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momentum, and so flow in radially. Such

purely radial OBondibyled flows have
very low radiation efficiencies. Mdlia

then showved that a 1P*solarmass yr®
BondibHbyle flow onto a million-solar

massblack hole would produce something
likethe obsewredradio to X-ray spectum of

SgA*, includingitsweakinfraredemissiofi.

However, even small deviations from the
purelyradial flow would creak a very large
amount of infrared radiation, inconsisent
with the obsewations;and sud deviations
would belikelyto occur, atleastiransiently
through incompleemixing of theincoming

wind gaspr interactionswith apre-existing
fossilaccretiondisk.

Thenewwork of Narayanet al * followsa
seond route.In ahotacretionflow, thegas
isionizedto form aplasmaThehearyions
cary mostof themassandthusoftheener-
gy, whereasthe electons produce most of
theradiation (through syndirotron, Comp-
ton and Bremsstahlungradiation process-
es).But, crucially, in alow-densit flow the
temperaturesof theionsandoftheeledrons
may de@uplé® Asaconsequence, most of
the gravitational energ would bevismusly
converted intothermal energy of theions(in
ahotion torus™*9, andnot radiatedaway by
theelectrons.

Instead, the gravitational enery is
carried (@dvected®with the flow acrossthe
event horizon of the black hole***2 Quch a
flow leadgto alow radiation efficiencyeven
in a highly dissipatve acretion disk. The
possibleapplicationof sud amodelto the
Galatic Centre hadalread/ beenproposed
morethanadecadegd?, but Narayan et al.
havenow shown thataquantitativeandself-
consisent dynamical model can be con-
structedthatfits mostof the SgA* obseva-
tionsfor a2.6-million-solarmasslackhole
accreting at 10°*solarmasseger year Like
Melia@BondiDl—byle model,this advection-
dominated accretion flow model also
explainsthe spectal shape of the obsered
emissionwith peaksn the millimetre and
X-ray bandsbut very weakemissionin the
nearinfraredandvisible.

Turning the argumentaround, Narayan
etal.pointoutthatthesuacesoftheirmodel
(andtheMeiamodel)leavedittle doubtthat
the dark massin the GalacticCentre must
indeedbeablackholein the strict sensef
Geneal Relativity. Only if aneventhorizon
existscanthe gravitational energ truly dis-
appearfrom sight. Otherwise there would
haveto bea@urface@vherethegravitational
andthemmalenerg oftheflowwasconverted
to radiation afterall. Thisargumentaddsto
the alreads strong casefor the existenc of
blackholes.

Naturally, thereremain someuncertain-
ties. Firgt, one might question how well the
current accretion rateis determined by the
observations. Apart from an order-of-
magnitudeuncertainty in theaccretion rate
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esimated above, timevariability in theflow
may beimportant. However, the dynamical
timefor thestelar windsnear SgrA* isonly
about 100 years, and high-energy X-ray
observations indicate that SgrA* was not
very much moreactive 100 yearsago than it
isnow. (Hard X-raysarescattered by dense,
interstellar clouds. By looking at that
scattered radiation from clouds about
100 light years from SgrA*, one can thus
infer its X-ray brightness 100 years ago.)
Second, the detailed plasma physics of the
advection flow and the redlity of the two-
temperature solution are complex matters
that depend on anumber of poorly known
parameters.

Nevertheess, the new work is the best
answer yet to this strange paradox. Why are
many massve black holes o black? It is
because mog of thetimethey are converting
their food veryinefficientlyintoradiation. [
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The analyticalbend of the leech

L. Abbott

system that formsthebasisof analyt-
ical geomety in an appendixto a

philosophical discourse that hasbeencriti-
cizedfor its contemptuouston€’. Descates
might have been more humble had he
known that his greatdismvery had alread/
been implemented in thenervoussystemsof
invertebrates,andthatit isusedoy theleet
to dired a reflexive motor behaiour. The
evidence provided by Lewisand Kristan on
page76 of this issué arrives too late for
Descates,but in time to show the restof
us how a network of neurons computes a
sensorybmotor transformation.

Leetesrespondo atouch on their skin
by bendingaway from the point of contact.
In eat body segnent,four sensoy neurons
(thePneurons)representhelocationof the
touch stimulus. They geneste theresponse
by activatingasetof motor neuronsthrough
anetwork of interneurons. Lewisand Kris-
tanhavenowdeterminedthetouchlocations
that evoke the maximumadivity from eat
of theP neurons. Relativeto thedorsal mid-
line, theseare at andesof 45,135,225and
315degees thereby forming two perpen-
dicularaxes(P,to P,in Fig. 1). Whenatouch
ismadeatanande 6, lying betweenthepre-
ferred anglesof two Pneurons, they respond
by firing adion potentials at ratespropor-
tional to cos(f) and sin(6), while the other
twoPneuronsremainsilent.Cosineandsine
projectionsonto perpendicularcoordinate
axesare the defining featuresof a cartesian
coordinate sysem. For any touch location,
thefiring ratesof two adive P neuronssene
ascattesiancoordinates.Four neurons are
requiredto cover alldiredionsbecauséring

D escates introduced the coordinate
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Figure 1Computation of a sensorybmotor
transformation by neurons in the leele. The
shaded aea epresents a ass-sedbn of the
body wall of the ledt. Four sensoy neurons (P
cells) fire maximally in esponsed touches of
the skin at the diections denoed by the lines R,
P,, P;and R, Lews and Kistan® have found that
touches at other locabns e/oke responses in
pairs of P ells at rates poportional to the @sine
and sine of the arlg 6 defining the locaton of
the touch. Also shavn is the antg ¢ defining the
bend produced by acivation of a sinde
interneuron.

ratescannotrepresentnegatve coordinate
valuesHeretheleetisin goodcompary N
Descartes was also reluctant to use negative
coordinates,and it wasleft to Newton to
pointouttheirusefulness

Asevery sudent of introductory physics
will testifyit isonethingto setup acartesian
coordinatesystem and quiteanother touseit
computationally Lewis andKristanprovide
convincing evidene that the leet bending
network takesfull advantagef thecaresian
representationt hasestablishedl'hey shov
that thetouchlocationinferred by interpret-
ing P-neuron fire ratesascaitesiancoordi-
natesacuratelymatchestheactualstimulus
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Figure 2A simple cicuit showving two P @lls
driving an interneuron. The synayt drive ©
theinterneuron is the sum of the synaptic
weights w, andw, multiplied by the
corresponding Pecell firing ratesr, andr,. This
drive is poportional to the osine of the anig
between the locaobn of the buch and the bend
produced by the interneuron.

location(3 percentr.m.s.eror). Whenthey
injected current into a P cel to modify its
actvity, the changein thebendingresponse
matched the shift in the coordinate value
represengd by the P cell@ adivity. Finally,
they modelled how the sensoybmobr
transformation** that directsthe bend is
computed.

The P cdls adivat motor neurons
through anetwork thatis estimaedto con-
tain 25to 30intemeurons,17of which have
beenidentifiecf. In the model,adivation of
an individual interneuron generates a bend
in aparticulardirectioncharacteristicofthat
neuron (theangle ! in Fig 1). For anarbi-
trary touch location, different interneurons
must be activated at appropriate levels so
that they collectively produce the desied
bend. A reasonable measure of the Gppro-
priatelevel of activationQs the projedion of
the desied bend direction onto the bend
directionproducedby theintemeuron. If an
interneuron generatesabend about thefixed
ande! whenactivated alonethisprojedion
is proportiona to cog "EY ). How doesthe
bendingcircuitry computethiscosine?

Figure 2 showvsthe basiccircuit element
usedin Lewis and Kristar® model. Two P
cdls driveanintemeuron through synapses
with strengths that are characerized by
weights w;, and w, (for simplicity the two
inactive P cdlls are not shavn). The total
synapticdrive N given by the sumof the P-
cell ratesmultiplied by the corresponding
synaptic weights N is proportional to
w,cos(") +w,sin("). Anyreaderwhodredges
up the ande-addition law for cosineswill
realiz that the desied quantity, cos("PY ),
can be computed simply by making the
synapticweights w, and w, proportional to
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cos(’ ) andsin(! ). LewisandKristanfound
that the strengths of the synapticconnec-
tions from P cdls to intemeurons are,
indeed, proportiona to the appropriate
cosines and sines for all 17 identified
intemeurons.Futhemore,anetwork model
constructedon this principle duplicaesthe
performanc of the leed when at least14
interneuronsareincluded.

Thisisnot the firg time that a cartesan
representation has been seen in an inverte-
brate snsory sygem. Miller, Jacobs and
Theunissen” found a virtudly identical
arrangement of four interneurons in the
cricket cercal sysem, which responds to air
currents. Neurd firing rates that follow a
cosnelaw haveaso been seen in anumber of
vertebratesysems incudingthemotor cortex
of the monkey?, dthough not in an arrange-
ment correpondingto acartesan coordinate
system. But until nowwehavenot had achance
to seeanervous sysem making use of such a
representationtodoactua computations.

news and view s

Although thefull circuitry of thebending
network of the leet hasnot beenworked
out, it seemslikely that one of its basic
openmatingprincipleshasbeenrevealed The
P-cell/int emeuron circuit is constructed to
compute projectionsof variousmotor force
vectorsalongadesiedbenddirectionN and
it performsthis computationaselegantlyas
Descareswould have. O]
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Nanotechnology

New tricks with nanotubes

M.S.Dresselhaus

arbon nanotubes are seamlessly on the atomic level by STM, have alread/

‘ rolled sinde sheet®f cabon atoms,

only a few nanometesacioss.Two

papersn thisissueWildSer e al. on page59
and Odom et al? on page 62, present strong
experimental evidence for the remarkable
eledronic propettiesthat were prediced® in
1992 N namely that they can be either
metallic or semionducting dependingon
their diametr andhelicity. Bothteamsaused
scanning tunnelling microsope (STM)
probesat low temperature to testthesepre-
dictions, by measuing eledronic structure
(in termsof thedensit of staes)andphysi-
cal structure (the nanotubediametr and
helicity). Theresults obtainedonnanotubes
prepared differently and with different
diametr distributions,arecomplementay.

Thediametr andhelicity of ananotube
areuniquelydeterminedby thechiral vector
(n,m), where n andm are integerqFig. 1).
For example,a (10,0) nanotubesimply has
ten calbon hexagonsaround its diametr,
andnohelicity N thistypeiscaledaOzigzéy
tube, asa broken end pempendicularto the
axiswould have a zigzagshapeTo goonce
around a(10,10)nanotube(a type of Grm-
chairO)pnemustmoveten hexagonsn one
direction,turn 60#and move ten more;the
helicity is 30# Theoly predictsthat when
n Bmisdivisibleby three the sinde-walled
caibon nanotubesare metallic; otherwise
they are semionducting To verify this
prediction, it is ne@ssay to measue both
the electonic propetties and structure of
individualnanotubes.

Although nanotubestructures,resoled
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been reported®*, the presentpaperscollec-
tively do amore systematic study. But more
importantly, they relatethe eledronic prop-
ertiesof thesenanotubedo their structure,
primarily in terms of the one-dimensonal
(1D) densiy of electonic staesalongthe
tubeaxis Thisisgiven bythederivativeofthe
currentbwltagecurve, di/dV, obtainedby
operatingtheprobeasascanningunnelling
spectosope(STS).

Theoreticd predictionsfor thelD densty
of dectronic gates (Fg. 2, overleaf) of both
semiconducting (10,0) and metalic (9,0)
nanotubesshow aseriesof gikes. Each spike
corregponds to the energy threshold for an
electronic sub-band caused by the quantum
confinement of eectronsin the radia and
circumferentid directions of the nanotubes
(which are one carbon atom thick and only

Figure 1INanotube cordinates. The vector OA
defines a (4, 2) nanotubehich, when laid out
flat, would have edges along the dettl lines. ©
go aound the tube one and get back to or@
starting point, one mees four hexagons in the
4, directon and two hexagons in the,
directon, 6Gtapar.
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