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Pai>ers ' ¡;uhmiltcd fOT I'uhlicnlioll, ¡'ook fOT rC\' ic w, ami o lher c(litorial 
conUlll~i:ilcationll, including uppJications fOT cxchangclI should he !\Cut 10 the 
" Rcdaceión Archivos (le la Socicda{1 Americana de Oftalmologia y Optomc. 
tria", Apartado i\"acional. 700. Chapinero. Rogoli, Colombia . 

AH pnl)Ct6 ..hollld he aCCOlU1'311ic J hy a statcUlcllt tlllat lhey IUI" c 1101 
nlrcady 11l'('1I jlll l.J i¡;!. c{1 d~~w hcre, ami thal. ir accc)ltcd Ihe w¡JI 1101 sul,· 
¡¡C(llIclltly he ofro' red lo 3110thcr Jluhlishc r w¡thou! 1111' canscnt o f tlle Etli· 
lo rial COlUllIiltcc. Thcy shonld he typc wrillc n in (loul,lc spacillg Oll Olle side 
of li, e pape r on1)', wi lh 2· inch mllrglll. The 8ulhor'II Illlllle shoultl be pl ainl)' 
imlicll lcd followin g title of pal)cr ami lhe adllrcs;¡ dlOu lll a l'l.clIr al Ih(: (:nll 
of Ihe articl c. 

T lle aulllOr'" namf" ¡¡hould he aeeompanicd 1,,. Ihe hi ghe~ 1 ~ ' al'llc~ 1 Beu(lemie 
Of medica l (Iegree which he hohls. 

IlIuSlruliOIl llllOuld be ~eJlarulf' frOIll Ihe Iypescr ip anJ IlIlUlhc fed in 
Se{IUCIICC w¡11I Ihe approl'riall' le(;IHI",. on a ",cparalf" shee t. Euch ilhould be 
markc l un Ihe hack wilh lil e au lho r'¡; na me. ami Ihe ul'l'e r edge should 
he llIu rke l " Top" for t111' prinlf"r 'S guillullee. Gra l'h!! ami e hurls II lIo ul<l he 
clcarly d rawlI in indian ink on Iracillg: lillel1, Hri¡¡ to l hoarJ , o r ¡¡ Iout, IIIIIOOlh, 
whilc papero AII lettc ring: 8110uhl he li ghlly " 'ritle n ill (lellc il. Pholomicro
¡; rujJh8 .;houlJ hcar a 1I0te all lo Ihe degrec of lIIu gniCical io ll, Whcn X-ray 
rcp1"oJuctioll io;; r{'f(lIircd, Ihe atllhor i8 Inlvisell tu l!c ml Ih e originul film. 

If il i8 I1C{;C8sary lo )1uhli sh :1 rccog:llizahl e I'holOgraph of a pefljon, Ihe 
uulhur I!houhl notar Ihe pulJli llher Ihal (>e rllli llsioll lo puhlish has becn 
ohlained frolll Ihc 8uhjecI h imself if all allult, or frolll lhe paren!1I or guar
diall if a child, 

Rcferc ncclI .. l1ould he li¡¡lcd alphahc li ca lly, arrangl!ll in Ihe !llr le of Ihe 
Harvanl !I)'Elem. ami ahhrc\'ialcd ac(;orJing lo lh e Worlll Lisl oC Seicolific 
Puhlicalion", ( tll c \'olulII.'n llulIII,..r in arahic IIUllIcrals underl ine ll wilh a 
wav)' linc lO intlieate hold Iyl'c, Ihc 1I11111¡'e r of Ihe Cirel I'agc in arahie 
nUllIc ral ,¡¡) ; 

V. g. SCHEPENS. C. L., (1945) Alllc r. J , Ophthal., 38, 8. 

When a hook i" r..eNTI·.I lo, ,lit' full lill~ '. IHlhliehc r, place and }'car of 
Iluhlication. c(lilion, allll pa gc II11111h4' r i!. llo llld he givc n : 

\', g. RYCROFT. B. \V•• ( 1955 ) " Co nu'a l Grahs" 1'.9 Bultc rworlh, London. 

COlltrihulors .... ill rf'Cf'i \'t' gallcY·I. roo C¡; of Ihe ir arlides, bUI il will be 
aSl; lInu:11 Ihal all hu I \,.' rI, a l f'orTl' f'liOllil ha\'e hcell maJc in lhe original 
manuscript. Twclll y.(¡ v.' rl' l'rillt s of l'acl l arlide wiII he ~nt free to lhe 
conl rihlllor t!!) . A lilll ill'.1 1I11111111' r uf a1ltlitiollal rcprillts al cosl priee ean 
he sllppli('d ir applical io ll i ~ lI1a. I., wl ... 1I re lllrllillg proors, 

All lllicalion¡; a mi f'or" ~ IIOIlII ,' f'ullf",' rnillg aJverliSS<:lIlcnls should he ad
d ressed lo: Casa Rdlf"r. 1.1.la. Aparludo aé reo 4966, Bogolá • Colomh ia, 

Suhse riplioll "riN! 1'1'1' allllUIII , indwling postage: 

Colombia - S 8,00 IU, S. Cllrreney) 

Forc igll - ,W.OQ (COIOlllhiulI I'C!!os). 
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A PROPOSITO DE UN CASO DE OSTEOPETROSIS 

"0" 
E NRIQUE ARIZA HENAO, M. D. 

Bo~ol '¡ . CoJomhi a 

Por su ra reza clínica,! trasceudcncia o halmolog ica, la ostt!opt! lrosis o enfermt..oad 
marmó rea de los huesos justifica el interés que ha tlespcrlado a través de los estudios 

)' rt.'Copilaciones existente;;. 

1)(.'5cr ilo por Albers)' Schonberg eu l lJ04.. el sindrome se ca racteriza pOf marca · 
dis imo au mento de la densidad dt! los hut!llos ¡Iel C!!(lucleto tlue iucl u)'e los de la 
base del cráneo. respeland o su boveda. 

Histológicamente d proceso es una anomaJin de osteo¡;énesis. consislenle en falla 
de los procesos reabsorlivos lo (Iue determina el pro¡:=:n:sivo C!>1>esamienlo de la corle
za Osea cou estrCt:ham iento del cana l medu lar. 

La falta (le elasticidad rt.'5u!tanlc. es respol1§uble de la p:ra n fra¡:dlidad y pretl i!!
posición a las fra cturas en ta les pac ientes. 

S u carácter heretli ta rio y el desconocim iento ínti mo tle su etiolog ia ha dado lugar 
a mültiples hipótesis (Iue 11 0 satidocel1 plenamente. 

La aft."Cción el! mu)' poco fl' t:\: ucntc. hasta el pUl1to de (Iue hasta 1940 sola mente 
!'ot! ha bían (Iescrito )' rCt:opila(lo I IU cnsos t Vidkto H· Bracher !: en nuestro pa ís. 
no tenemos conoc imiento dI' ningu .. caso reseñado. 

Had iológic8mente. el cráneo prt:'Senta cu las placas ulltero·posterio res un sl~no 

palognomónico a l (Iue hemo!! denominado " Imagen en al/tija:." , por su singula r 
parecido a lal premia (le dis fraz I Fig. 1,Y tlue se rcal iza a expensas del borramiento 
de las cavidades sinusales )' (le la pred ilece ióll con q uc la en fermedad ataca el lÍr~n 
en cuestión. 

Cabe 8/1ota r q ue el proceso ClIClcroSll l1te puedc extcmlcrstl u g ra n pa rte de los 
huesos quc cOlls tilu )'CII In hóvc(la, peculiaridad del caso (Iue poste riormcnte del!<· 
c ribiremos ( r ig. 2). 
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Según ('¡cie, la enfermedad puede hacerse radiológ icamente a pa rente en el feto. 
l.ero acostumbra a e\'idellc iarse en la primera in fa ncia)' cont inuur a lo largo de lo 
vida. 

Fi J. 1.- R.dio ,,:rdi. anleropo;;terior del r raneo mo,;. Fi,. 2.- Hadio l! uHII. lalen l del r ráneo 'tUe permite 
Irl ndo el si,no radioló,i<'o que hemo~ de oboie rvu l. extensión del prorf:lio e~r l ero..an . 
nomina do MsilUIO del an l ir..". le a l o~ hue~o~ de 1. bóved •. 

La osteopetrosis Vro<luce disminución {le las t:a\' i dl1<l~ orhita rias y estrecha· 
miento de los con<luclos ópticos con proplosis y atrofi a pro¡;resiva del 1I par que 
frec uentemente lleva a la ceguera. 

En cuanto al pronóstico vital. <Iehe seii alarse la posibilidad de anemias mielo· 
plásicas terminales. debidas a la desa pa rición prop: resi\'a (le la medula ósea. 

Existe ulla manifestación similar a la descrita. CO II va recidos signos radiologi. 
cos, pero asociada a la enfermedad (le ¡-Iod,d¡in )' (Iue se d iferencia de la osteope· 
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trosis por originarse en el tejido linfoide. ser de aparición mucho mas ta rdía y 110 

reducir lus conductus ópticos. 

El ctlrácter craneodisostósico de la enfermedad le otor~a nl!lnifestaciollcs tipi. 
cas de tales sínd romes: exofta lmia. exotropia , defectuosa implantac ión den tnria 
y alteraciones nasales. 

Fi l. 3.- Radiolufia de bue de f r_neo en la que ~ Fil'. ·I.- Radiolrafía de ¡>elv i ~ y fe ,"ureK en la 'I ue 
ve la ,un ¡nusión de l. eOlCama ord tl ilal. H: aprecian indemn e& lu epifi l!.i! de lo! hue
..irrun~tanda IIOfO fret Uenle. .n~ larljoll, cararler; . li... Iípir. de l. enfer. 

medad, que explin l. predilección de la ~ 
fra r lurh por la "nion epifiso·diafi ti i! ri a. 

En algunO!! casos presenta si ndaclilia. síntoma comun de la enfermedad de Lau
rence-Moon-Bield. 

En otros, la forma de la frente y Ins a lteraciones del puente nasal, junto con el 
a!pecto dc los dientes, acostumbra a confu ndi rla COI1 lu manifestaciones hered ita
rias de la sífilis. El diagnóstico de certeza se basa siempre en los hallazgos radio
gnificos descritos. 
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l :SIII\J IJ I: MillA 1Il:f!IIAO 

C(ua C/inico 

Hi! toria 15706. 

Niña de onee m~ de edad. H (Iuien lO!! padres han notado deficiencia "i!lual 
y "fa lta de inte rés" ~r el medio (Iue la rodea. 

Lo!! ¡>adre!! arirman que /lO exi!ten anla'e(lenles fa miliares de ceg uera o (Iiami . 
nuciO/l gra ve tle la agudeza visual. 

Pac ientc nnció a término mediant e ce!llÍrea y fue sometido a la incubadora duo 
rante 24 hora s por "afeccion respinto ria". No ha)' anla :ooentdl pa tológicO! dife. 
rentes a los que motivan la consulta . 

La niña tiene lX;¡;o y tamañ o dentro de lím itt$ normah.'l!. 

FilJ. 5.- Rldiollnfi. d .. l. t.o.r1on di~11I 1 del . nle Fill. 6.- R. diOlJr.fí. de t,iernl y pie ..on 1.11 mism •• 
!t.no y de l. mino 1II0,;lnndo el llran IU' .......l c ri~ll...~ de hjt)Crden~ i dll ,1 dill fio¡i ..¡•. 

menlO de la den~idad del ' I dio y cuhho que 
Be,. ha~13 hu I •• otlla ~ epi!i !!i!!. 

Reflejos muscula res sali!lfaclori08. 


Frente de tilJO · 'olímpico". 


Marcada alteracioll en la forma e implanlacioll de lO! dientes. 


Lagrimeo de ambos ojos. 


A la 1>a I,Jac ioll el MCO la~ rirnal e8 ocliisico }' por com¡m:l!ion e"8cua contenido 

~l' r o!>O . 

Nistagmus horizon tal mu y a¡>arcntc. 


Medios de transparencia sa tisfacloria . 


Atro fi a !imple parc ial del 1I pnr de Hmbos ojos. 
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La rad iografias craneales el!(lueléticas hacen el diAgnóstico de enfermedall 
ma rmoreA (le los huesos. 

Se presenta un caso avanzado de sindrome de Albers.Schonberg, que tiene como 
pa rticularidad la g ran invasian de los huC!los de lA hóveda cra nea l y la presencia 
de dncriocist itis resulta nte de la estenosis de los ta na les lagrimales a nivel de su 
trayecto osco. 

Se describe d signo del a ntifaz", patognomónico lle la enfe rmedad)' siempre 
clara mente visi ble en las radiogra fías alltero-posteriores del cnineo. 

CJinica de Ma rly. 
Ca lle 50 NQ 9·67. 
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A SERVOANALYSIS OF THE HUMAN ACCOMMODATIVE 

MECHANlSM 

BY 

JOHN 11. CAnTEH, O. 1). 

I' hilndel,.hia . Penn. 
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ABSTRACT 

The ü(,"t:omllloJa tive mcchanislll uf lhe eye appears lo fU llcti oll al! 11 servome· 
chaniSIll . an error·aelualed, self· regula ling, feedback cuntrol dev iee. Cybernctk 
approaeht.~ were a pplied lo the ocular accommooati ve mechanism in an atlempt 
10 define various syslem parameters. 

The most sal isfaclory mooe! of Ihe human aeeornrnooa tive mei:han ism seems lo 
be Il fir l!l order servo wilh a lime deJay of a pprox imaleJy 25~ milliS(.'Conds and 
a <lead l one. It has a lime consta nt of approxilllatel}' 275 milliseconds. 

Satisfactory open. loop data eould 1I0t be obta ined !!ince ga in changcd with 
vol ilion. I{epcatablc closcd·loop daha were obtained and un atlempl was made to 
formula le a lransfer e<lualioll for the aeeommooalive syslem. uli lizillg cOlIslanls 
consista ni wilh tholle derived from transiellt rt.'Spoll!;e da la. Although all e<luatioll 
was deri ved yieldi ng a satisfactory Ji l of the cmpirical frcq ucJlcy response curve. 
il clefim:d a rcgcl1crative sy!!tcm ami therefore had lo he re jected . 
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When, under open-Joop eond iliolls, a Ilcgalive nccommodalive slimuJus was 
provided, Ihe subjt.'C1 rcsponde<l wilh posilh'e accornrnodaliol1. This suggests Ihal 
the subject 's eye was 1101 able lo recognizc the poJa ri ly of the slimulus. 

Thc influence of volilioll upon accommodalive responsc alld the inabil ity o f 
lhe subject lo respond differenliall )' lo prc·focal Plld post-focal bl ur ( in lhe a bsence 
oí accommodali\'e lracking) lend lo Ihrow comiderahle doubt UpOI1 Ihe a~sumpliun 
lhal lhe IIccQmmodalive 11l<.'Chanism is purel y refleJ( . 

INTnODUCTlON 

Accommodalioll is the (Iioplric adjuslmell l of Ihe eye lo IItllli ll maximal sharp. 
ncss of relina l imagery for 811 obj<.'C l of rega rJ . Thc prescnl invesligalion is baSt-'(1 
upon lhe premise thal the accommoda lh'e mechunism fUll ctions as a servomecha· 
nism . an error actuated feedback cont rol llcvicc. 1\5 such, il is suhj<.'Ct 10 inves
ligalion usi ng servoanal)'tic melhods. & !>it:all y, Ihese melhods consisl oí Ilua llli
lalive invesliglltioll of Ihe mechunism's Iransienl response ~ response lo u slep 
inpul ) and frequel1ey respúnse (response 11.1 a slead y.slnle sinusoida l input ) . 

Indced, it was found Ihal ~ uch iIlclhod~ of tt.'!! ling are applicable lO Ihe human 
accommodalive mechan ism, a lthough Ihe resllOllse uf Ihis mechulliSIlI cloes 11 0 1 

appea r lo be fully automatic a Ílcr the fa shiol1 o f the pupil. 

EQU IPM ENT 

Gem:ral l"slru"..~"IOIioll: 

The prescul inve¡;ligalion ulilized un in frared optomdcr lo rnonilv r 8t:COIII
mo<laliolL, together ""ilh a num bcr o f pi l'CCS of a UJ(iliary equ iplllcut. Figure 1 show!! 
lhe master control secliún for equipmenl useO in this sludy, logclher wi lh a Tek
lronix NV 502 duul-bca m calhode ray osc illoscope ami ils associated Hew:ell pac
kanl record camera. 

The upper dcck of Ihe ma~ lc r c(.111 lrol uuil consists of a secl iolL II' hich providcs 
regulaled ami unregulaled voltages 11.1 the remaining scclions. Thc second seclion 
hou§eS a Tensor Arbil ra r)' FUllctioll Ccncrator, Modd 5U46. In acldi liOIl. il 
conlllil1S clt.'Clronic filten and Iwo 50 K precision potcl1tiúrnelers for volta¡;e ad
juslment. The third sectiol1 of Ihe ma~lcr cOl1lrQI unil t:ontains Iwo precision re~is· 

lance deca(lt.'!! and ga m alld zcrQbalance conlrols fM Ihe Arbitrary Funcli oll Ballal 
Oplomeler. 
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The fourth deck of Ihe masler conlrol Ullíl eonlai ns a prec lSlon vollage eali· 
brlllo r a nd n high. impedcllce \'Ollmeter, use<! lo moni lor Ihe aclion of Ihe Arhitrary 
FUllelioll Badal Optomeler la rget. 

Thrt!t: ullil~ for providing a(:commodalive stimulí ""ere ul iiized ""ith the infra red 
oplomeler. The firsl of these was Ihe Arbitra ry FUJlclion Badal Oplometer un it fo r 
thc leh ere, cons isting of a high.!peed rectilinear gal\'anomeler wh ich controls Ihe 
posili on of u Snellen turgel lI'i th respt:(;1 lo a (;olor·(;orreelc(1 len dioplcr len5. It 
WIIS lIw d in Ihe presenl slud )' lO provide sinusoidal di oplri(; signa ls. 

Fi". l . Maolo:r ,·"nlr,,1 ~o:..(i (1n ror Fi ll. 2. The Allen inrn rcII opio lile
Cllui¡lnltlOt ulilized in Ihe lerhull l o~'·o l'c. 
..., rvoll nul y~ i ~ uf li,e human 
a"r"mmu, l ~tive me ..hani ~m. 

The 5eCond auxiliary uníl employed was Ihe Badal Slep-fulLclioll Oplolllclc r for 
¡lIe le h ere. This Ullil was use<! fOf Ihe ana lysis of Ihe open.loop Irans ient r~pollse 

of Ihe accommodal ive mechanism. 

The thi rt! slimuJus unit empl oyed was Ihe Badal Slep·fu llclioll oplomctcr fO f 
Ihe righl ere. This oplomeler was used in the investigation of Ihe dose<!-Ioop 
tra nsíent n..'!!I'0nse of the accommooutive mechanism. 

rhe Sel¡-recordillg 1,,¡rarc(1 Optome/cr: 

The self-recordi n!; oplomcter 1 uscd In Ihis slud y was ¡¡art 1) ( a haploscopc 
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Jesigll l.-d for lhe Air Foree by Allen 2. lu lhc prt."Scnl illvesliga lion, slighl lIIo<li fi· 
ealion of lhe previ ousl)' exisling inslrumenl .....as made lo renJer il more 5uitable 
for o blainillg frequene)' response informalioll. Figure 2 !;S how" Ihc Allen haploscopc
oplomeler eombinal ion a nd fi g:ure 3 shows Ihe Iran~ i C I\I response o f lhe infm rcd 
a pl omeler. Figure 4 is a sehcmulic eye ea lib ratioll curvc a nd fi gure 5 is a calibra
lioll c urve for sub ja:t J. S.. obtaincd hy fi xing Ihe refmclive power a f Ihe e)'e b), 
means o f cycloplegia ami provid ing incrementa l changes in effec live refractive 
slate b), mea liS of triar lenses. 

r/¡e Slcp-/llllcliofl O¡JlOIIIC/er lar Ihe Rig/¡t Ere: 

A Sa(lal optomcter s)'slem ea puhle o f presen li ng a lternald)' 1\'0'0 diffcrt'1l1 d iol}
trie sli muli lo Ihe righl e)'e was used in '!!l ud )'i ng lile closcd .laop trllnsienl res· 

Fi H. 3. 	l'ra ni ie nt re~I'0" SOI ul Ihe Allen ;nlrared 
01,IOInde r. 20 f.I' .... tim" mark. 

ponse o f lhe ere, as wdl as lhe rCSIJO lLse of tlle human ¡Ieeommodalive nlt.'chanism 
lo s n oplica l rectang ulur input. Figu re 6 is u photog raph of the slep. funcli oll 
oploml:ler usee:! ror Ihe ri,:::hl eyc. A dicroic mirror defla:ls visible I huI nol 
infrarW ¡ ra rl ialioll from Ihe slimulus Illrgel inlo Ihe suhja:l's righl eye. 

The step·funclion optolllclcr for Ihe righl e)'e canlllins 1\'0'0 !:lelrura le targel 
s)'slems. The upper s)'slems lUls u ten diopler ra nge .. nd is uS(:d lo projccl a 
Sncllcn largel inl o lile Ballul Oplollleter below. A removltble lar~et in Ihe lower 
s)'slcm wit ll a scvell diopter Tllllge is ust:d lo suddenl)' inlrOfluce a stimulus al a 
(Iifferen l dioplric levcl. Whcll this Sl:cond largel is hroughl within lhe lube of Ihe 
Jower oplomclcr by Illeuns uf a solenoid. a d iHusing scrt."C1I ubsc urt:ll Ihe proja:le(1 
¡mllge from Ihe upper s)'slem. The action lime o f Ihe rotary soJenoid eontrolling 
lhe relllovable largcl is 20 millist:conds. 

When 1\0 curren! is allowed lo How through lhe rola r)' solelloid, Ihe projecled 
lll rgel is Sl."CIl. When the solcnoid is aeliva!L'{!, Ihe lower ta rgel 1Il0Vel! inlo pluee. 
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Cu rrenl lo Ihe so lenoid ca" be swiched manuall)'. u r uUl oma lica ll )' h)' conllecti llg 
Ihe solenoid lo a cam-uctuate microswitch wil hin Ihe Tenso r GeneraloT. A simuha
Ileous voltage presented lo olle chan ncl o f 1111 o&:illo!wo¡.Je prov idcs a si~llnl marker. 

1'1u: Slep-flHl/:liulI Op,o",l!Ie,. fur ,he Lef, Ere: 

The left -e)'e Slep-funcli on optomeler s)'stem provide<] oplicul slep signa ls for 
illvesligalion of the open-Ioop Irans ienl respollsc o f Ihe human accornmo<]a live 
mt.'Chanism. Fig ure 7 is a pholog raph und figure ij is a &:hcmulic diugram of this 
slep-function oplomeler. In fi gure 8. C is n ten dioplcr ¡Ichromatic lens siluated 
len ct!nti meters I)('fore Ihe entrance pupi l of Ihe ere. M is a bcam splitter which 

10 

M 
w '" 
~40 

130 

izo 

10 

O 

SOtEMATIC EY..!..a... 
~D RlPER I(tIINA 

__filiAL LEHSES 

-6 - 4 -2 O 2 4 6 8 O 12 14 ~ 
OKlPTERS 

!ra nsmits ligill or igi nating from TI uml rdk'C!s ligil! frorn T2_ TI ami '1'2 are 
Ira nsillumina!t.-d b), ligll! frolll L, pussiJlg Ihrough diHusing plutes, FG_ Each lar
¡:.e1 assem bl}' is movuhle in Ihe direclion inclicalecl in fi p.-ure 3 by a (I ouble-heade<\ 
nrrow. 

Operu lionull )'. TI ulld '1'2 wcre posili uncd wilh rcs¡x."e l to seales ca librated in 
d ioplers. ami Ihe stimulus val ue was eha nged between Iwo desired dioptric levels 
by cnc rgiz in~ olle 0 1" Ihe ot ller ligil l 80Ul"ec. 1\ low-Icvel cu rrenl \Vas a llowec.l lo 
pass IhrouAh Ihe nOIl -iJlUllIinalc(1 filomClI1 ni IIIl limes, thcrchy kl"Cping lhe fi
la men! suffici clIII }' wllrrn lo be harely vi sihle in an olher\Vise lotall )' (Iark rOOIll. 
This. in ns!!ocillti oll wi lh u Illodc ru!c uvervol lll ~C of lile mamenl du rill~ jls "011" 

phase. re<luc(.'"(1 Ihe illstrumclIl rise lime lo Ilpproxirnutcl )' W mill iseconos_ 

Voltage from aCTO!!!! olle bulb WIl S fed by \Ya r of un atlellulltillg potell ti omeler 
lo onc chall llel of !he Tcklronix N'l 502 osc illm.copc. therebr provid ing ti signal 
ma rker. 
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Tite Arbi/r(lry-f/lnctioll Oplome/er: 

The arbilrllr)'. funclion oplomeler consisls of a frolll -illuminah:d 5 nellcn large!. 
driven by nn IIrm cOllllecled 10 lhe ¡>en of Il ~1Pss.tl. reclilinear galv8nomeler. 
Iype, M . 133. having Il DC resislollce of 1,000 ohms. Figure 9 shows Ihe cons
Iruclion () f Ihe Arbitra r)' function oplomeler. A supporling Slructure, which 
could be clamped 10 Ihe haploscope lable in an)' desired position. hcld a labora
to r)' jack. On lap of Ihe laboratory jack was affixed a bnss p!alc. mille<1 wilh 
a linear grOO\'e which in lurn ",'as maled lo a co rrcsponding projection on lhe 
base of Ihe ga lvanometer carrier. The gah'llnomeler could he movt:d alon); a line 
pa rallci 10 lhe orienlalion of Ihe left haploscope armo 

60 

•50., 	 CALlBRATlON CURVE .., SUBJECT J.S. 
It:.., 40 
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DIOPTERS 

FiJ . 5. The infr. red oJllomeler fa li!.nlion <' une fo r ~ ubje t'l J, S. To derive Ihi~ fune, Ihe 
uI" 'ommodulio" ,,1 S'. ri , hl e )'e WaK 1,.... lyaed II nd Ihe rd""'li \, e 04 a lus 01 Iha! eye 
" 'aij uhere ,1 I,y mean~ of lriul tenl'C~, 

A small aluminum plnle was comenled lo the side of Ihe ~alYallometcr so Ihal 
il projecte<l paralld lo lite ~IlIVll nomeler pe no A hole drille<1 in Ihe plate ae!jacenl 
lo the pen lip hel(1 a sleeve. bear ing supporling in lum a thin roe! which was 
allached lO the tip, uf the ¡;nlvanometer pen, A reduce<! Snellen chu r! was attacheil 
lu a plate moun!ed upon lhe free end of Ihe roo. The locul! uf !he l>en tip was 
aligne<1 wilh Ihe roe! and wilh Ihe optic luis of Ihe leh hllploscope arm, An acro

• 	 Mussu Lahorwlorie,;, lur. 

Uin j!ham, l\I a~~, 
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rnatic lens of ten <liopters was used lo complete the oplometer, and a mill imeler 
sea le ( use<! for cal ibration purposes l was a llached to the lens mounting, pa rallel lo 
Ihe locus of ¡he wduced SnelJen cha rt . The gross IDC, accommooalive slimulus 
leve! was ohla ill~1 b)' movement of Ihe gah'a nomeler carrier ac rOM ils specia ll y 
('ollsl ructctl sta¡;c, while fine IDC, accommodative stimulus leve! adjuslment was 
accomplishe<1 eleclrically. 

Fi ll. 6. 	Sle¡I· lunu ion 0l)\omel ~ r lo r Ih" 
r i¡r: hl eye. 

Figure 10 shows Ihe control circuil for lhe Arbitrary.funclion oplometer. The 
Tensor - Arbilrary function gelleralor. mo<lcI 5a46, supplics suppn~-d·carr. i e r mo· 
dulatioll of a IIh KC si ne wave. The oulpul is ( barul.pass) (¡ Itere<! a nd then 
ampli fied hy a Hea lhki l-· hi ·fidelily amplifier. model EA . 3. It is Ihen fed by 
way of a step' up tra nsformer iulo a full ,wl\\'e hridge and Ihencc lo all integraling 
circuit. The re5uhing demodulate<1 volta~e is applied belwt.'tm Ihe griJs of a <!i f· 
fe rt' lIl ial power amplifier wilh a ca lh ()(le lollo,,"'er oulput. The AC accommooalive 
sli mulus level is sd by mean!! of 11 \'cl'Uicr ¡win conlrol on Ihe heat hkil amplifier, 

• 	 TenllOr Ele"lri .. l)"n~loJlme lll 1.:orll, 

IIrooklyn, 33, N, \' . 


•• 	H""lh Cumplln)' 

Benlon Harbor. 1'I1i ~ hi l!ll n , 
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while Ihe De atimulua leve! adjustment trinei ia nuule hy me81lS of a \'Crlller'COII' 
Irollt.-d hal8nce Ildjualmenl on Ihe di fferenlilll power amplifier. 

Althougll the Tensor generator can be ust.'(1 lo pro\'ide H11 y desired fUl1cliol1 in 
Ihe frequcllcy mnge of O.{)OI lo 10.0 epa, il was US4!(1 in Ihe pressenl invesli ga. 
lion onl)' for Ihe purpose of providing sinusoida l a nd rectangular stimuli. 
When used lo suppl y a sine wave, il eJ(hibils muximunJ hUI'monie d islortiOI1 o f 
J',!,. Hum llislorli on is rated as dowlI 45 db. 

The oulpul of lhe Arbitrary. fullclioll oplomele r conlrol cireuil was monilo roo 
continuously by a high imllCdenee voltmeter. and by one chrHmel of a I vern ier,colI' 
Irollt.-d ) TektrOlli x NQ 502 dual beam eathode la)' oscilloscope. This Lallel a rra ll · 
¡;emenl permille<1 phOlo~ra phic record in~ of lhe slimu lus lo accommodalion al 
a variable Icali bratl..-d) scale faclor. 

Fi ll. ;. St"J,.fU IH" lio ll u l.tume le r ror .he ler. eye. 

EXPEB IM ENTAL SUBJECT 

11 was feh arlvisable lo oblai n ex lellsive da la wilh a single aubjl.-..:I who could 
be weH Irui ned. rulher Ihan lo obla in dala 011 a lar;;er number of lC!>s weH Irained 
suhjects. The present stud)' is concernl.'"(l \o\' ilh general ser\'o·characteristie8 of 
accommodalion ami indi \' illunl vllriatiolls were fell not lo be irnl.lOrlunl. ulthou~h 
lhey undoubledly ex isl. 

The subjecl. J $.. a 22 rea. l" old eu ueuE isn ma le. salisfied lhe criteriA Cl! lu· 
bli ~hed for thi ~ i/1\'estigalion . He hAd a eMrected visuu l ucuil y in cuch e)'e of 
20/ 20. wilh cyeloplcgic rcfra.ctivc findin gs of: 
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H ·1.25 DS e -0.25 I)C X 70 

R ·1.25 OS e -0.25 DC X 125 


His ACA nllic tbased upon blur poill~) was 3.6 lo 1, ami his amplilude 01 
accornrnodulion in eaeh ere wa5 len dioplers, measuroo by Ihe It.-<:hniquc o f Donders. 

IIdo ubtedl)', human beings use all cues available. ind uding psychic amI "a
rious binocula r cues, in Ihe control al focus 01 Ihe ere. When an individual is 
¡¡Iaced in a l> ilualion in whicll mosl 01 these cues are a bscn l j Badal Ofllomclerl. 
ami only retinal imuge blur and aSl!ociatcd phenomclla are present , he rreIIUenll)' 
il!- unable lo conlr'C)1 his acconllllodalion effic ient lr and musl lea rn lo do so. 

Prior lo aclua l dala laking, Ihe subj ed W8S pracliSt..J in respondin¡; lo bolh 
slep aud steady-sta te accommodulivc l>li muli. Thrt.'e tnlining sessiolls. each 01 
roughly two hours duralioll, were unde rlaken with sli muli prescnt~1 avcr 11 wide 
frecuellc)' ran¡;e, bul at fr~l uellcies nol eXL"e<ling those ul which lhe subje<:1 re· 
porte<! diHicuJty in Irackillg. It was rel l lhal in Ihe absence of su(;h tra ining, expe· 
rimenlal resulls would be influenced by progressivc changes occurrin¡:: secondary 
lo the lea rning process. It is true Ihal ¡his approach would be ullnecessa r)' ir Ihe 
accormm)(lalivc Illochunism were Irul)' rdlex in nalure. Howcver. as will be seen 

.. ¡
T 

~-~----- ------ -- --
~ 
• 

e 
Fi l(. 8. Comlru.-t;OIl of ¡he "'-"I,·fUl", I;"" o l,tomeler of !i,l ll re 58. 
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Fi~ . 9. 	The a rh:tra ry-funr li on Hae!al oplome!e r. A hra6l; Il late. mOUIl· 
lee! UI, on a o¡andard Iahoralory jack and mi\le c! with a linear 
~ro..."e. ~ u l' I . ,-, rl s :1 o-O IllJ.lemenl:lry hra>!>! "Iule unixe'! lo the 
rectilinea r ~ a l va llomeler . The Sne llen ta r!!el i ~ r ou"le e! 1" 
Ihe Jle n lil' hy means of a moly ... · o ~ t ed h~ I .... · .. ·ood d ,,,!! 
whi r h is Jlrevented from nlO vin J! I.. te ra ll y hy a (' Io"". fillin ~ 
Ii"ear hearin J!. The IHlarin J! i ~ mounte.! ri l! itlly lo 11 Ihi" 
a luminum plale whi~h io eemented to Ihe I!lI lvanometer " odr. 
,\lthoul! h Ihe i"ol .. ntllneous diol,tri ,' vulue is identified i" 
lenns of il" e leclrical a" aloJ!. il can he ver ifie tl Io y not in l! Ihe 
Ilroje('l ion of Ibe Sne\len la ..."", Ullon B millimeler ~n l e 
;Iffixed 10 lhe le fl h" I, log"ol,e "rm . 

la ler, Ihere i~ exceJlenl reasoll lo believe Ihal Ihe hi¡:-her cenle rs pla)' a s ig.nifica nl 
role in "reflex" accomlllodali oll. 

M ETI-IOIJ . 

Ope.n. /oop Tes/in/{: 

The eonvenliona l approaeh lo Ihe ana l)'s is o r I!C Po'olllt.-.:haniSIIlS is lO in lerrupl 
Ihe servo-loop, introd uce s ignals a l a poinl ad jacenl lo Ihe break, all(l record 
respon~ on Ihe oppos ile s ide or Ihe poin l or d isconli nu il)'. The poinl or i/l lenuj>' 
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li on of the serve.loop i ~ unimpo rlanl , providing that no ~ub·loop~ exisl In purullcl 
with the maj or loop al lhe sile o f inler ru pli on. It \Vas fd l Ihat lile mO~1 conve· 
nienl po inl al ,,·hicl! lo break Ihe human accornmooali ve sern !·loop \Va s al the 
conlrolJer. 

,~~ -

-,~ -M' _.-J11 -no_ 

."'!!A_ 
I 


l il-' 
I , U 

~.
1''atI'~'"Of 

N~UT.".n 
Fi ,:. lIJ . Control .. ir .. "it lor tl' e n,,,h.1 Hrhit rar )". I"l1ft ;on 01110rnele r. 

With U normul accommodalivc mechunism, the a mounl o f accomrnooalion in 
Ihe 1"·0 eyes ;s Ihe sa me. Hence. il was dt.'"C ided 10 brea k Ihe !lervo.loop by airo· 
pinizalion of Ihe le h eye. This eye i ~ Ihen inca pable of rnuk ing correclive response!!. 
Howeyer. a n e rro r-signal due lo Ihe blurre<1 retilla l imogcry in Ihal e)'e would 
ascend lo Ihe bra in and inil ia te a signa l for a n accornmodaliYe response. S illce 
no differcllce in e fferenl s ignal ex;sls belwecn Ihe ri¡:;hl snd leh e)"es, Ihe ¡lCCOm
mo<lation measured on Ihe righl eye is a corTelule o f Ihe molor signa l lo Ihe 
sil1isl ruocu la r at."COIllmodali Ye rn t..-chonism. 

For open·loop dala, Ihe nal ure of Ihe accornrnodllliyc.convergence mocha nism 
is 811 imj)Orlulll cOllsideru lion since 8ccornmo<lalion ca uses Ihe riglll eye to IU rII 
in ward. Tlle infrared oplomeler is sensiliye lO \'igllctting of ils beam by Ihe pu_ 
pi llar)' marg in, being unable lo dislinguish between IIccommodatiye aeli Y;I)" al\(l 
dt..'Crcment of lighl ill lens il y secundary lo ahsorption by Ihe iris. The subj t..'Ct used 
in Ihis slud y exhib il! a compara li yely low ACA ratio, a nd yigllcll ing of Ihe op
101l1t'Ier hca m rcsuhillg frOIn UII inluming uf Ihe righl eye proyed lo be u problcm 
olllr al Ihe higher accommollll ti yc IcYel~. 

To obtain vaJid open·loop dala. il is nccessal"y thal paraJysis of Ihe acconunoda
li\'e mechanism be s.ufficienll }' complete lo preyenl aecornmooali ye Iracking. The 
5ubjecl was. inslrucled lo use 17< alropinc s ulfate in his leh ere t. i.d . for 1\\'0 
tia)"\! preced ing Ihe itn'esliJtalion as wetl as Iwice during Ihe morning of Ihe da )' 
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óf ill vestigutioll. A(lequacy of cyclopleg:ia Wa8 establisllt:d since blurring of II 

SneJlen target wa8 percei\'ed at c(lual (oioptric l distances. proximal ano dislal 
lo Ihe subjed 's far point. 

F'olJowillg atropilliza ti on of his Id l e}'c, the subj ecl was placed in his dcnlal 
•

bile aUacheo lo Ihe infrared oplomeler. The inslrumcnl aligning lighls were used 

F il!. 11. 

Fi l' . 12. 

Fi l! ure~ ]1 amI 12 j ahoye 1: O"en.loo], ~I e" re~pon.;e lO a 0.25 1) 
5timulus. In Fil[. 11 the suhjerl was in~lruded lo altem¡1 vi ¡¡;:o· 
rou. ly lo rl car Ihe pe r .. e ivetl hl .. r while in Fi,. 12 he was 
;n ~lru('l etl lo r e~lloml I la ~~ ive J y. A verli"al di"lurwe e'¡uu l lu 11It: 
hei ghl of Ihe ~timul .. " marker ;8 0.41). The ~weep rale is 

2 8t:...I('m. 

lO alig n Ihe l!ubject'l! pupil wilh reslx.'C1 lo Ihe oplomeler bearn. Thc leh.e)'e Snellell 
largel was placcd al Ihe phoria position where Ihe l!uuj ed S8 W i¡ cenlercd 0 11 ¡he 
oplomelcr souree, ma(le visible by rClIloving lhe in fTared filt er. Aher aliglllTIenl. 
all componenls of Ihc infra ren opl olllclcr a nd Badal largct s)'slcrns wcrc sccured 
and checks wcre made throughout Ihe course o f the in ves ti~atiu lL lo insure thal 
proper posili oning prevailed. 
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It was orig inull y intend!!d thal ope n·loop lesting ""ould cOlIsisl of Ifansienl n~· 

ponse ami fre<]uency respo nse lesling, a nd Ihal frcqucncy response lesling would 
be cxccuted over a range of fre<luellc ies betweell 0.01 and 10.0 cps. Fo r reUSOll lj 
which will soon be a ppa ren!. illvestigatioll lhrough the complete range of freo 
qucllcies was not underlaken. 

f·il. 13. 	C llen.loOIJ r"'~ IJO"~ lo a 0.37 t) ~inu~ojda l ~Ii· 
"ml\J ~ h~vin Jl; • Irequenty 01 0.1 q'.~. Olle m.jor 
~ fa le d¡,-ision e1101l11l 3.2 IJ 011 lhe re.pon~e tur~e 
Iml IJul.ilbry vi~"t! ui"lI- y Ihe hi,.her leve! ,¡ 
uT urred renderin~ " uunl;lal;"e IIna ly,¡ i,¡ ¡nlln·un· 
te . In Ihi fi li ~ure, Ihe ~ubjeC"1 wa. in~lrurh,d lo 
MIIO:IIII'I ,· i ,.o rou ~ l y lu d ear Ihe l>e rrei"ed hhJr. 

To obta in open.loop step functiun dala, Ihe slcp funclion oplolllcler for the left 
eye was ulililC<1. The \'ertical IITm was adj usled lo place Ihe uccommooative sli· 
mulus al Ihe subjecl's far po inl ami Uu: ho rizontal a rm was adjusted lo place 
the accolOmodative slimulus 0.25 D. wilhi n his far poin!. The .oplomeler could 
be hnnd-swilched frotll distance setting lo near scUing, Of switching could be 
accompl ishe<1 aut otlluticully. 

Figures I1 a mi 12 show 5's open.loop response to I1 0 . 25 D. aecomm odatin! 
slimulus. The oecasional sharp pea ks on th t.'l!C ami sub!!t:qucnt rt.'(:on ls a re blilll.:s. 
Thc heighl of thc slimulws ma rl.:cr is 0 .4 D. Removal of thc uppc r segmcnt 01 
tite rt.'Cord in fi gure 11 resulte<! from Ihe fael Ihat viglleuing o f Ihe optomeler 
beam occur rt."(1. rcndering Ihe upper segmClL1 of the o riginal record invalid. The 
brcadlh of Ihe response li ne in Ihes 81ld subse<luent l"tX:ords i5 due lO the prcsence 
o f 60 cycle illlerference. In fig ure ¡l , Ihe subject WII S inslructe<l lo nttempl vi
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gorously 1... dcar Ihe ¡.ICrecived bl ur, rcsulling whell lhe s limulus tar¡.;et was swileh· 

ed f rom Ihe far poinl lo a leve! 0 .25 D. wilhin il. In figure 12, lhe subject was 
inslrucled lO respond l>3sli ively lo perce ived blu r. From the~ ligurt:!!. il is apparent 

lha l lhe magnilucle o f Ihe open· loop response is delerm ined, al leasl in parl , hy 
\'olil ioll. 

In figllre 11, Ihe poslll\'e Ilt:commooa livc response ot:ellrn ..>tl f o llow in~ 8 dead 
l ime. Allhough Ihe iuililll response was rarid, Ihe accommoda lion 500n commcnce<1 

lo wayer aboul 8 drifli ng bllscl inc unl il cOn\'crgence of Ihe righl eye ca used Jlllpil 

\'ignetling a nd prevenled further eval uation. The negalive accom mooa live responsc 

fo lJ owed a dcad limc, bul did nol demoslrale apprecia blc in.!: labilil y s illce Ihe 
rc la xalioll s limulus was al Ihc zero diofller leve!. 

Fi l!. I ,l. 	O~n. I(HtI' reollUn,;" lo .. 0.37 D , inUijo itl . 1 ~Ii. 
1Il01u~ ......inl! • frequenfy of 0.05 <".1'''_ The ~"b. 
je.-I ,,'., in~lrU Cl ed 10 re~llOnd I'h~ i\·e l y lo lbe 
I",rcc: ived blor. 0"1: lU~ jor ..r .. le tli v; ,;;on re lm~· 
oent~ 3..2 d iol'leU on Ihe re~llOn"" <"lIrve. 

To oblain OIK!II. loop frl.."<lucne)' rl.."S j.lonsc info rmal iOIl_ lhe leh eye slep fu nclioll 

oplomeler was replaced by lhe arbitrary fun cl ion oplomeler syslem . A procedure 
similar lo Ihal used in open.. loop slep fun t:lion la ling was util ized lo co..aJign Ihe 

righl and leh inslrumenl UJ.CS. 

By virlue o f the variab ilil y of opell-Ioop ela la. il i ~ nol possible lo measure an y 

sySlemalic fre{IUencydependen! rd alion!:!hipbe!wt..Cllu mplilude. phase, a nd fre

qucllcy. For this reason , lhe opcn-loop Ilula were no! subjeclc(1 lo !hc sume 50 rt 

of llnalysis as c1osed-loofl dalu. OfJCn .loop rreq uency response duta may, however. 

he analysed qualitllfively. 

On Ihe open-Ioop frequcnt:y rl!Spo lLse record8, one major :!Cale d ivisión is e(lual 
lo 3.2 (Iioplers of accommooalion. The sl imul u8 lo accommodalioll for oj.ICn-loop 

s lelul y slalc s illusoi(lal frequell t:y response f~ling was 0.37 n .. Ihe !urgel I)'ing 
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oplica ll y al Ihe ~ubjcct 's fa r point when in il ~ mosl d isla l IJ08 11101I. 111 fi gure 13 
Ihe subjecl was instructe(¡ lo uttempl vigo rously lo cJea r Ihe turgel whell il blurred. 
wherea~ in fi gure 14 the subjct:t was inslruch::o lo vie\\' Ihe la rgel passivel y. Thol 
Ihese cUr\'es were ubla ine<1 al 1\\'0 slighl ly differcnl frequencies I sa: fi gure le
gend ) is of little signi ficance a nd Ihe exam plcs presenla l were sdccleO largely 
on Ihe ba5i5 of phologra phie qua lil )'. 

Fi ~ . 15. Ollen.]oo p respon o;e 10 • 0.37 O 6;""w idol ~I ¡. 
", u ] u ~ hu ill ,!: 11 'rc ' luenry 01 0.25 r.p.,;. Nole the 
I.re ~e llrc 01 dri lt. One m pjor ti<:D Je divi.ion e'lulI J ~ 
3.2: 1) (J 1l the rCéllOooe r "n"e. 

111 figure 15 il is aPllll renl Ih:11 Ihe subj ecl rC!>I>OlIfla ¡ al a frl:1luenc)' corres
vonding to thal of Ihe a(;cOllllno<lotive stimulus. al though cOlIsiderable ¡¡hase lag is 
in evidellce. More intl)() rta nl , Ihe amplitudc of respOIl!;;C to ti COllslall1 stim ulus de
creases progrCSll ivel y as a fU llclion of time Ihroughout Ihe cou r!!C of the record . 
Further, Ihe record demoslrales long.le rm drift lowo rd higher aecommodalive 
levels, similar lo that secn on the open.loop step fu nction curves. 

Ca mphell a nd Weslhe ime r 3 conducted a sludy in which Ihey fou nd Ihal "0
flOU S eues such liS ehro rnalie a herratiulI , spherica l a be r ra tioll , ul1I l 1l8li¡.:mutism 
co ul,1 be uset! lo index li le rCI!ui rc{1 (I ircction of accommuda li vc clwnge. Subj ects 
eoul(! uti li7.c tl\{:8e elles a ft er El brief tra ini ng scssioH in which othe!' eues hal! 
becH excl uded. This su¡;gesls Ihal tlccommodat ion ma y lIot be re fl ex in Ihe striclcsl 
t ense of lhe I\'ord . a llhough suhlle Clles mighl he uliJi7.c(! IInder certuin conditi ons 
lo index Ihe re{lu ired di rectioll a nd degree of uceomomdati ve respollsc. If cero 
la in characteriSlics o f the ligth incident on Ihe retinll trigger Hccommoda\i on re· 
flexJ )'. Ihen a lIli mul us le"'cl beyond Ihe suhjccI's f/l r poinl should d ieil !lO res· 
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ponse, inuslIluch liS lllc fa r poill t represents lhe leve! of muximum II CCOlllllloOative 
relnxo tion. IL 011 Ihe olher hand, lhe sub ject responds onl)' lo blur a nd is unab!e 
11) asccrlain Ihe d irccliun uf bl ur in the absem:e of corlical IIcliv it y. a positi \'t! 
accommodalh'e respon~e would be expecled in associalion wilh a nega live stimulus 
ir nccommodalive Iracking is prevented . To ascerta in whelhe r Ihe 8ubjecl would 
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F'i 11:. 16. 	Pos ili ve re. tlOn~e to 3 0.3 7 U - neI\3 Ii"'e- \lccOlllrllodal;ve 
.Iimolu~. The suhjo:d wu nOI II dv;;¡ed . ~ lo ..he r han. 
,:e in 61i mu lu8 , ·,)I1d ; l i on ~. !'oluit, u r ~il!n a l input lo 
Ih" o,;d llosCOI>e ha~ heen rever!led. 5"'''''''1' speed ;$ 
2 ~c.lcm . ,-	

F'iJ. 11. 	 Cloied.1ool' 1I" ronlmodalive relit",n.., 

10 11 2 O I.o~ili ve ,;I e l.·~il!na l. 5""""1' 

;¡I)d':d ;,; 0.5 ,;er.l'·III. Th" ~ i ,: n,, 1 


marker hu heen re louched . 


respond d ifferenlia ll )' lo PO!!lIIVe ulld negative hlur. data wcre obta ined without 
Ihe subjcct bc ing ¡¡Wllre o f ally change in routine. The calibrated dial rcgula ling 
Ihe zero leve! of opernlion for Ihe catllOde fo llowcr slagc in Ihe ar bilrary fu nclion 
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Fi ,:. 18. 	 Clo¡¡,ed .loo p re
~I.o n ;oe 10 11 2 O nelalive optiu l 
~Ie l ....~ilna l. Sweep .-peed i ~ 0..5 
I!e('.!('m . T he ~; ln.t ml r ker hll ~ 
lleen retuu r hed ro r helle r rel.ro· 
<l urt ;on. 



oplomelcr s)'slcm was resel so thal Ihe targel osd llale<1 belween Ihe subject's far 
poillt ami u point 10plicaJly l 0 .37 1). beyond il. a mi Ihe 1>oIari ty of lhe signa l 
input lo Ihe oscilloscopc was reversa!. Figure 16 is a pholograph of Ihe sub j(.'(:I's 
response lo Ihis negati ve accommodati ve slimulus. 11 is apparenl thal Ihe subjecl 
responde<1 wilh pusili ve uccommodulioll . 

One fuclor which could conccivabl y invali(la le the aboYe dalll wit h rcspt.'"C1 lo 
Ihe a pparenl inabilil y of Ihe subjecl lo disccrn Ihe direcl iolllll value uf Ihe !u;com· 
rnodati ve stimulus. is lhal norma l oscillal ions of IIccommodalioll were a bsenl duro 
in~ open·Jo01' tesling. This invesligalioll does nol establish whelher such accom· 
rno<lnli ow illlltions do or do nol serve as un illdex of lhe d irt!Cliofl of t\ccoIlJllloda · 
live er ror. However, ir lhey normally do play soch a role, Iheir abscellce in Ihis 
slud} wuuld uf i1t.'1...ess ily n:suJI in a Je!l8eIle<1 abili ly o f lhe subjecl lo apprtX: iale 

Fi ~. lil . 0.3 r .I' ''', Fij!:. 20. 0.6 c.p ..;. 

Fi~. 21. 1.2 r.I'.~. Fil!. n. 2.4 r..JI .I. 

Fiso. 19.20. 21. 22 (uhon, l. Clu~ed . IOO I I re_llO lloe of Ihe ere 10 11 olle d iol.ter rectllngular 
~timuI1l 8. Note Ihe dellenerution of the rei·ts nllular .....lIveform s nd Mttenuation ..... ith increll ;;ed 
fr" lluen,·y . TI, ,, ~ i jl: nH I murk" r ~ on li,e ahove 1 1 11Oto !!.n' l lh~ huve heen reto,... he,1 for 

hen er re ll rodu~li()n . 
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directional VIl IUl..'S. The work of Campbell and Weslheimer, previ ously cited. al! wel! 
Ul! Ihe fael Ihul normal rJuelualions of accommodal ion largel)' lie wi lh in a sensor)' 
dead zOlle would st.'c m lO make such a hypolhcsis improbable. 

Clmef/.lool' 7'rallsielll RespO/15c 7'es/¡'rg: 

Closed.loop leslillg of Ihe human ac:commodalive mcchanis.1II was. underla ken 
in Ihe absence o f cycloplcg ia. l\1 ydriasis was uliliz(,"(I, howc\'er, in Ihe righl eye 
lo millimize Ihe po&iibilil y uf vignelling uf Ihe infra red oplomeler beam, and ill 
Ihe leh lo minimize <Iepth of f úCU5. A lI ignal amplilude uf lO. wus utilized fa r 
bu lh transienl response Illla l)'sis alld slead )'·slll te frC<luency response analy!is. The 
lI ubjr..·(:( wa!! inslrucled lo respond vigorausl)' lo Ihe accomodalive slimulu!l al 
alJ limes. 

Fi tl;. 23. CJolied· loOII re~llOme uf lhe eye 10 a 1 () ,;jnUooid_1 
~Ii",ulu. 10.05 q •.•. i . Nole Ihe devialion fro", sino· 
.roidal lorm. 

In close<!. loop slep respon!\e IC!lling, lhe oplomder s)'slcm for Ihe righl ere wa8 
use<! si nce iLs al iglllllenl is JIlore rcadil)' accomplished ¡han in lhe case o f Ihe 
slep.funcli an optomeler far Ihe lefl e)'e. The solenoid acliUII l ime o f Ihill oplomeler 
is 20 millist."Cond!!. S ince Ihis vBl ue is Il ~g li ¡;ib le compurt.,<1 10 the actiun time uf 
liJe Dccolllmodali \'e 1Il(."Challis.m, correcli oll!! for oplomeler aclioll l ime were nol 
ma de. 

Figure 17 ill Ihe accommodulive responsc lo a 2 O. posilive oplica l slep ! igllBI 
and figure 18 i ~ Ihe response lo It 2 D. nega live step input. The I D. record!! were 
ulllluilable for puhlica lion due lo Ihe applica tioll uf cons. l rucl ioll lines use<1 lo 
obla in (IUlllllilllli\'e infO fm ntiOIl . The qua lilnlive aspecl!! u f Ihe response lo a Iwo 
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dioplcr Slimulus were similar 10 Ihose for a I O, slimulus. !!ave fo r Ihe flucluatioll 
note<! midwa y along the linea r 6l.'\:l ion uf the response cuo'e of fi gure 18 which 
apl>ea red olll y on this solitar)' photograph. 

The ini lial response lo a 1 D. oplical swp signa l, eilhe r positivc or negative, 
follo""ed a time delay of up lo 425 milliseconds bul Ihe corresponding value fo r 
repcliti\'e da la ",'as 240 milliseconds for IlOsitive accommodalion a nd 200 mil · 
liseconds for nega live accommodatiOIl. Transicnt accommodati ve response appears 
lo he approximatcly eXllOnenlial and the lime constant lor posilive accommodalion 
was variousl)' determined as 275 milliseconds (6.'\ % of full sea le basis) a nd 325 
milli seconds I ¡nitiol slope basis) 11lC corn..'Spond ing values fo r negative accom· 
modatioll were 250 al\(l 346 milliseconds respecti vel)', 

Fil!. 24, 	Closed·1oOII re'; I'0!U;e of Ihe <I)'e 10 n 1 1) ~ il1\l tiohlll l 
~Iimulu ~ iO.l c,p.s. " 

If maximum velocily is llefined in lenns of Ihe sleepest slupe 0 11 the accolll· 
modat ive fl.'S pOllse curve, the ma ximum vclocily for a I O. positi\'e swing was 3.08 
O./ sec. while the co rresponding \'a lue lor a unit Ilegalive excursioll was 2.89 D/sec. 

If average velocil)' is defi ned ¡n terms o l Ihe clapsed lime betwccn two successive 
ze ro·derivative points on lhe response curve, lhe average velocit y for IlOsi¡lve 
accommodatiOIl was 1.01 0 ./ 6(."C. whi le thal lor negali \'e accommooation was 
2.24 D./sec. The low average vclacit )' lor posilive accommodation is atlribulable 
lo Ihe lime re<lui red lO al.'Cornrnodale fo r Ihe last 10(;' of Ihe stimu lus. 

A frequentl)' cncounlcred, bUI nol invariable, pt."Culia ri ly o f the accommooillive 
relllXat ioll curve is noted in Hgure 18 . Bllsed upon 11 1 [). negati ve sic» slimulus, 
¡he accomrnodalioll uchieves ma xil1lum relaxalion in 0.4J.6 secoll(ls, Ihen illcreares 
lo 11 relative mu"imum positive leve! of 0.2 D., altailling lhis va lue aftcr roughly 
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275 miJlist-'COl1(ls. The Ilccommodnli on Ihen drihs slow l)' loward (l slale of more 
complete relaxnlioll. 

In a uemPling lo inlerprel Ihis phcnomell on. 1101'0 poi nls Ilrc Iloleworlh)'. Firsl, 
lhe 0.2 D. val ue is of Ihe sa me order of mugnilude as Ihe ocular depth 01 foc us. 
Second, Ihe time illlen'al bclwt.'en altain menl of Ihe inilial relaxad !lIs te ami Ihe 
relalive maximum is of Ihe sa me order of magnilude as lhe sp.lem clead lime. 
Thus, Ihe su bject appea rs lO fi rsl relo J( his nccom modali on lo the ,Iislal limil o f 
Ihe depth of focus mnge, Ihis lllell providing a ¡¡Iimulus fo r posilive accommodo lion 
whieh does nol commence until Ihe sig nal has rel ufIl t.'(1 from Ihe hroin. When Ihe 
prox imal limil 01 Ihe dcplh of foc us is reached. Ihe aecommo<lnli on drifts slowl )' 
wi thin a sensor)' dead 1.Olle unli l a suiluhlc resling level is all ai nM, Ihis leve! 
Iying in prox imit )' lo lile dislal limil l the laz)' lag of accommodslionL Such a 
h)' polhesis coul{1 he belter eva luated ir Ihe Slud}' were repcuwd cUlploy ing a lIu ll· 
seeking infra red oplomeler, ca pa ble of more aeeuralely defini ng lhe inslanlaneous 
DC aceommoda li\'e Ic\·eI . 

Fi ~. 25. Clolied·lool' re~l'0n "" or Ihe 
ere lo 11 I 1) ~ i nu~oida l ~I i. 
n1Ulu~ 10.4 q l.J!.j. Note Ihal 
one enti re ryde ....8 ~ k il'IJoed. 

e/o.led·/ool' Response lo a Rectallgular I "[m I: 

h was desi red lo ascerla in Ihe nuture of Ihe c!osed.loop response 01 lhe e)"e 
lo Il rectangular aceommodali ve ~I ¡m u lus. h was ldl Ih u. t. due lo Ihe presence of 
~ysle lll deau li me, la¡,; o f reSI)()11!\C bchilld slimu lus should occur, ami Ihal a l lhe 
h igher fre(luencies Ihe rC!lponse should toose ils rccl8n¡,;utur form a lld (tegcllcrale 
¡1110 Sil approJ( imatel)' sillusoidal waveform. Indeed, holh of Ihese effecls were 
reaJi1:ed tSl..'e fi gun.'l:! 19 . 22), 

To leiSt Ihe closed-Ioop response o f Ihe eye lo a di llPlric ft.'Clungutar wave. Ihe 

ri¡.:hl eye slep· fu nclion optomeler syslem l elllptoyin¡.; red·f ree [ighll . und Ihe 
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accommonatioJl recording system were posilioned befo re the subj cct. A cam-ac
tualed microswitch providt.-o in lhe Tenso r Gcnera lor II llowc{1 Ihe dioptric stimulus 
lu ulternale belween two preset levels. 

Fi l:\ urc 19 sho ws Ihe respollSC of Ihe eye to 11 olle Jiopter stimulus prcsenled 
al 0.::1 cps. lt is 11 0 100 Ihat o f Ihe Iwo cyelt:s completcl y represt:llted ill thia fi g ure, 
Ihe response 0 11 one was grealer than lhe n:spon8e 011 Ihe other. The degree o f 
,Iirrcrenee noled 0 11 Ihis phol ogf!lph was g realer filan jl1 Ihe ease of olhe r pOlho
;:': f!Iphs 11lkcn umlcr Jike cO/ldili ons. T hc tcmlcney for uccolll moduliol1 lo rcach a ll 
in flectio n po int 111 nea r. ami Ihe coasl slowly 10war<1 a higher diopt r ic level, was 
cnco unlert.,'fl for inputs pelow the frcqucncy al whieh ro ulldin~ eOllllllcnced , pcrhaps 
rt:presenling drift wilhill a ~e llsor )' <leMI zone. Figure 20 was la kell umler !!im iJar 
conditiolls to fi gure 19 except for challge in si~I1a1 fre<luency (0.6 epsl . Marke<1 
ruul1(lin~ is in c\·i{lence. 

In fi gure 21, ( 1.2 cps. ), rounding is more complete and s iguif icunt ullenuulioll 
is ¡Ht.,';!CIII_ Roullding Ot:c urs si nce the direclion o f Ihe s timulus al len be fore the 
in itinl accommodati ve response nltaj l1s jls muimal valuc. Nole Ihc approx imutcly 
sinUSo idll1 c1l1lracleristic of Ihe response. Fig ure 22 was la ken under li ke cond ilions, 
S8"e for f req ucnc)' 12.'~ cl>sl. Here. Ihe response is ba rely <lislillguishable fraln 
nOI~· " . 

C!OSf!j/·/oop Frequetlc)' Response : 

In closed -Joop frc<luCIlC)' rcsponse lesling, lhe a rbilrar)' funcl iOIl oplameter s)'slem 
\V88 aligne<1 ""ilh respecl lo S-s Jeft ere and Ihe a ccommodati\'e stimulus was al1owe<1 
to 'lar)' il1 s il1usu iJ al fa shion he l\\'C('n lhe limils o f 0.75 D. al1(l 1.75 D. wit hin S's 
far I>oi ll l. The 0.75. 0 bias was a lJnwe<1 lo o ffset IlOS$ible effccts o f inslrulncnl 

lIl )'opia. 

As in Ihe case o f closed .loop trallsiellt response lesling, Ihe subjecl was illslruc
letl lo exerl ma ximum eHo rl at 011 times. Muhi ple ph otographs of .'i lim ulus vs. re,.
ponse ","erc modc a l cach frcllucllC)' sell ing alld phase and am pliluJe llleasuremel1 ts 
were mude from Ihese photogruphs. 

CJosed-loop fre1luency respvnse da lo revealcd a lorge non·rmlllmum phase shifl 
secunda r)' 10 s)'slem dcut! time. Fi~urt_ 23 011(1 24 are raw data al 0.05'lI rccordOO 
cps. IIml 0. 1 cps. reslleCtivel)'. It wi ll be observetlthal. al Ihe lowcr frcq uency, COII
sidcra hlc dis turti un is il1 ev idcllcc, pc rhu¡Js eccomlury lu deu<l ,zollc dfccl!!. The suh
jcet ex prcssc<1 cansidero ble <lifficult )' in responding al very Jow frequencies, and il 
is il1l e reslin~ lO 110le Illal at tllc highc r fn.'<luenc ies whole eycles were oceasionall y 
skipped ( st,'tl f i ~ure 251. 
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Al ouy givcn signal freq uency, /lol 011cycles yich.lt:d idcnlica l amplitudes, no r is 
phase shift identícal for each cycle. S uch variation is most pronounced in lhe case 
o f very high ami vt:ry low frequencies. Thís presen!s 8Omt: dífficult y in ínterpre
ling data, lIi nce frequency n:1!I>onse ana ly!is depends upon a knowlege o f the precise 
value of relali vc omplitude and phaiOC angle al cach frcquency. Allhough Ihe in ilial 
approach was lO measure the rclative ampli lude ami phase shift for each cyde ami 
lo a\'eragc 011 of Ihe!M! va lues. íl was found Ihal Ihe dala eould be plotted more 
successfully ir a procedure werc followt:d in whieh all obviously IInomalou5 tlala 
were rejecled anrl Ihe rcmoindcr were IIvcragerl. 

Figure 26 a is a plot of alllplilude ratio againsl frefluency_ The line showlI 0/1 
Ihis fi gure has bcen conslrucled lo sho\\' a ll a llCllualioll slope of 20 d b. per freo 
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(Iuency decnde, since Ihis slope t1ypical o f a firsl-order s)'slem ) fi ts the elala beller 
Ihan Ihal fo r a higher order system. Fig ure 26 b is a plol o f pllase sh ifl Ilga inst 
frequcllcy. The phase shih is lurgel y non·mini mum since lhe max imum possible 
lag for a linea r firsl orclel' 8)'Slem, free from clead time, is 9()Q. 

In fi gure 27, Ihe umplituuc and phase responses were combined 0 11 a complex 
plllne plol in which Ihe radius vector ind icales the a mplilude ralio a l u " ivclI fre
(Iucncy while polar a llgle dcfillt:s Ihe pllase angle. A ClllOoth curve was cl ra wn 
which a ppea recl lo fi l Ihe ex pe ri menta l da la. Some o í Ihe test fre{IUencies are noled 
IIlong Ihe curve. 

/'  ""
"\/ 

\I 
\

2.S CPS Q.:j 

\ 


F; JI;. 27. 	A r um jl lc:x ¡l lune repre~ent a ti un 01 Ihe empirin l 
Ire t¡u e ney re~,>on .;e " f 1110, I .. ""un urctlmlllodalive 
med mniMII. T"e radiU fi v.lt"lur tldinu Ihe amplitude 
nl;u ~ I a given freqnenry while ¡,haO<! l u~ i ~ tlefin"d 
by Ihe ¡>o lar un gle. 

OI SCUSS ION 

The prcmise upon which lhe prcscnl ü\\'esti¡.;alion has been based is thal Ihe 
al;commodalive mechanism oí Ihe eye functiolls as a servom<.'Cha llism. BU error· 
acluBted feed back control de\'iec. It IlppeaTS Ihul Ih is original assumpli on was al 
leasl parliall )' juslified s ince nu merOUl! pa ramcle rs rela ling lO Ihe mooe o f acliOIl 
of Ihe accomoda live mechanism can be (Iefi ned in servoanal yt ie lerms. On the 
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other hand, lhe accolnln odalive rnechaniSIIl scarcel y exhibits all o f Ihe autolllatic 
prol:tCrlies ascribed to the pupillary mechanism by Sta rk.4 

The firsl suggestion of a s trong volitional demellt in acco lllmooation appeare(1 
when the loop was broken by atropinization of S's left ere. JI was found Ihal lhe 
opcn·loop gain WIlS ver)' high or very low depcnding upon the altitude o f Ihe 
subj ect. This effecl was observllble with both hoth slep and sinusoidal dioptric 
in puts. 

Further ev idenee that the accommodativc !m.'Chal1ism is 11 01 full y a utomalic 
appcared when. ullder opell· loop condit iolls. the su bject responded lo a ne;!ativc 

J 

Fig. 28. A comllJex I,tane rellre>'enlalion of rhe fre1luency re· 
sponse uf HnhYllulhelicHI ~y~lem uperHling accordin¡l: 
10 Ihe formul~: 

O.6c- j 10.3",) 

<lioptric stimulus wilh a positi\'e accolllllloda tive response. This 5uggesl$ lhat Ihe 
requircd direction uf change of accommodative posture is not coded in tenns of Ihe 
ph)'s ica l characterislics of light incident on lhe retina. Howe\'er, il has been shown 
thal a subj ect can learn to utilize chromat ic aberration , spherical a berration. and 
astigmlltism to provide dirt-'Clional cues whcn p!aced in an artificial environment 
such as a Badal oplumeter. Und oubtedly, under normal environmentaJ conditi ons, 
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lillle difficult y aUtl l1\ls !!ellsi ng thc retluirt:d dircctioll o r IIccommuclali ve cha nge 
sillce mun y cut:! to reln ti ve dislance a re present h:g. monoculur IIml binocula r pn . 
ralJax. supt!rpOSi lion. (Iirecli on of convergCllce change, rc!llIi ve sizc. d C. 1 

The avoiJability of open-loop dala greu lJy fac ilitates servou nnl ysis since it pe rmils 
ready ioenilficatioJl o f certain s)'slem pararnctcrs, silllp!i ri~ malhemalical 8n81)'sis. 
and permits the pred ictioll o f closed. !oop slability. It ¡s poss ihlc, however, lo e\'8' 
Juate Ihe perfo rmunce cha rac le ri ~ ti es of u ;rivcn servom(.'(;hanism in Ihe ah!;.cncc of 
vali,1 opclI·loop data, 

The cloR,<I·lnop frequenc y responSt! eharaelcrislics meu6Ur~1 fol' subjccl. J. S.. 
were presentefl ill figures 26 lIud 27, Undcr lhe assumptiUll tha! Ihe accnmmodalive 
Illt"Chunism ca n Le Ireate,1 as u firsl oroer servo embracing dcad time, the gellcrul 
open.loop ei!ua lion was fonllulaled liS foll ows; 

.j w TI 
k e 

111 
t- jw T.. 

where: 
~ I w I 15 lhe open.loop sy!ótclTl ¡':UIII 

k is a gi,i " constant 
'1', is Ihe s)slem ,Icutl time 
T~ is lile system lime COl1slanl 

'l'he dosed.loop response is relah.'{1 lo Ihe opcn.loop rt.-sponse by meuns of Ihe 
formula: 

121 el w) 

+ e" H 

GIW) is the clo!!(.'{I.loop ga in 

is the open.loop gaill 


H is Ihe syslcm fee<l back ruclu", 


Formu la ( 1) was inscrtcd illl u formula (21 lo jJrúv ide a general e<lualiúll for 
lhc clused ·loop responsc uf Ihe eye. 1-1 , Ihe ft.-e<l haá faclor. ",as assuIlw<! lu he a 
com~l all l ddining the atlcnua lioll produce,1 by dcal! :wne. It corresponde lo a Ileplh 
of f()Cus o f roughly ± I/ G !l. Valuc:s o f T, and T~ were selccled lo be consislenl 
wi lh experimenlal1 y derived values ami lo pcrmit G{w) lo define a curve si mila r 
lO tha! of fi gure 2i. A value of k was sele<: led which prov ided unily ga in a l zero 
fret¡uenc)'. 
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Fi¡;ure 28 is 11 complelt plane plot conslrucle<1 according lo Ihe resultant formula. 
Allbough lhe general furm of lhe curves in fi gures 27 and 2B are similar, mooerate 
di yergcnce of rrecucllci t.~ for corresponding seIs of poi nI is in ev idence. 

The equation upon which fi gure 28 is based is as follol'l's: 

0 .6 e ·j (0. 3 w) 
G(wl 


. O.4(c~ 0 .:1 w.' j (0.27w 0 .4 sin 0.3 w 


Whe re: ·0.4· rcprt.'!!C/lls Ihe producl or k ami H. 

Sincc kH is negalive, Ihe eq ualion aboye defines a syslem which is regenerati\'e 
amI. as such, wou ld nol be error - correcling. Similarly, Ihe open.loop gain of a 
regcneraliyc syslem is lcss than Ihe dosed· loop gllin. We ha\'e preyiously seen that 
lhe upcn.loop ga in or Ihe human accommooalive syslem Cltcec<ls the dosed .loop 
ga ill whcn Ihe subject makes a yigorous attcmpl lo clcar a pe rcciyt.'(1 blur. 

Frum Ihc aboyc, it is apparcnl thal Ihe c ill'd fo rmula ca llnol represent Ihe 
lIclual Iransfe r fUllclion for the human accommodalive mecha nism. HCllce, il 
is or iflleresl lO speculale concerning poss ible mea ns or or,tllilling un equalion 
rur a degellerali ve s)'stem which is compalible wilh Ihe empirica l frec¡uency res· 
ponse of the human accommooaliye mechanism. 

Convenli onal servo rormulae presuppose that lhe ga in eonstant, k. <loes nol 
Yary. However, il has OC'e1l seen Ihal Ihe Opell·JOOp ga in va ries mark t.>d ly dependo 
in:; Jargely upon expended eHor!. If we call assume Ihol Ihe subj ecl " tries hard· 
er" in one frequency Tange than another, il is possi ble Ihal k may bc frt.'<lueuC}' 
(lclJeudenL ' n lC /Ilallncr in ""hich k, varying UI! a fu nction of frcqucncy , would 
influence Ihe c1osed·loop syslem gain woul<1 nol be simple. illasmuch as il appears 
in Ihe dellominalor of Ihe close<I.loop Iral1sfer fUIl Clioll as weJl as in ill! Ilume· 
ralor. Likewise, il mighl be poss jble thul Ihe nccommooa live syslem is higher 
Ihan firsl order. Unfortulla lel y, changes in ga jn .... ilh frequellcy ","ould alter thc 
aUenuation \l lape .... hilc Ihe uti lit.alioll or a 5eColld time conslanl ....ould increa\le 
the Iheo relical slope lo 40 db. l)Cr decade. Ne jther of Ihese effects a re readjly 
recollciled wilh Ihe attenualion curve of rigure 26. Auempts were 1101 mude <Iur· 
in:; lhe presenl illyes li~olion lo ulilizc e(IUOliolls hav ing more Ihan a single lime 
conslanl . 

One furlher IKlssibilil y e:<i~ tll l ince jt is knowll lhal a salisfaclory fil of Ihc 
cltperilllcnlal cun'c ,·an be obta ined if Ihe Ilulllerica l value of Ihe syslcm lime 
constant is increase<l. A value of 1.5 seconds yie1dll a reasonobly satisfactory fil. 
bul this voJue seems unJikely since il excecds Ihe experimcntaJly derivcd yalue 
by a faclor of fi ve lo six times. 
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Figure 29 il! a block diagram of the human accommoda tive scrvonu.'chanislII 
showing its relationship to the experimental condiliOlls of the presenl im'eslign
lioll _ Sources of lime dcla)' a re nol nole<1 expl icilly 0 11 Ihe diagram bUI are un
derslood lo exisl Ihroughoul Ihe s)'stem in the forrn of nerve conduclion al\(l ~}'. 
naplic Ilclays, as wcll as neuro-muscular lags allo ocla ys associated ,,' ith Ihe 
muscle·lellS dyuamics_ Under Ihe condiliolls of open -loop lesting, lhe lu:cornmo· 
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Fil!_ 29_ 	 A blo,-k di llJ: rurn uf lil e l,tlUlwtl a r'-UIIl IIl<>tI ,lIh-e • .,rvII ",.,rhllni om " b rel"Ied lo Ih", 
..ondilion~ or Ihe p r elioe lll inv"' ",I;!!lIlion. 

tlative servo-loop was inlerrupled al X 1 by alropi llizalion of lhe left e)'e, while 
110 lighl was available lo the right eye by virlue of the IIbsence of visible radia· 
lion in Ihe infraroo oplomele r syslem. This had Ihe effecl of break ing: Ihe servó
loop al X2. Oplica l readout was takell ot H. 

In Ihe brain , some para meler of the cortical " image-' rela ling to perceptual 
cla rit y is aceepted for olle o r Ihe other eye al1<l compare<1 at summing jUllcl ion . 
S, wilh a referell(''e input. The precise nuture of the reference input is unknown . 
Perhaps the oulput oí Ihe retinal derivuli\'c fi bcrs is inv"lved sinee this relates 
lo lile cont rast ¡au<lient at the irna:,:e bo rde r. 

We ma y assume lhul ga in is uelluired in lhe forwurd loop while lile action oí 
lhe feedbuck loop is pussive. lt muy be furl her uS! umed that the forwa rd palh 
"inverts" the signal so as lo make the s)'stem degenerative_ Consider the forwa rd 
puth lo contuin a single opera tionul amplifier and a time dela)' , and lhe feedback 
palh lo conlui n only a time dela}'. It i~ likel )' thut Ihe lime constant of the ae
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cOllunodali vc s}slcm is rclaled lo lhe musde·lell5 d )'lIa mics. a: lhough i15 precise 
silc is of liule iml>orlanct: lo the prescnt problcrn. 

1\lIhouSh bOlh Ihe supra.n uclear accomlllo(lali\'e ccnter ami Ihe E. W. !luclei 
mu y be tll uughl o f IU! contrihuling gain . il is likel y Ihal voli lional conlrol exi.. l!! 
on lr in ¡he supra·nuclear cellter. An alterll lllive 10 !!upposillg that ga in \'aries ""i tl, 
\'olitioll in 8 "refl cx" system is lo imag ine Ihal ti true re fl ex S)'Slclll (witl! constan! 
gainl ex ist.'!. "",hicl! ca n be o\'crri<I(len by im pulses ori ginaling nI a cenler for \'0· 
IUllluq' accollullOduli oll. The more rensonuble assulIlption. huwc\'cr. would scem 
lO he Ihe former and il is likcly lhal the corlical ·' imag.e" is in some manner eva· 
lualal wilh rl'..5 lteCl lo clnrity ond. should u eorrecli\'e aeeommodativc ae! he ne· 
cessar)'. direcliolllll CU<:1I are pro\'idell frOIll an external source. 

Ahhoug:fl 1101 allatomieall )' esta blishcd. lhe possi hili ty of ki neslhelic fee<l hack from 
Ihe c iliar)' musclc or associated slructure5 must be cOlIsidcft,,<1 in the alla lysis 01 
Ihe accommotluti \'c mt,"'Clutn ism. Such auxiliar)' loops. should Ihe)' ex isl. could 
be either rep;encra ti"c or de¡.:ellernti ve. In Ihc formcr case. Ihe)' woulJ serve lo 
increase sa in whi le in Ihe laler Ihe}' wou ld lend 10 renuce ¡;ai n ..... hile expandinp; 
Ihe Hat portion of Ihc fr(.'(lucnc)' respOllse cur\'e. 

The dottcd Hnes in fi gure 29 ind icale possiblc ~ il e~ of propr ioce jlli\'c loop!!. 
Undcr Ihe con<litions of ·'opc n·loop" tC5ting. toop Kl «(1) ond/ o r loop K2 la ) 
would be <Icaclivllted. wi le loop Kt (!J i a ndj or loop K2 ( b) would he unaffecte<l. 
Such interna l loops coul<1 shifl Ihe freq uenc}' break poilll a lld a ltcr Ihe forwan) 
gain uf Ihe syslem. S illcc. howcver. the cOlIslanls from such sub.s)'slems wou ld 
he lumped wilh Ihose from the remoinder o f ¡he mcchanism. presen(,'c or a bsc/lce 
of su..:h auxiliar}' 100llS ('ould not lit! in fe rre<1. 

SUMMAHV ¡\N D CONCLUS IONS 

The purpose of Ihc prcscnl ill\'esligat ioll has b~'t:1l lo analyze ¡he :lccommo<lali"e 
mechanislll as a feedhack control <le\' ice. AccorlHlloda tive rcspollses lo holh sillu, 
so idal ltlld step slimuH were rt,"t:onlctl h)' mea ll !! of un i"frarCfl opl omeler. The 
responscs were, in each case, compure!l with Ihe stimuli ami the dala wcrc sub· 
jt,'Clc{1 lo ser\'oana l)' lic Icdllliques. 

TI1C more significanl f indin~s of Ihc pr~'!Ienl invC;¡ligalion follo\\' : 

l . The closed.loop Ira nsient response of Ihc human accommooali \'e mechanism 
O(."t: urs fo llo..... ing a time delar and is approx imatel)' exponential. Wilh non·repe· 
lili\'e signa ls, Ihe lime dela)' is approximalel y 425 milliseconds for bolh posi ti\'c 
accIHluJlodation amI al;('ommodati\'e relaxa lioll . Wilh repet ili \'e sif:. nals. Ihe lime 
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dd a y averagcl 240 milJ iseconds for posilive accommodalion 8ml 200 milli5CConds 
fo r accommodal ive rela xa lion . 

2. The lime consla nl o f Ihc accornmooalive mcc::hanism was cstímuh ..'1:1 Dccord · 
irlg lo 1 ..... 0 a ilcria. The resultll fo llow: 

Posilive AccommodntiOIl : 

63 % of full ·scale basís: 2í S tIl i1I i!\ef;otlds 
Inil ial slope ha!!i!!: 325 rnilliSl..'Co nds 

Accommoda livt: Hcl.llx ulion : 

63% . r f ull·scale ba~is: 250 ll1i llil!ecumls 
Inilial slope hasis: 346 mi llis(.:comls 

3. The dOsell .. lo .." fre<luenc::y response data c::ould be fit rcasona bly wcll by U H 

3t1enu3l ioll curve having a constant !llope uf 20 dI,. per rrequency dt:C::¡Hle. Such 
a slopc tr pirics JI fir sl ordt: r s)'slem. Phase anal rsis reveals a ver)' la r;!;e non-mi
nimum componenl which is relale<1 lo sys!em dead lime. 

4. The II cc::ommodlll ivt: servo-loop wa s opened by a tmpinization of S's leh 
ere. A negalivc accomlllodative stimulus ( Le. a prc- focal blur ) was provided ror 
Ihal t:ye. The righl eye uf Ihe subjecl respondefl in lh t: manller which would be 
expecled for a posl.focal hlu T. This suggesls Ihal d in:ctionul cues are probab!)' 
/lO! provid ....'1:1 by ph ys ica l characlerislics of Ihe stimu]uling: ligh!. As sueh. il i~ 

likcl )' Ihal u subjecl. under norm3] environmenlal cond ilions. learns lo ulilil.t: 
numerous I inclu{lin¡,! ps}'chicl eues lO ind ica le Ihe r......!u iretl ,Ii reclioll a f accolll· 
1I101lal il'c chan~c. 

5. Opt:n-Ioop ga in appcared hi gh under Ihe cumlil iun thal Ilu: suhjecl was 
instrucle<1 lo allcmpt vígoro usly lo clcar any I~rcc i l' ....-d bl ur. Unde r Ihe conditi OIl 
Ihal lhc subject WH S inslrucled lo respond pass ively. opcn.loojJ ga in W88 10 10'. An 
ahcrnalive lo a8sum ing Ihal cha nges in gll i!! CIIll be iuduced I'ol untaril y in u ·' re· 
flex" met:hanism is tllc assumplioll thut a refle x mech,mism ex isl!! which CUII 

he ol'erridflen hy im pu lses o riginaling at a "I'olunlary control cenler" . 

6. Under Ihe assumplion Ihal Ihe human accomm(}(lalil'e mechanism is a fi esl 
o rder sen'o embracing dead lime a nd llead 1.one. 811 allempl was m8(le lo foro 
muiste Ihe sy!lelll trallsfer Ctlualion . WhclI a formula was eOllstruclt:d which 
prOl'ide<1 a sa tisfaclo rr fil of Ihe emJliriea l frequency response da ta I u!iing cons
hUl ls compatible wilh ex experimelllall y dt:r ivt..J I'alues / _ il was foune! that Ihe 

(1resulliug c<lualion define<! a regellerali l'c !iyslem. Since such syslem .....uu ld not 
he error·cor recting. lhe e(luatioll must be rejt;d t.'( l. 
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7. While il il! appa ren! !ha! voli !ion plays a n essential role in accommoda!ion, 
under norma l ellvironOlcn!ul eond itiOlls ul."commooa lion !cem! lo be a utomatic 
(in Ihe sense Ihal conlrol il! nol al a conscious leve]) . /\ian)' persons Illaced in 
un cll vironmcnl in I'I'hich fel'l' of Ihe norma l e ues lo dista nee are prc!Cnt (cg. 
Badal Oplometer) musl Icarll lo rcspond lo differenl eOe!! Ihan Ihose lo which 
lhe)' II rc Itceuslomed. This aceou nls for Ihe di ffic ulty o ftcn cncounlered in measur· 
iu!; acconullOflalive chull~es in !he eye of 11 /1 unlra illcd subjt.'Ct I'I'ho is allempling 
lo respone! lo accommocla li ve slimuli pregenled in a Badal syslcrn. 

!:l. Further resca rch is in{liculc<l, ulilizing a g realer number of subjects, lo derive 
a rca lislic Ira nsfer c<¡ull li on fo r Ihe huma n accommodalivc med18llism. A majo r 
obslacle in Ihe "reselll illvesligalioll has been Ihe facl Ihal Ihe allenualiOIl curve 
shows fI slope charflclerilllic o f a firsl orde r s)'slcm. while allclluation commences 
(\\ ti vcr)' low fl'cq ucllcy. This 5U!;Et."l:iIl! ¡he presence of a regenc rali \'c s)'slem 
f 11 0 1 possible sinl.:C il woul(1 nOl be c rror.co rrt.'Cling ), or a syslem having a time 
consla nl Ivo lon¡:: lo be rcconcilt.-d with ex pcrimenlall y derive<! values. Perhaps 
volunlary factors enler strongly ¡nlo fre(luenc)' response data, or perhaps lhe me· 
chl1l1is//l o f /jl.:co//l//lodali oll is loo complcx to be accounled fo r on the basia of 
ü //locleJ which is ü firsl order M:rvo containing a single loop und embracillg 
lime deJa)' ami deud zonC. 

The Pellll, Slale College of OptomelT)' 
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PATlENT INTERROGATlON 

KY 

JACOB COHEN, O. D. 

PhilMde1llhil, P • . U.5.A. 

The praclilioner of all}" healing art is guided in his examinalions by Ihe slale· 
menls of the patienl. The value 01 these statemellts wiU oflen be determined hy Ihe 
')"pe of queslions asked. The purl)(l!!e o f (hi! paper i! lo a id ,he practilioner in his 
interrogatlon of Ihe palient so Ihat Ihe t e!lponse& re(.'eived will be of lhe g reale5t 
valuc. Let us state al Ihe very begi nn ing that we are nol atlempling lo set up a lisl 
of qUe5tions ,,'hieh would he suitabJe for all paliens, a ll praetitioner.! and a ll si· 
tuation!. 

There is good teason fo r our 1101 bei ng a ble lo recommend a fi ll:ed, alJ·kIlOw· 
ing rouline for palient interrogat ions. In vie w of Ihe innumerable possibilitie!l 
whic:h may eonfronl lhe practitioner in his daily COnlaet with palienls, an)' allempt 
lo lille up an all.inclusive, fool·proo f melho<! of <IUt:stiollillg would prove futile . 
If we bul stop lO cOlIsider lhe IremendoulI 510re of knowledge and experienee 
needed for queslioning a patient illtel igenll)' all(l pertinenll y, we musl co nclude 
that devising a complete and Ihrough routine of pnlient queslioning is all almosl 
impossihle task. Yel, botl! insíde ¡¡nd oulside our fi eld of elHleavor, Ihe seeming 
weaknegs of some practitiollcrs in sellrdlillg oul and rccording un adequnlc lInd 
rc!eva nl palienl hislory mo\'cs lhe a uthor lo altempl lo give nI leasl sorne diree· 
tion in history laking lInd recording and to oHcr !omc SU8!;Cstiolls in thc I)'pe 
of Ihinking which should motívale Ihe questioncr. 

To th ose ex perienccd praclilionerl! who ma y lhink il presumpluoul! 0 11 Ihe part 
o f the a ulhor lo undertake this weight)' 5ubj t.'Ct, lel us ussurc them Ihal we hUlllbly 
ag ree wilh Ihei r poin! of \' iew. Neverthelc56, Ihe Bulho r feels lhat hi5 interesl 
in Ihe 5ubjecl, hil! own background and Icnglh of experience make him somcwhat 
more qual ified lo offer the material whieh follows. 
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\Ve like lo Ih ink Ihal primary rt!ason for prnelicing our profe5ll10n is lo a id 
Ihose st:cking our eounsd and help. Idca lly, if our pa lienls are lo re<:eive Ihe besl 
possibJe ca re, evcry slep underta ken should be ea rr ied oul adeq ualeJy and ever}' 
11e<:e!;M. ry lesl shou ld be perfo rmed il1 Ihc eHorl lo correel al1)' and aH defects 
prcscntcd . This hr ings us lo Ihe rn:gi nnillg of Ihe cxamillalion or, more correclly, 
lo Ihe begin ning o f o ur palienl conlacl, i.c., meeti ng Ihe palien!. 

There is no quesl ion hui Ihal Ihe manller wilh which lhe doctor and palienl greet 
cach other and the manner in ""hich Ihey cuntinue lO CQmmunicale Ih roughoul sub· 
!IC(luenl visits wi ll produce eerlai n definile, mental im pre5sions 0 11 onc anuther. The 
"er)' starl of Ihe relationship may spelllhe suecess or la ilure o f handling a case. The 
lnl lia l phase of contacl should slart Ihe convey ing of a feeli ng of con fi dence. This 
is importa nl because the confidence eslabl ishe<1 in Ihe mind of Ihe palienl in the 
shorl interval bel""een Ihe inilial g reeling und Ihe beg inning o f inlerrogalioll ""ill 
oft en delermine lhe kind of rC5pon~es Ihat wi ll be g i\'t!1I lO the (Iueslions asked. 

Pe rhaps, some clarification is needcd for the lerm, patient interroga/ion, IU used 
here. To tht! ""riler, Ihis term embraces meeti ng Ihe patient, taking his pre-hislor)', 
ami cliciting all ! ubjeclive ocular s)'mploms and complainls as well a~ any pcrli . 
nent s)'slemic ~ymploms ""hich mo)' exisl in the prC5cnl or 1III\'e ex isled in Ihe 
past. \Vhile laking the pre-hislory, Ihe doclor ""ill hove suprfi ciall)' p~}'choanal)'2.ed 

and evaJ uoted the pOlienl. The patient'~ abili t)' to comprehend I1 l1d respond has 
registered Rnd the doctor's insighl inlo the palien! '!! relalive intelleel ual capaci l}' 
has bet!1I exercised. An y furlher qucstiollinp: will now depcnd UpOIl the doclor's 
eVAl ualion of Ihe palien t's com prehension and answering a bilil)'. 

The pre·hislor)' is followed b), Ihe taking o f Ihe aclual hislory. Hislor)' is 
defilled as a recording of Ihe pos!. 1\1 ally doclors prerer lo record significa nl past 
actions al1(l rt!8cliollS ufI(ler hislory and to list significa nl symploms under 8nolher 
heading, The a uthor prefers lo ind ude, under Ihe head ing of histor)', all signifi. 
cant actions I1nd reaclÍons o f Ihe pasl, subjeclive symploms uf Ihe prcsent, and 
lIillls of pre\'enlion for Ihe ruturc. Hislory taking noturally conlinues during 
subSC<luclIt testing alld all sa lien! remarks a re rcco rded. 

The aim of our inlerrogation should I>t! twofold: lirsl, lo Iry lo resolve Ihe pa
lienl's complainls and s)'mptoms inlo 11 "chief com plainl", which ml1/1y limes 
is nol so cas)' lo do as il mighl appea r ; and second, lo procced lhere from lo 
appl)' all our Arl and all our knowledgt! lo Ihe end of rendering Ihe palient corn' 
fortable ami salidied. Ma)' ""e rt!peal our thCl! is for emphas is? \Ve interrogalc Ihe 
palienl And elicil hi! signi fi callt compla ints so Ihal we ma)' eva luate his condi lion 
and thus apply all Ihe knowledge a nd procedures we have avaiJable to give him 
Ihe relief he seek5. 
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For all history taking. we should formu lale a lisl of stock questions and use 
these as hasis for interrogalioll. \Ve should make Ihis list as complete as possib1e 
and use il in its entirel)' , omitting onl )' the quCS!l ions which oh\'iously do nol apply 
lo Ihe particular patiellt. Cradually , as we become mo re adept in histor}' laking. 
we ma y make use of varialiolls, additi ollll, subslilulions and delelions lo pin.point 
perlinenl symptoms 8nd complainls. 

As (he interroga lion progreSSl..'S, Ihe direetioll Ihe examinalion will lake be· 
comes formu lll led in our mind. Here, Ihe old adage, " Expe ricJlce is lhe be5lleacher" , 
was ne\'er true r. Let us lake a look al Ihe suggesled outl ine helow IIm1 examine 
il cardully. The s}'mploms a nd complaints lisled are everyday dislurba nces which 
hrillg pMienls i!llo our o HicClI sl.'eking relier. Often , 0 11 Ihe one hand, a single 
s}'mplom may be jl\(licali\'e of a variet)' of cOllditions: while, on Ihe ol her haJl(1 , 
II combination of sy lllploms (s)'ndrolllel 11111 )' ind icale 01\1 )' a lI ingle dert~el . 

OUTLlNE 

During in!errO~alion Ihe following prelimina ry dala IHe obtained from Ihe 
palienl : 

p,.e·History: 

Name: Uale: 

Address: Telephone Numbe r : 

Date of Birlh : Occu pation: 

5e'O;: Avocalion: 
Source of Rderral: Namc of Family Doctor: 

The lakinlí o f prelimina ry dala is fo llo wecl by 811 inlcrrogalion ,,'hich req uirt.'S 
the I)I!!;! all!!wer~ the palien! is able lo suppl y. The doclor mu! t be palient alld must 
~ea rch o ul Ihe correel answers by IlersiHcn l qucslionillg and careful. allenli\'c 
listelling. 

UCI/!"rr lIi j/ory: 

1. The fir~ 1 (IUeSli ol1s hcre may be, "\Vhlll is Iro uhlillg )'ou? Why are )'OU ha\' ing 
) our eres cxamined?" These mighl be lerrne<1 Ihe I cadill~ q Ue!'liom!. 

2. These qucsliolls are followed by: " Did you ever hll\'e your eyes exam ined 
be fore?" Ob\'iously. Ihcre is no oUlsla nd inl1g clue lo show Ihal Ihe palienl has 
had pre\'ious ere careo If Ihe !)8licnt has hlld his eres examine<! before, wc might 
expecl hirn lo be somewhal fami liar wilh the eXIIlllil1l1tioll routine a mi lO displa)' 
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8 lesser degrt."t,: o f 8 11 Xicl y when he dt,'SCril>es his .!Iymptoms Ihan would someone 
who has never had an eye examinalioll. 

3. If the palienl i8 wea ring a correclion, we ma )' ask him . " How long ha\'e you 
been wearing )'our glasses?" If Ihe palienl is nol wearing glasscs bul g ives a 
hislor}' of havín!! had his e)'~ examined pre\' iow!I)', Ihe praclilioner should find 
oul as accuralel)' as p05!! ib!e whether treatmenl was in5tiluled al lhe lime, the 
nalure of an)' trealment, and whelher or not glasses were prescribed. 

4. I f the patient is wearing glaases, a determ ination of hill villua l aeuity bolh 
with and wilhout Ihe glasses ill place ma )' teH the complete stor}' of Ihe I)'pe ol 
eorreclion he ís wea ring. Often, the obvious. ph)'s ica l aspects of Ihe ¡enses wiH be 
sufficienl lo g h'e Ihe de!Sired informalion. 

5. Ord inar)' phYl! ica l lI)'mploms, 5uch a!I smartling. burning. itehing, aehing 
and Ihe sellsa.lion of pain , all seem lo ha\'e different mean in:.;! lo d ifferen people. 
It i8 helpful lo ha ve Ihe patient disdose the a rea of dislurbanee, For example. 
itchirl g ma )' resull from an allergic dermatitis, or il ma)' be relale<! lo a low grade 
b!ephariti! or lo a conjunctivitis. or lo bolh of Ihe eonditions. Smarúng and 
burning "resenl acute sensati ons, Ihe forme r usuall)' bei ng lesll 5evere Iha n Ihe 
lalter. Smarfing ma )' ari5e from Ihe pre5Cnce of smoke a nd fumes in the atmos. 
phere:, whi le a burning 5ClI€al ion arise! when some foreillg malter is aecidenl! )' 
flo lO'n or rubbed onlo Ihe cOlljullcliva . The complainl oí aching might lead us lo 
Ihink of all aceommodati ve spasm, an acute eonjunctivitis, or poSllibly o f glaucoma 
simple:.:. The ex islence of pain should alerl Wi at once. I'ain denotes a sha rp 
discomforl alld lead5 U5 lo look for 8uch cause! as a n im bedded foreign bod)', a 
keratitis, al1 irifi j. all aCIJ le glaucoma, dacryoaJellit is or cystitis. 

6. The com pla int of plwtopftobia i5 an a ll·presenl t)'pe of s)'mpt om. It ma }' 
accompa ny a ny one or mo re o f Ihe preced ing symptoms alld be combined wilh 
othe r eompla inls, of ""hieh fatig ue is a comm on membre. 

7. EXceMÍ\'e tearing is a eommon com"lainl. lt has various indica lion8. When 
it ill prC!Cnt, the di reclion of our thinkin{!: , as in Ihe case of ma n)' of the s)'mptomll 
aoovc, must depend on a consideralion of Ihe presence of associated a nd accom· 
pan)'ing complaints. 

1;1,. There a re mun)' typcs o f hCOllacheJ . The complaint of heaJaches ma )' or 
ma)' nol indica te a need lor a refractive correction or all associated lreulment. 
lt is impo rtant to ascertain Ihe usual t ime o f onsel of the headache5, their fre
<Iuene)', Ihe t)'pe 01 ""ork done by Ihe palient amllhe lighling condi tions aS50cialed 
with his work and olhe r aetivilies. Any of the5e data may offer imllOrla nt elue!!. 
Parieta l heudaches a nd mornillg headaehes a re ra re! )' the results o f ocular d istre5s, 
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ulthough all olher Iypes of headaches may be caused by slresses a mi dislu rbances 
accompan ying visual eHort. 

9. The doclor should find oul abou! uny pas! mjuries. We should ask, "O id 
you ever have any injury or Dccidcn! lO your cyes?" If Ihe a nswcr is in Ihe a ffir · 
malive, we musl Ihen IIsk, " How, WhCII , wherc?". 

10. After we IIre satisfie<1 Ihal ...'e have a clea r understanding: of the palienl 's 
reasons for secking our services, wc may Ihen state concisely and simply lo Ihe 
palien! his chief complaint. 'fhe reaclion lo our stalemenl will lel! us whal the 
patient really desires. 

Systemic H islory: 

This part of lhe exam inalion may hegin with , " How is )'our gene ral heallh ?" 
This is a routi nc quctition. Any addil ional queslions nnd nns...'crs ,",' ill depend 
on Ihe patient 's well·being a nd on a ny objeclive symploms wh ich ma), be dis· 
cJosed during: Ihe exam inalion. S uch symploms may apply lo ear, nose or Ihroal 
condilions; lo vascular, endocrine, liver, pa ncreatic. neph rit ic or inlercranial 
upsets ; and lo heredilary or congcllilal defccls. 

Ati<lenda lo lI islory: 

AIl )' significanl vllria lions from Ihe normal of ei lher a n ocular or syslt:lIl ic 
lIalure noled during Ihe cours.e of Ihe examinalion should he followoo up by 
lhe pracli tioner . Thi!l ",' ill require addit ional queslionillg ancl the recording of 
more data. 

Subjecli \'e lIy mploms mar hllve cl ifferenl inlerprelalions al differenl age levels. 
As far as possible, Ihe sigllificance of spec ific lIyIllV!OIl1S musl be qvaluated ill 
lerllls of pOS!l ible ocular causalive faclors which have broughl Ihe palienl lo seek 
our servic{.'II. The vroha hili ty o f our deduclions wi¡¡ be delerlllined as Ihe ella· 
minalioll progresses. 

As we are a ll awa re, Ihere a re un infinite number of <Iucslionli whiclJ may be 
direcled lO Ihe palient du ring an ellamillation. nle anal ysis o f one palien!'s symp· 
loms ma}' be accom plished w¡lh facili ly during: Ihe inili al questioni ng peri odo 
while the diagnosis of anolher palien!'s complainls may be oblained on l)' a Íler 
11 prolonged period of diligenl sea rching. The knowledge a nd experience of lhe 
practiti oner will guide him in deciding whelher a given qucsliolling period should 
be of long or shor! duralion . The basis fo r Ihe amounl of interrogalion, of cou rse. 
wil! depend 011 Ihe va riel)' of s)'mptoms, appa ren! seriousll~s of Ihe cOlllplaints 
and lhe abi lil )' of Ihe pracl ilioner lo ullderslancl thcir meanings and eva luale 
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Iheir possible causes. Usuall y, Ihere ex isls one main complaint for which lhe 
palient is 8eeking a remed y. Othe r dislurbanees ma)' be either secondary eymp· 
101ll!! or complainls which are insignificanl cOlllpared wilh lile symplom of ellief 
concern. Usuall)' , Ihe g realer Ihe severity of the prima r)' cOlllplainl, Ihe less ",' ill 
be Ihe need oí imlllcd iale allenli on for secondar)' d ifficulties. We must be ea refuJ 
!lol lo confuse associated spnptoms of Ihe prima r)' eom plainl wilh secondar)' 
symptOllls which may afise fn.. m other {Iifficultidl of minor importance. Nalu· 
ra ll y, Ihe g rea ler Ihe doctor's experience. Ihe more poill ll.od amI <lirecl will be 
his (Iueslioning. When Ihe complainls do 1101 ndd up lo a clear·eul piclure. or 
the p¡eture !leems lo present a focus out!lide the scope of our practice. Ihen a 

con!lu ltation is indiealoo. 

Lel us follow Ihe oull ine jU!l1 presentefl Ilnd sec what type of questions we 
would emplo)". 

Pre.llütory: 

The palienl's gl.'Ographieal loca lion and his li ving. standards may present s¡><.'Cial 
prohlems. We mus!. Iherefore, Ir)' lo be awa re oC any possible d isturbing condi· 
lions ex;st;n¡:; in Ihe area where !he palienl lives. The age of the pal ienl is im· 
portan! as Ihis should alerl us lO condiliOlls whieh ma )' be ca used by Ihe faclor 
o f time. We should also always keep in mind lhe occulmli onal hazards lo which 
Ihe palient Illll )' be exposed. 

The histor)' should be¡:;ill wilh Ihe (Idi nile complaint of Ihe ¡)a lient. It ~hould 

incJude ollsel , fre{lucncy, durati on, elc. However, if Ihe compla inl is vague, i! 
is recommcnde(1 Ihal Ihe q ueslioning slarl wilh Ihe ocula r hislorr uulline !lu¡::-, 
geslee! here. 

A kllowl t:<lge of ~ymptom5 i~, of courSt!, mundalOr) fur :In understand ing oí 
Ihe rcaSOIlS whieh molivate Ihe palien! lo seek a ttention. Tlu: comprehcnsiotl of 
cause and effec! is helpful in enabling Ihe doctor !o correJa!e Ihe informalioll he 
ohlai ns. The more dcfinite ami informative Ihe respon~ of Ihe palien!. Ihe 
more reud il y can Ihe doctor arrive at a lenlative diagnosis. 

1I i ~ nol Ul1commOll for ti "alient 's compla inls lO be of such a nalure Iha! Ihe 
impressions presenled wiJl cause praeliti ollcrs o f differenl sJ>eciahies lo IIrrive at 
differenl decisio ns. [\. Iherefo re, behooves us to ul ilize Ihe knowk'tlge of differential 
dia~n05;.!i !lufficienlly lo decide (In lhe ufl(lerlyinf:: conditi on IIml lo decide on 
whelher Ihe palienl belong witha in our seope of praeticc. whcler a cOllsu ltalion 
is dt.'S irllble, or whet her the patient i5 in t1 t,,'ed o f lhe scrvices o f more Ihan one 
Iype of praclilioncr. It is nol nettessa r)' lo .!ilate here how rewar<linj¡: il i5 lo be 
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a ble lo make a proper differenlial deduction o r 10 be able lo channel Ihe patient 
for specia l and proper care when Ihal is hi s nee(L 

Case histories as uauo lly cllcounlerc<1 ma y he groupe<1 illto Ihe following ca · 
le~orie!. h wiJI be observed Ihal cach colegory beeomes pro¡; rcssively more 
challenging. 

1. Simple /Jefect:s: A patietn wilh n mUd degree of myopia will present pour 
dislance visjon alld good near vision without his correcliOIl. The presbyope re· 
(¡uire!! help at the ncar point. The hypt: rope shows \'arious degrces of visual 
acuily, according lo age and olher faclors. 

2. Mi!Jfy /n volved IJefecl$ : Pa lienl!! in thi!! c1asifica lioll ma)' show oSligmalic 
erron. mild muscle defecls un<1 comhinalions of severa l problems. Tbeir symploms 
lIloy be \'ertigo, heauaches. ncurasthcnia. hysteria. etc. 

3. 1)' 1'''' "¡',, compli<D'io"" Th"" pal;o"l, p,,~,,1 p,"blom, ;"'01>·;". ",. 
reopsis, diplopia. g ross muscle imba la nces, all limelropia , anisei konia , aphakia. elc. 

4. I/eree/itary alld COlIgl1l1ilallJt!Jl1cl.5: The problems presenled b}' Ihese pa lien!! 
indude calamcl!!. relinilis pigmenl osa. colohomas, elc. 

5. Acquircd DcJecu: Palienls in Ihis calego ry ma}' display trauma, organic dis· 
Irubanees Dnd secondary ocular involvemenls relaled lo syslemic dislurbances. 

We a re aU fa milia r wilh caSt.~ a f simple refraclioll in wh ich relal ived Ihe sallle 
error is fou nd in a Ilumber of differenl ind j\' iduals, each one of whom re<luire5 
a differenl a pproach becau!!e ellcb one prcscnls o differenl sel o f lI}'mploms. The 
psychological underslandinp: of Ihe beha\'jor of Ihese palienls a nd Ihe applicalioll 
of our comprehcnsion and knowle<lgc to Ihem lila}' spell Ihe elifference belween 
Irealed palienl alld .roti..sJactori/y Irealed patienls. In conlra·(lislinclion lo Ih~ 
cases, there are some whieh present semingly more involv.,.1 crro rs hui requi re 
far 1e5S IJampering IInd nllenlioll. for example, a high astigmalic error mil)' be 
easier lo correel sat isfactoril y Ihan a low one. Congenilal s ud hered ilorr defecls 
may re(luire relalively !e\'ere cour!ieS of Ircalmenl und are m.m y lime! alllcnoLle 
onl)' lo Ihe use of lIubn ormsl vision aids. Ac(!uire<1 dereel!! usuall y s!.lCak fo r 
Ihcmsclvcs anJ a rc readil)' idcntificd. 

The vaslncS!l of Ihe ficld wilh which we are cOllce TnC(1 mllkt.'fl ilself a""lIl"enl 
in ma ny ways. r o r exalllplc, whclI o palielll complains of dizzincss, for which 
Ihere are Jisle<1 al leasl fifleen ca u!ieS, we musl make 011 aslulc de{l uclioll lo 
delermille whdher or nol the \'erligo lIlay be allo ye<! o r subducd b)' sn)' Irealment 
wilhin our fi ele!. The cause ma)' be a single defect or il lIla y be a combillolion 
of faclorA. This Iype oí approach in our thinkillg musl he applied lo llIany sylllp· 

175 



10m!! encounlered in our practice, such as headaches, neurasthenia and hysLeria. 
For cnlighlment on lhe ca uses underl ying Ihese compla inls, we musl draw upon 
our knowledge of abnormal psychology, palhology, Ilhysiological optícs, and re· 
fraelion in its fullesl sense. \Ve musl be read r lo recognize Ihe ex islence of man y 
syslemic d iseases which presenl heth sub jectivc and obj eclive ocular symploms and 
be able to decide on Ihe tn.e of referra l needed. In the case of lhose de fecls which 
a re rather seve re a nd show an advanced o r irreve rsible change in ocula r fune
lion. we must prcscnl a report, preferablr wrinen , lo a (near ) member of Ihe 
famil y or lO lhe palienl 's phrsicion. 

There are palienl! who vol unlcer full , unrclalt:d. historical episodes. Oflen , 
Ihi li lrpe of individua l is ver)' an xious aboul his eres a nd is Ir)' ing lo be moot 
helpful. He may hope lo ullcover for us lhe clue which will gil'e him besl visiono 
On occasion. a lonel y I>CTSO!I mil )' use Ihis a pproach lo prolong his visito A sy m· 
pathic ca r on OUT part lO' iII help bolh Ihese In>es o f persons. Of course, we 
record only relevanl data . When time is lacking, \\'e mar ass ume a more dominant 
aUit ude and beg in asking quesli olls o f a more Iw illled Ilaturc. Howevcr, il musl 
be admiued Ihal a toleranl and liy mpathic auilude may be verr beneficial lo Ihe 
palienl in oblaining Ihe feeling of securil y which he seeks. 

AlI loo rare is Ihe palienl who submils himself periodicaJly for ocu!ar in vesti
galion as 11 mcan!! of finding out his ocular status. This approach should be 
cncouraged, as a widc.spread ha bit of periodic eye exam inalions would benefil 
Lhe public eno rmously. This tY¡>e of palienl o ffer a real challange lO lhe pracli
lioner, s ince he prescnts 110 ob\'ious symploms. 

We must understlll\(l and Ill'prt."C iate thc ps)'chosomalic aspecls of our palienls 
if we IIre lo care for Ihem prol)Crly. Whc/I we observe 11 va rie!)' o f complainls re
ported by different palients, all \\' ilh more or les!l Ihe sume defecl, aud when we 
find one pa lienl wilh lhe sa mc dcft.'c l as Ihe other!! and no complaints al all, we 
are Icd lo wonder. The reason seems obvious. The re3clion of Ihe individual lO 
his physical shorleomings (Iepcnds 0 11 h is personalit y. The [lS)'ehoneurotic, the 
individual with an anxiely complex. and ¡he neurasthenic, aH pn:sen l symploms 
of Ihe ir di.scomforts in ,·a rrille; dce;rt.'n. depending on Ihe ir emotional !llales: 
while phlegmalic 81\(1 depressed individua ls wilhstand the same diff icult ies wilh 
Iinle or no cOlll pla inl. To aH thcse cons iderations must he added a n awareness 
of lhe working condili olls o f Ihe palienl and Ihe condiliOlls under which he 
uses his eres. Wc musl rcmember Ihal a combill81ion of factors ma)' precipitate 
symploms and complainls. \Ve ea ll 5Ce Ihal psychosomal ic faclors pla y a large 
part in our practiees. It behooves us lO Iry lo ullclentand our palients beUer 
!!lO Ihat \\"e may prescribe for ,hcm lO·ilh a full er comprehension. 
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'('he aulllor cannol ag rt..>e wilh Ihe &chool of thoughl which Icaches lha! mosl 
symploms or complaints a re presenl nol beca use of Ihe exislence of physica l 
dcfec!s, bu! in add ilion to Ihem. We believe Ihal the dcfeel precipitate!l discom
Jorls which are magnified when Ihe ocular apparalus can no longer endu re 
the dcmands made upon il and Ihan these diSCOlllforls are made more noticeahle 
by other contributing Jactors, such as poor ¡ighling effects and a weakncss 
of emotional slability. 

SUlllmory: The Irue a rt o f prescribing illvolve!l Ihe application of Ihe multiple 
fi ndings oí an adequate exam inalion lo Ihe salienl complainls and symptoms 
of Ihe patienL To this must be added a lhorough evalualion of !he fi nd ings 
from a satisfactory hi slory wilh Ihe persona lit y of Ihe palienl included in Ihe 
fina l analysis. 

Concfu.sioll : 

When we can e\'aluate Ihe probable dire<:lioll of Ihe e~aminalion and prcs
c ription from un interrogatory session wilh lhe palicnt, we may cond ude tha! 
an adcquate, informative a nd enlighlclled history has been re<:o rded. 

I'.,nna. Sia l., eoH.,,,., uf Oplomelr ~ 
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THE OPTOMETRlC EDUCATION PROCRAM 


IN THE UNITED STATES 


H. W. HOFSTETTEH. PI!. D. 

Bloomin . lon. Indianl 

A rneoningful dcscription 01 oplomctTic educalion in Ihe Unile(1 Sta les pro· 
hahly is accompJished besl by oull inin¡.: Ihc lolal ncademic training begin ning 
wilh clemenlary school ing. The oulline woulll vary sJightl y Irom region lo region, 
bul for practicaJ purpases Ihe lotal scquence fulfi lls Ihe lollo"'ing time schedule: 

1. Elemenla r)' Sehaol . . ... . . . . 8 yrs. 
11 . ,,1 igh Sehool .. . . .... .. . 4 ) rs. 
11 1. Libera l Arls .. nd Scicnccs ... . . . . . 2 yrs. 
IV . Optc melry .. . . .. ..... . . . .. . . 3·4 yrs. 


No. J, Ihe elementar)' sellool trainin¡;, normaJl )' begins al six }"ear 01 age. A year 
ur so 01 " Kinderga rten" lIla y procede Ihis as an aption before six yea rs af age, bul 
"Kindergarten" normall)' inc1 udes none o f Ihe conventional academic subjects. The 
eighl years of elcmcntary sellool ore no rmall )" required 01 all chi ldrCII by law. alUl 
Ihe courses are normall )" the !l3 me for a ll children, including reading. writ ing. 
arithmelic, !l}>CHing. histo ry. geownphy. mus ic. lilerature. ele. In 1I ve r)' few como 
munities Ihe children are pe rmined sorne d eclive eou rses al Ihe sevenlh all(l eighlh 
grade leve1s. 

In No. 11 , high sehoo!. Ihe sludenl is permilled a few oplional courses, depe nd o 
ing on whether he ¡loeil ar ¡Iol::!! nol anticipate attcnding a colJege or univcrsi ty. 
The sludenl planninl; lo slu(ly oplOlllclry ""ould choose a collegc. prcpara lory pro· 
gram lo include 16 high school unils t fOUT per year). A college prcparalory couNie 
""ould Iypica ll y include al leasl Iwo uni ls o f malhclllatics, 1""0 of a sciencc. four 
cf ElIglish cÚlllposili on and literalure. two of ti foreigll language, Iwo of a S~lC ia l 

sc il~ nce . u!!ually hisl or)'. a nd lour additiollul declive or opt ional co urses, usualJ y se· 
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lected from lht! aboYe categories according lO his interes!s. A sludenl nol following 
n college preparal or)' program wou ld slill be eli~ ible lo atle l1d a cullege or univer· 
sil Y. bul would have some couree deficienc ies lo ma ke up ns tlx !ra work. 

Each eludenl lakes his high school courses in the !!Chool fac ilities of his OWI1 

commun ilY· 

No. 111, Ihe liberal arts a nd scit!nce§ coursei, ma )' be taken in lIIan)' of abuut 
1.700 insli lutiuns of higher ooucatioll in Ihe nation. or in another countq' of de· • 
sircd. Admissioll to some ¡s more compctitivc than for olhers. but, generall y 
speakin~. every high school gra<luale has the 0PI>ortunit y lo enro!l in a college 
ur uni\'ersi t)' somewhere. Sludenlg in Ihe upper Ihird of lheir high ~choo l c1asses 
norlllall)' can anticipate sa tisfacto ry progress a l Ihe college level. 

College ( or urliversily) cour8e!! a re usua ll)' lall ied in eilher o f two I)'pe! of 
"uni!s" o r "credits", Ihe semesler hour" · o r Ihe "qulITler hour". A normal academic 
rear approx imates 30 semester hours or 45 qua rler hours, eilher lo be cOIl\'crled 
inlo lhe olher b), the simple ralio of 2 lo 3. HCrlce Iwo )'ears o f liberal arts and 
sciellces will lolal 60 semesler hours o r 90 quarle r hours. These c redils ma r be 
carned enli rel )' a l one inslitulior. o r lhe)' may be accumulatoo by attendance al 
Iwu or more in succession, or evtln a parl.time hasis. In preparation for Ihe slud y 
of oplomelr)' Ihe slurienl Inu~ 1 illcl ude credils in cerln in courses, 85 a re s¡JecifiOO 
by lhe oplomelr)' school or collage of his choice. Typically Ihese requi remenls 
include 8-10 semeslers hours in general physics, 8-10 in general chemislry, 8-10 in 
hiology, 6-10 in malhematic ( through ano lytical geometry, and, in some cases. 
ca lculus )' and \'arious amounts o f English composilion. fo reign language. ps)'cho
log)', socia l sciences, and lhe humanities_ Sludenls who have nol mel Ihe sl>ccifietl 
pre·oplomelry req uiremenls or ",'ho have high school deficiencies to make up ma )' 
n:quire more Ihan Iwo rears. 0 11 Ihe average Ihe optomelr)' sludelll wilJ have lakell 
lhree years of liberal a rls ami scicrlt.'e work. for va rious reasons. 

In each course Ihe sludent receh'e!! a g rade as well as crOOit. His gra<les have 
as much bearing on his adm ission lo oplomelq' as his cred ils. Thus 8 sludent 
wilh 60 semester huurs of " Ir' ur " A" work is much more cerla in lo be admilled 
to oplomelr)' Ihan i5 one wit h a ~ r8de leve! of "C". Grade leve!s of " 1)" and "F" 
I faiJure ) ore 11 0 1 adm issibJt!. 

No. IV, Ihe professiona l program in oplomelry, is available al M I ), af Ihe len 
sehools of optomctr y in Ihe L'niled Sloles. One of Ihe !!Choo l ~ requires a fu ll-time 
(ni ne monlhs per yea r ) atlcmlllnce of fou r years. Al[ of Ihe other!! require Ihree, 
excepl Ihal two have 8 fourth rea r oplion for all oddiliolllll deg rcc ur diploma. 

• 

• 	 A ~o;eme,;l er r redil huur~ munH~ une huur uf teelure per ..-..ek fur une ~meeler. ur Ihe 
"'e ir; hled e ' luin tcflt in l'tu r lir.1 I. hurwlury " ·urk. 
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The optomelry eurrieu!a di ffer somewhat in the 10 !!Choo!s, bul all indude su~

lanlial eoverage oí the íollowing ! ubjt:d s : Ceometrie and ph)'s iea l oplies, physio
log ieal and psyehotogieal oplies. ophlhalmie (mechanieal) opl ies, cli niea l and 
theo rel ieal optomelry, general and oeu ~ar pathology, general and ocular ana toluy. 
occupational vision, illuminati on, the professional o riental ion eourses in jurispru
denee, praeliee managemenl, socio-economie, aspects o f oplometry , ami hislory of 
optomelry, and variously special courM!!i in stalistics, psyehology, physiology, hae 
leriolog)', heredil )', pharmaeolog)'. ele_ The professiona l eurriculum mal' be des
cribed aptly as one designoo lo prepa re the sludenl lO become a "general praeli
lioner in the field of vision", nol to be eonslrued as one who will engage in me
diea l o r surgieal wor].; . 

The cl inical optometry eourses ind ude al1 pha~e5 of oplomelry praetice, such 
as refraelion, o rlhoptics, visual training, eontaet lenses, subnorma l vision , visual 
!!Creening, oplhalmic dispensing, testing fo r cotor vision, slereopsis, visual íields. 
aniseikonia , elc_ Typien ll y the cl in ica l Irai!'! ing indudes work wilh regular patienl!!, 
wherei n the studen! prC!iC ri bea. designs, orders, and dispt!l\se!I eyewear, eontac 
lenses, etc., and partieipal t..'!i in al1 aspects of the cJi nie ope ra tion essenlially as 
he would in a pri vate practice, but under faeu!ty supervision. Ophlhalmic (me. 
chanica l opties, include lel1s «lid frame fa bricalion and design as well as Ihe study 
of the physieal and optiea l pro!>erties of eyewcar. Ocular ]>«Ihology has ils cm
phasis on Ihe delt..'Ction of ocular anormalies needing medien! ntlenlion. 

VirluaJl y al] o í the eourses except the profCS!ional orientatioll cour!!elS inelude 
practical labora lor)' exercises. 

Fh'e 01 the len optomclry schools are in unh'ersllles. in whieh insta nceo¡ the 
pre-optometry libera l a r~ and !!Cienceo¡ (No. 111 ) and Ihe optomelry (No. IV) 
may be taken al a single insti tution. Even in Ihese !!Chool!, hO\o\'eve r, a large 
share of the optometr)' studenls will have taken their pre·oplometry elsewhere. 

Following completion of one of the profcssional oplomelry programs, the slu
dent is eligible lo take a state Iicensing board exam inalion in !he slnle in whieh 
he plans lo praetice. A few sludents take cxa minalioJ\9 in several slates. 

Seve ral oí lhe unÍ\'ersil)' opt omel ry sehools o ffer ad va nced work in ph ysio. 
logica! oplies leading to the Master of Science (M.S. ) a na / or lhe Doclor 01 
Philosophy l Ph .D. ) degrees. Sueh training is considered ¡>a rticularl )' valuable 
for Ihose plsllning lo do researeh in vision or teaching in optometr)' schools. 

Indiana UniV.,hily. Division of 01.t l>llIelry. 
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PROGRAMA OC CDUGAGION OPTOMCTRlCA 


CN LOS ESTADOS UNIDOS 


l'OIt 

H. W. HOFSTETTJ<: R. Pil. D. 

lJloominlllon. Ind ian~ 

Para hacer una de1lCri pción deta llada de la cdlll.:u<:ÍÓn OptomelriclI cn los Es
lado!! Unidos de la mejor manera po~ible, ¡;e van a enumcrllr 108 esludio~ IIclldémicos 
<.:ome";-.ando I'or lo~ dementa l e~. Esll! de8(~ripdon e~ algo dife rente en IIl gunas re· 
gluncs, pero de tooos modos la .orecuenda completa llena Ivs s i guiente~ horllrio~ : ,. ~~!!(; uelll Elemental .. . .. . ... 8 año!!.. 

Z' Bach ille rato Inferior ... .. . .. . 4 añu'" 
3" ~tulerias liherll lell , Cien<:Ílli! ... 2 años. 

(Universidad Pre-Optnmelria I 

" Oplomelría .. . .. . 3 , , liño". 

N'! 1. - Los cll r.sos elementllle,. comicm:an normalmente 11 la t.'CIlld de 6 ano,;. 
Un año de " Kindcrgllrll:n" adic ional an tcs oc l o~ 6 año~ ,;e hllcc opcionalmente. pe· 
ro normalmcnle este Kindergllrt en no incluye nin guna de las maleria~ académica,. 
convenciona lCH. Lo~ 8 años de escuel l!.s elementales .so!! decretada!! por ley parl!. to· 
dos lo!! niños. y lus curso>' son todu", iguales. incluyendo leCIUrll, e~erilura, arítmt· 
tica, ort ograf ía. hisloria, ¡¡t.'(Igrafill. m¡isiclI y lit eratura. ele. En IIlgu na~ regionel> 
es permitido a los niño!! lomll r cursos C~IK:cialc" esp!'"da lmente f'n el 7" u 8'.' gradu. 

N~ 2. - En el Bachille rato In fe rior, !!(; lK: rmite 11 1 Q ludiantc algunos CUT,¡uS e,.. 
l lCciale~t Ilero depende de s i va a a~ i~t¡ r 11 alguna Facult ad o Unl\·e T~ idad. El estu· 
diante (IUI: va a C'lótudiar Optometr ía pre fi ere un programa de ¡/Ceparadón a Facultad 
'lue incluye 16 c llr>'O~ de Bac hille rato (4 ¡}Or año). Un (ur>lO ¡JCe¡larutorio a Facultad, 
¡}O r 1'.1 general incluye 2 r ur;o,os de I\l atemát i ca~, 2 de Ciencills, 4 de Ingle!! avan· 
zado y lit e ratura, 2 d I!. un idioma ext ranjero. 2 de c ienciu sodllles, por lo genera l 
Historill . y 4 IIdieionales de elección o cur:o!O~ o Jlc j onale~, (Iue l}Ur lo ¡¡enccul !le 

el igen en I II ~ categorílls ante8 indicad a.o> y de IIcuerdo con el propio interé ~. Un 
u tudiante (Iue nu si¡¡1I el IIrugrllmll prepa ratorio de Fllcultad tamhÍ1!n puede a tender 
una Facu ltad o Universidad, pcro tendrá a lgunos cur;o,o!! adicionales 'lile llenar como 
extra. Cadll estudiant e loma lus CUr$(),; de HachiJ1erll to Infer ior en lo!! colegioA de 
~u comunidlld en ¡Iarticu lar. 
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N'/ 3. - Lo>! cnr!lOS de matcria>! libera les y Ciencias. IlUeden .;er tomados en una 
dc 11Il! 1.700 inl!tituciones de educacion "uperior en la lIacion, (> en cual1luier ol ro 
paíll, !!i a.o;í se desea. La admi !!.iOn en a lgunas, " má>! di fíci l ~ I\l e en otras. por lo 
general, cual ~ luie r estudiante, (IUC te rmina el Bachillerato Inferior, puede ingre58r 
n una Facultad o Universidad donde (Iuie ra. Lo!! estudiantes cla.o:.ificados en el ter· 
cio más a lto de lo!! CU I'l!(l!! de bachillerato, l)oO r lo general te rminan con éx it o 1M 

e~tudio! de Facultad. 

Los curso!! de Facult ud o Universidad son tenidOIl en cuenta como unidades o <:ri:. 
dito~, la "hora·seme!!trc" s iguifica una hora de cla!!c IIcmana l en un semestre, o ~u 
('f luk¡]cnte eu t r ~ l>lIjo de IlIuorutorio, o la hora de cuarto de año. Un año académi. 
co normal tiene alrededor d'e 30 "horas-semestrc" o 45 " horas de cuarlo de año" 
l a~ f¡U e IlIIeden convert ir cntre sí en la proporcion de 2 a 3. De aquí que dOil años 
de mater ias li beral e~ y ciencia!! totaliz.an 60 "horu·seme!!tre" o 90 "hora>! de cuarto 
de seme!!tre". Los créditos ~c pueden conseguir completamente en una h!!l itución 
o pueden ser acumulados atcndiendo a 2 o más en .su orden. o aún como " parte de 
t iempo". Cuando el estudiante se prepa ra IllITa e!!tudia r Olllomet r ia debe inclu ir 
c réditos en cienoM cur!!OM, de acuerdo con los requerimientos de la Facultad ne 
Oplometr:a 'lue haya escogido. Por lo generlll e~ t llS u igencias incluyen de 8.10 
"horag.semel!tre" en H!!ica. 8 a 10 en química, 8 a 10 en biología, 6 a 10 en Ola· 
tematica!l (Geomet ría Anll l¡t ica r en algu nos ca!!O~ Calculo ), com posicione5 en in· 
gles. idiom a CKtranjeru, I)sicología, ciencias socialell y humllnidlldes. Lull estudian
tes que no han comp letado elltos cursos dc P re.Optometría, o (Iue tienen deficienci as 
de Bachille rato, Jlueden gll~ta T mas de 2 años. Por lo general un estudiante de 011' 
tomelria toma 3 lI ño~ de cursos liberalel! y ciencillS, por \'a rias Tllzones. En cada 
curso el estudiante recil,e un grado así como un c redito. Sus gTlldo~ tienen tunto fl ue 
ver en la admi! ion como llUS créditos. Así un cstudia nte con 6 "horas-scmestre" 
con ca lificaciones de A o B, e.; admitido mas faci lmente 'Iue uno flue este ell nivel 
de C. Las ca liricaciones O y F no 80n admitida!!. 

NI' 4. - El progra ma profesional en Optometria. se obtiene en cualflUiera de 
las 10 Facultadcs de Optometría de los Estados Unidos. Una de 1all FaCllltades re· 
~ I u ie re t iem po comp lelO (nueve melles ¡IOT año) de asistencia durante 4 años. El 
resto requieren 3, con excepcion de dos (Iue tienen un año opcional (4'1 ) para con· 
seguir un Grado Adicional o Oillloma. El curso de Optometria es ligera mente di· 
fen:nte en las 10 Facu ltades, pero 10dll9 incluyen substancialmente l a~ ~ iguien tes 

ma te ri a~: Geometr ía y Física Opt ica, Fisiología y Psicolugía Optica. Optica Oftál· 
mica (Mecán ica). Optometría Clínica y Teorica, Patología General y Ocu lar, Ana
tomía Gene ral y Ocular, Vi~ i ón de Oficio. Iluminación. Cursos de Orientadón Pro· 
fesional en J urisprudencia. Manejo Práctico. Aspectos Socio-Económicos en Opto
metrí•• Il istoria de la Oplometr ía, Cursos Especia les en Estadística. P!!icología, Fi
~ i o log ía, Bacteriología, Fa rmacología y Genética. El cur:;o IIrolesiona1 se de$(: ribe 
como Ilrepa ración a l estudiante, para. llegar a ser un " Esllecia li!!ta Cencral en el 
Cam l)oO de la Vi.o; iOn". )' no como uno (IUe hace "T rabajo Medico y Qu irurgico". 

Lo~ cursos c1inicos de OlltometTÍa incluyen todas las fases de Optometría Prác· 
tica, con Refracción, Ortolllic3. Entrenamiento Visual, Lente~ de Contacto, Visión 
Subnormal. Pruebas Vislllt le~, Adaptacion de Anteojos, Pruehas de Vis ión de Colo r, 
E'st ereu II~ i ~ o Vision Este reollCó pica. CamIlOS Visuales, Aniseikonia, etc. Por lo ge
neral el entrenamiento clínico inclu ye trabajo con pacientes generale~. donde e l es
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ludiante prescrihe. di,;eña . ordena, adapta anteojos, lenh:s de conlaclo. etc.• y parli. 
dpa en tOOOIl 1011 l8J1ectoll de la operación dln ica esencialmente como ~ i lo hiciese 
en su Consultorio privado, pero ~upervig ilado por los prorel!Ore~. Olltica OftlÍ lmica 
(Mec.:ánica). incluye fabricación de lentes y montu ras de anteojo!, 1181 como e! e!
tud io de 10$ propiedadell Hsic3!l y ópticas de 108 anteojos. La Ilatología ocu lar tiene 
enfasis e~"'ecial en e! de!!Cu brimiento de anoma lías oculares que neccllilan atenC"" ión 
medica. 

Por lo general todos 1011 cu rsos, con excepción de Orientación I~rore~ iona l . incluyen 
Pract ica" de LahQratorio. 

Cinco de las JO Facultades de Optometria e!jlan localizadu en Un iversidades 
Generalea, en cUyf)~ casos, los CUfS()S liberalell y las Ciencias (NI' 111 y la Optome. 
Ir ía (NI' IV). se pueden lomar dentro de la misma Institución. Aun en estall Fa· 
cult ades, lI in embargo, una gran parte de los estudiante!! de O¡IIOmelría han hecho 
sus cursos de Pre-Optomelria en otras pa rtes. 

Una vez completado e! curso profesiona l, el est udian le ~e halla Ca ]lacilado pa ra 
]lresenta r los ElI"amenes de Licenciamiento de! Estado en donde va a eje rcer. Al· 
gu nos escudianll':1 presentan exámenes en va rios E8tlld o~. 

Al guna!! de las Un iversidades Oplometricas orrece:l cursoll avanzados en Fisiolo· 
gía Oplica que confiere el t ít ulo de "Master uf Sciencc" (M.S.) y o el de Doctor 
en Filosofia (Ph . D.) dichos cursos son de un ~ran va lor Jlllra aq uellos eSllecia
I hlt a~ (Iue desean participar en Investi gac ión de la Visión. O enseñar en las Facul· 
tudes de Oplometr ia. 

Indiana Univer8il y. Divil ion of Oplometry. 
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FLASHRATE DISCRIMINABILlTY OF HUMAN SUBJECTS 

AT THRESHOLD INTENSITY LEVE LS 

BY 

CLll'"TON L. JOLLlFFE. O. D. 

HOJlkim, M i nne~o tll. U$.A. 

ABSTRACT 

A study was conductcd lo determ ine Ihe Ilbi lit y of human subjects lo correctly 
idcntify three different flas hrales n' Ihe differenlial slimulus thrClihold of de· 
teclion. The subjecl viewed a 4ú degree diHuscly illumillalt:d surround wilh a Iwo 
minule aperlure Ihrough wh ich Ihe slimu lus while li ghl was passed. The fi \'1l 
lIurround luminance levels of \'o·hile ligh! uSl..d Yo'e rc 2700, 100, l.0, 0,01 , and 
0.001 ft. lamberts. The observers were inslrucled lO use onl y foveal visiono 

Flashrales of 40. 80, aud 160 fla shes pcr minute were randoml )' presenled as sli · 
muli lo Ihe five observen. A total o f 900 thn:!!.hold measuremen15 per surround 
leve! taken showed tha t for surroulld leveJs of 0.01 and 0.001 ft. lam beru Lhe 
subjec15 at or uear thrClihold tendl:d to see eaeh fla shrale as fa ster Ihan il aCluall )' 
was. Thus Ihe 80 fl ashrale was a ft en confuSl.'d for Ihe 160 fla shraLe and the 40 
flashra le was confused wilh Ihe 80 "nd sometimes Ihe 160 fl ashrale. Each observe r 
reporled Ihis Ihough sorne llIallif~led il much more clca rl )' in Iheir da la. TClIs ble 
explanal iolls are offered lo explain Ihe apltea rance of Ihe very fa sl f1 ashrale for Ihe 
Iwo lower surround lum inancl.'S. 

INTRODUCTION 

A study was underlaken al lhe Hone)'well Research Center Visioll La bora
tor)' to invesligate fl ash rate disc riminalioll of huma n subj ects al differential 
threshold level! 01 slimuJi inle ll!~ il y. The stimulus being a ci rcular aperlure 
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which subtended sn angle oí 1""0 minules from Ih!! post llon of th!! subjecfll !!)'e 
snd Ihrough which \o\'hite light írom a tungsten !louree was fla shed. Five dif· 
ferent white surround luminance levels were cho!!en as panllneleTs rangi llg in 
luminance levels from that of the sky in proximily lo Ihe sun. lo the sky on 
11 moonless nigh!. 

The purpose of the investigatioll was lo conduct a basic expr imclIl on fl ash· 
Ta le discriminalion al Ihreshold levels of inlensi ly as ",e11 Il! lo acq uire infor· 
mation 0 11 the effectiventlS!! of a fl ashing light s)'stem fo r a simplified visual 
lelecommunication s)'stem. The three fl u hrales chosen coillcided with the three 
diHerent f1ashra les use<! by a n air anti-coJlision lighl s)"5tem to inform the ob· 
server of the directional palh of Ihe observed planc ", ilh respect to Ihat of 
the observer. 

BA CKGROUN D 

Ver)" littlc can be found in the v i~ua l li terat ure on fl ashrate d iscriminalion or of 
the !'ubjective appearance of differcnt fla shratt:s. Bartley ~ 1J reporls that al dim 
levels of sIimulu9 iutensit )' when the critical fusion frequency is aboul four flashes 
per second , a fl ashrale just lower than Ihis will produce a flu tte r which has a n 
appea rance of being much fa ster. lncreasing Ihe stimulus inlensity will produce a 
subjeclive fl u hrate correllponding approximately lO !hal o f Ihe actual flashrate. Bar. 
tle)" postulates Ihat Ihis apparenl " fast" flashrate should be atlributed lo tht: visua l 
pathwa }' al a h igher level than the receplors. 

An ea rlier experiment no! empJ oy ing a fla shing lighl in Ihe Irue sense hUI rathu 
a rOlating di~c with an ilJuminaled radia l slil W88 conducled b)' Charpenlier 121. 
Whil t: fi xa tiTlg the center of Ihe rola lin8 disc Ihe iJluminaled radial ali l prod uced au 
intermiUenl stimulus to Ihe retinaJ recepto rs in lhe image pa lhway of tht: ilIumi naled 
radial !Iil. Cha rpe nl ier observcd Ihal a lIuccC:f! ion of light and da rk ba ud, rollowed 
lhe moving IIl il and Ihat Ihe magnilude of this eff~1 W85 dependent upon the 

adaplive slate of the eye, !he illlenll ily of Ihc flimulus and the region of lhe relina 
~Iimulated . Computalions made by Charpenlier showed thal Ihe firsl recurrenl im1 · 
~e appeared soout 200 msees after the primar)' image. 

Ad ler (3 1 in discussillg Charpentier'lI observatioll poillts out Ihal after a lI ingle 
i! limu lus of light 01 shorter duration tha n Ihe aclion time, the primary image wj]1 
comíst of a ra pid rise in illlensit )" followed by a Jess inleflSt: fluclualing or pulsing 
sensatíon before tcrminalion o r the primary image. 
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Experiment. I . Apparalu-s 

The expe rimental apparatu5 usee:! in Ihis experimenl i5 diag rammed in Figure 1. 
In Ihe optica l 5)'stem, Jight emanating from a single !lou rce, tr8vcrses Iwo separalc 
channcls producing the uniform surround lumina nce ill the integraling sphere and 
the slimulus lighl. The lighl 50urce wa!l provided b)' a n incandescent L8 ampere-6 
voh. medium ¡¡refocus. single coiled fil a ment bulb. Line current run Ihrough a 
va ritran and a 6 \'oh lransformer supplied the power for the lamp. AUached by 
lcads lo the \'a ritran was a voltmeler wh ich provided for accurale checking ami 
adj usling of the vohage before each judgemenl. The varitra n "" as run Ihroughoul 
Ihe experiment al 120 vohs. 

Lighl írom the source travcled IIca rly identica l routes for the Iwo channels. The 
light was collecled s lId the focused in the plane oí the chopper blade. A coll imaling 
lens then collecled Ihe light J>8Sllhe chopper a nd direcled il lo a fron! surface mirro r 
( MI ami 2) wich reflecled Ihe lighl a l righl angle! lo Ihe inc idenl beam. The 
parallel beam Ihen traveled Ihrough a filler holder aperture where neulral density 
filters we re use<! lo Illake groS! attenuations of Ihe light inlensil}'. A 8ubsequcnl 
lens Ihcll converged Ihe beam for passage Ihrough the oplical wedge aperlure. The 
optica l wedge provided a means lo more precisel}' altenuale lhe lighl bcam. A rack 
s nd pillion mechanism enable<l Ihe 0l>cralor lo pO!!ilion the oplical wedge lo Ihe 

L 
L s 

FH 
LL *-w

W -,1\- L 

L 

E 

Fi~ . 1. EXPERIM ENTAL APPARATUS 

S = Li~hl l;Ource; L = Leos; Ch = Chopper hJ, de; 
M = Mirror (rl .•n~le ) ; fb "'" Filler holder ; 
W Wed le (oplir.1 neulnl den6ilr); T p. _ TUlel pl.le ; 
P.S. Poinl !Ource llperlu l'e ; E = Ere. 

187 



CUr>TOr> 1_ J O LUrn: 

de5 ired densil y. Alter paMing through Ihe wedge aperlure Ihe ligh! ""as Ihen collee
led. Al Ihis point Ihe lighl is Irealed differenll y in each channel. The lighl ilIumi
naling Ihe integra ling ephere is converged and direeled lh rough a small aperlure 
¡nlO Ihe sphere. It is Ihen reflecled nod un iformly di ffused after Ihe first reflection 
inside lhe sphere. The chopper blade intersecling Ihe lighl to lhe inlegrating sphere 
was removed lo provide slcad)' light for Ihe llurround lumi nance. Lighl traveling 
in Ihe opposile channel is reflecled through 90 degrees by a fronl surface mirror 
\M~) which d ireels il lo a ta rget plate. The targel plate has a circular aperlure with 
d imeneions Ihal provide a 2 minute sou rce of lighl as subtended al Ihe enlrance 
pu pil of Ihe eye. The surround fidd subtends 40 negrees al Ihe e)'e. 

111 order lo ohtai n lhe Iwo highesl surround luminance levels an incandescenl 
bulb, operating at Ihe same vollage lo allsure a nearl)' idenlical color lemperature. 
""as placed illside lhe integrating sphere. The Inmp was posilioned 50 Ihal Ihe ob
server saw no va rt of the bulb. 

This oplical 8)'8tem provided lhe desired surround luminance levels and by usi ng 
neulral densily filtere in conjunclion wilh lhe oplica l ""edge. allen ualion lO a n 
adequale number of poi nt source inlensilies was possi ble. 

Eye allignmenl wilh the slimulus ""as aMured by a bilc· boa rd mechanism. The 
thrce flashra les used were 40, 80, all<l 160 fla",he5 per minule. These were determi
ned by adjuslment of lhe vollage supply lo a va riable speed molor which drove 
Ihe chopper. The seclor widlh of Ihe d isc wns ndjusted for each speer lo mainlain a 
consta nt slimulus d uralion of 4. msect'!. 

EXI'crimt:tllaf ProccJ'lr~ 

The observen ~'e re five young male emplo)'ees of lhe Honey""e lJ Hescarch 
Cenler, who were scrccnNI ""ilh their dom inan! eye and no hislory of visual d isor· 
der. The subjeclll used onl}' Iheir dominant eye for fla shrale delerminal ions. lhey 
were given severa! experimental Ira ining se!5siolls during which data was colJecled. 
When lhese dala showed a leveling off of Ihe visua l lhresholds. Ihe observers were 
considere<! trained. Al Ihe begillning of each session Ihc observer was again showlI 
Ihe flashrales al a high inlenlli ty level in o rder lO refrt:sh his memor)' o f them. 
After Ihe fla!hrale familiarizatioll period Ihe subject dark adapled for 10 minulrs 

and then light ndapled to Ihe eurround lum ina nce selecLe<1 for lhal ses~ioll Cor 5 
minules. 

The flashing light ll limulus was cxposed conlinually. The neutral dell5ity wed,ge 
and fillers were adjusted so thal at lhe beginn ing of each trial series lhe soun:e 
was too dim lo be seen. The intensil y was lhen raised by a .01 densil)' Slep on each 
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tria!, accompa nied by a " now" signa! from the expe rimenter. The observer wai!
instrueled lo judge "no" meaning. 1 do not !Ce il o r, if he 58W Ihe !igh!, he was 
asked lo sa y eilher " fasl". " medium", or "s!ow". 

F!ashra les were ra ndom! y eha nge<1 from series lO series and frequentl y a series 
was continuecl 3 lo 6 l! teps beyond corred identifiealion 110 that it wu impussible 
for lhe observer lo obtain informali on other lha n visual eues of the corree! flash 
rale. The inlensit y level of lhe firsl o f lhree lIuccessive posit ive rCSIKlnse!l was taken 
as Ihe deledion Ihreshold. The firsl o f lhe three successive eorreel idenlifica lions 
was laken as Ihe correet identification threshold. 

l'hirt y trial series pro<luci llg 30 <Ielermillations of lhe detection alld identifica· 
lion th resholds were oblaine<1 for each of Ihree fl ashrates aud for each or lhe 
five lumillallce levcls of the surround. The ! ur rOUlld level! were: .001 ft. 1 (moonless 
dea r nighl sky f, .0 1 ft. I (twilighl l, 1.0 ft. 4 (20 minutes after dawn, clear sky) . 
100 fl. I (ovll rea!! day sky) , 2700 fl. 1 (elea r bright daylight sky close lo sun ). 
Eaeh of Ihe five observen repl iea led Ihe enlire experimelll, produeing 450 (Ielee· 
tion lh resholdl! alld 450 co rn..cI identifica lion thn.'Sho lds per eonditiOIl u r 4500 
thresholds in all . 

40 
1I ---_ 40 11m 

~ 30 

20 

0 -- 80 f/m 
160f/m"-

10 

go~,---C. o:,-C---.,~---C---~,~o---,~o~o---C,ooo~--,o~.oooj 
SURROUND LUMINANCE {q LAMBE RTS I 

Fi l". 2. The I'errenla ~e o, forrefl ident ificalion rebpon;;el al ¡he Ihreshold le,'e ' 
01 seein S are p'olled 1 ~l i n ,;t Ihe luminl nre level 01 lhe l urround. E...h 
J)f! rcen ll~e \'I lue re llre!lf!n18 In IVU I P.O' the fiv e . ubjefle rombined re~ulu . 
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Figure 2 sIl0 l'l'8 thal ror tllt: brighler levels of surrouml luminance (2700 ami 
100 rt. lambert levels ) Ihe slol'l" fl u hrale (40 f/ m ) is more frequcnll r idenlified 
correell )' al Ihe <Ieleslion Ihre5hold level Ihan Ihe medium \80 f/ m) and fu! 
(160 f/ m) floshrate . In contrast, the 160 f/ m flashrate is more frequently ¡dellli · 
fi ed correelJ )' with lhe 11'1'0 lower surround luminance levels. The 80 f/ m flashratc 
was very confW!ing al the Iwo lower levels of ~urround luminance as manifested 
by Ihe graph . With Ihe exceplioll of the 2700 ft . lambert lel'el o f surround lum j· 
nance Ihe 80 f/ m was confused more o ften tllllll eilher Ihe 40 f/ m or 160 f/ m 
flashrales . 

Figure 3a, b, all(l e, display Ihe dislributiOIl of wrong responses ror lhe fi,'e 
different su rround lumin81lce lcvels, Of si!;nificancc for Ihe 160 f/ m flashrale is 

40,----.----~--_,----_.----,_--_,----, 

,o 
3lcl .-.. 160 "m CALLEO' MEDIUM' 

20 ----- ------- ----'"__ - _•••• _.~x__ • ___________ ........ __ ••••_••• x 


~ O ••7:".':"_:-_~_:-----' 160ftm ~;~~EO-:;~~~' 
z O,r-----~------------~~~~~=:~----~ 
~ ~ 30...---3Ib l ____ • __ .o.. ___~~_'~~_~_A_:~~_~._~~~~,, _._.00~___ _
Ir 20 .0>--- 
ti _000 --- 80 flmx CALLEO 'FAST' 

i O ~x~------' 
~ 0r-------------------------------~ 

3 (al" 'O __ 40 11m CALLEO'MEOIUM' 
20 ,.~--

0 ...... _ ....... ---- -- --:;;;;n-c'lLLEO'-;:S;:x_ 

O -,. " 

.001 01 10 100 1000 10.000 

SURROUNO LUMINANCE 1FT LAMBERTS I 

Fi~ . 311, lo, " , Tia...hov., IUph ~ho ..... lhe di,;lrihuliull 01 lb., inrorrerl rt:~pon""lI Ii 

r.,porl.,d hy th., five o;uhjC!f'li.. Thio; i~ 10 d.,monotrale lor .... hkh fllihrllt., 
Ih., rorrer! f11l~hr.le " ' h ",,,,,'u\lt:d with 11 .,uh 01 the fin 1.,...,1, 01 su
rronnd lumlnlln~e .,mployed ;n Ih., .,.periment. 

Ihe <lec re3&e in incorrt.'ct responses fo r the 0.01 and 0.001 fl. lambert leve! of 
!!urround . Of lIddili,mal inten:st is thal for all su rround luminance level!! lhe 
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160 f/ m fla shrale when reported incorrecll y was reported more a fi en Il! Ihll "me· 
dium" fla shrate ralhe r lhan Ihe "slow" flashrate. 

Df importance for lhe 80 f/ m and Ihe 40 f/ m rJa!lhrales is lhal Ihe incorrecl 
rtlllpon!le!l a re more frequentJy Ihe slower fla shrale of Ihe Iwo poMibililie8 for lhe 
highe r levels of surround luminance and Ihe raster flashrale o f lhe 11'1'0 possibiJititlll 
for Ihe 11'1'0 lower le\'els of surround luminance. To elabora te on this, Figure 3b 
sho "" s Ihal aboye Ihe 0.1 ft. lamberl surround le\·ellhe 80 f/ m flashrale is reported, 
when reported incorreclly, as "slow" more afien Ihan "fas' ''. Figure 3a demonslrales 
,hal a bo\'e Ihll 0. 1 ft . lamberl surroulld le\'el lhe 40 VOl fla shrate, when reported 
incorreell y. is more frequently ca lled " medium" lhan " fast ". 

Observer's Reporls 

The Iwo lower levels of surround luminance proved lo be Ihe most interesling and 
will be Ihe 11'1'0 levels dealt wilh mosl eXlellsively in this paper. When adapted lo 
the Iwo dimmer surround levds Ihe subjecls ni limlls rCIJO rl lld lhal a fla shrate 
appeared very fasl al firsl. This wa~ reporled by a lJ subject!l. 

Exper;lII el11 /1 . ffa5h Rale J)tscriminafiol1 ;11 J)jlferel11 Retinal 

Localiol13 and WilJ¡ Chromalic Slimu/i. 

The objeclh'e of Ihis supplemenlary expe rimcllt W8!l lo delll rminll if Ihe apparenl 
' ",'er)' fa st" fla shralc is e\'inllnl wilh condili ons other Iha n wilh foveal \'ision and 
white ¡ighl slimuli. 

Apparall/5 

The apvara lw was Ihe game as thal use<! for lhe previous experimenl except Ihat 
811 inlerfe rence filler lo provide chromalic stimuli was inserled inlo Ihe optical 
s}'stem al FH ( figure 1) in lhe chanllel providing Ihe flashing ¡igh! slimulus. In 
addilion small red fixalion painls, two minutes in angular eize ae sublended frolO 
the observer's e)'e, were place<! a l 1,2, 3,4, 7.5, 10, 12.5 and 15 degrees oulwanl 
in lhe r ight e}'e field of vieion. The intensit)' of lhe fi xalion spols were reduce<1 
lo jusi aboye foveal thrtlllhold . A 8""itchinJl: lOecha nislO enabled Ihe operator lo 
sd ecl Ihe desired fixalioll spal . 

Ex perimental !)rocedllre 

Two male observers who were subj ecl!! for Experiment I were used for Ihis 
expe riment o Becau~e of thdr trailling in Ihe prt!vious experimenl, ir was assumed 
Ihat lhe subjecle were weU Iraine<1 wilhout an}' additionü l trailling session~ for 
Ihis experimcnt. 
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The fl ashrale was !cl al 40 fI mo This same fla shrale was use<! throughout Ihe 
experimento The same procedure was followe<! as described under Experimenl 1. 
Afler da rk adaplation, Ihe subjccl was inslructed lo look al Ihe red fixation spol, 
or, when foveal vision was desired, lo look al Ihe aperlure while Ihe opera lor iocre· 
ased Ihe iolensily of Ihe (Iashing lighl by assigned increments. He was inslruclcd 
lo report afler eaeh incremenl "NO" if he did 1101 see a flashing lighl, or lo report, 
"slow", " medium" or " fll s!" . When Ihe block surroulld was used Ihe one degree 
fixa lion spot was Idt 011 10 help orient Ihe subj ecl wilh respt:ct lo Ihe aperture. 

In addiliOIl lo sludying the dependence of confusioll upon chromatic slimuli aud 
eccentric foveal allgles o f fixalion. two lumi nallce surroulld levels were selected . 
The Iwo surround levd s cho!en were 0.0 and 0.01 ft . lamberl of luminance. The 0.0 
sur round was established by completely blocking of Ihe channel of lighl which eould 
enler Ihe sphere. Tbe omerver's aperlure "" as leh open but lhe minute amounl o f 
sira )' room lighl whieh ma)' have entered Ihe sphere was nol measurable. The 0.01 
fl. lambe rl surround level ",·us cslahlished b), setting Ihe sphere al one fl. lamberl 
using Ihe McBelh illuminomeler and Ihen inlroducill l; a neutTIII density filt er a nd 
wedge selting lo obtajJl a density of 2.0. 

The color 01 Ihe fl ashillg light was estubl ished wilh inlerference filt ers. The two 
inlerference filters used aud Iheir cha racterisl ics are as lisled bclow: 

Dom inan! Wavelenglh 

Blue t2nd orderl 428 mJL 


He<! 12nd orderl 633 mJL 


A blockillg roo filler wilh a cutoff between 600 and 605 mJL voas useo in con· 
juctioll wilh Ihe 2nd order red inter(erellce filler. 

Results 

Figure 4 summarizes lbe resulls on two observers. Onl y preliminar)' findings 
were la kcn com:erning Ihe relalionship belwet:n Ihe colors o f Ihe stimulus ano Ihe 
Ilumber of " fa st" responses reporlCfI. These findings indicalt!d Ihal Ihis phenomenon 
voas independenl o f lhe color stimulus used. The duralion of Ihe dork oda plalioll 
periad also did nOI seem lo inlluence lile number of " (asl" responses. 

The mosl significa nl dependent varia ble is retinal pos ition. For angles of fi xation 
beyond 2Q tlle subj eds did nol report seelng the " fas!" f1a shrate durin!; Iwo trial 
scssiolls. Sessions were then begun using onl)' fovea! vision a nd 1Q and '}.Q angles 
of fi xatioll . Figure 4 ilJustra tcs lhal subject S.E. on ly reporte<1 Ihe fl ashing I¡ghl 
as " fa st" when he voas observing Ihe lighl 1\'ilh foveal visiono J. ]).'s results are nol 
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quite as clearcu!. Wilh Ihe surround level al 0.01 ft. lamberls he did nol repo rl a 
" fa st" response fo r nine of ¡he colore<! slimuli with fovea l visiono The combined 
data on the ¡hree fi xalion posilions are shown in Figure 5. 

In addition to Ihe above resulls Ihe Iwo minule fla shing aperlure was replaced 
with an aperture ! ubtending a 20 minule angle al lhe eye. Only enough experimen
lal trials were condueled lo indieale Ihal Ihis phenomenon was nol reslricled lo a 
point souree of ligh!. 

• 
By ehanging Ihe experimental procedure and alJowing the subjeds lo adjusl the 

intensit y of the fl ashing lighl , the subj ecls could find an inlensity jusI a bove 
threshold Ihal would produce a " fa sl" response Ihe majority of the times auempted. 
This was found to he true when the 5ubj ecl!s fixated either the 20 minule or 2 
minule slimulus. 

In a tlt:mpting lo an5wer why a rtashrale may appear slower at threshold with a 
surround luminanee above 0.1 ft. lambert, one may consider Ihe "probability of 
seeillg zone" which is preselít wilh threshold judgemenls. 

A lighl flash of a given aud suffic ienl intensil y to fall within the boundries of 
the " probabilil}' of seeing zone" wou ld have a cerlain probabilil}' of eliciling :1 

sensa tion. A series o f light flashes of constant frequelle y al Ihe sa me given intensit y 
level ma y be expecled lo produce an apparenl fla shrate proporlional lo the proba
bilit y of seeing a single light fla sh. 

The s u¡'j~t, when vie wing a flashrate al such a ll intensily. may Ihcn see onlr 
occassional fla shes. ill a randomize<1 order. Because of the ullcertainl y of Ihres.hold 
measurementl! these occas5ional pulses may I)t! judged as a slower rtashrale Ihan 
the aclual fla shrate. During Ihe commenl period Ihe subj ects were somelimes 
queslioned as lo whal Ihey had based their fla shrate judgements on. One subj ect 
reporled thal he nonnally would ca ll the fla shrate "slow" when he onl y saw one 
o r two fla shes. One subj ec::1 stated he would reporl " medium" whcll he saw Jlulses 
al irreg ular ¡nlerva!s. 

Judgin from Ihe¡¡e subj eclive reporls it seems safe lo say Ihal a flashrale response 
slower Ihan the actual rale is {I ue to Ihe faiJure of eaeh flash lo elieit a lighl 
sensalion . 11 ma y be suggesled Ihat the probabili ly o f seeing a lighl fla sh al 
thre5hold where Ihe number of quanla is critical ma y rest UpOIl the eonsla ney of 
Ihe sou ree and experimental apparatus and on Ihe leve! of Ihe subjecl's "visual 
cOllsciencencss" which may be in a constinuous slate of vacillatioll. 
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A conflict arises when olle viewlI Ihe resulls of Ihe data for the luminance 
lIurround level ll o f 0.01 aud 0.001 ft lamberts. Al ,hese level5 of 5urround luminance 
Ihe 40 f/ m fla shrale is nol identified correetl)' as oflen as ,he 160 f/ m fl ashrate. 
Also Figure 2 !lhow!l Ihal al Ihe 0.001 ft lamlJerl level lhe 160 f / m fla shrale is 
identified correetJy 92';i of the time. Dne musl cond uele from this informalion 
Ihen Ihal al these levels o f adaplalion Ihe dimcII sion of Ihe "probaLiJil y of seei ng 
-.:orle" has been constricll-d or thal anolher fo rm of visual behavior has become of 
grealer conseq uence. • 

The frequcncy with which the subjects !l8W all fl ashrates all ';very fa st" may 
answer in part why the 160 f / m was idenlifie(1 corn..'C(1 )' mosl oflen al Ihese IWO 

lower !lur round level!l a nd alM) il ma y explain wh)'. as shown in Figure 3a and 3b. 
Ihe 40 r/ m flashrale a nd Ihe 80 f/ m fl u hrate was confused more fre4:IUentl)' for 
Ihe fas te r flashrale. 

To expla in why a fla shrale ma )' appea r much raster whclI observed a t or near 
Ibresbold inlensily olle ma)' spet:uJale on Ihe retinal activi l)' following a !lingle 
lighl fllI sh. When a fla sh of lighl ill incidenl on a foveul cone populati on after 
dark adaplalion, Ihc group of cones cxci led may discha rge nol onl y once bul 
seve ral limes thus sending a volle)' of impulses lO Ihc higher visual celllers. Olle 
ma y assume thal the individual eones would fire in near synchronizati on lo produce 
an appearance of discrete fl ashes. 

Anolher poslu la tioll ma}' be offered. which would pcrlllil Ihe excited eones to fire 
in a raudom order. This would permit allowa nce for lhe fac! lhat each CO Il C may 
have a d iflerenl fi r ing threshold or a differellt latellc)' per iodo It \o\'o uld he necessa ry 
lo propuse lhal there is a certain summating and pha5ing of these fovea l receplor 
impulses lo produce a degree of ordcr. Anatomica l cvidcnce which ind icatcs lhal 
mosl fovea l concs llave a " priva te linc" wilhiu Ihe retina , as indica led b)' Polyak (4 J 
woul(1 rule o ut spatial inleraction of thc fovca l im pulscll 011 the retinal leve!. 011 thill 
premise if 8ummalion and phasillg o f Ihe foveal impulses is assumed lo occur il 
must be relcgatl.'d to a higher level Ihan the retinal level. The eud resull of such 
surnmllling and pha~ing lIlay be all apparent fla.shrate I'.'hich "" ould nol be in 
accorda uce with Ihe aclual flashrale. 

¡\ necd>S8 rr condilion for observ ing Ihe '\'e r)' fasl" fla shrale WIIS a cri lica l leve! 
o f sti mulus illtellsil)' for a g ivcII dim or dark surround. Only wheu Ihe intensily of 

the slimulus was adeq uale wou ld lhe visual acti\' ily which followed lhe lighl fl ash be 

lI uch as to produce Ihe apparenl ' \ 'er)' fas l" flashrate. • 
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Summary 

Flashrale discriminabilily of human sub jects ¡s influence<! by tbe adaptive slale 
of the eye and tbe relinal localion of Ibe stimulus. l)illllller levels of surround 
lUlllinance ma}' induce sn apparenl fa sl fla shrale as judged b}' Ihe subject. Brighler 
surround levels tend lo fa vor Ihe idenlificalion of Ihe slow flashrale. 

Failure of every lighl flasb lo elici t a sensatioll may have resulted in judgementll 
slower tha n the actual flashrate. A ver}' fasl fla llh rnle ma)' be produced by groups 
of receptor! fifing more thall once fo r a g iven slilllulus or a group of receplore 
fir ing Tal1dom l)' with subscquent summating a nd phasing. 

Honeywell R..,¡¡earch Cenl..,r 
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THE PRESUMED AND APPARENT ROLE OF LENS 

ELASTICITY IN THE ETIOLOGY OF PRESBYOPIA 

BENJAMIN KISLl N, Q. D. 

Bloominl!lon, India ni , US.A. 

Presbyopia is defined by Ihe Diclionary of Visual Scienceu as " A reduclion in 
nccommodalive nbility occurring normall)' wilh age and necessitaling a plus lens 
addili on for satisfaclory 5<:e ing al near, somelimes quanlitatively idenlified by the 
recession of the near point of accommoda lion beyond 20 cm." WebsterH and 
Dorlnlld5 attribule the disminution of accommouation lo the "loss of elaslicily of 
the cr )"slallille lens" which is generall)" believed due lo sclerosis, or haroen ing of 
the nucleus of the lenll. 

Thomas Young25, who prova! concl usively Ihal Ihe aet of accommodation was 
mooialed Ihrough Ihe alteralion in shape of Ihe cr)"sla lline lens in man, commented , 
" It has been observoo thal the cenlral parl of the cryslalline be<:omes rig id by age, 
ano lhal Ihis is lI uffieienllo accounl for presbyopia .. ~"t!. This remark makes il evidenl 
Ihal Ihe clas&ic concept of the cause of presbyopia dale! back even befo re 1860. 

A statement by Donders4 crystnllizes Ihe rcasoning regarding lens sclerosis as Ihe 
basis for presbyopia. " In the finl place, it mny be asked, in general, how ano from 
whal cause il ¡s, Ihal al so earl)' a period in life, while a ll functions, and especially 
that of Ihe muscles, are in a stale of progressive developmenl, Ihe power of acom· 
moda lion, which depends upon muscular action, aIread)' 105e5 in extent ? I\ S il must 
be admitted, Ihal Ihe ciliar)' muscle has continued normal, and is therefore sli ll il! 
full force, we come readily to the inference that, a t least in lbe fir! t instance, the 
disminution is lo be !!IOughl exclusive!)' in the condition of the parlil, which in accom· 
modal ion are pnS&ively ahered, and by 110 means in the stale of those whereby the 

• 	 T he fo nlenb refIect the penonal .. ie .... 01 Ihe aulhor and are nol 10 he ron ~lrued ' 8 
oUidal Air Force poliry. 
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ehange is aelivcl )' proouced. Now Ihe orga ll whieh is JXl55ivelr altered is Ihe lens. 

15 the ea rly disminution in the range of aceommodatioll -1: lo be expla ined frorn 

Ihis? We know Iha t a l an advanced time o f life, Ihe lens is fi rmer Ihan in youlh . I 
Ihink. I may even asscrt Ihal the ¡ncrease in firlllncss cornmenecs nI nn early 
periodo Now, il is in consequence of Ihis grealer firmn e55 Ihal Ihe same muscu
la r action can no longer produce Ihe same chall1;c in form of the lens. It is 

therefore ver)' pl"obflble thal the cady disminution of +depends Ihereon". 

Fuehsll di fferentiatOO between phyt.ica l accornmooation, the actual a lteralioll 
o f Ihe lens, and physiolog iea l accornmooalion, Ihe action of Ihe ciliary muscle. 
The " m)'oo iopler" was inlroduced by Flierenga\ll as a unil of Ihe ph )'siological 
component in accornmodalion, Le. Ihe conlraclile power of the ci liar)' muscle 
required lO inerease Ihe refractÍ\'e power of Ihe lens by one dioplcr. ltegard leM 
of age. the}' believed, the same amounl of cilia r}" contraction is requi rOO lO 
produce a g iven change in Ihe form o l Ihe len!! wilhin Ihe limils Ihal lhe lens 
ca n change form o Wilh increasing age. leS! and less of Ihe rnusclc force available 
can be ulil ized. 

The reaction of 2013 subjecls lo homat ropine was studied b), llua ne6¡ Ihe 
<Irug prod uces a g radual pmesis of Ihe ciliar)" muscle, If Ihe same a mounl of 
ph )'siological accommodation is available regardless of age, lhen Ihe )'oun~ . 

who do manifesl 8 clase nearpoint of accommodalion , shou ld show 8n almOSI 
immediale recessiOIl in r~ponse lo Ihe cycJople;:; ie, and lhe older individuals 
should nol reacl unlil lhe ph)'siological accommoda lion in excess lo need had been 
absorbed , Hi.!l re!!ulls 5.howoo a more rapid reaction b), Ihe ofdcr people. Ouane's 
findings loo him lo conelude lhal Ihe "ciliar)' energ)' dim inish~ with age almosl 
in proporl ion 8! Ihe manifest accommodation diminishes". 

This eonclusion slim ulated Henderson'sU histologica l slud )' o f 8 series of eyes 
in succeS!ive decades from ages 10 Ihrough 60, and he reported progressive 
scJerosis of Ihe inlersti lial tissue of Ihe lenso r and sphinetor divisions of the ci
Iia r y muscle, "Ciliary sclerosis" in lhe sixly year old was Ihe desc ri ptioll g ivcn 
fo Ihe muscle fibers imbedded a nd walled in by con neclive liS!ue, and Ihereby 
prevented from exc rti ng Iheir phys iologieal actioll . 

Henderson further noled thal if lens is subluxaled in an individual in advan· 
ccd presb}'opia il presents 8 m)'opic len licular refraction. Although lhe nucleus 
becomes eomprcssed a nd sclerosed, Ibe corlex is never senile si nee ncw fibers 
are ah ..'ay! being added lo it , lherefore regardless of age, Ihe lens ca l>su le will 
assume a mOTe spherical form if il is released from lellsion. 
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A dela iled ¡¡Iud y o f Ihe lens ca psule convinced fincham 8 il is highl y ela3tic. 
a nd due lo varying Ihickneues. Ihe lens wou:d be fl altened where the capsule 
lO'as Ihickt!Sl, and would bul~e where il was weakes! UpOIl rclaxalioll o f Ihe sus· 
pensory ligamenls. Maxi mum curva ture occurs al the poslerior pole for Ihe 
capsule there il> ..ery Ihill; capsula r Ihi nnin~ a l Ihe a nterior pole is olso SCCII , 

and in at:comnlOdation Ihe Ihicker pcriphc ral Illlterior capsule compresses Ihe 
lens substa nce lo a g reater tlegree resulting in the assumption of lhe hyperbolic 
shapc. 

By 8 11 ill ¡,;cniou~ slil lamp a rran¡:'Clllcnt , Finchalll" phulographt.·d Ihe ullaccom· 
modated a nd accommodale(1 lens of a 22 yea r old ind iv i(lual who had suffere.J 
Ira umalic all iridio of une eye. It was cvident Ihol Ihe nucleus as well as Ihe 
cortex underwent a change in fo rmo and this COll vinccd fincham that !K:lerOllis 
uf Ihe nudeus i5 suUicienl lo at.'Counl fo r Ihe devdopmclll of prt.'sbyopia. 

Fillcham' mcas ure<! the radius of curv81u re of lhe a nte rio r surface of eXlir· 
pa le<! levels from subjecls aged II and 65, and found 5 111111 ond 9.5 111m TC!' 

pccti vel)' al lhe ccnler of Ihe wrfact:. Since Ihe~e l en~es are assurned lo be fr t.'C 
o f al! reslrai lll lhey a re accommudaled as fa r as Ihe nalure of lile le1l!~ subslance 
and capsule will permil. He therefore conc!u(led " Ihe loS! of act:ommo<lation in 
lhe ;;enile lens is due lo Ihe inabi lily of Ihe capsule lo mould Ihe more r i¡:. id IClIs 
5ubsta nce inl o Ihe accommodaled form". Fincham expre!iscd doubl Ih al Ihe re· 
ce!ision of Ihe lIt:ar poilll al all age as ea rl )' as il is manifeslecl ilS lhe n:sull of a 
loss of cilia ry power due lo increa!!ing inlerst ilia l ti!!!!ue among the muscle fibe~. 
Graves!! ha(1 repo rled a n individual who had suslained injury lo his ere, and 
Ih:! enlire lens 5ubsla nce had been absorbed afler Ira uma . leavi ng the em ply 
Iranspurenl capsule in situ. Fincham observt.-d Ihe ca psule reslxJU5t: lo uccom· 
modal ion when Ihis indi vi{lual was 40 yenr! old, and he was cOllvincecl that 
Ihe chall~e which occurred eould 1101 be produ t.-eO by a ciliar)' Illusc!t: ..... ilh 
ol1ly ·'onc·lhird of ils orig inal power". 

To cxplain wh)' full accom modation canllot be maintained indefinilel y by a 
presL)'opc, ami ..... h}· oplical help is preferred e'/en whell his accommodali ve 
llea rpoinl is shorler than his working dislance. Fincham o ffered Ihe fo llowing 
reasoni ng. hAs Ihe lcns subslunce l)(!comes hardee wilh ilge, geealer force from 
Ihe cllIstic ca ps ule wi Jl be required lo produce a g iven change of cUfvalure. 
Thi s force, in view of the claslieily of Ihe suspcnsions can onl )' be a ppli l.-d by 
g realer conlracli o/l of Ihe ci liary muscle. COllscqucnll y, a force approachillg Ihe 
fu ll ca pacily of the musde ma y he required lo produce maximal accommoJalion 
whelher il he sorne 15 or 16 di oplers i11 yo ulh or olll y 1 ur 2 dioplers ill pI,"" 
byopia". The ampJilude of accommudat ion , Ihen, is limi lcd by the ba lance helw~1 1 

Ihe freedurn given Ihe cups ule by lhe cOlllraclillg" muscle, and lhe res istance of lhe 
lens subsl1l11ce lo deformution. 
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Morgan snd Petersl~ louk issue wilh Ihis explnnation. If Ihe o nly eHect uf 
me ci lia r)' musde i! lO release zOllu lar tcnsion so Ihal the capsule CD n mold 
Ihe lens, ciliar)' conlraclion in cxcess o f ca psular responsc should resu ll in no 
increase in accolll modstioll. hui in a sink illg o f the Icns undcr g ravilati onal 
c ffect. Therdore, each dioplcr would require Ihe exltct same relaxation of Ihe 
suspensory ligamcnl! rcgardless of the degree o f lens lIClerosis. 

Thc dc\'dop"u:nt of prC!!hyopia as Morgan l1 ex plaim. it , is a resull of sd erosis 
of ¡he lens !ludc us. sd crosis of Ihe ciliary musclcs, ami a dec rease in Ihe mass 
of lhe ciliary body resulting from a lo!!! of ve5ScI elaslici lY, all due lO aging. 
In 1946 , Morgan l8 rclated lhc tcnsioll on lhe ~uspenso r}' li gamcnts lo Ihe lIlass 
uf the ciliary body which depends on thc changes in blooo volume in Ihis Ilighly 
vllllCuJa r sl rucl ure. COII!;lriClion of the blood vessels Jeads lO a dec reasc in maS! 
which incrcase& ¡he pull on lhc SUSIM:nsory lig3 mcllts ca using lens flaue ning. Ci
lia ry contraclion woul(1 net:C!!S8 ri l)' necd lo he g realer lo make up for Ihe de· 
crcascd mass. 

Although Ihc eliolo~y of prcsb)'opia is 51ill shrouded in Ihc ullkllowns uf Ihe 
accommodative mechalli~m, lens sclerosis rt."Ceives Ihe major ütlcnlion fo r Ihe 
rt.'<:ession of Ihe ncür poiul ol accummooal ion wi lh a1:;e. lt has becn staled tlutt 
Ihe 1t:ns [oses ib elaslicily from Ihe da)' oí birth by a con tinuou! proceu uf 
s.dcrosis23, hui il mus! be cOllcedCfI Ihis wo uld be exceedi ngly d ifficoll lo dc· 
monslralc expcrilllcnta[J y. Duke· Elder' subscribes lo Ihe same cause and deve· 
lopmenl o f presbyopia commenling, ·' 11 fo llows Iha! Ihe power of accolll tllodalion 
gradua ll}' dimin isht."S, Il process which caTlllol hc considered as a bnormsl alld 
whieh proct.'Cds g rad ually througho ul Ihe whole of life". 

A number of inlcrc!S¡i ng cxpcrimenls ami cundusiollS hu ve heen prcsclllcJ in 
lhe lileralu.re cOlleerning eorrelaliOlls lM:tween IIccommodaliull ami agillg ""hich 
are worth)' uf bricf revie l'o' . 

Lallcasler a nd Williamsl ~ illvesligaled Ihe effecl of prolon¡;cd acc.:olllmodatioll 
111 or litar Ihe l'ullelulII proximum in subjects rallg ing in ages from 2U lO 64 
,'ca rs. No surprise was exprc5Scd when il was foulld Ihal lhe fu r ¡¡.oinl moved 
in . This was cv idcllt by Ihc neces.. ...lry add iti OI1 u f a min us spberica l lens lo a 
"rev iousl}' (Ielermined dislance co rrt."C lioll lo again oblni n mll ximu m \'isual 1Ieuil )' 
al six melers: dosing or n:!S ting Ihe eyes brought rt.'Cuvery uf Ihe o riginal re· 
fracti ve slatus ill npproxima lely tcn minules. The a ulhors assigne<1 lhe ca u:se of 
Ihe advnncemenl of Ihe fa r I'oinl lo "conl rncture" of Ihe ciliar)· 1I1u.!!cle whieh 
WIIS defilit."(1 a~ "a slale of mainlained conlraclion" o r relardCfI re!axalion. i.e. 
al Ihe end of Ihe contraction Ihe muscle (loes nol relurn lo its rt:sling Jlosi tioll 
bu l rcms ins more or lt.'Ss shorlent.·d. This ""al! d islin¡,; uishell from spaslic rigirlil), 
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S1l1f'e apptied ~Iimuli slill produccd a <Iuick [urlllcr eonlraelioll , alL<! 011 rClIl ova t 
of thc slimuti a rapid partial relulCulioll oceurred , Ihese being superimpo5Cd 
011 Ihc eonlracture. HeTe. Ihell . lhe lllt.'c J¡anics opcraling in laten! hypcropiu 
wc rc mude evident. 

The cffecl o f lIla lC.i mum accollllllOtluli oll upon Ihc neU f poin! umu:¡;ed Ihe in· 
vc~t igulors . The eXI:H.'ctalioll was for Ihe c ilillry muselc lo fali gue aher a sho r! 
lime inlcrvu l allJ cause Ihe punetulll prox imum to ret;t:<!e, bUI, in fael, Ihc nea r 
poinl was foun r) lo be doser lO Ihe observer Ihun iniliall y afte r aboul one hall 
minule. II eOlllillUt:d lo advallee wilh repesled me8$uremenls for approlC imalel y 
half an hour al whieh ti me a grad uul n .'ee!Sion oceureJ for most subj(!cls. Even 
alt er un hour of rcu<ling. exerl illg full Aecommooalion, subj ecls were able lo 
rearl al a nearer f>O illl Ihall al Ihe slarl wilh remarkably few subjt..'C Li ve symploms. 
1\ curve plol for 11 54 year old indi vi rlu81 s nd a 1:1 yea r old revea!t:-<! an inleresl· 
ing compurison. The presbyope iniliall y show<:o 1.225 D of aecommodalion , 
IIII(! IIfler five minutes of concenlralt!-<! nell r po inl exerli on 1.346 D was mea · 
sUTed, an IICcollllllodati ve gain of more Ihan 50 pe r ccnl. The youngsler re~ i s · 

le rc(1 11.75 D of accommodal ion a l Ihe beg inning. nnd achicvc<! 16.00 D ni Ihe 
eml o f Ihc sume lime period ~howing about a .15 ller cenl gain. 

Tlle cllhallccd I1ca r poil1l effect could 1101 be explaillef! on a muscular basis, 
for the cilia ry muscle dOt..'S Jlol acl d irecll y on Ihe lens, huI o n Ihe suspellsory 
liga menl, IIml an excess conlraclion wo ulrl o nl)' cause the lens lo become more 
mova bJe and Img ullfler gravilationaJ ~JUII . The a ulhors Iherefore concl urled lhal 
undcr susta ined ciliaT)' muscular conlraclion fo r pu ncl um proximum wilh re· 
sultll nl zOllula r rclu xatioll, Lhe lens g raduall y COllli nues lo becomc more ami 
more corlVex . " Perhaps ils sudare dot.'S 1101 oc""Cornc more COllvelC; il ma y be 
Ihut il is some of ils (Iccper Ja)'ers Ihal gradualJ)' become more eonvex". Lens 
" viscosil y" was clllployed lo explain Ihe in iliaJ ra pid change foJlowed quickly 
hy a lapc ring off in a slower anrl slower change under continuou!!!y aCling force;¡ 
applicd lo Ihe lens froln wilhoul Of wilhin. The chun)!,c in shupe whieh results 
um!er tire influcnce o f slress is stilJ wi,hin Ihe lilllits of elaslicil y of Ihe lens. 

The cffL""CI of ug illg on Ihe sl.lt.'ed o f accommo<!alion was studied by Allen1. 
1I11d he noted Ihat the lime lo accollHnoda!e so..'C IIlS \tI ine rease as tlle a mpliluue 
decreIlSl.."S. It was also foum! Lhal for all ages thc time 10 re!ax WII! dt.'C iue<lI y 
fasler Ihan lo uccorn moJalc. In an illuslrale<1 cOlllparison. where ampliludes 
were C<lual the )'oun:.:er ind ivid ual showed more rapid a<ljusl menls bolh in 
acconunooalion ami relaxation . A[en employt:d a Badal oplomeler witl! lhe d is
tant largct sel al Iheorel ica l iufinily and lhe near Inr¡.;el was va riahle as lo 
(!islance. A liming ci rcui t recorded Ihe suhjecl's reactiOIl time respOll!IC to accO/Il · 
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modate or rchlS. The agc $prcud of his subjech ""as 7 to 49 yellr~. Kirchhoff 14 

in 1941 hlld malle accurate ohjective rncu! uremenls of at:t:ommodat ion reluxa· 
lioll resl>OlIses by pholographin~ Ihe cha nges in lens shape. bul correspondellce 
of findin{::1I was nol diM:usseO. 

The fa sler cha nges in at:t:omm()(lation 111 you nger ubservers were assiglled to 
11 lower viscosily of lens subslance, or lo a ;.!: rcalcr S(!paration of the lens fibe r!! 
1>.. llu...d in visease muterial, witl! prdcrcllce ex prcSl!ell for the lalter cxplana!ion. 
This would accoun! for the decreasing ra te al which Ihe cciling of accornmodatiol1 
is approached, illllicali ng Ihal Ihe lim it of slretch or ddorma!ion of the lens 
ribers has !K."l:1l reache<!. \Vilh the numlx:r of ribers inerca!!ing and Ihe amount 
uf viseosc lI1aterial decreasing with age " the ulI10 unl of lolal 'sli p' of Ihe como 
poncnts within the lens lIIu,.1 therefore Ix: r(:(luCl.,<1 ""hile 111t~ (riction bclwccn 
Ihem i,. increased". This ugTl,,'(!!! in cuncept with the Lanca!ter·\V illiaIllS con· 
elusion cxpresst.'11 IIbove. 

The tahh..'S u f accommodation of DOlIl!ers and Duauc apply lo nmplit udl.'S ,) f 
8ccornrnodation for llIid·Europeans. In 1950, Hambol' o ffered tbat Eg:yplia n, 
Creek. Italia n a nd olher I>cople clo~r lo Ihe equator dcvclop prel3hyopia cllrlier, 
a nd Scund inav ian people latcr, thuu tu Ihe mid·E uropeolls. Whcn cthnic Asiatic 
!l1(lians and mid ·Eu rol>cans were COmparl.'1! in UII accummodalivc age stud y!o. 
il \I'as fo und tha l practical equalily e;l:i~1s fo r Ihe 11'1'0 groul"' at a8c lell. bul the 
India n al.'Commodalivc abiJi ly is le~ for all ages be}'oud. COlIsidering an am pli. 
lude of 3 O as the criterion ror prt:9hyopia. IlIdians become presbyopic at agc 
38. while mid . Eu ropealls reach Ihis stale al age '1.6. The firulings were rCl>ortoo 
wilhoul conjl.'Clu re as lo rhe cause o f Ihe mnrkl.'1! sprea(1 in accommo<lali\'c a m· 
pliru{le hetwt...e n tht..~ ¡;roulJS, Said amI Weale21 fou nd as mueh as a 5 I>cr cenl 
dellsil )' di fferellce in comparing the l ran~missi\' il r of lellfes in Sil u in Egypl ian 
;]11<1 Bri!ish subj l."Cts agt..·d 25 lo 4,2 yeaT$; Ihe former'!! lense being fellower 
Ihan the Brilish. The su mple was small ami lhe ca use for Ihe increased density 
was 11 01 eslublishe<l. bUI the nuthors opine<j thal a gCllclic busis was morc likely 
than prolongt!<1 exposure lo lhe SIIII . The possibili ly Ihal Ihe denser lens may 
be k'SS amenable lo dcfo rmal ion Ju!.! lo pigmenl!llioll ad<li ng lo viscosi ly is 
suggesled bv Ihis wriler. 

Thc dcvelopment of I'resbyopill from f¡ vc lo lell reu rs carlier in Ne¡;rot.'S than 
\Vhiles was reportcd by Covdll ufler unal)"zing ·'severa ] Ihousa n{I" clin ical re· 
cords o f workcrs in Ihe Panam¡"¡ Callal Zone. Allhough Ihe lIumber of Ca ucasia ns 
who had spenl thdr entire lives in lbe Irop ic~ were too few lo draw a defini te 
cOlldusioll , he bclic\'cd Ibe dime migil l wcll prt..-ci pi tale ti prc(lisl>osilion to lens 
sclerosis. Covell ruled out lliel I1S a cause, fo r al1 ahumlll111 ami cllsil)" oblainll ble 
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liuppl )' o f natura l food was avuiluble lo Ihe Iropica l nalives. The higher per
cClllagc of dcgcncrative d isease! in the Negro ¡wpulatioll was uffen:d as anolhc r 
possiblc fa clor in Ihe cnrlic r o ll !!C1 o f presb)'opia" . 

'rhe Insl correlalion helween preshyopia ami agi ng lo he reporle<! here eoncerns a 
~ tucl y made by Bcrnstein ~. The fae! Ihal ind ividua ls differ in Ihe age where retrac· 
¡ion nf !he nea r I>oi nl necessi tales l!peclacle correction, indiealed tha! prt.'l!b)'opia doe!! 
11 0 1 develop al l ile sa me pa(."e fur all ~rsons . Workillg ""illl Ihe recon ls of imli · 
\' i(l uals wllMe ,Ielllh was atlrihuh.'iIIO nalura l ca uses. Hernslei ll fouml the a;¡sociolioll 
Ix:I" een cx pt:eled length of life and the de;:: ree of preshyopia wal! slronger thun in 
eompa rison with g rayi ng. rou r Ihousa nd case!! provided a mean prt..'l!byopie value fur 
eaeh IIge (;lIlIsidercd, IIml th rt."tl c1assifica lions were mi)(le : Iho!ll! wilh grea ler presby. 
opia werc considere(l Ihe dass uf unfa vorable risk I U1; ¡hose of It.'t:scr prt.'Sbyup ia 
lI"ere cOlIsidered Ihe clu~s of fU\'ora hle risk (e 1; and Ihe middle were eOIl l! idered 
du!!!! ( M ). Al age 47, pe~o ns in c1ass I U) had o life c~ pecloney of 17.9 )'ea rs, class 
1M/ an e~ pt.'Ctunce of 22.5 yeu rs, a nd das! I G) and ex~t;tu ncy of J I.U yea rs bnsed 
on H6 cases fOf (U/, 83 for (M i al1(l In fo r (C I rcspecth'el)'. 1'lle l :t9 F 3r 
dif{erem:c in life e~ pt.'C hl11ey between da~scs IUI IIml ICI whell un ly 111II~e 

persollS 11'110 lUId dicd a na tural denth were co nside re(J indica ted un obviousl)' 
differen t risk cx isled. Natura l death causes were given as "senili! y. hearl , ce· 
rebral hemorrhllgc, arlerioscleros is 1111(1 so forlll". 'f'he llifferences ¡'ctween the 
Ih ree cluss(''S were evidcul al cuch llgl: in equal mugnitude when expresk(1 in 
I}t!r(."enl \.'hich was cm l'!o)'e(! Ix'Cause of Ihe rt.'t!uCCll IHe expL'CluJlcy lit Ihe higher 
ages. When Ihe dealh cau~e!! due lo differenl (liseaStlJ ""ere considere<1. the dif· 
rerences still appea red, bul lo a lellSer deg ree. Although women ex!libilt:<! lhe 
su me meun presh)"opie vaJues as men. a mo re lem~ra te mo{le of life was con· 
sidere<! respons ible for their I!:reater life eX IM!'Clancy. 

Sil/limar,. 

Although sclerosis o f lile ciliar)' lIl u ~cle bas b...'Cn u(h'anct:(1 as Ihe ca use fo r 
pn..'l!h )'opia, unu Lhc d...'C reas iJl ~ 1lI:t ~s uf Ihe c iliar)' lu)(I)' due lo rcduced blood 
vol ume has heen offered as a eontribuling faclor in Ihe etiology of I'resb)'opia. 
the clu5Siea l eoneepl of a hilTdc l1 i ll~ lells nuclcu!I o f inereasing proporl ion wilh 
ag ing is ! liIl ,he mOi!I universa ll)' accepled n.,sis for presbr0l' ia. The \'aryin t:: 
thickllCSi!eS o f Ihe human lens capsule. a mi Ihe elastic prc perl y a5Signed lo th i!.; 
rnernbrane is deerne(l Ihe responsible agenl for Ihe molding: of lhe lens inlo il.!! 
cha racterislic h)'l>crholic "ha¡le in accommo(la lion . The lens conten ls (lo nol play 

• M . J. Turner in Enl!]¡lDd ill a llen, ••!i" . lo rollerl tlwla frum I. racli l ioner~ in ...·. lIeretl 
poinn Ihroul houl Ihe world 10 ~Iutly lbe varialion8 01 MCfo",n,otla l;un U"ror";,, !! lo 
tl lmale wn tl rlu·e. Ir, fo,' u ~ NQ 23. l' . 8. Iler. ]4)6 ] , Lontlon. E""I"nd. 
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a complclcI)' pa~~ive role, for l ile exlenl (l f reslw nse i~ go\'erlled b), Ihe vis· 
cosil)' or Ihe relali ve freedom o f Ihe len! fi ben in a viscou! me<liu m lO inlermesh 
115 accommodali ve I'ressure i ~ exerleO by Ihe cU I>sule. 

I'cople nali ve lo hot cl imules apparenl ly demollslrale un eurlier Ollset for 
presb)'opi ll Ihan Ihose living in mo re northerl y region! o f Europe. 8 0lh genclics 
811d Cll vironmell l have bcell propose<! for thia predisposition, a mi since Eg)' pliall 
lenSL"8 have hccl1 ro uml lo be yellower Iha n 8 rilish il m il)' be thal pigmenlll' 
lion a ffeel! Ihe viscosi ly. It appca r~ thal IHe expeclancy ca n be prcdicted by 
Ihe rale o f devcloprnenl of presbyopia: Ihose illfliv iflu tl ls experie l1ci ng a slowe r 
pro¡ncss a re expecled lo enj o)' grealer longevil y. 
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THE INPLANT EYE PROTECTIVE-CORRECTIVE 


PROGRAM 


HERMAN SAGER. O. D. 

L. ke SUHt:I!>!, Lon!!' Is land, U.s.A. 

In a recenl reporl. Ihe New York Stale Workmen's Cum pcrLsalinn Board il!
dica led Ihal durin¡; 1960 Ihe re oceurred Ihe leasl lLumhcr u f industrial uceidenb 
¡¡inee 1940 - even Ih ough Ihe lIumber uf people cove red by Workrnen's Com
jJcnslllion has heen on Ihe inereaS<! durillg dlis ]1Cri od. 

The report further poinled out thlll " Ihis fa vorable Irend is teasona bly otlri· 
bulal lo an inereasc in sa fely praetices 011 the pUfl of both Ihe employers an(1 
employel..'S Ihroughout Ihe slate". 

Injury curla ilmenl 9uch as this, is nol jusI all ac';c idclIl . II COllles about Ihrou¡;!h 
yea rs u f l ire!t.-ss work Illld a ll out efforl. Olle musl bewa re of Ihe tendeudes 
Ihal somelime (le\'e!ol' a ft er e5tablishi ng a favorah le trend . and thal is lo for¡: el 
Ihe post huma n sufferinl; and t:oslly cxpend ilure ami lo begin lo lake sa fety 
fo r granled. One muSI guard againsl sueh a lel down a mi be eOllslallll y nlerl 
lo Tt!~! ogllize Ihis s lulc uf mind. 

1I is importanl to conti llUC Ihi s lIljury r(!duelion Ircml Ih roughout the worlel 
ulld to cOll linue 011 lo scl lIew recoros. To accom plish Ihis one musl leaTn more 
aho ul e)'e safel)' a nd vision prog rams in illdustT)'. '1'0 lea rn ho,"" lo J.l0 IIboul 
b uildi nJ.l u 101' noteh eye progrlllll, ","hal type o f c)"e program Io\'ould be mosl 
suilahle amI efficienl for your parlicular planl , holo\' lo impro",e your I'reknl 
pro~ ra lll . lo ¡.tel maximulll resul ts willt a minim um o f expcndilure a nd how lo 
const' f\'e 311(1 g uard mosl effeclivel )' ","hal is probabl)' Ihc emplo),ee's mosl ",aluablc 
possession - lheir e)'csight. 

There are lIumerous varialions ol eye progra llls in induslry lo-day. Bul. in 
Ill )' opinioll olll y olle Iype is reall )' complete. t:om l' rehell ~ ¡ ve and 10l(llly eff~-
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live. il is ca lJed Ihe ;' III· l'lul1 Eye Prolc:..'Clive Ami Corrcclive Prograrn" . It reno 
ders Ihe complele eye sen ' ieC!J induslr)' necds ri ghl wilhin Ihe plan. In.planl 
programs ha\'e been u5e{1 for mon)' yea rs wilh greal success, aehiev ing Ire· 
mcndous reconls in such pl8nls as Euslmtln Kodak Compan)'. Sperr)' G)' rO!!Cope 
CompaJl )', Brookl)'JI Nava l Ship Yard 8nd mall)' olhers. This doe:s 1101 mean 
Ihal an in.planl e)'e program is suitable onl)' fur large cumpa nies thal cm ploy 
thousa nds of people but il cll n be effeclivel y employe<1 even in smoll plllllls 
ha ving as few as 20(J cmVlo)'ees, bul conducled 011 a proporliollalt: basis. • 

, 


Direcling Ihe in.planl program all<l assurning lolal respons ibili lies fu r il, is 
Ihe Irained prufessionul eye IIIIlII , eil her Ihe in·planl Optorllcll' ist o r Ophtha lmo· 
log is!. It is IImazing lo lIear uf tlle lIlun y so·calJed industrial eye progra rns Ihal 
do 1101 n:la ill Ihe direcl scrvicc!I uf a profcssiona l eye mlln lo guide Ihe progra mo 
Everyhod y in lhe pla nl sc:.."C IIIS l O ussume Ihesc respollsibililics. In sorne planls 
il ma)' he lhe personnel malla~er or general shop forcman. in olhers il ma )' 
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be Ihe !ItlCuril y officer or ~hop steward. Ever)' Lody seerna to j.\el inlo Ihe acl 
excepl Ihe properly trained individual, Ihe Oplomelrisl ur Ophthalmologisl aud 
IIII:}' worllle r why Ihe program fail!! . 

Ca n you imagine a compa n)' hav illg: an Industrial Kelatiollll Program, an 
EmpJoymenl ProEram o r a Manufacturing Program without havi ng qua lified. 
expcrienccd ami lra ined personnel in their r~pective ficlds lO guide Ihese ope' 
ral ion,.? How Ihen can an induslrial vis ion progra m be effecli ve without the same? 

J would hate to have respollsi biJil y thrust at me to tlesign ami cng illt:e r a 
!lew. sophiscale<1 mi!!si le guida nce s}'slem for S perr)'. It mighl be wrapl)C(1 in 
Ull imprL'!1sive lookill!; cabinel. bul if il was !lullpoSt.'tl lo ¡.:u idc a spucc !lhip to 
lile moon it wouJ{1 probubly d irect il lo Plut o illstcad . 

Tlle in .planl Optolllclrisl is in mosl cases 11 sa la r ic(l compan)' clIlplo)'et:. In 
some smaller plants, remuneralion ma y be eilher 0 11 a sa lary basis. a per sess ion 
fec. all ullllual rclaincr or raid on al1 hourl y basis. 

UsuaJl y Ihe in.planl Oplomelrist reporls dirt.'ctl )' lo the Medical I)ireclor or 
Admi ni tltrator. In sorne plants he might come under Ihe Industrial Hclaliol1s Di· 
n:ctor, Ihe PersonneJ Manager, Ihe Safel y Direclor or the AdminiSlralive Vice 
¡'residenl. Where he appears 0 11 Ihe organization churts is /101 loo impo rtan!. 
The imporlanl thinp; is thal the compa ny recognizes Ihe nee,1 for 11i ~ proft:!;sio/lal 
services. 

The role of Ihe in-plant Optometrisl is fluit e cxtclI!:! ivc. His three maj or arcas 
of rt:!; lw lIsibilit )' indude: 

l . Examinalion ami prollCr correclion of employee'lI villion fo r the joll. 

2. Dispensing of the correcli vc ami pht no ~fet )' ~ I asses of various t)'pe9 lo 
eliminate e)'e injurie!! ami e)'e losses. 

3. To devdop and administer a pre.placemenl VISIOII scrt."tlning program o so 
Iha l applica nts wilh proper \' isuaJ qualificalions are selecled for Ihe jo!>. 

In lacklillg the (¡ rs t job, Ihe in· plan! Oplomclrisl musl make a cardu] ana l)'sis 
o f eve ry jo!> dUSl! ification a nd (Ietermine its II lltlCific visual job dema nds. Sorne 
facto rs lo be considered indu(le working dista nee. ere movements, lighting en· 
vironlllents. posilion of t!mpluyee al jub, whcthcr o r not rnuhi·focal Icnscs will 
be 5uitabJe or if other supplemenlar)' visioll a i(ls miglh be necessar)'. The in
tima!e knowledge uf Ihese fuctors gives Ihe in-plant Optometrist a decided ad
v8nlage over the outside practitioner in exam ining and prescribing more accura
lel y Ihe corrective lenSC8 requirerl for Ihe joh. 
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If Ihe com¡Jan )' is payiug {or the!C moleri!!ls II IS im porlan t lhnt Ihe prescrip. 
tion incorporaled int o Ihe sa fel)' glaS5e!> be accurale SO Ihey ean be worn como 
forlabl)' 0 11 Ihe jobo olhcr~' i St! Ihe l!8 fel y ;;l a~ses wi ll nol be wom ami new J¡re!!' 

eriptiull glasses may have lo be ordered. 

This wou ld make il considerabl )' more costly lo Ihe cnrl1 pan y. This is olle of 
Ihe major advanlages of exa mining Ihe employee's e)'t:s in Ihe plunl. 

He rc a re jusI Iwo cXlI lIl ples whcre IIn emplo),ee's outsi<le prc~criplioll was of 
110 va lue lo hilll 011 Ihc joh. 

One emplo)'ee had a co rrecliOIl i5l\ul!fl 10 him fo r maximum St.'t: in;; al I :f' 
whcn his joh wo rking dislnnce WII S JU". 

Anolher exa mple invoh'e<I all employee who during World Wa r II was Irans· 
ferre<1 from Ihe da}' shift lo the nigh! shift . He suffere<l ullusual discomfort. 
The oulside praclitioner lold him a ft er exa minali oll lhal Ihe li l!'hlillg in Ihe 
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pla nl al night was Ihe ca use of his troublc. Tinled g reen prescripti on glasses 
lI'ere prescribed for hirn . Bul liule did Ihe oulside prnclilioner rea lize lhal the 
lighling con<lilions ill Ihe planl al night were idenlielll lo those during Ihe day . 
This company prod uce<.! derense weapons ami aU of Ihe plan'" lI' inJows ""ere 
blacked out. The in.planl Oplomelrisl eerlai nly \\'ould ha\'e reco~nired Ihis. 

To carr)' oul Ihe seconJ major lusk, dislJt:nsi ng correclive al1<l 1'111110 sa fel} 
glass(,'S. Ihe in-plant Oplomelrisl cOO I )(! ra l~ with lhe Sa fel)' En~ in(,"C r in making 
a through @Iud)' of Ihe p05/lible ere hazanls of each jobo ami determine!! ""hal 
I)'pe of safet )' e)'e IHOk'diOIl wil! be most effective in each case. 

Vuri ous t)'pes o f !!a fe l)' glasses a rtl ulilized . Includcd are regular spectaclc 
IYI)!! wilh ur wi lhout !lide ~hiclJs' goggles or plastic shields. Al! contain toughen)'. 
ed or case hardcned lenses 3 mm. celller thickll t:SS o r plastie lenECS. Sorne con· 
la in va rious I)'pes of filte r lenscs for absorPlion of harmful rlldill tioll ur f! la re 
OCCUp.1 lions such as welders, silver solde rers, hcat Ircalers. pourers. etl'. 

The in .plant Optometrisl is responsible for dis lJt:ns in~. adj usti ng. m:t iuh:/Ulllcc 
ami rcpa ir o f aH e)'e sa fel)' C<lu iprnenl. In addilion he aes i ~hl the flurchllsi ng de. 
parlrnenl in Ihe purchasc of Ihe surel)' e)'e cquiplllenl with a view toward main· 
taining u cunslant qualit )' ~ tal1(ll\r<J. 1·le is a lso respollsihle for lhe mai lenllnce 
of Ihe stock nnd in \'enlor)'. 

The third hasic dul)' of Ihe in-plant Oplometrist - (Ie\,tl loping and administer· 
ing vre· p!acl;:ment \' isiull tesis. Seleclioll of applica nls wilh lhe proper st.'e ing 
skills for Ihe job is of majo r imporlance lo illdu~ l r)'. particularl)' in plants whe re 
fi ne preci! ioll t)'¡x: uf seeing is nt:<:essa r)'. Spoilage, waste und mislakt.'5 h:::clIuse 
of fauhy seeing skiJls is no sma Jl loss lo industrr. And make no mi5takes ubout 
it . h is u facto r weH worlh consi(lcring in to-da)'s highl)' compct ili ve lIIurkets. 

Wilh to-da )'!! SI>ace ane! Electronic Ages. wilh qunt ity cont rol demands of ill' 
finitt.'s imal d illlensions. emplo)'(,'CS musl meet cxtremc1)' close tolerancl.,!. The in· 
plant Oplometrist wilh his inli male knowledge af job " ision needs, wi lJ l!eI up 
emplO)'menl \lision job slandards thal are ¡x:rlincnl for his particula r plu lIl. 
Using job slandards dc ri\le<! by a lIationa l slalislical a\'e rage are of 110 val ue. 
F..ach plan l has its 0 \\"11 parlicular proouclioll pro bJems. ils own adm ini! trative 
prohlems. as wd l as ils OWI.' spt.'c ific job cha racteristic! anel env ironmenls. Each 
plant has to he ineliv icl ua Jl )' considere<l. 

Visioll ~ crl.'tl1ing resuhs ahould be anal )'lcd U)' Ihe in-plan! Ofllmlletrisl. Man)' 
pla nts are deprivl.,,<1 of skiJled pe rsonnel or man y assign applica nts lo jobs where 
Ihe)' fai l lO succeed bt.,'CI1u!e of lack of cerlain sccing ! kills. This occurs onl )" 
ill plan!s where Ihere is no una l}'si! by an in .plan! Optomel risl of ¡he SC Tt:t:II · 

ing rtlSuhs. 



The screenil1¡'; il1strUlllcl1 t Ulld the bauery of vision sk il! tesIs lo be uscd ~houlJ 

be delermined hy Ihe in-pla nt Oplometrisl. Onl)' by cmploying such o battery 
of tesls rather lha n Ihe ure of a wall eye chuTt can an applicant 's true eye slalul! 
be qu ickly evaluated . Fo r example, all Ilpplic.:lll1 l ",ho will have lo use a bino
cular micToscope for inspecli oll_ would nol fare wel l al this job, ir he has a 
sUPl'ressioll of v i ~ ion of orle eye which coul(1 be dclt:c.:ted by Ihe screening ins-

Fil!. 3 

trumen!. An a§scmblcT working wi lh c.:olorOO wires, would 1101 nmke out wel! 
if he is color deficienl ; or a moderatdy nearsighted al'plican l who couldn' l pass a 
SnelJin wa[J chal1 lest mighl makc all exccllent inspeclor or fI ~!CllIblcr. 

In addi tiOIl lo the IhrL'(.' basie TL"!!poll!!ibililies I have discu§scd . the in.p18111 
Oplomelrisl usuaJl y I'arlieipalc! in a number of aeliv ilies lo insure lhe effecli· 
\'cm:ss of Ihe in-plant eye pro¡.:rum. 

He wjJl dc\'elop un cducutionul c)'e safct)' programo He will ha\'e po!ters amI 
other !afely ere (Iispla)'! - particular)' of smashed flnd mulilaled safel )' glas!!(,'s 
Ihal hu ve !Sllved eres - 8lrulcgicu lJ )' displa red throughoul Ihe plont for all lo 
S(.'(.' . I-Ie will have his plont become o member of Ihe Wi!>C Owl Cluh. sponsored 
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by che Nalional Sociel )' For The Preyenlion Of Illindne!!!. The Club'! membe rB 
are workers whose vísion had bcen S3 \·ed by sarel)' glas~es. 

Working through Ihe ed itor of Ihe plant newspu per. Ihe in.plant Optomelrisl 
prcscn1s slories on Ihe aocomplishmclIls or thc cre program, lo Ihe cmployee.. 
Pielures a no slor iell o f e)'es Ihal huye be!::lI Mved by safel}' glas~t.'S are ilems a n 
edi lor alwa ys find;¡ space for. 

The in-planl Oplomtlrisl will on many occaS lOlIS be calJe<! upon ror a<lvice 
rega rding li ;; ht illg problern3 in Ihe plll lll_ color problems. opl ical problcms, pro
blem, in ph ysiologieal oplies, plan l layoul problerns. tic. Bt.'Cu use o f his baekgrouud 
and trai ning he on lIumerous Ot."(!asions CO IIICS up wilh ¡In dfe.;li ve unswer - wilh 
110 extra eosl lo Ihe compan )'. 

Hl!SCa reh is nnolher uspeel or his jobo He mi¡.;hl be cngaged in ti project t;O

rrelating work spoilage wilh need for visua l corrt:ction, or be cnguged in a sur· 
yeillance program lo determine whetlu.!f Of nol Iher!:: may be prcma ture challge" 
in Ihe eye media or eye lens o r those employees engage<1 in work requiring 

• use of radioaelive malerials o r he might develop a scn:cnin¡! program ror J!: lau· 
coma dele.;ti OIl. 

He mainta inll slallslu.,'s on work per formed by his dcpnrlmcnt Hml ils eHe.;· 
liyeneS/! in curtuilin¡:; e)e I~es ¡lIld ere injurit:s. Tlle in-plant Optollletrisl is 
alwD )'s 0 11 Ihe Dlert lo delt.-ct eye P8Iholo¡:;)" which he immedislel y rcfers to the 
Ophlhalmologisl ror trestmCll1. 

Although his responsibi lit ies are mall y. he knows Ihal ti sucee~fu l progra lll nol 
(111)' depends upon hirn , but upon his coopero lioll wilh ma ny ollu.:r v1ant person
ne!, professional people a lld outside agen..: it:s. 
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He wiJl wurk il1 clu~c cuolx~ral io l1 wilh Ihe in.pla nl physi eilll1 , Ihe ophlhalmoJo. 
gisl, will aC(l tlai nl [,he Ilu rsi llg slaH wilh hi~ dUlies, will work hllnd in hand wilh 
Ihe stdely eng illeer, lile furcmcl1 a]](1 5upervi.sor5. Ihe oplica J companies Ihal ma· 
nufa cture Ihe eye Ml fel)' materiaJ5. al\(l 80cicties such as Ihe Natiuna l Sociely For 
The Prevcnlioll Of BJindness, Naliona l Sa fety Council, AmeriC:1Il Society of Safely 
Ellgineers. IlIumil1llting Eng ineeri ng Society. etc. 

To s iYc yOIl a concrete example 110W c ffec live ao industria l in· pla n! program 
with a n in.plant Oplometrisl CIW be. I wil! desc ri be briefly some of !he I!l n;;ible 
resulls al\(l accum pl i5hmenbl uf lile E)'e I'ro¡:;ram of Ihe Sperry G)'ro!!{.:ope Cornpall)'. 

In more Ihan seven!t.'e ll years since lhe inceplioll of our Eyc Program we have 
1101 had 11 gingJe JosI ere, but we have Ilccurnmulated one hund rt."(1 aud six pairs 
o f smllshe<1 Ilnd nmlilll led sa fely glaMes which ¡ndieales a polenlial of a li ll le oyer 
six eyes ayear would be losl ir wc had no ere programo Six eycs was exacl lr Ihe 
number IO'e Josl in lhe }'ear prior lo Ihe inception o f Ihe pro¡.:ram. 

The dirt."(;1 lIlonelary Mlvings lo lile ccmpany of Ihe5e !ÜX eres a }'ea r a loue, far 
more Ihun co\'er!! the cosl o f Ihe eye program eaeh ycaL 

\Ve havc reducen Ihe Ilumber of firsl a id eye case!! by more tha n ninely I~rcenl 

us comparc<1 lo Ihe )'cars prior 10 the insla llalioll of Ihe progra mo 

AII other hendits de ri\'ed from Ihe program can be considered as (Ii vidends. 

Our pre·placemenl visioll select ion prog ram assurc! our supef\'isors Ihal uew 
emplo}'ecs havc a pprcpnate vi!!ual skills fo r Ihc jobo Visioll al leasl cao be dis· 
cOtlnled as u factor for unsali!! fa Clo ry l>erformance on Ihe jo b by a nelO' emplo)'ee. 
Othcr reaSOIl!! can Ihen he !!(\ughl. 

The eor recr ion program a!lSurc!:I conlinued muxilllUIII visual performance o f uur 
j'Crsollnel. Mallagemenl is assure<1 thal our compa ny ranks amone Ihe hi¡.;hesl of 
a ll inclu!!!rial COml)iUlit.'S in ·so·fa r as effi cienl see ing l>erforllla/lce for Ihe joh i!! 
concenlt.-<I . 

AnllUal eye examinalion!! are g i\'ell lo our superv isor)' personnel as varl of Ihe 
allllua1 physica l eX8min8tions. • 

The continuous olJoe ralion of our eye program for mOfe than seyenleen )'cars is 
conv incillg p roof Ihal Ihe Spefr)' G}' roscope Compa ny cOlIsiders th is in.plal1l eye 
program valuable und sueccss ful. It also proOVC!; thnt a r rol>erl y function; ng in.plan l 
progTIIlll elm cOlllplctcl y era diea le blindness ca uSt..-d by industria l eye uccitlents. 

More programs like Ihis througho ul Ihe \\'orl<l would help eliminatc human suf· 
ferinp:. save milliOIlS o f dollar!! each }'ea r in insuranee premiums aud compcnslllioJl 
COSI!! a nd conserve Ihe prit.'eIe5lS eyesight of Ihe induslrial popu lation o f lhe world. 

Sp<Jrry CyrO""ol>e CollL llan y 
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NUEVOS INSTRUMENTOS 

Mod.iJicac ión a nuestro C{l'lIpO de Bomba y Porta· ve ntosas 

para la extracción tota l de la ca tarata por Facoe risis 

I'OR 

JOSE 1. BARIlAQUER M .. M. D. 
lI o~ota , Colomhin 

1::11 el volumen cuurlo de Es tud ios e Informaciones Ofta lmol ógicas, articul o N9 6. 
publicamos l{ls carncter ísticas de nuestro equipo para extracción tolal de In cata 
rata p Of facocri si!!. E-~ Iu nota es pa ra dar c uenta (le (los pcQUCñU5 modifi caciones 

Fi ~. 1. Homlta y I'ort~ v.. nl .. ~u ~ ~ u j e l n tl .. IM I "0"'0 oC empley lI,m, ., 1 ojo dered,,, , 
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que hemos realilado hace añ os y que hemos emplelido regularmcllte a nuestra 
cntera sati l! fa cc ión y (Iue consirlera mos constituyen una mejo ra al II¡Jllruto original. 

Aspirador : 

En la bomba aspiradora de vacío, ltl. modificación introducida ha sido con re· 
lación ti. la s ituación de la toma de yacio. f...,tá. si tuada en la pa rte inferi or del 
manómetro reg ulador en los pri lnt:ros modelos. actualmente lo esl¡í en la superior. 
con el fin de ev itar que el ace ite que lubrica la bomba aspiradOl"Ii ¡)ellctre con 
fll cilidaJ en el tubo de caucho f¡Ue une ésta con el ¡Klrta vcntosas ! Fi¡.:: . l •. 

.1 -
Porla 11ellfusa.,: 

El ¡Klrta venlosas construid o en 2 mcdelOl; con o sin reg ulador t H g. 2 , !le ha 
hecho fabricar en Dura luminio. Con ello el peso del instrumento (lut.'<I.a suma men
te reducido permitiendo una ma yor sensibilidad en la mllno del operado r, factor 
este importante en todas las intervenciones )' especialmente cuando se emplea 
zonolulisis enúmótica con a lfaq uimotri ¡>!!ina en la cual el t:Outaeto de la ventosa 
con la cápsula del crislalino debe ser sumamente sua ve. El peso del porta \'enlo
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os constru ido en acero inox idable es de 24.5 ~rs. El I)eSO del pol'ta ventosas cons· 
truido en Dura lum in io es Ile 8.2 ¡;:.:rs. 

EstO!! yorta ventosas en dura luminio (Ieben ser este rilizad~ en la estufa seca, 

Las substancias <I uimicas pueden a taca r mas fa ci lmente el al um inio)' determinar 
dificultade! en el funcionam iento del regulador }' también favorecer lo obstruc· 
ción de los conductos intuiores del instrumento. Si se dispone Ile U II solo instru· 
mento, no ha)' illcolI \'eniente. en intervenciones sucesi\'as. en fl amear la ven tosa 11 

la lIallla de ulla himpara de alcohol para ester il iza rla, S in embar~o, este prore· 
¡limiento 11 lo larga a fecta la soldadu ra de la ventosa )' la duración Ile la misma se 
acorta en forma cOlIsiderable. Esta conducta puwc sc~ui rl!e cn caso Ile nccesidan 
sola mente con los \'tJ.ntosas (le platino. 

UJHLl OGRAFI A 

N uevo equipo IJan la e_~lra",,;ón lolwl de Iw r;¡llIrlllw I~J r fllrued i ji , ,,<Ir J ..... 1. l.lu rrullucr M. 

E. ludio", e i"fur,,'a,·i .. ne~ ohalmoló~ira. 11%2) VIII. IV N9 " , 
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REYISION DE LIBROS 

"THE ESSENT IA LS OC PEHIM ET HY" 

~ FaclorC8 Esencia lcs c n P c rilll l· t ria ·1 

Au lor: HOWAH HEE O 

Esle importante libro conliene tres partes en su presentación: 1) Anatomia Apli. 
calla dd Mecanismo Visual: 11) El Campo Visual y su "'assessment"' )' 11 1) De· 
fec tos ele Campos ViSouales y su Interpretación. 

La parte II de t.'5le tratado me ha lla mado la atellción de manera eSopecial. ya 
que ana liza <le manera completa la va lidez) cri terio de los instrumento! u5lldos 
en la interpretación cualitativa )' cuantitativa de lo! ca mpos visua les. incl uyendo 
aquellos que de manera extraonlina ria si mplifican la elaboración de datos )' dia· 
gramas al profesional. 

Su au tor. Howard Heetl. M.IL M.S. lLonel, F.R.C.S. t Eng./. r.R.C.S. lei. 
F.A.C.S.. Departamento de Ofta lmologia. Uni\'ersidad de Mauitoba . Departamentos 
ele Oftalmología.Wínn íl>e¡': General Hospital, ch íldren's Hospital, Winn ipcg y la 
Clí nica de \Vinnipe~. 11 quien tu\' imos d ¡!. u~to de tenerlo en lIueslro país por bre\'~ 

dias hace un os pocos mt.~'5. 

El libro 1m sido editado por lit "Oxfonl Uni,'ersit)' Press" de Inglatcrra. Cuenta 
con 167 flihujos hechos especíalmente para la pu blicación de este libro. 

"V ISloN OF TBE AGING PATI ENT" 

ComfJC lldio Optomélríco. edi tado I>or MOll roc J. Hi rsch y Ral ph E. Wick. Este 
libro alla liza en 16 ca pitu los. esc ritus por di ferc nlcs llutorcs, entre otros los sí· 
guientes tI! pt:ctos relacionados con la \' i~ión en el cam po de la Ceriatría; 

- Ca mbios Anutórnico!l )' Fisíológicos asoc iado", con la vejez. 
2 - ASlx:c tos Psicológicos del Ullci(l llo . 
.'\ - El efecto {Iue ca usa la edad en lo a~ull ezo \'¡So ua!. 
4 - Cambios cn la refraccíón inducidos Iwr In edad. 
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5 Cambios en el nl l!Canismo de la acorno(lación ell el estado de la Presbicia 
y su corn..'ccion. 

6 Anomalias del Sistema Neurom usc:: ular del anciano. 
7 Consideración breve de condiciones patológicas en ancia nos. 
S Fenómenos PatologicOl; GeneralClf que causan eft:(;tos en la visión (leI anciano. 
') Vi¡;ión Sub·Normal y las a yudas ópticas (lispunibles. 

10 El Ajuste y Adaptación de Anteojos en los pacientes ancia llos. 
II El Manejo del pac ien te anciallo e l! la práctic :1 Opt ometrica. 
12 Adaptación dc Lentes de Contacto en pacientes anciallos. 
13 Hehabilitación Social y Vocaciomtl del paciente unciuno con problemas 

de Visión S ub·Normal. 
14 - Aspect os económicos en Pro~ram88 de asistencia soc ial a pacientes ancia nos. 

Los capitulos del libro han sido esc rit o!! I>or los s iguiCIlh:s a ulore!!. todos ello!! 
ampliamente conocidos. por !!u~ di n."Clas asociaciones clln entidades l 'niversila· 
rías, Clinicas y I'rofesiona les: 

Ik John E. Arcbe r 
Dr. Huw ane! Burtley 
Dr. Robert S. Eakin 
Vicent J. Ellerbrock 
Monroe J. Hi rsch 
Henry Hofstelle r 
Félix A. Koelling 
Bernard Q. Mazo" 
Incredilh W. Morga n 
John C. Neill 
Alfreil H05enblOOIll 
Arlhur W. Shlaifer 
Gnu:e Weiner 
Frank W. Weylllouth 
Halph E. Wick 

Un aspecto hastante in le reJOa nte es la "ariada info rmación relacionolla con mili· 
tiples aspectos de la \' isiÓn. presentados eu forma de f ráficas. tabla!! t:!! ladisticai! 
)' comparativas. 

El libro fue im preso por la Chilloll Compa n)' tic Estados Unidos en III p. li~ r su 
Jlrcc i~) {le \'{'nta es de LIS 7.5U. 
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NOTI C IA S - NEWS 

TemO!! u !atidao:;:ao de Je \'a r ao eonhec;imento que o Conselho Bra~iJeiro (le 
Ofta lmología . ote julho de 196i. quando se realiza rá no Rio de Ja neiro sob seu 
patrocinio o XIII Congres.so Brasileiro de Oftalmologia. tem sua Direloria COIl1 a 
seguintc ("ollslilui 'i:ao: 

Prt.'s identc. ProL Dc. Sylvio Abrcu Fialho. 

Vice Presidente. Oc. Joviano de Rezende Filho. 

Sec retario Cera!. Dr. Evaldo Machado dos San108. 

TCW lIl'ciro, Dr. Jose Barbosa <la Luz . 
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