memory allows us to form 
new habits and create new representa- 
tions of the visual world. These connec- 
tions between vision and behaviour were 
described by several speakers, and they 
point towards the emergence of a new 
world order without the traditional 
separation between vision, memory and 
motor systems. Having taken the brain 
to pieces, neuroscientists are now begin- 
ning the formidable task of putting it 
back together again. 0 
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DAEDALUS 

Electrons on tap 
WGH-temperature superconductors are 
already beginning to escape into technol- 
ogy. The electricity distribution industry 
would give them a particular welcome. 
Unfortunately, the problems of making, 
laying and joining up miles of brittle 
monolithic ceramic cable seem insuper- 
able. Daedalus now has another 
approach. 

He has been inspired by a recent 
report that an electron beam will thread 
its way safely through even a winding 
tunnel in a superconductor, by magnetic 
self-repulsion from the superconducting 
walls. An electron beam coasting in a 
vacuum is, of course, as lossless as the 
most superconducting cable. So Daedalus 
now plans to distribute electricity round 
the country in the form of electron beams 
in superconducting pipes. 

The great advantage is that monolithic, 
electrically continuous superconductor is 
not needed. Lengths of superconducting 
pipe can simply be cemented together like 
traditional ceramic drain pipes or sewer 
conduits. The joints will have to be 
vacuum tight, of course, and the whole 
thing will need to be cooled in liquid 
nitrogen. Repelled from the walls of the 
pipe, the electron beam will then travel 
safely down the middle, undisturbed by 
the many joins and discontinuities. The 
pipe can confidently be laid round a 
curve: the beam will follow it. It can even 
be subdivided by T-junctions and small 
ofTtakes, and controlled by standard taps 
and valves with superconducting gates or 
diaphragms. Electricity could be distri- 
buted in the same way as gas or water. 

To cool a national distribution network 
in liquid nitrogen will call for a lot of new 
technology, but nothing that has not been 
thought about or tried already on a small 
scale. In a sense, electrical insulation will 
merely be replaced by thermal insulation. 
For a superconducting pipe repels elec- 
trons so perfectly that it never accumu- 
lates any charge itself. It can safely 
remain at earth potential. 

DREADCO applications engineers are 
already wondering how best to use the 
electron beam when it arrives at the 
customer. The obvious approach, con- 
tinuing this scale-up of vacuum-tube 
technology, is to let it hit a metal anode 
and be converted into a normal current. 
But electric light could be provided 
directly, by letting the beam hit a suitable 
phosphor, and television by scanning the 
beam over a screen. An electron-impact 
cooker could control the temperature- 
distribution of a cake or roast with a 
precision unmatched by any microwave 
oven, while a simple electron leak could 
give a negative-ion generator for clearing 
the air and inducing a cheerful mental 
atmosphere. David Jones 
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