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'['he kincmatics of the monocultlr eye position;; have becn knowll for wen over 
a hundred yean·. Dondl-r's und List ing's Luws are di;¡cusscu in most texts relating 
to the physiology of Ihe e)'I:. HelrnhoTtz 1, Burrnesler ~, Lamb :1 und very recently 
\Vestheimer ~ ha ve pro\' ided us wilh various mUlhcJUutical Ircatments of Ihe kllOWIl 
rdulionships. 

It is Ihe purpose of this paper lO describe some expt'rimenls (Iesigned to tesl 
the slability of Ihe kinemalic relationshi]Js ami t o suggesl ti tllcory which relates 
¡he gt:o/lletrr of Ihe ere, Ihe eyt:', luu scles and Ihe kn owll faels of Ihe kinematics 

of Ihe eyc. 

Experirncnls were pcrfo rmed lo ans\Ver Ihe fo llowing four qu cslions: 

l. 	 Does the primary dircetioll vll ry wilh tjlt of l he heud ubou t Ihe bure line (Ihe 
Ijlle connecting the cenlcrs of rotatiolL of the Iwo e)'es)? 

2 . 	 Does Ihe primary direetion va ry for vu rious fixa lioll d islllllt,'CS? 

3. 	 Docs Ihe primary di n.·d ion vary wilh rolling of ¡he hend (inclinulioll toward 
olle shoulder )? 

4. 	 e un Ihe primar)' direcljoll h(' moved? 

The after image melhod of localing Ihe primar}' direcl ion ,,"as used. 'fhe posi. 
lion of Lhe primar)' poi nt wus upproximaleJ ano a vl-r ljen l slr ip of black paper 
was mo unled at this point. With Ihe head hclJ in a fixcd pos ition Ihe illdueed 
a fter imuse W8S obscrvcd as the J.I0 inl of regard swepl (j umped ) a long a pl umb 
line. The str ip was adjuslcd lateran}' unlil ¡he after illluge rcmuillcd supcrposed 
011 the plumb line throughout jls IcngLh. A similar proced ure was uscd for u hori · 
zontal strip alld a horizon tal linc. A speciall y cOllslruclcd yoke pcrmitted olle lo 
tjl! the head -about the base rinc unJ lo hold il fixcd al 11.11)' dcsircd selling. Till ing 

181 




tn: NtO' .... KNOt . t. 

the head + 5", ±,lOo, _i. 15" ano using fixation distances of 1 meler, 50 eni., uud 
33 cm., Ihe primar y dircetiolt oí Iwo right eyes (my owu aud my asústan t's) re· 
mainco fixed with rcspcct to our heads. T hcs!' expe ri menls answcred ques!ions 
one ·and t\Vo in Ihe affirmative. Tllis result indicales Iha! Ihe lon ie impu lses sel 
UJl in the cen tral nen'ous syslem by tilting tite head and b}' accommodation Jid 
nol aHeet the primar}' din'el io n. 

Helm hollz an swered the ¡hird question in the affirmali\'e an d I have verif ie(] 
this in my OWtl right ere. T his adds iHldi ti onal ev idenec lu the non·interference 
oí ton ie impulses and introduces additional ev idence thal ehanging the muscle re· 
lalionship does nol clla nge Ihe primar)' point. When rolling thc head, Ihe human 
er e will undergo a partia l eompensator)' c)'clorotation (aboul 5 d~grees in my 

own eres) whieh will alter ¡he rclationship {Jf ¡he tll usele planes and the coo rdina· 
tes oí Lhe head. In spite oí Ihis Ihe primar)' ¡¡oint relll3ins fixcd respect to 

Ihe head. 

Now for the fin al qucstion. The primal'}' poinl can be loca led reasonab ly weH 
by jus.t poinlin g lo il. lt is the point which is subjectively "sLra ight ahead" . If a 
pair of prisms, their has!'s to the right, are placeJ b-efore Ihe eyes, objects localcd 
sLraighl ahcad lies sl ighti l)' to the leh of body straigh l ahead . On several da)'s 1 
have focated m)' primary direct ion and Ihen worn a pair of six diopter pristlis, 
buse righl for eight hours. Upon rellloving the prisms :md again measuring Ihe 
localion of my primar)' direction, 1 find that it has moved to the Ich. By Lhe ne:<1 
lllOl'tling Ihe primary direelion is uack in ils original locali on. 

[1 is of intcrest lo reporl ¡hal lite primary dift!c li oll~ lJÍ my righL and lcft eres 
divcrge by un amount ver)' !learly cq uar lo my d istanee phoria. 

1'0 su mmarlze lltese experimcnls: Ihe prima r)' poin! seelIls lo be q uile rigidly" 
fixcd witlt respect lo tite heud evtn when certuin neurotlluscular rela tionsh ips are 
allered. Tite pri mary poi nl can be moved, howevcr, by artif icially produc in g a 
lIew rclal ionsh ip bl'lwcen tite bodil'y pcreelved world and Ihe visual ly pereeived 
world. The adjuslmenl amI re.adjustmen t scem to take place raLher quickly. 

The (Iu estion now arises are Ih e kirlt'malics of Ih!' e) c est ahli sht~d entirel)' hy 
OOllle process of condilioning? T he results of tite final ex perimcn t would suggest 
thal this is quite possible. HoweH~r, Ihe physical rclationships of ¡he musele planes 
o f ¡he rec¡i Ill usdes lo the ere do suggesl thal a close approximalion lo the faels 
are " bu ilt into" the syslern and onl)' minor adj ustrnents are neee~-sarv . 

TItat tlt is is true was sugges!ed lo Litis aulhor u)' 11 recenl analysis of e re posi. 
tions given b)' Boedcr~. Boeder used a stercogl'1lphic projection of Ihe rneridians 

of tite eye Lo poilll oul ecrtain relationships in the kinematic& of the ere. It occu· 
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rred lO lile Ihal ir Ihe rL'Cli musdes were stereographically, so lo speak, conneclea 
lO the eye and the o rbit, the kinematie laws of cye p08ili oll would by obeyed nu
lomulicalJy_ Such an eye would h::avc fouT thread Jikc IllUsclcs inserled at Ihe ante
rior pole of Ihc globe. Thc mu~clcs woufd hug Ihe exterio r ~urfaee of Ihe eye and 
halle a eommon origin in Ihc orbil al a poin t langenl lo Ihc posterior pole of thc 
eye Wh Cll Ihe eye was fixed in ils primar)' diredion. Thesc four muscles, acling 
on u I>crfectl)' spherical eye wil h no ol hl' r auachamcnls, would p08ilioll lhe e)'e 
in perfecl accord wilh Ihe dc!Cribed fnels. No obliqucs would be IIcedcd, excepl lo 
introduce c}'c1omo\'cmcllls in response lo bod y orienlaliOIlS. In fael ou r own eye 
is nol " cr )' far remolled from this basie designo The inscrlions halle been mOlled 
oack lO allow a d ear lI iew lh rough Ihe cornea, amI, of eoursc, nerlles and blood 
IIcssels halle been attaehcd. Fo r lim ill'd eye mOllcUlents, upproximulely twenty 

d('greL'l!i (rOI1l the primar)' Jireclioll, Ihese complicalions will nol introducc scrious 
erro rs. The origin has bcen mOllcd back inlo lhe ncbit aud di spl aced twenly-Iwo 
Hnd one half dcgrccs naslIlI)'. This i ~ enough change to destro)' Ilre perfect kine· 
mlltie posilioni ng and Ihrow the primar}' d irectioll Iwcnt y-two alld one harf de· 
grees lemporally, but we slill hallc Ihose oblilgues makc an)' eorreelions that lila)' 
he nceded. Also Ihe recli lllUSCIes have fi nite \\' id lh, a faelor which permils each 
lo inlro<luce some rolar)' Illollellll'ul about Ihe line of sighl. 

The visual primar)' JiTL'Clioll ami Ihe proprioeeplive primary d irL'CLion (such 
a,;¡ Cllcn 3 blind perso n !lIusl posSt:~ss ) are conslanlly being unHied in eaeh indivi(lual 
3 S he JI10VCS aboul in his cllll irorltllcnt a nd handles obj ecls. It is suggested here 
Ihal Ihes!! lwo IIrc closdy relnle(] b), lhc particular rclaliol1ships which cx isl be· 
Iwccn the ¡¡rralomicar CÚllncclio rr s belwcen lhe head Ilnd Ihe eye· Ihe upproximale 
¡;It'rcographic atlaclltlrcnl of Ihe recl i musclcs. The error!:) introdllced by Ihe lack 
uf perfeel slereographi c cOllncctiulL mus be eorrecled b), a proecss of continuous 
co nuilioning, mainly b), Ihe aclioll uf lhe obliqucs. 

New York, N. Y. 
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