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plementing a field-effect gate-induced 
Josephson junction (I). In this device, the 
electrodes are field-effect-doped such that 
the system becomes superconducting be- 
low a critical temperature determined by 
the gate voltage. By lithographically pro- 
filing the gate (see the figure), Schon et al. 
were able to induce a planar junction with 
an interface region with lower charge car- 
rier density. In this structure, the elec- 
trodes become superconducting, whereas 
the area between them remains normal, 
creating an SNS-type junction within a 
single material. The SNS junction pro- 
duced by Schon et al. (I) shows apprecia- 
ble current at low applied voltage, indicat- 
ing a strong proximity effect. A highly im- 
portant result is the large IJtN product of 

critical current I, and normal resistance 
RN, which indicates that the same conduct- 
ing modes contribute to both normal and 
superconducting transport. 

An advantage of the present technology 
is that the SNS structure consists of a sin- 
gle material, thus avoiding problems with 
interface barriers and disorder. Further- 
more, the technology of the Bell Labs 
group opens up the possibility of fabricat- 
ing flexible proximity circuits in which 
several parameters of the normal and the 
superconducting regions can be tuned, 
such as the critical temperature and the ge- 
ometry. By extending their approach in an 
obvious way through splitting and adding 
gates, it should be possible to design su- 
perconducting switching networks with in- 
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Function Following Form 
Jonathan B. Levitt 

D 
oes the morphology of a neuron themselves terminate in separate layers of 
and its many processes (axons and V1 (layers 4Ca and 4CP, respectively). 
dendrites) tell us what it does for a Layer 4C neurons project to other layers of 

living? If so, anatomical information could 
serve to classify neurons into distinct 
functional classes. This issue has been of 
interest to neurobiologists ever since Cajal 
used a silver stain to demonstrate the daz- 
zling complexity and diversity of neuronal 
forms throughout the central nervous sys- 
tem. In certain neurons, such as retinal 
ganglion cells, there is a strong correlation 
between the structure of their dendrites 
(slender extensions emanating from the 
neuronal cell body), the pattern of incom- 
ing electrical signals (inputs) they receive 
from other neurons, and their function. But 
elsewhere in the brain. for exam~le in the 
cerebral cortex, we have only hints as to 
these relationships (1, 2). On page 297 of 
this issue, Yabuta et al. (3) report a striking 
correlation in the primary visual cortex 
(area V1) of the monkey. They show that 
two different morphological classes of Vl  
neurons, spiny stellate cells and pyramidal 
cells, receive different signals from two 
major streams of visual information from 
the retina and then direct this information 
to higher cortical visual areas. 

The visual system relays different types 
of visual information in parallel through 
the magnocellular (M) and parvocellular 
(P) pathways of the retina. The M and P 
pathways transmit this information to sep- 
arate divisions of the visual thalamus and 
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teresting properties. Such devices could be 
used to develop tunable ballistic proximity 
dots and constrictions in which a small 
number of discrete quantum electronic 
modes are selected by split gates and An- 
dreev reflections. Localized Andreev states 
in such structures may serve as qubits and 
logic gates for quantum computation. 
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the visual cortex, which provide outputs to 
higher cortical areas (V2, V3, MT) that are 
thought to mediate distinct visual abilities, 
such as seeing color or motion (see the 
figure). The different activities of these ar- 
eas might reflect differential contributions 
from the P and M pathways. Layer 4B, one 
of the targets of relays from layer 4C, con- 
tains many direction-selective neurons that 

respond better to stimulus motion 
in one direction than in the oppo- 
site direction. Layer 4B neurons 
receive a prominent M input, and 
provide a substantial output to vi- 
sual cortical areas such as area MT 

Information relays in the visual cortex. Distinct types 
of visual signals (M and P) are relayed from the retina 
through separate divisions of the lateral geniculate nu- 
cleus of the thalamus (LCN) to different portions of pri- 
mary input layer 4C of the primary visual cortex (VI). A 
further relay conveys these signals to layer 4B, which 
provides a major output from V1 to higher visual areas 
(V2, V3, MT). Spiny stellate cells in layer 48 (orange), 
which project to area MT (VS), receive a strong M input 
but no P input. Pyramidal cells (purple), which project to 
areasV2 and V3, receive both M and P inputs. 

(V5) known to be important in mo- 
tion perception. Convergence of M 
and P signals onto single cells in 
layer 4B has previously been 
demonstrated (4), but Yabuta et al. 
now show that this convergence 
occurs only on certain cells in this 
layer. Using an elegant combina- 
tion of anatomical and electro- 
physiological techniques in mon- 
key brain slices from cortical area 
V1, Yabuta et al. determined the 
locations of neurons providing ex- 
citatory inputs to neurons in layer 
4B. They then labeled the cells 
whose activity they had recorded. 
Their results show that different 
morphological classes of cells 
within layer 4B receive distinct 
patterns of input from layer 4C. 
Spiny stellate neurons receive 
strong input from layer 4Ca but 
none from 4CP, whereas pyrami- 
dal neurons receive strong input 
from both layers 4 C a  and 4CP 
(see the figure). 

These results are important be- 
yond simply classifying cells on 
the basis of morphology. Because 
stellate and pyramidal cells of lay- 
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er 4B appear to project to separate higher 
visual areas (5, 6), knowing which visual 
signals they carry may help to distinguish 
the different streams of information trans- 
mitted through visual areas of mammalian " 
cerebral cortex (particularly those areas 
that mediate motion perception) (7,  8). 
For example, the pathway emanating from 
layer 4B is thought to be dominated by the 
M system and therefore is essentially in- 
sensitive to color information. Can P sig- 
nals be detected emanating from layer 4B 
in experiments in vivo? If so, what per- 
ceptual relevance might they have? Also, 
not all cells in layer 4B are directionally 
selective; are these cells primarily stellate 
or pyramidal in morphology? What are 
the visual response properties of these 
cells? Do they too project to visual mo- 
tion areas such as MT? Yabuta et a1.k data 
make an important contribution to our un- 
derstanding of how differences among the 
various parallel pathways emanating from 
V1 might acquire their unique functional 
characteristics. 

Why might the cerebral cortex segre- 
gate relays of visual information in this 

way? Perhaps there is a need to isolate par- 
ticular projection pathways leaving V1 
from the influence of feedback inputs 
(from higher cortical areas back to Vl).  
Pyramidal cells can be distinguished from 
stellate cells because they have access 
through their apical dendrites to feedback 
projections from higher cortical areas, 
which terminate in the upper cortical lay- 
ers. It may be that some visual computa- 
tions use feedback from downstream corti- 
cal areas, whereas others do not. Cells in 
layer 4B retain some of the characteristics 
of their inputs, but they are more selective 
for the spatial frequency, direction of mo- 
tion, and orientation of the stimulus. This 
clearly indicates that they perform further 
computations on incoming information. 
The Yabuta et al .  findings suggest that 
some aspects of visual motion are ana- 
lyzed solely in a feedforward ("bottom- 
up") manner, whereas others make use of 
feedback ("top-down") signals. Different 
motion perception pathways could consist 
of a color-blind motion channel versus one 
multi~lexed with chromatic information. 
or of channels concerned with motion at 
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Single Molecules Rock and Roll 
Near the Glass Transition 

M. D. Ediger and J. 1.Skinner 

The motion of molecules in liquids 
and solids is traditionally measured 
by spectroscopy and by the scatter- 

ing of particles or radiation. Such experi- 
ments usually average over a very large 
number of molecules. Recentlv. re-
searchers have developed techniquks for 
measuring the dynamics of individual 
molecules in condensed systems (1-3). 
Single-molecule experiments can provide 
a wealth of new information in cases 
where different molecules exhibit differ- 
ent dynamics (4, 5). An impressive exam- 
ple is reported on page 255 of this issue 
by Deschenes and Vanden Bout (6),who 
have measured the rotation of individual 
dye molecules in a polymer film a few de- 
grees above the glass transition tempera- 
ture T, (the temperature below which the 
polymer becomes an amorphous solid). 
Thev find that different molecules rotate 
with very different rates. This may have 
important implications for our under- 
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standing of the glass transition, which has 
been a notoriously difficult challenge. 

Glasses are important as structural and 
optical materials and are also used for 
drug delivery applications and biological 
tissue preservation. If crystallization can 
be avoided while a liquid is cooled, the 
molecules in the liquid move more and 
more slowly. Eventually, motion is frozen 
(at least on the time scale of human per- 
ception) and an amorphous (noncrys- 
talline) solid is formed. Although glasses 
have been used as practical materials for 
millennia, there is no agreement about 
what causes the slowdown of molecular 
motion responsible for the glass transition. 
One clue comes from contrasting the mo- 
tion in a high-temperature liquid with that 
in a material near T,. In the past 10 years, 
ensemble experiments (which involve 
large numbers of molecules) have been in- 
terpreted to indicate that dynamics near 
the glass transition are spatially heteroge- 
neous (7-9): Dynamics in one region of 
the sample'mai be orders of magnitude 
faster than in another region only a few 
nanometers away, even though the materi-
a1 may contain only a single type of 

different spatial scales or speeds. The sug- 
gestion of selective access to feedback is 
complicated by the fact that certain feed- 
back pathways to V1 (from areas V3 and 
MT) terminate broadly within layer 4B it- 
self, but these pathways might specifically 
target different groups of neurons. 

Are projection pathways distinguished 
this way elsewhere in the cerebral cortex? 
Because a variety of systems in the brain 
consist of multiple parallel subsystems, 
the visual cortex is a valuable model, re- 
minding us that anatomy and physiology 
do indeed have something to do with one 
another. 
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Dynamics of individual molecules near T,. 
Regions of different dynamics at two different 
times ( t , and t,) showing possible trajectories 
of individual molecules in such a heteroge- 
neous environment. Each trajectory is labeled 
to indicate how the reorientation of this 
molecule would be observed to change with 
time. Spatial aspects of this figure are inferred 
from other measurements (72). 

molecule and exist in a single thermody- 
namic phase. Regions of different dynam- 
ics do not remain fixed in space but rather 
evolve on very long time scales (perhaps 
as long as weeks or more). If this view is 
correct, then individual molecules will 
have different rates of motion at different 
places in the material, and the rate of mo- 

www.sciencernag.org SCIENCE VOL 292 13 APRIL 2001 	 233 

http:edieer@chem.wisc.edu

