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Visual Receptive Fields Sensitive to Absolute and

Relative Motion during Tracking

Abstract. Soume newrong in the visual correr of awake monkeys vineally reock-
ing a moving forger ahowed receptive flelds phar were sxcited only by stdmwdir
rafion relanive 1o a background, while other nenrons responded to amy kind of
Mimder motime. Thie rerel wan found with o methodr, ore in which trocking
eye movemenly were identical in bork relotive-motion and ebrofife-motion condi-
tioni, and another in whick stienins movioms on the eetima were idertival ie otk
cordifionr. Thir response paifers can differemtiore translation of the retinm Onege
dirlng eye movesend from motion of obfects i the world.

Image motion across the rotina doss
nt  necessaridly  provide  information
about ohject moton (6 the world: in-
formation aboul objecl motion {8 gen-
erpted only when one pattern in the
optic array moves with respect Lo ans
ather, To detect motion of ohjects in
the world, some cells in the visual sys-
tem must respond 0 motion relative 1o
a background {which indicaes objeci
modion ] rather than to displacement of

the entire visual image across the retina
{which indicates eye movemeni), The
twpr comditlons were separsded by ex-
ploring the visual receptive Gelds (RF's)
of single cells m the maonkey's visual
corfea [, 20 while the monkey tracked
o slowly moving target. In one conditson
& stimulus was fised to o sereen so that
fts image scanned the retina during the
monkeys slow  eye movement; ihe
stimulus  moved  with  respeet 1o U
retiia  But el with respect 1o the
backgroamd. In the siker condition the
stimulus moved with respect 1o both

Fig. |- Two cells with receptive fiebds
responsive only 1o modias pelatlve to a
backpround, Each row shows & separobe
map made under wiswal tracking, and
cach padr of axes represents the 23° by
I5" repins of the slimulas screen over
which the Rxathon izrgef could be moved,
A map comiss of wertical scoms sepa-
mated By 0.5°, beginning st the left. Each
gean is divided imo 30 scgmems, each
0.9% (50 meec) bong and & spod s dark-
ened in the display i the i fired while
ihe fiantion forpel (8 17 disk) crossed
the correspgnding region of wisual space.
Af levels 2 and 3 a sped ia darkessd only
il ihe cell fired at least two o thiee times,
respeciively. The bar sfimaili and their lo-
cntions in relafion ke he scamned aren are
shown in the lefl column, with the stim-
wli moving through & 3 hy 4 aperiore in
the directions indicated by ihe arows
siinched 1 them. Movwing bars are de
pleted i the centers of their aperiures.
Abaul half of the 25° by 25% alimulus
space was mapped b each  condition.
Heceptive feldd are appareel when the
atimuli mre moviog but pot when they ane
fined on the screen. The lwo gells are
from opposite hemispheres of the same
monkey, Cell A shows one of the Hrong-
gl Melds Townd, smd cell B one of ihe
weakest, Conieol maps, with the fizalion
tnrpel mevimg upward bul wod racked,
showed only  hackground  activily  {mo
ilbusiraned ),

the retimia snd the bBackground during
identical slow eye movemenis,

Three  immature  rhesss  monkeys
were tramned to sl inoa primate chair
and optically track a 1° targel moving
on & tAngent screen. Eyve movements
were monbored with standard clinical
electrooculogram dlectrodes fived ahove
and below the orbits, while the eyes
were observed with & system based on
the Mackworth eve camera (2), Be-
cume tracking accuracy improves with
p-rm:rin;: (4%, ench monkey was over-
trnened for st beast 2000 trials before
RF exploration hegan,

For KF determination a 25% by 157
region of the sereen was divided con-
ceplually inte 2300 blocks, each 0.5°
by (1.5° in extent. The fxation tarpel
passed through each block am succes
slon, and & point was produced in the
dusglay when an action pofential oc-
curred, The displays of Fig. 1 are
therefore maps of cell fieing for cor-
responding  poartions of the fixation
targel on the sereen. The target jumped
io the edge of the scanned area, moved
up med down (o right and left) A
10 sec— ", and pumped back 1o a hid-
den origin point. Il the monkey fol-
bowed the downward movement of e
targel without saccadic eye mowenienls,
he -was rewarded with apple jusce. Al
any Lime the experimenter could inftlate
a-new trial 057 do the rghi of the
previous one; unsuccessful (rials were
repeated.

Each EF map was made with two
stimuli on the screen, a fixation target
nngl n mapping stimudus. To provide a
mapping =imulus that moved relative
o the screen. o horizondal bar (U5°
high was moved vertically through a
fixed aperture 2° high and 47 wide,
As the bar disappeared from one edge
of the aperture it was replaced by an-
other on the opposite edge, resulting
in 0 meving display, with 8 contamt
speed &nd direction, Light flux at the
monkeys eye varied less than | per-
cenl as one bar replaced another. The
aperiure wos mlwoys mounted contme
lateral to the hemisphere in which the
cells investigated were  focated.  With
this apparsius, responses wore mapped
wiviber thres conditions of sthmule mo.
tion; the bars moved down the screen
al 3% w1, remadned fixed, or moved
up af 5% sec ', When the monkey's eye



scanned down the screen doering irack.
ing. the vpward welocity of the bars
acroas the relinn was  incrensed h],'
107 sec=!, resulting in retinal sinslos
speeds of 5%, 107, and 157 sec—!, re-
spectively. Thus, absalule molion across
the retita was present in nll three con-
ditions; but at the second, intermediane,
speed there was no atemulus motion
relative o the hackpround, The hypoth-
esis that relative mobwon s MECEESATY
for RF excitalion predicts that some
neurons will respond only voder the
first and third conditions, while & pure
refinal-motion  hypothesis  predicts re-
sponses under all three conditions.

Brightness of the fixation target and
the mapping slimuluz was 60 lu/m? on
g sereen of 4 hu/mi?, yielding 1.2 log
wnits of comrast. The screem was a
finely textured black poster board 57
cm from the monkey's eyes (7).

A simple system was developed Lo
record from single cells in awake mon-
keys (3}, A lungsien mscroglectrode
was dvanced slowly inlo the Interal
striate corlex {area 170, 5% 40 107 from
the foveal projection. When an action
potential of a cell was Bolatesd, the RF
wis firat explered with large hand-hekd
shirmuli and was then mapped with the
tracking method,

In the first experiment, data were
obtained from 34 newrons. OF the 18
that were investigated wisder both rela-
tive-motion and alsalule-motion condi-
tions, 39 percenl responded only to
relative motion (Fig. 1), another 19
percent responded fo both absolute and
relative medion (Fig. 20, and the re-
maining X2 percent wene unresponsive
to any of the stimuli wsed, The fack of
response when the mapping bar was
lixed on the backgroond (Fig, 1) was
not caused by & threshold of stmulus
spead poross the retina, because retinal
madions both faster and slower than e
10" sec—" of the fixed-stimulus conds-
tion elicited clear RFs [Wunz (6),
unirq; & srilar reconding Fmduu,
found o quealitalive difference in re-
spanse o abselute movements varying
[rom 10° to 40° sec—! during sieady
fixation.] Hesponses were nof cuused
|:|:|-' abrupl appearance or disappearance
of a stimulus, becawse this eccurred
only once every 04 second and was not
synchronized with sconning. Hesposises
to unsynchronized evenis would ol
appear consistently at the same height
in the maps,

These resulfls were tested statstsally
against a null hypathesis of identical
responses tp the moving bars omd 1o
the fiaed bar. A chi-squore iosf was
significont [ # < 001 p, showing thne the
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Fig. L. A cell thad reapanels o any moves
el of & har iilis across Ehe metinn.
Mapping was done as in Fig. 1. The
fgainth map (roon the top (minde with o
fixed disk 17 in diameter) shows thal some
af the e2lls moapped im this experimend
had small  disk-shaped receptive  fizlds;
ihi Bar-ikaped fesporme nreas resali from
convodilion of the mapping slimulis with
the receptive field. The bodlom maop, a
contred with a heption targel but oo other
stimulug, shows e Feceplive fiehl

results were mol due (0 sofme uncon-
treslbed Facior,

To test the relative-motion hypothe-
sis further, another es periment was per-
formed in which maps made with a
fixed stimulus ond slow iracking were
compared  with maps  made  during
anesthesin with the eyes neardy im-
mahile. [n the latier condilion, the maov-
ing apot, instead of being o Axation
tarpel, scanned the reling itscll, T,
relative madion was  present. but the
specd and direction of image motion
on the reting wes cqual 1o that of the
fized stimulus during iracking, A cell
was lirst examined vnder the tracking
condilion, with o peripheral stimalus
(o 1® disk) fixed on the screen. The
amimal was then anesthetmed with ketn-
mine  hydeochloride, the cell was re.
mapped, nmd the optie disks wene pio-
pected onbo the screen wilh an ophihal-
mascope fo deternine refinnl posilion,
Some oolls showed responses only wnder
anesthesin, when relalive motion was
present, even when the same mapping
stimulus {5 12 disk) scanned the retima
in bt comditioms.

Cells that coull not be cacited by
any stimals were foand in the presend
4‘::|2~|‘.'r'ir|1|:r||:: with abogi the sanse Tre-
quency as in oA previous siedy  with
similar maupging melthods (213 possible
readons lor the inexcitobility of these
cells was discussee in that repon If-
accuracy of frucking S¥FE  MOVEMmEnis
dicl ol obscure responses, because the
presence of small RFs (Fig. 2} showed
that the resolution of il mapping lech-
niqln: rather than lracking error was
the limitng lactor, Inactive cells may
have had highly specific trigper prop-
eriics {4 7} thus, the resulis may rep-
resent @ Dbiassd  sanple of  mation
sensillvities,

The contrast hefween these resulis
and those of Wuriz (6) underscores ihe
dilferences betwesn slow and rapid eve
movements. Wonz found no diferences
between respomses b stimali moving al
BI0E et during steady fixation and
responses o lixesl stirmli during np-id
eye mowvements, The Worlz experiment,
designed to senrch Tor a corollary dis-
charpe @t the cortical level, 18 conpli-
cated (in & perceplunl conbexl) by
retinal bler amd saccadic suppression,
More than twosthirds of the neurans in
Wuriz's sample dramatically changed
their responses with a transition from
clow 1o rapud stomuluz movement, a
resull sugpesting  Tundamental changes
N rEsponse progeries.

Cells responding preferentially o rel-
alive motion have been found before,
hath in indect visual systems (8] and
i directionselective cells of the supe-
s colliculus (95, In the larier system,
respomse 10 mavement in ihe RF center
5 reduced when o second stimuolus in
the hibitory  surrowmd moves  along
with the lirst: and directional El:=|l:l.'-'|i1-'il':|'
is |ost with the removal of cortical in-
put. Further work is required (o defise
the relations belwesn the corlical amd
collicular cells.

The preseice of two tvpes of cells
i aboul egual numbers, one respomd-
mg o oany simmlas meslion and e
olfier only (o molion reladive to o hack-
prowmd, means thal informnfion & avail-
abdle at the cortical level Tor a compars-
son mechansen thit dstinguishes eye
nervemen feom object imovensent. Both
iypes of cells are activaled by object
mevement, wherens anly Lhe absolule-
mestion ool respond o eye movement
This response pattern is consisient wilh
Giibson's theory (i) that the wiseal
wirld B stabilized by definmg the optic
array as a stable world, leaving motion
ler be perceived as o resdll of maodion of
ome part of the armay with respect 1o
anedher.



Ciibson (/0. 1) polided out that
ilse features 1o which physinbopisis hove
found responses in mnmmalinn viseal
syateni—sich as disks, lhies, amd edges
MOVIng on hOmopeneous soreens—ang
highly ambigeous for perceploon.  An
cdpe in tle optic array can specify ihe
edge of an ohpect in the environment,
but it can plse sipnal a shadow, a
chamhpge in contour, or many other
things. Liseful structure in the ambient
aplic array comes nod from differences
in hrightmess. but from stabilities in
optical panterne: over time and the Inw-
ful sranaformiations of these patterns,
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TECHNICAL CONTRIBUTION

A SIMPLE SYSTEM FOR EXTRACELLULAR MICRO-ELECTRODE
RECORDING FROM AWAKE ANIMALS

H. Hrmcieaan’

heparr i o Priefifmiry [ aarnfrrie vt § Srawiond Meaben! Srevw, Smilord, Coealif, 40 U540

[Accepicad For pabtsaitd: Jooonry 24, 1972)

The merchieng imponionee of cuperiments imvestipating
simple cefils in comscinges animals il Ioe 3 merrecloeirmls
symaci for semad-mesirmecd ammels whah peremies poeese
pleciride paeemend vt o incopensve, relable and easy to
opetal:, The hydrasdic<inve method of Ewarts §1966],
theaph precise. is somewhal cumberome and expensive,
reguiring Threr Muid chambess nmd many specislly mechned
paris Humsphoey's {198 sysiens, whiks using o diredt drive,
alsnikirly requires dorens of small paris, and s scrowdriver-
ol elecipndes might prove clumsy 1o operic among
recordimp wirce, focders, el The gystem af Thamas o ol
[196A) & simipler than the oibers hot shares with them b
disadvantages that the edecirndes cinnod bz scen when m
place. 1 dees it allow clecirodes 1o be withdrawn ender
aberealanie fantral, and requires o large ond heavy implanied
hewd plug on the amimal

Toavd these diflicultics o new migen-elestrode moanling
systorm was developed. The kearr of 1he syipes (8 0 micfo-
drive made [ram a disposable hospilad syringe. & miono-
ehecirnde = raised mnd lowered by the syringe’s original
piston driven by a standand machone werew thrcoded in the
end of the synings. Turng recardeng the micro-drive is fued
on a cyhider which has been implaried over the desred
brzin o (Fig 1].

Thie muipro-drive conreels wil b i removable plug of demtal

aervle, which phigs o the animnl's permanest wmplani
nred containg connecors for ground and indiferen) Geds as
well sis the Geled-cfTect frurdigtar [FET) al a source-lallswer
hend Slaps. Wires go to Uhe smplefiers from this plug rather
than directly foom the micreemanipudalor so that the plug
rathor than the chectrege-halding apparatue abserbs mecha-
mical strewses, Locitinn of (k2 FET inothe plog makes ani-
letn-lres recrdding easetr and mininizes movemend aniact
ke highampedance ieads are keps shorl, and when the animal
mavves the high-npedurce part af the circoil meses wilh him
a5 3 wnpl

The piach of the micto-manipulater sefew thrsud derer-

| Supporied by Motional Insituees of Health Gramt
MH 119T00n D, & H. Pribram. Present acdress: Phvsioio-
gisches Imstitub, Frese Umiversitin Berline Asmimalles 232,
| Herlim 33, W Giermasy

Fig. |. The recordieg spparaius in cross-seclion. The micro-
electrode is advanced and retracted by turming a dise {lefl) ar
the Lop of ke micro-dave, Recording wises lepd from &
memavanle plug {right). Insen: Top view of moakey before o
recarding session. Dunng recording. the head = restrained
will fowr hars which it it sockets im the implomted plug
Wilky this gysem the animal can mave a few millimeiers in
ke forward-hackward and up-down directions, making 0
easmr [or ham 1o recoive reinforéemend, amd 1he plisg has ao
prodrusians which migh! bedome Gaught mn cape hars, Moe-
keia wil sk 10 this kead resarnist moee sagaly than they do to
restruinl im & primale chair,

mings 1B senditivity wolh whath the micro-esddifddls cen ne

wivanced, and is & compromise betwezn fine mamipalation
&1 the recording sie and quick descznt o the site. Standard

1 tummfmeh (16 tarnjem) (brrads sdvance the edecipeds
633 phurn, sliosmg easy descent 10 the recording areo
whiie still permiiting fine movements of (=10 u 16-124

Eleciropmceph. ofm. Mewrophvsrod. 19TL 39: [16-118
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MICRO-ELECTI

The ¢lotirode is
ar the end of th
The micro-
pariz The body
SITINQE 1 S 1o
smeall hnles ure o
pressune relel
thrizasd muchine:
inside, throeading
is beaned by o
threads. The suk
u fine wire (265
petreing it alomg
and Eleeadeng il
reminszd, lcaving
acrioes 1he cnd af
appasiss sids, af
whare B omerges
length af thin st
dol™ “pin-strip”
the pisten te hald
poes (hrowgh the
gold-plaied wire
meck oof the syring
The peston is the
over the screw b
edber directing
1ight ¢ontaci Th
=miili pladiee dis
The micro=dr
dermic necdle el
part ol the head pl
and indilTereni) ks
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sirempih and eles
et leads po thre
1o the amplifiers.
Rads [ram the &
INFT6) whaose |
mck. The elestrm
e ol (19%], ona
excepl {mat alter g
iz aboan 100 4 in .
aichang uneil huht
nip (Hubed 1357)
the Hubel elecira
method, minimiz
Lapers (oo Sespiy
ezl badees and is
step i pell-lermin:
Aller inzalatin
marked al & kgl
4 mm below thm
driwg, gnd fixed in
the edaoieaide Am ¢
Lration anywisere ©
lhe sockel @zerall:
plegz, Aler moun
lengilh af tha impla
marked oo ihe mb
miade from this m
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seipon. The micro-
raing u disc {lelt) a1
wires lewl from o
of mebrkey belare 8
: hesd = restraened
the implamied plug
| lew millimaters in
seclians, making it
wnd the plug has no
in cupe bars Mon-
ily tham they do 19

ro-glecirode can be
1 fine manipohinkan
i ihe site. Standard
anpe the electrede
the recordang drci
ol 10-M g (B=1T1

LUz, B3 =118

MICRO-ELECTRODE 5YSTEM

The glectrode is sdvanced by lernmg a small disc mounied
at ihe end of the deive serew

The micre-dive is casily msnalsctuned from incspessive
maris. The bedy af a 3 mi “Temac™ pelvethylene bospaal
syringe is cu o 1) mm and a5 cip e 2 mmoin lengeh, and
small hodes ate drilled in 1ke top ond near 15 botiom as air
pre=zure reliel pons (Fig £, lef). A 15inch (3£ cm| 4-40
thread machine screw is enseried in the syrimge Gip rom ke
inside, threading wsell. When it protrodes from ihe syringe
i 15 heated by 2 soldenng irom and tarned leriker to lomom
ihresds. The rubber piston & removed [rom ils plunger and
a fing wiee [28-guwgs tmned eopper) 19 passsd (hrowgh # by
mercing i along ane side with o 23-gaugre hypodermic needle
and theesdinp the wite ihoosgh 1 nesdle, which & then
remeved; leiving the wire secwned m place The wire boeps
acroas ihe end of the peaton nnd is thesnded hack throagh (s
apposae gids, aboal | men being bent parsllel o ke sele
where il emerges 1o prevent il from pulling out & 2-3 min
lengik of thim rebing (the femalke segmeni ol g single "Micro-
dot” “pan-sirip” connecior] is soldered to the wire beneath
the piston to hold the elecirode. The other end of the fine wire
goes through ihe wpper air rebel pon and is soldered 10 2
pokl-plated wire which has been twisted tightly aroond the
meck of the syrimge with | em exiending 25 3 conpcclimg pine
The paston is then insered aneo the miseo-drive and foredd
pver Ihe screw head so thot 8 cin move (B sleopods i
esther direction. The coanewior is hem slightly o ussure u
tipht conticl. The micro=drive is complated by fisening o
small plastic'disc on the end of the drive screw.

The micro-deove plugs into a length ol 23-gauge hypo-
dermic needle extending on u shorl wine [ram the removalble
part ol the head plug (P |, dgha) Theugh aly two (growml
and indifferent} leads are needed in ibe plug, a lengih of 2ign
“pin-sirip” conmeciors is usead for presler mechonscol
stronpth and eleciscal reliability. The ground and indilTer-
enl keads g hicaph shielded Macradon cable (302-3313)
10 the umplafiers, An sdesacul purallel cable corriss shichled
leads from the source usd drsim of the FET (Moorolu
2MITM) whose gaie conmeis fo the mere-manipulator
juck, The electronic syilein = wdenbicl e thel of Spanclh
ol (19, umd micro-checirode munuluciuring s sirmilu
excepl thed afier the tip of 1he tanpeen shaft Bas boen eiched
o absoul 10 om drmetor it i sharpersl by immarsieg and
crching umtd Bubbling stops, leaviig 3 moee ileeply lopered
i {Hubzl 1937} This clecirode combines (b tsghiness af
e Hubel edcisode with e imirrow shalt af 1k Spaneih
mothod, minimizing bissee disturbunce. Though the iip
lapers oo sieeply s record fibers well it recornds well from
cull besdies and = casy o prodssen begese the Tnal cichang
wlep mosell-lerminaling

Ao imuiatmy and Eeslong. gheftrodes of 2 od MED ane
murked us o lengthoof 24 e amd sicipped of insubition for
4 num below thal pesnl. Thoy are oul,. mserled B oa mecre
driwvyg, and Ragd in place by Bghily crimpep b kel abowg
il eheovrode A clestinie cxii be ddjustied e nuike o -
traticn unywhen: witlin the implanied eylisder iy moyving
ihe skt Bnlgralby . the Mexible weng holde o Ve dysiveal
plave Alver moumimg, the clecnade dp s eatendel ne il
lengnh al the impligied cyplandsrand the Bestm sl fhy pustan
markad on the mpcro-dered wall, Phipth calilsiatmiig <o b
fiteidde Pnoim 1his maark. Frictsis heleecss (5 ikl il 15
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Fig 2. Deerails of 1k maum [of the mgo-dnive. Besiuse of
ki gl sipe, severnl cylenders can be imsplamied simulis-
nenasly, The cylinders tapering sides ure rowghencd (o agswe
i uighr it for the microsdrive,

ayrioge waill prevemls Ihe pision fram rotaimg as 6 i raised
and lowered, To prevent potaticn, @ drop of light slicon oil
cnn be ppplesd inside the piston 1o ubngaie i jusstion with
ik drive serew.

The micro-drive fils oo om enpdenied pexiglos cylender,
the omly part af the system {excep for the micro-elecirodes
IBstrmasiver) meguinng special mochiming (Fig. 230 Mexighs
tike @ tereaded wab sandard 025 inch b e tlisnds an
the insule, ihes lavheaurned s make & group of eylmders
wihich ciin be gawald spire The mistro-dooe o hacd o the
cylimder for roconding by us own csticity, grpping the
rosphened, lapering sidus. The cylinder's wper amd i top
dhamwtes are the only gritical damensions i the syslem

The eylander iml pronimshing elestrnles ang pmptanicd
surgically wnder psepsic combinang Usder nestheiia the
sbull & exposed und 2l menshrines scrped away wneil the
surfiee 1= dry. T anchar the imphini three small stnenless-
srea] merews ane Need i e Wil Iy i ki Booubeiid-dliificd
openings in the skull mscring clic head of 5 sonew mthe
lirge part of un opeming aml mevime the serew wniil ies shal
pikiudes Franm (hie marrivw show watlh the serew ozl By
amcdninal betweess skull aanl diies This iiscihesd wiclds &
slranger reinborcement than dous sl reliiimoy i serew
thicuds m Lthe whodl Cireund umsd  ondillerest ckcirodss,
sithcdened 10 a0 Micredon conmecior o advance, are fived
b imipim ) widle tha prowmb B Bveen the skull amld sealp
wiil wviie sade a@ind 1he andalTerein heal @ an el wil el
sl low pmpkeitstam ol e plesiglis cvlimlen The
miker Chis hoke s cnl sway sis el electrisdies g posearie
wwilsus dannigang eiler thigo or e brine s El.rhln.
LR BT B TTRTSITH A TR TP TR LT EEST TR AT B PO TTECR
W pribabinn dishde o Jod wecks, 1l danes imlgral
wiiich Warty § 19 obtiised withom cuting the aliars, 15
plsnder, plog sl Desl redemis (g 10 ane Ged i plice
walle diign] aaveine Hebore thie baial scal eomgnls arouml 1he
wbrinder, aglin i pumed i fo s llivwod D beirden, -
womteng  oarchrospanal Aol soomnelaisimn b sealiog

Phe ewinicdler s pootected seetls gogap ninile froms g nvlan
SCTW UL (e i o o gl A gl i e B tlineasls on
i wiifi ol The serew Belsam gsasip as 10w sonew e simmod i
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place s the sonewlivml  fsrms o annipht ssal watb the vy o
e ovbider e iy seennl A FMleomlal conneens
s e vlistnisk plog

M wwir, which peoicits the Brsin aml seabilices the

picrchoctieds, 5 wepbend cvery o et o sesend clein
coindipams ol alalhe sevhinnecal peopaertics. Sierile foroeps
e snseried ann 1B sieles ol U igsar wa Uhe eyl umitil they
e by resich Vhe Priom al e wll, ke ane totanes| ponily
Pas |wl-|1u Ui ookl s o s a Wk Saenle ageir o 417707 =
dleswen wntet 3 " Vonmae™ & ol sarmnpe, thie smine 1vpe o el
Eop irbanie wicrisilress, whise b e shehily shorer chan
pive evlimder. The i b mgemied bk 1 cylander ned oo esoes
v g <hewly enmnded oorinse the well When the low stops
the svringe i withdrown, kaving ihe agr @ the poper
h.|_-|gl1-l ta b weelll Bor o pranp. The provdars can be perloesm-
al in comsomes animals wiltho adscrmion

Ader =overal manihs of eaily wee o maonoadrave becomes
wirrd, B s w0 imenpensive thai il cam b desgarded and
repland by anoiber. Scweral mesro-dnives are fited with
gloctinnbes balvine cord moandmg steaon g kil o domoged
clocwrody cam b guickly replicad Svernl cylinders cin he
amphinicl ssmvesively o simibiaeecusiy for manimam
experiitnl Pesnhalivg

with ehese techniaues singk ol have hogn held fiear
more thn am hoer, and dosces & eells Gin B feonrded aves
goveral mmnths withomt s of drugs

SUMMARY

Ai ettrvellslsr meonoceledtrade recarding mysiem B
desscrahed for asc s wniinestheieecd cats ar monkéys The
sy=icin s stmplor s prevene ames, can he heails Irnm resdaly
wrilabic eempanems wilhioun specialized  tools or amy
machinmy of melal and 5 =0 incspomsive Lhal the micno-
drive iiscH 15 dmposabie

Thi hoart of the systesn 15 0 maornedrive made from a
I mlb dispiosahiv hesspatul syrimge, o saancdard machine sorew
piwl 2 dengih of fice wire. For reconding & plugs anbo an agar-
lillel plesiglns eylimder which 8 implanigd o the capen-
mental anamal iifnig with gionisdl dnd jislifferom elecirades
i had resaesiants. Begondmg wires fcod not directly from
the msero-drive hut (eom o removahic plug which contairs
anciets [or proasd oead mdifforemt knds an well a8 o Oeld-
ellect irarsistor hend ape lor converssann from kigh 10 kow
impedance The hiph-impedoner loads are bepl sBo, mins-
mezing elecircul noisy. Grousd, mililTenssl. and irsnesior
kziids g together Trosn (i plug to the amplifiers

For mussmum experimental Meoxibality severad micro-
drive mounting cylimdom éan be igplanied sucesisavely o
simulianeausty. The syitesn hist been t2sied in cazs and rheses
mankeys, where single cells can be held for over an hour and
weveril doeon celis can be recosded dwer ssveral moatha from
3 singhe amimal
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1 SYSTEME SIMPLE D'ENBEGERTREMENT: PAR
MICKO-FLECTRONE EXTRACELLULAIRE CHEZ
LAMIMAL EVYEILLE

I asilcur decnl en sysidiseg ﬂ':nrepisl:r:mnnl Par medrn-
Clevtimle entrnaxialniee utilsahle dhex ke chat oo e sisge
men-inesthisat, Cg systeme, plus simple que les précodene,
peua £ire [whrigut & pariir d'ceemenis disponibles dans toui
Evhnritoime. sans oolsk spociaus m einage mesanague. |1
csi w bon marche gue meme kB mocrpdescendenr £81 Scde-
ushle

L hase de symbme eil constduds par uoe seringus
d’hidpial de } oo une simple machine a flcier €8 un morcezu
de ciible fin. Pour Penregistremen) ) cetle pefce &9 Nivie &
wn Cylindre de plessglass remph dCgsr, implanié dany
Vamirmal oo mitmic 1emps ik Deleorode de terre, deg slee-
trodes indilTérenies e les peboes de comdention de la bere.
Les fils d'enregisirernenl re descendom pag darestement do
rricrodescendoor mais =onl neibi O un Sonrecieur amoeihl
avm gentsls powt faokerrs, D électrades andiiféresies &
utt Eldge dlenirec 3 LransaRlan elfer de champ qui apere
lu comversion de hawte 4 hasse impédance. Les connexsons
i hausr impédence sond ainsi rés coumes ceoqui reduit fe
iruit de fond. Les fils de terre, des #lectrodes indifTérenie
el du transisios sartemt ensemble de ce connesteur v |es
umplificaleurs

Powr pesmenre une grande spaplesss sxpérimesnzie,
plusieurs suppons de microdescendenrs peuvent Etre im:
plenlés sucossivement pie simuliasémeni. Ce sysiéme @ &é
eprouve sur des chats 1 des singes rhesus chex gui des unites
onl il Arre corservees pendasi plus 3'une bewre et plesiean
douzaines de cellules peuvenl firc enregistrics pendand
plusicurs mois chee lc méme animal,

The auther thanks T M. Sposelil and B Wiliams For
advice anid AssslnnoE
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