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XraH,nr Slronlrtah.

Istor oa O1urtloa.

Ylen unluckad, thr betterlsr ghoulil bl ooanected, by
coupletlag tbc llnl lefl of,f to evold. rooldratal coanso{.on
Ln traastt. they sboulil thea bc slld wcr tlc coataatorr
of natohlag aolor ead tbc tcrulna,la aorcrcd, {ocar lhcy r{,11
lun ibe uodsl for about throe hourr, anil nrrt t&ea be
tseohargud et ebout i *f"o ?ot 2l bourl. lhry should, be
kept toppd up rlth i[ettDbd, ratcr.

ths nodcl rtll nra best oa r ban fl,oorl lt tr rerlourly
lnpded, by r oerpet yttb a coft }lre rtlob gcta inte thc
drtrlng aeobanlea. Ttutff ,hell and otbsr d,rbr{.a tbat grtr
tnto tbr gaatl sbould bc ehenr{ out dtb a reall b",u}.

lHhc Lood on thr photo-odl rcycr le dsr(g'cil to avsld,
rcspotrro to ordlaaly rootr ltghtr rbeve cyo l0vclo & *d,lne4r
flsrhl*Ep ca,a ba u'd to rttraot tbe mcrr by arbfurg r* eto
tba photocell sl lt roiatca. hyfklt fior e dud,or oa ltdrilrral
ls'rtrt 1a allo cffc€tlvo. If tao bd,!!t tbr rodrtr. ,l,ll b.
reSnlled'r aad ln rr{r saa. ltr rovrnont torrsd r l16ht fu
laterraptc{ gr drrcrr,}r{ trn drtall b thr rssrl'nlrtrt trrtr
sultabh obctaslec to cro&r 1tr rveldener brhrvlg rrr beoLr,
r"ttfUrfetr, 1tr ara teanrti oaee cad ro lorte'. Frtf r iezca
ruob obatesles l,'r nb. cratn of a crrt loor rad ho poplr dtlb
flaehlanpc at er.thor rnd --kr qulte r t[sroarttvr act np. lhr
raor 1r not to tbr rrlft rLcn tbc volor of thr @l.c la brart
1a thr lrnd,.
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IaoLtlr $poulatr{,r
(toUot tortolmi)

ifrtn ro ror. ll,ttbr.r E rrnt to r€hool la thc ttr.
![br naetcr rar aa old lurttr - ro u!.il to call btn lortstnrr

aqy dtd ycu call hln lSortolsc lf ho varnrt one?n llier
asked.

'lfe oalled bln llsrtolgo becaugo he taugbt ucn ge1d, tho IoEk
lurtlc aagrll,yr {really trou sr€ very dulllt

Allcrts adreatulea ln
Ionderland,. Iprl't Garroll.

fbo fhgt nartlfle!,al snl,Ea,l( r8s butlt about lZ ycan rgo
to teat soac thcoriia abirut hov rinple rbaablaeg could, drvelop
oenplg brbavlor Lf tbclr partE lerr ellqrcd to lnteleet norc
frmly than usual' thl,s lllnt hstdsar. pot ras oallcd nreoblaa

slnonrletrlrn bcorurc lt k aot e pesrlvc naohlae l,itse a tylwrltcr
ot an clcEtronic con;lutrr tbat raltg for a Lnrrn bchg to operrtr
tt - L Spoulatr{.r rtnctrlatcr, lt orploeer !,tg rawhomat
aetlvclyl gerrletently; ryrteaatlaslly aa aoet aainalr dc.
lfhlc 1r Ltr flnt and baglo ?qbsvtor prttoTa (s) rnd apPoarc rrhca
I't h rrltohcd on by thr hver at tbc baok oa t&o tagtt bclag
purhed fornail,. (ntrn unlnoked, tb battnr{,cr mrt br laacrted,
anil thr llnlc rbloh ls lcft elpooan€E rd, lor trenaport to gvolil
eoold,cntal ctrrtta8 nrst br rttachcd). lba tt ls cvltohod on
threo clreulta arc olorodr

1. fh€ ilrlviry eotor ls on at hs,lf r1ncd, ths hradleDD beLag

tn sorloa rLtb lt. Shlt lnolrlt thc nsdel slorly tn thc
illrcotlon of thc ilrklag *oel. Bu* thte k ltartf
rotatod by -
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2' tbo rtcllr'ng rcr,aalng notor r,g en rt frr,ll ,Derdr *iblrturil tlt dr171lrg rlcd ooltl,auouslt ro tbst tb dl,lrstlonof ao*'on lc soafl''u..lrr o*eaglng. Ebo ranc rDtn.*
.ugDolta tho ghoto-oreotrtc erll er *cy6, go t'la rotatoatsol lt lc rlra;r nlookingn 1a tbo dlrcot'oa tn *1o!thr uorlel le norlag. llblg 1r oellcd goa,naln[r.

fbc ooobtnetlon of 
'.near 

notdoa (artvrns) rtth elrou*,rrotstlo! (eteertng,-scaatrlng) givec the nodel e
cyc.rordar treJeetoryl rethor rlkc e polat on tbe r[sel ofa novlag veltch' llhlr cycloldol erploratlor eoa**anrol
rad'cfr.nttely la the d"ok oe shea thsre le ao **Lt ol thcLor*lzsn brtg:ht enoug' to effeot tbc trcyea. (tto ragk outhr eyc Fsrld.es both brlnkorc tbat g{vc lt a &rreqt{.onof gaae end' a vlgor that etope'rt's.drfrit ordlaar;r roouttglts above lt). Iut vhea a 1lght 1a ,releai the

bchavlsr ehaagaa because arltablag oa elco -

3' Provld,cg cu*cat fo* tbc fllaocatc sf thc trc rlrrl"1"""
v4curtn tur13- lhcre rnpllr! tlo regBonro of tbr thot+.crcotrtc arll to ught ao that; rhrn c aoderate ltgtt trrecn tbe rerry tn the plete otroult ef the rso€Ed, t'b.crogsg- thlr tatrodncer beLarl0r pettcra p tb Decltrvrglototlol$.o or llgbt_rcblng, reeponn.

Pattrrn p lnrolvcr luar[etr closia' of rrrry 2. Tbr.r drreonacetgthr rtcartng..loeanlng uotor so tbst the dr{,vlng rbol ls lhsd etrhatlvel ugle r't ucr lhoa the ltght r8c r.'a, snd tb. sc.,o'ngof, thc hor{,aoa by tbc cyc also atopg of cougo. {t the ra.u tlrsthc inakoF oontaot oa the rcley ghort c!.roulta the headlsD *lclrar ta ocr{er rlth tbr rl'lvo ro tbat the drlytng uotor 1c tu$.duD tO fulr s*ed'. fha nodrl ato16 100*lng rlorly rouad ead

/.,
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hrr.:rl,.! tolrrrqd tbc Ught. Efroterl ualtsr tbc ltght raa IGG!

rrlcn tbc eye happcned to bc faelng atratgbt rherdl thr 1agh

at *Lcb tbt etesrlng oane to rcst et tbr s6€rt of clgbtlng

1111 ihfloot tbe nodrl grsdua,lly lrit fron tLe lldt. Ihcu

tbc def,l,cotl€n is so gruat thst tb6 rotlvrtfon level of tb.

Shoto-acll f,a.ug belor threcholil, the Bclay 2 op,ens agatnl tbc

lganroet etarts up, thc drtve ls reduced, to hslf eP€ed and' tbe

aodcl la re-pocltloned; tblc tlne so tbat tbe Ught ls no?G

ettrectly ahsad. thls paocess of pr.ogrgqslve oElentetl'on 1g as

luportant psrt of, tbe behavlor rrechanLsn. It ls slnulatlve -
sye$r tlno the nodol steers lteelf silghtly off-bean tbe

noueatary operatlon of tbe atelrl.n6-scennlug neobantsn b3l.a6a

It back aore neatly on oourae aud lt ends up nttb a heaillng

O*-beau. Tho Froooea ottea looks clumryr brceuse the eyo eoetrs

to vesr eray frots tbe llgbt and thEn thc sce3llsr baE to asle

ncarly a rbole rotetton to brlng lt baokr"'bu{ inevitablt idtb
cach rueh oper'atlon the coriel gete lteclf tato a bctter pos!.tloa

to bcar dora dlrectly oa lte goal' Tbs rlnlng:-srrotr ls eteaill'ly

Ir{uocd as tbc geal 1r epgroaehld. Ag the mdel gets nras to a
br{,ght ltgDt - 8 49 ratt lan} or e bsud f,lrehlanxr - lt "srsgi the

ltglt ar bttgbtor ud brlgltot - thc br{.lllanoe of a light le
l11vercotry FroPortlongl to tba agn3re of ths dlstsncc fron lt. for
crrrlplar lf tbc br{.lllaaae of a U'ght lae Just g3eat onou€! to

oterato tbe Relay 2 tour lcet arayr tbe aPlnrcnt brtlltansr rtl]
br four tlneg greetcr (f:o" ths nod,sltr vler4rolnt) rben 1t 6str
trt feet up to tbo llght. ilbcn lt geto elosc enougb tibe beherlor

rtIl obange e6aln tor
Dcbsdor pattern trr thst 1r @ ths nod'cl

rt1l By'old e lrlgbt llght' llhla la bcoaugc tho tro Ycounn-tuber

tre h getles or ngetosdti. llhe aotlol of a ooderetc 11ght Oa

the Bhoto-oe1l ls ro rcak that lt doos not af,feot BcIatr 1 la t'bc

flate clrcult of ?gbe 1, only thr Belay 2 after snPllfloatlon by
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botb tuber. But e bttgbt llglt ptodnoGr .E{ru6b oheap ln trbr
pbotoocll to gEg Bday 1 rfter only one rtagr of arpltfitcrtlon
and thla rclay rtertr t[l rtorrtlE rscnalng notor gotlg rgrfur rt
helf rpceil thrcugh tbo lcadla,nlt lhc drlvr rotor la tti,ll fnll
on bgoeutce of courEe, l,elat Z tg etlll fLraly oloscd. !h.
rerult la that rhen thE nodol gote ntoo olosen to c llght tt
Ya6ra snootb,ly avay frw lt and avoldr t&s fate of e mtb 1a r
cs,ndle. 6 speetdatrrr lg noderetr ead restralaod _ lt reokr
e,n aBtlEuu llgbt, not r lexinurr.

llherc ia e nlaor featurc of the llght-reerlug Esaocu{art

rhLch la hard to notloe but ls lulta iuportaat botb to tbc ruoorsg
of the podelrg slneul,atlon sud, to lta reaenblancs ts llttag
crsatures. fbc ooupllng beireea thr tfo vrouun-tubc uplllllcrr
la nseql-dlreetn. sere tr a oaprcltor lrou the pletr of frbc l.
to thc control grld of lfnbe ?1 la the oaweutl.oaal feihloa. ![]rla,
lnovldea for blgb arplltloatloa sf traagtcnt olgaalsl tbr gllnpn
of a.llght 1111 hcvr thc -rr{aun cffeat oa \rbc a erd lbarcfole oa

Eclay 2. fhug e dlgtaat lt6ht rlu Juct rtop tbc .cfrn'.r ed nrt
oa ftl1 d,rlve for a aoaent ro tbat thc milol d,11 rtart torrcld, thc
llghtl but the effset rltl dlc rray aad tbo rcaancr rlll atrrt tur

agatn. rert ttm !o"nd thc nod,c!. ral,l bo a llttlc !.rror th. ll6ht
and, thc bold perlod r11l ba r llttla loa6tr rnd ao oIrr But ibsn
1r saother connootlon bctraan tth I !!d tlrbr gr dlnotly frsr tbr
f,lrrt plato to thr reooail aonronr lfhlr Locar trhe .or..n of lebr g

rt thc ooncot posltlvt voltrgr (thc plrtr veltrgr of gnbr f) rnd
at tbo ranc tl,nc providsg for rnpllf,lortloa of lrr6rl rt6re,k
rrltbout dooay ta d,ne. 5o rs lrbc pd,cl gctr neercr to r llght
tbc ologlng of Belay 2 lastg 1oa6rr rnd longer errd ffuuUJ tt
rteyr olored, as loag re tb. rye lr on tbc ttght. Ia aathaetloal
tsrnr rqal] s15aa1a era 4lf,feryDgglgg, large one! a$r LntrrrrteiL
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ra ghptolo6!.cal Jarcoa tbr nodcl 'rdrpt1" to fEtnt rtlmrll but
crlutal,ns {tr reaponrc to lnts.tc oD€lr

rf tho nay to nrhr goal 1r slcar tle nsd,el rd,lt appsacb ui
ol'rel.c around, eai ldlqpate 11gbt, rtrl keve bdght llgbtr la
aagrab of aore noderetc onea ard erxrlors tha rhole rooc ln thl,r
rBfe 3ut l1fe lg full of obgtaElerl even for hr:nble hardrarol
aad tf the nodel,bunpe lato rouethlng ltr bchavlor ylll cbaagu
agala. rta skln le elung on a rubber bugb whlch altows tt to
plvot frcelyr the sk5'n oovenertg ore reatr{.otcd, oaly by e
rtlsk-aad-rlag unlt arlte! lu lts be1ly. Seyond e certat.u
renge of, aovenent tn any dlrectlon tbls gylteh oonnsots tbs 5rl{
of lube 1 to tbe pxete of Tube 2 throu6h a cepacitor, aad thl,a
produoer another ehaage ln bebavlor to

Pgttcrn 0, Obetaols avoldencc, ronally tbe tro vacuun tubee 
I 

'1

aot ag anpllf;lerg rlth tho Joint ani lndlvldual ef,fectc deecrlbed
for ?atterns P ead s. 3ut rhca, by illrplcocusat of the ekra the
outpret plato of fube z lc collnoctcai b83k to tbc input gdd ol
Fube I tbe rbole oysten lc tra,arfoaod fton ea a.lpllficr to an
osclllatolr elnoo any rigaal tbat alpeaas on gdd I Lr anpllftsil
by frbe 1 &nd by ?ube 2, .tb. nuob blggpr rleu8l 1g fed back to
tbe grrd of tubo I and ro onr Ehie sort of anpllfler lc called.
a kulllrrtbretota - bceaaao lt ganerater r nltltuds o( vlbreti.oag.
lr ural€ra 1n r. spcotrlatrt:r tbo oaelllatora :ilsour about oaoo a
accoad and thetr cffrdt tg to olna rad oroer Belaye t end a
glternatcly ea long ac the rkln ls dleplaced,r thls nareg tbc
rocd buttl tula end reooll contlnuously uatll lt 1g oleer of tbc
obetaele. rt ney edge rtradlly along urrtll it cones to an rd,ge

lt can get roundr lt nay ghwc tbe obctacle to one srde lf, lt l,e
rovrblcl or if 1t getr lato e tltht oorncr 1t nay end by rvlvrlllng
rrght rouad eail trylng aaothcr approach. rn any oaas lt lr verp
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Ir.rtfuaol'u! &nd tt rr elao qtrrto dboerralng, beoaurc er 10ng *lt k ln troublc tt vrll uot rcrpond to a rtght, horevel iatearc
aa4 attlcctlve. It aennstl beeauae ra long s,e the ekta ir
dlsplaotng the rlnrt grrtoh tba anpllflarc are conprer;Erx
Breooculled slth rendrng algnelc beok and. fortb to ons anotber
and arc -1uLte bl1nd to oatglde lnfornatlon _ ,;or osotll,ator d.oegnot act eg aii'aonriflei:.' 'frcn the nodel has oleared, aa obetaera
aad the skln srrr.nge beck to ltg norael poettl0n, tha !,nput-outputclrault te olnnod. and after oaa Eoae ogorllatloa the anplifterr.
resu'e thelr firaefi,ou of traasforn!.ng ught sr.gnele lato nove.eataof the relaye end the vLole rnod,cl.

A stollar effect ls
rteep gradlent tbat tlps
thit aake" it"*tUlo rltl
ocolllatlour

gmduced by mre eubtle obeteclee - a
tbe skta to the ltalt or rough grouad
br{ne ln tbe obgtacle-avoldlng

rf therc are a aumbcr of ltght row obsteeres tbat oan be
novrd raslry over the floor and over vblcb the aod,er c€ur cee ancttrectl've 1lgbt, lt ic.ll filntl lts ray betaeen thca, antt ln doiagto rlll butt tben aaldc. Ag it llnds ltc ray tonard the llght
aad tbcn veet arat frcn tt end read.ers about lt rtlt gfa&rally
oleer the obgtacrea euay and sonettoeg see'e to s*aagr tbeu
neat!5r agalnst thr rarl. lbrr trrry brhavlor losks varlr rcarrblc
but lt k aa crannplt lf bor apparently rcf,lnrtl attltudes satr
d,cvelop froa thc lntcrectlou of eleneatary @ tlf"1r Dartlardarry eyldeat rhen or rcflor pettern le Dlctrotcnt overanothert [n f,. $Doculatrl:' Patteqn 0 le Drelrotent over patterrr p
end' Patteru f, (bcoeuss of the na,tnre of tro tubeg aetlng ea a
'u'rtlvlbretor). 3ut1 beaaugc of thlal prttern o rseletr tbe
conplctton of pattcnr p (by avoldlng or oharlng anqy obataclerttst lnD3ds eDProech to the coar). Ehr aod,rl as a wlole Lc EorcIltely to attaln r.ta goal rvra though tb. goal reekla6 ncahealans(pbotoeoll tubes rad rcleyr) *" elrnucntly throra out of 6car by
aDDaarrncr of tLc O Srttcrar
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Bchevlor Fcabral.rua of, tillr P ead f arr corctl*r dcgor{,bcd

E6 3rhtlttlns "@ bcoarrc tbe syatrn tcaila to
rcach an ratrlllbrltn or balanor 1n!.nt ta thc lf6Lt llelde and

d,oes tbts by grogrcsolvr rcdtrctloa of lihc aemogi, tibat ls thJ
dletanac fron the l.lgbt. Stlplor ercnplec of, aegrtiva fsedba,ah

ugari to egtabllsh a.tablllttr aro tho ball-oook tu a rater elst€ta
tbet keeBr the water levcl constdrt and tha therlrostet tbat
regulatee e refrlgerator or heattng syatcn or all-cond,ltd,oner
to nalatein a ooastaat tenperaturgr 0n the other baad tbs
lnternal oscll.latl.o'n ln I. SBseulatrl: rcben lts skln 1g noved

le sn exanple of npoeltlvo feedbackn - the slgnale get blgger anal

blgger because thcy erre fed back fron plate 2 to grld 1. t
negatlvc feedbeck syeteo teacig of ltself to nrn la to e goal or
targetr to nalntala stabilltyg a poet tlve feedbact systen tendr
to nra avay to eore 1lnlt set Dy tbs .vilt"bl" por.t ot orr€rgfr
ln erBloalon, ribetber aberlco;,l er auckar le a d,lanatlc eranplo
of p,aslttvc feedbecL. 3ut la IL Spcculatrtr thc poeltlve
feedback g aotlc cs.n asalat oorpletloa of o uegatlve feedbaoh P

rarocrrnnr beccnre lt tatroduceg e rends but gerslstont bdtlng
lor clcarg,aoc rhen tbc lath to the targst Ls cluttcrcd. In real
a'.laalrrtoorDocltlvc fce.dbaoks and oscllletlona er\B often fouail
ac ts,rtt of rysteng tbat ae a rbole tsnd to reach oqu111br.l,ul.

?hc 1u1eatla6 bell of a Jellyfl,sh, thc rtcadlly bcet!.ng bcart,
breathlnge tbc etrrngs coapler cleatrlo rhytbno of tbe blrln uuat
a.111 aa orclllattons, dogend on sotae ncohanlsn rltl Doelttvo
feed,baek; horever aubtlc and lnooaspicuour.

Eherc Lg ra tatr{.gulltg featurc of the bc}av{or of LSgeouletr|r
rhon lt lt faocd rlth tm rrrotly aymstrloEl ard rque.l llghtc.
Onc nl.g[t erpect tbs,t rlaoo lt 1c on\r r plcor of neoLlacry and

cennot erort free cholac, lt rould lnevtrtebly fall bctreea tm
ctoolrp orerl half ray betreea thc ltghtr or ftttcr at ltr
rtastln6 polat. 8ut tbc ryo of the nachlne 1g not etattonnry -

\
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u l"t Lg noved systenatloally to aoaa the h,orlaon fhla procosr

of lsanal,ng separqtsc tbc tlo cqual\r attraatlve llgLts ou a
tlac-joalg. Oae is rtgbtcd before the other and tbls f,lret
effrotl however el,lght and translentl rmedlately dortroys tbe
perfect a;rrnnetry' fhls doeg aot lupLy tbat the rnodar rll,I
inevltably drift toward rhlehcver ught lE eeen f;r.rst - ltg
behavlor rtll depond on othcr :?actorg guoh ag tlra prco!.sc

aaglo and beerlng of tbc acanner ln relatlon to tho nbole
nodel. 3ut lt riu go flrst tonaril oae 116tt andl tbcnl lf
tLls beconee too brlgbt wltb grorlndty, tt rlll nonra off
torard the oiber. altbough tba whole systea le qulte alnple
and d,eteroinlstlc nacLsnlcelly, Lt so€rls to be eble to choose
betreen tro or nors equsl attractloas. fratever connceiloa
there aay be betneen c|.91,9e of 

"tp"!e .".,9Jt.and. declalona naite by
human belngs, thl.c effect shows that tbe roere fect of belng
eaBabla of eboloe d.oes aot ilcpead sn any oyeterloaa po*er, oaly
an Ebl}lty to chrngB c Dolnt of v1.err

sons people rbo bsvc retohed. trblr l.lttle aod,cl Lavr oalhd,
lt r rfcrtlle turtlci bcornee 1t podqoer co Eanlr ar3rte trtr ead
d.fucucsloaa about bor aatrals rorhr ono thtag rt ceanot
grod.uoc 1r another turtlc - nor cala lt leara f,rou crpcr{"oacs
tbough aaothsr daller rcdrl oea. &lt lt d,oee bchava ratbcr
crrrlt{.ela8ry rhea lt rees ttr ora berd.len? in a rtrror - or th.
hcadlanp of anotber of lt! on tlndc


