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APTERIMAGES IN THE VISUAL SYSTEM

L.T. Zagorul'ko (Leningrad) - =
The well regulated and coordinated activity ol the central
nervous system 1s the result of long adaptatlon and developmeﬁt and
1s the sum of the specles and 1lndividual experiencce of animals and

man. The discovery of the conditioned reflex by I.P. Pavlov'and hls

" explanation of this phenomenon as the temporary pathway belween ac-

tive locl of the braln has made it possible to elucidale the mech-
anlsm by whlch nervous coordinatlons arlse. L.A. Orbeli had already
long ago {1920-1922) proved hls theory that unconditloned reflexea
pass through a temporary pathway phase during thelr initlial formation:
"{he study of conditloned reflexes has shown us Lhe paths which the
funcLional cvoluLiQn of the nervous systeom takes: the rcady-made co-
ordinational relatlonshlps with whlch we arc born were formed over

the mll;eniums, in accordance with iLhe same basle laws whleh povern
the formation of new condlfioned coordlnational relalleonshlps duvling

the wecks and cven days and hours, of our lndividual 1ives" (L. A.

Orbeld). While we may already detect readyemade, atable coordinafions

Imparted by hevedity In the lower divislons of the central nervoun
syatem, In the actlvitics of the loel which they Innervale, somethlng,
entfrely different oceurs "in the eerebral cortex, whiech lo the ape

paratus of in dlvidual adaptation anl s yourwt and f'rec trrom 111 xed

relatlonantps™ (LA, Orbell).

Actually, in developliye conddit fonvd peidexes, thewe 1eoa totally
unlimiied DDSG.’.".LIIL\' of 1‘0!‘.‘?:1‘(1}: an Intindte nomeon of Monctlonal
-1 =
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. -pathvays.between different sections of the cortex. The provess of—====" |3
‘ " irradlatlon of excitatory impulses characterizes the cerebral cortex i
?é ap a system which 1ls dlffuse 1n the functional sense. Of all the ner- :
- w vous elements, 1t 1s the cortical elements in which this functional Tfi

diffuéeness inheres to Lhe greatest degrece. Thus, the cortical ele-
- -ments are yourger and exhiblt functlonal properties characteristic

of early nervous elements to a greater degree than do the c¢ells of

other divislons of the central nervous system; by virtue of this,

they present unlimited possiblliities for individual adaptation. In-

dced, during the development of condltioned reflexes (or nervous co-
. ordinations), those functional relationships are cstabllshed under
which excltatlion 18 proparated through nervous elemerin {of Lhs cor-
tex) alonp ripldly defined pathways fixed by Lhe natural conditlons
of the indlvidual's 1lifc or of the laboratory experlment. The abill-
Ly of the clements of the central nervous system Lo develop direcdid,
"lLxed reactlons  1s explalned by the interventlion of the process of
inhibition. Consequently, all coordinated acts coffeeled by the eentral
syctem reflecl a complex functlonal uinte characterized by the pres-
ence ol several simultancounly and scquentlally occurrlng proceasnen;
the processes of exeltation and Inhibitlon and the courses whileh they
fake and the processes of positlve and nepatlve and simultancons il
acquential Indueflon.

From this point of view, the study of the netlvity of Thumun sense

L orrans Is of mreal fheoretleal and practlcal Interest, on Lhe one bened,

i 1t 1a theoretleally Intercastingeg 1o know the physlolorlenl mechanloms
which govern the development of a stpeletly detoermlie d pergeption of

. ore or more of «miltipllelty ot slnultancons caternal stdmill Ly fhe
braln. On the other hand, 1t 16 of pract lenl fmportanee 1o Kuow how
ta vemedy the dlneopted coorddnatdonal act vt of s S nt il erioan ‘
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~" 8ystem which results from a déseased.condition affecting certain

sectlons of the brain.

The teachings of I.M,Sechenov and I.P. Pavlov on the physiology
of the brain were further developed in L.A. Orbelifs teachlings on
the interaction and relatidnship of afferent systems as applied to
man. It was shown in a great number of experiments conducted in ihe
lahoratories headed by L.A. Orbeli that there was a definite interw
actlon not only between afferenl systems of different modalitles, bui
also within an afferent system itself, as in the case of the conc and
rod elements of the retlna. Moreover, different component.s of the
same perceptlon enter into definite relationships. These relation-

ships manifest themselves in the form of aniaponisilc reciprocal rec-

lations under certain experimental conditlons and in the form of HYN =

crpetic relations under othgr expcrimental conditions,

It 1s preelsely as a result of this that there 1o no doubi that
a ccvtdin perceplion is the resull of the activiiy not only of a core
tain sense organ, bul 1s also Lhe sum of the extremely compleX coov-
dinated aclivity of sceveral or ecven manybaffvrenz ayatems, Indeed, we
51111 do not know the speeific paths Laken by the funetlonal cvolutlon
of our prreeptions. From {his polnl of view, the principle ol the In-
tevractlon of afferent systems refleels the physlolorical mechaniams
roverlny a eoordinatlonal aet In Lhe sensory spheres The Intraeent e
Interactlon of afferent systems, as formulated by Lon. Orhell, In the
peneral principle of the actlvity of fhe haman bralu. Conserquently,
the study off problems of human hiyher Lervons activity «ncompasisen the
Investlprat lon of phyaiolormical procesin occurring n affernt gyntem:
not only durdng the time when a stlmilus s actine, tut 4lno o
ceades to act and thus PCVC&]S_{UV mechanlom by whieh subscqurﬂi Laeminy -
rary pathways are formed. Marthemmore, (1 s preelsely in the intver-
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actlons of afferent systems that we must look for the physiological
basis Bf tﬁééé phenomena which are essentlally "conscious" and "sub-
conscious” in psychological terms.

The study of after reactlons reveals the laws governing the
phase successlon of the exclted state in afferent systemé. From this
point of view, the investigation of the Interactions of afferent sys-
tems in studying visual afterimages has proved to be extremely intera
esting from a éheoretical standpoint and very useful from a practical
standpoint. It is well known that the actlon of a stimulatoxy'agcnt
on a sense organ is accompanied, firsi of all, by the appearance of a

qualitatively determined sencatlon specific (o the sense organ 1in

queation, secondly, by the development of after reactlons when Lie

stimulushas ceased to act, these beling subjeclively percelved as aficr-

images, and thirdly, by remolc after rcacllons of which there 1is no
sub Jeective percepilon.

The phenomenon of afterimages, known for vision from the tlme of
Polrese 'a observatlons (1634), extends rather wldely throughoul the
aclivily of human sense organs. Systematic studles, csopeelally of the
visual system, began at the time of lurkinje's classlc Inventlyations
(1804).

A greatl deal of factual materlal has now been amassed on the manl-

festation of the phenomenon with which we are here dealluys In other

afferent syatems.

This, Urbantsehitseh (1891, 1903) studled aftep-sounds, Barany
(1906, 1907), Abcls (1907), and Fischer and Wodak (1900, 190%: #iat -p,
13 8) deserlbed vestibular after-sensations, and Hennloge (1g00), Hore
man {149:¢), and Skeamlik (1922, 1926) demonstrated the exlnteres of
after<sensations W thic repfons of the eustatory and olfaetory affvpen
prntems, .

-~ L .
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....The study of after-sensatlons has redent.ly benn carrled. out.on.
a broad basls in the laboratories headed by L.A. Orbell. After-sensa-
tions in the following afferent ‘systems were investigated: a) visual
(Narikashvili, 1944; Volkhov and Zagorul 'ko, 19U44; Zagorul 'ko, 1946,
1947); b) auditory (Arapova and Klass, 1940, 194G; Zagorul 'ko and
Klass, 1947, Zagorul'ko, Klass, and Federdv, 1946); ¢) vestibular
(Zagorul tko, Komendantov, Osipova, and Enfina; 1944, 1947). A

p A r Certaln general physio-
;0 v 'é P loglecal characlteristices were

discovered which were lnherent

in the after-sensations of all

/ ¥4 y/|
nF\‘///’_f-\\\\\’//‘ the systems studled and which
I7 '

chargclerize some of Lhe prin-

107

.’4 ’ 7[7 - » . E

i c¢lpal qualitlces of the activi-
L~
o _;/L'R*_;__,—d L 4 ‘

4278 L ty eof the human ncrvouc gsystem,

Flr. 1. The developmeni and
temporal course of after-
sensatlions; visual (lower,
Dittler and Elsenmeler, 1909);
auditory (middle, Arapova and
Klass, 1940); vestiibular (up-
per, Zasorul 'ko, Komendantov,
Osipova, and Entina, 1947).

Time In seconds 1s plven along
the abgelssa and Lhe nomlnal
magnitude of the sensatlion 1s
given along, the ordinatc. Roman
numerals Indlcate the phases of
the after-sensations, P indlcalces
a sensatlon of turning toward ihe
right, I indicated a sensation of

1. e., the périodlcity and
phas2 naturc of the develop-
ment and course of after reacg-
tiona in all afferent systems.
Th addltlon, definlite Individu-
~al @ilfferences were obs rved In
the development and courae of

after reaellons in different

turning the left. 1) b; 2) L. Individuals

It 1s not difflcult to understand that the phunémunoh of altcr-
sensatlon ‘s an unusual form of the activlty of our scnso‘orqﬁnu. In
ordinasxy day life, thesc after r@actlous do not appear; they are
Inalblte 4 d requlre eertaln couditlons for thelr uppvabuncc.
on the bhasis ¢ oredleal ldeas drawn from contoempornrey tonnh.
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— 's«o’ h-ighemnemeua .aehﬂlty,-inghi_dihg g Rnygg,glggy gg__}_;j}_gh el
7 génse orgdns, 1b 15 pssdidble to make the hypothesis that the deVelop~ -

”meﬁt and course of after~fiensations refleets the intracentral 1nLer-
§g§gqn of perlpheral elements of an afferent system which are in dif-
férént functional states. It may be conjectured thaf a periodie ag-
tivity state 1s developed in thc centers of the afferent system as a
result of the actlon of the stimulus, by virtue of inductive inter-
actlon between Lhe centers of the cxclted and uncxelted sectlons of

the peripheral apparatus (the retina, cochlea, semicircular canals,

ete. ).

The course of visual afterimages, as they are observed after Lthe
eye 1s subjecled to a moving or unmoving, colored or uncolored sil-
mulus, despite the extraordlinary diversity and mulilpliciiy of thelr
characteristics, follows a series of very peneral, but definite and
always manifested, rules. These rules arc so conatant thal there in
no doubt that they characlerlze somc of Lhe basle features of the
course of physiolopleal processes in the human visual afferent system.

First of all, 1{ 1s necessary to notce (and thls can be very im-
portant. for understanding ccrtain disruptions of hipher nervous activl-
ty) that there 1s no strict corrcnpondence between the aftcer-nenaations
(vioual, auditory, et al.) and the stimull.which cansc them.

= ~The perlodledty of afterimapges (and Lhis holds for all afferemt

systems) characterizes that eourse of the after reaction In whlch per-
ceptlion at times disappears and al times reappears in responne to a
single stimulation of the eye, thls occurrliy several tlmes over a
lonys perlod of fime. The perlodicity of the exthiysilshment of visual
afterimapges 1y characterdzed by two factors: rirst, by the development
of dark intcervals durlng which there are no after-scusatjons and, sce-
ondly, Ly the appearance of one or more phases of the atter rezctions

- () -
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~(Purkirije; ¥825;3 Plateau, 1834; Fechner, 1840; Aubert, 1858; 1865;
Bruecke, 1864; Charpentier, 1891, 1896; Hering, 1890; Hess, 1891, 189k,

1901, 1902, 1903, 1920; Bidwell, 1894; Boscha, 189l; Hamaker, 1899; -
Krles, 1896, 1901; McDougall, 1904-1905; Dittler and Elsenmeier, 1909;
Ebbecke, 1920, 1921; Froéhlich, 1921, 1921a, 1929; Bayer, 1926; Allen
and Dallenbach, 1938).

The intenSity and clarlty of the afterimages decreases with eaéh
phase and the duratlon of the phases increases as time goes on. Each
successive phase has a tendency to fuse into the background and toward
the end of this development, they become difficult to distinpuish
from the surrounding visual field. The dark intervals which separatle ‘
fhe phases of the afier reactions undergo exaclly the same ehanpes in
extingulshment. The changes in the phases involve not only thelr du-
ration, bui also the quality of the sensallon. This 1is cspeclally
marked wlien a colored 1ight source is used as Lhe stimnlus.

Thua, for example, under the acllon of a brlefl 1ipht (chromatle
or achromatlc) stimulus, a very brlef dark Interval (approximatcly
0.04 sccond) occurs iImmediatcly aficr the vlgual sengation f'rom the
action of the 1light itsclf has died away and this 1g followed by the
development of Hering's (1909) Plrot posltlve visual afterbmage, thils
belny of the same qualily as the obJeel- supplylny the ntlmulun: Lrlghi
when the stlmulus Ls achromatle and of' the same colov‘un the bt lmidus
when thc‘lattcv 1s chromatle (Dittler and Elscnmeler, 1909; Ophoell
and Ditiler, 1910 IFrochllceh, 1921, 1902, 1924, ‘,zx,yvx',’.][):?l.; Voirnla
sangg, 1983 Frehafer, 1929).

Arter the first pocltlve phase of t(he lerlwy at'terimare, a second
dark Interval appears, approximatcely four Llneg an lone' ag {h' rirst
(0.1 geeond).

ALY

[ e . . XTI o owr i o
Af'ler the dans 100 of the Vinaal st rimns, -
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a Purkinje form - develops (Purkinje, 1835); when the stimilis ™15~ ~
uncélored, this image 1s, as a rule, light blue or pgrey-blue and,
when the stlmulus is colored, the image 1s ot approximately the com-
plementary color. Thus, the Purkinje form 1s complex: it 1s positive
for neutral components and complementary (negative) for colored com=-
ponents; its duratlon 1is approximately 0.17- 0.25-0.5 seconds:
(0sann, 1833, 1836; Mueller J., 1838; Young,'1872; Davis, 1872,1885;
Judd, 1927, Karwoski, 1929; Karwoski and Crook, 1937; Karwoski and
Warrener, 1942; Karwoskl and Parry, 1943; Murrey, 1943; Narikachvili,
1944; Volkhov and Zagorul 'ko, 19U44; Zagorul'ko, 1946, 19&7).‘

After the Purkinje form has faded away, there occurs a third
dark Interval, longer ihan Lhe second and conslderably less -iistinet.,
nearly fused wilih Lhe visual field.

The third phase of the visual afterimapge 1s lonper than the scc-
ond, 18 considerably less distinet, and toward the end of iis devela-
opment, merces vieiually unnoticeably into the background of the
surroundling image of the visual fleld. This lmape bears the characlers
1stlca of the stimulatory lifht in the qualliy of the nensatlon ligelf:
10 18 Lrlpht when the stlmulug 15 uncolored and In always simllar In
color to a chromatic stimulus, connecquently dupllcatlng the Llreot
Herdng, afferimage (o 2 certaln degrec. Thls'lmagu in called ihe Henn
Image and was obscrverd by NBoncha (1894), siamaker (1599), Eess (1900,
1903), Krics (1911), Dittler and Elscenmeler (1909), Muller (1909), and
Feinbloom (1938). t{ lasts for ten sveonds. Certaln authors such as
Hamaker (183499), Frochileh (1921), ot al). have deserlbed a fourth davk
Interval, otlll less distinet and morve prolonced, and a fourth visunl
atterimare of very weak fntensity: 1t In mposslibde to ovalunte fie
durat Lon of 'hls aftcerdmare, cluce Loth 1o tepdnnlns and el ne: vir-
tually LndistInvilohables 0 3o sl L)y 340t e e the bunkeoromd
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and has the characterlstics of a complementary afterimage.
77 However, the course of visual afterimages depends on a number

of' external and lnternal factors. On the one hand, the intensity, du-

W ration, and surface area of the stimulatory object have thelr effect

EIRECIN L A D B

f ok odd b et

- o and, on the other hand, the slte at which the retina 1s stimulated and
the functlonal state of the visual system and of the observer_himselr
exert an influence. Above all, these lInfluences affect the duration
of certain lmages, their intensity (brightness and hue) and clurity,
the number of phases in the after reactions, the latent pcriods of the
development of the reactlons, etc. As experiments by Auberti (1805),
Helmholtz (1866), Judd {1927), Vogelsang (1928), and Suchman and Weld
(1938) show, increasing the intensity of the 1light stimulus is accom-
panied by an increase in the,brightness; saturation, distinctness, and
number of phanes of the afterimages. The same was shown Le hold truc
when Lhe stimulus was allowed Lo acl for a longer time, by the cxperli-
ments of Muller (1838), Sepuen (1880), Ebbecke (1929), Juhasz (19°0).
Frochlich (1921a), and Starkicwicz (1939), and when Lhe purface avea
ol the stimulatory obJect was lncrcased, by the experiments of Juhasz
(1920), Froehlieh (192%), Vellnsky (1924), and Gellhorn and Kuhnleln
{1920). lndeecd, there exlst oplimum stlmulation condltlons above and
below which there 1s a deterloraiion In the course of the alterimapcs:
according to Helmhollz, 1/3 sceond ls nccescary o obtaln a positlve

- afterimapre: uccovdlnukto Ebbeeke, g brlel dlsplay of Heht 3o secom-

panled by a positive arterlmage, while & lony dlsplay Ls nccompanled

by a nerative aftcrimage; accordlny to Juhacs, the durntlon of the
Purklnje form inercases from 1ts threshold value wnd 1l the dlspliy flme
reaches approximatclx'bo sceonds; accordlms to Frochlleh (14rl), the
brlehtness and duration of an afterimarce lnercascs whet the dupsd Lon
of Yiluminatien 1o Increased, but only when the Vioht dlsplay docs ol

-l -




...execeed lw»2 seconds, & decrease in brightness and duratlon and even

the development of a negatlve image occurring at display times lonper
2 peconds.

Moreover, an lnerease in the 11luminationof the background on
which stimulation of the eye 1s carrled out or on which the after-
lmage 18 observed serves to decrease the intenslty of the light stl-
mulus (Juhasz, 1920: Fechner, 1838; Exner, 1868; Frochlich, 1921,
1921a; Ebbecke, 1929; Karwoski, 1929).

' The latent perlod of the development of afierimapges underpocs
precisely the same changes in magnitude, but within a considerably
narrower range.

Kries (1896), P. Muller (1909), and Juhasz (1920) showed {hat.
the latent period of a positive image decrecases when the Intensity,
duration, and surface area of Lhc stimulatory obJeel arc increased.
Creed and Granit (1928), Creed and Marding (1930), and Granlt,
llohenthal, and Uoti (1930) showed thatl Lhe latent period of a nepgatlve
aflerlmage increases when the intensity of the 1ipht stiwilug in In-
creascd. -

According to the cxperimenis of Hess (1900, 1920), Mebowsall
(190%-1905), Ditiler and Eisenmeicr (1909), Baycr (1920), and Frovh-
lleh, the presence of a different stape of adaptatlon to 1lyht and to
dark causcs no baslc changes In the course of afterimayes.

When dark adaptatlon hag been developed, a Jesser ansd Jepser Ilne
Lenslty of the 1lpeht stimulus 1s requlred o cunse alterdmyses and,
consoguent 1y, dark adaptation acis In the same fashlon 4o docs an in-
crease 1n the Intenaliy or duratlon ov surfucce arvia of the ntlmn]ﬁiong
obleet. Ho tasle differcnee hag been deleeted e the courne off aflepa®
Images at the perlphery and In the center of the retina durlyy 1100

and dark adaptatlon. This wan conflrmed Yy Erdos {170, 1904, 1931

~—
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Basically, the course of the afterimages is identical in the

reglons of central vlsion and at the periphery of the retina, ag .

.cording to Hess' data:(1903, 1904, 1920). The only difference is a

slight accelefation of the successlon of phases at the periphery of

the retina as compared with the center (Woinow, 1895; Klug, 1875; Walw

ter, 1899; Washburn, 1900; ct al.). A lesser light stimulus intensity
1s required at the periphery of Lhe retina than at the center to cause
afterimages (Aubert, 1858, 1859; Froehlich, 1921). Kries (1869,1901,
1902) came to the conclusion that there were no Purkinje afterimages
at the periphery of the retina in daylight and there werc ncver any

in the central vision reglons; red llght does not cause a Purkinje
Image and these forms are consequently a functilon of the night viglon
apparatus. However, Kriles' data has not been conflrmed In ecxperdments
by other authors (Hess, 1901, 1903, 1920; Dittlicr amnd Elscnmeler,
1909; I‘rochllich, 1921; ¢t al.).

A deterioratlion of thc course of the visual afterimyes also
oceurs when the visual system or the observer 1o In a state of fa-
tipue (Frochllch, 1921; Gellhorn and Weldlling, 1924).

The Indlvidual chavaclerlistics of the coursce of afteprlmaren ave
related to thelr hues (BrUQckc, 18515 Aubert, 1865 Hilbert, 11894,
Berry, 1927; Frehafer, 1929; Markowski and Crook, 19i7), the latent
perlod of development and Lhe duration of thi Imame and the number of
phuSvQ (Frunz,_1899, 19003 Munk, 19005 Morsceh, 193583 Nardkashvlll,
19447 Volkhov ai Zaporul 'ko, 19ih),

Partnaad (1880, 1885, 1290), Fhene (300), Delabarere (1800,
1889), hocel (1893), Moehl (1910) and Kollncr (1916) conclhiuded tind
visual atterdmayres are of cerebral orleln.

Exner (L, 1H0), Waer (1990), Eatz (1911), ana Cralk (lvﬂd)

sonfirmed, on the bazle of thedr experiments, that the potlnn L G
-3l -
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Blte at which afterimages arilse.

MeDougall (1901) thinks that afterimages are based on the ac-
tivity of photochemlcéal substances in the retlina, whlle the appear-
ance of a certaln portion of thelr colored constituents is chiefly
determlned in the cortex.

G.E. Mueller (1930), thinks that positive afterimages are of
both retinal and nervous origin, whlle negative afterimages are of
purely nervous origin.

One of the most widely held theorles of afterimages originated
with Scherffer (1761, 1765) and attempts to explain them by ihe phe-
nomena of eye fatigue. Fechner (1838) and Helmholiz (1866) suggested
that afterimages are partially basced on the continued cxcitation of
the retina (al'ter stimulétion has ccased) and partially on a deereasc
In sensitivity (fatipguc) of the retinal eclements. The authors thus
assume ihat a posilive aflerimage is a conscquence of a sil1l unex-
tinpuished excitaltlon of the retina and thal a negatlive afterimapge
arlses as a result of changes in the cexeltabllity by 1irht of a retl-
nal slte fatipgued by prlor stimulatlon; a complemeniary aftcerimase
docs not refleetl a sltate of present acllivity bul, on the contrary,

15 the vegull of a deerease In the previouscly cxisting internal 11pght,
Fick and Gurber (1890) also assumed that poslilve afterimuyges are Lhe
regsult of a prinmary cxcltatlon state and that nunntivv afferimyqes are
cauncd by a deercase in the sensitivity of the retlina. Wundi (1910)
explaings afterimages by three mechandsms: 1) by an rxeltat lon procens
which lasis lonper than the actlon or the stlmulus and et atls fhe dea
velopment of a posdtlve afterdmage ldentleal 1n color to the stlnmlugg
2) Ly a change In the exeltatlon state of the retina (an 2 repult of
ratlgue) whieh entalls the development of a posdtlve or negrat Yy aome
Pementary afterimage:  3) by conteapt | yhlel ewen the aftop
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La.zarev (1918 1923, 1926), Putter (1920), Judd (1927), and
others developed a photochemlcal theory of visual afterimagés.

Herring (1890) and Hess (1891, 1901) explalned the negative aftera
Image by after-contrast rathexr than by retinal fatigue.

Froehlich (1921, 1921a, 1929), Bayer (1926), and others considcr
afterimages to be a speciflc cerebral activity. = -

The periodiclty and phase variatlon of after reactlons has at-
tracted the attentlon of many others. Thus, for example, Plateau
(1834, 1836) suggested that the transition of the retinn’from an ox-.
cited state to a qulescent state proceeded in oscillatory fashion, both
wlth respect tc tlme and to ppatial relatlonshlps: the former is e -
sponslble for positive and negative érterimagea and the latilcr causcs
irradiation phenomena. Charpentier (1896) assumed that there weve retl-
nal oscillations taking the form of a lateral vibratlon of the exter-
nal scgments of the rdds and cones at a frequency of 37 oselllatlonn
per second. Bureli (1913) developed a hypothesis which asacrted that
cach perlpheral clement ls protected from oxcesnsive stimulatlon,
by a schun{ Iictor. The cessallon of stimulation lu acﬂompnnivd'by Lhe
llberatlon or Lhe accumulated cnerpy of a_countuvactlon whilch vnnnreﬁ
that the afterimages are extingulshed. Young (1872) supprestied that Lthe
phases of after reactlons manltest. themselves durlng Lhw-trnnumlnalon
of nervous lmbulscn F;om the retina to the braln and from the Lraln
o the retina and thus occur before the excltatlon process hae hern
completely extinguished. Davia (19¢2) assumed that when one of fhe
three types of Younp=Helmholtz rlbers was «xelted, by anialory with
electremarnet Lo Inductfon oxeltatlon was Indvecd In the nerve Plbers
ol' the other typues, thus produclng comp]uméntnr; affterlinngen, Dlap-
klewler (‘Nxx\ propozed an "clecipleal”™ theory of aflorimacn. e
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:author. suggested that there 1s an 1ntermediate stage between the

pam [P .

B et

Vo »:t.‘iv 1)

1éyers of cones and rods on the one hand and the nerve fibers on the
other, thls stage having the characteristics of a physical capacltior
which discharges in oscillatory fashion and thus ocauses extinguish-
ment of the afterimapes. Helmholtz (1876) explained the periodicity of
visual images by wavering of the attention. Froehlich (1921, 1921a,

© 1929) and Ebbecke (1921, 1929) saw the periodic extinguishment of af-

terimages as the manifestation of certaln antagonistic processes oc-
curring in the centers.

Thus, on the basls of this outline of theorles of visual after-
images, we can to a certaln degree eluclidate the basic tendencles 1in
ithls dlrectlon which have developed sinece the time of Scherffer. On
the one hand, Th. Young's views (1808), partially developed by Mueller
and especlally by Helmhollz, led Lo the creatlon of {he dualistlc theo-
ry of vislon advanced by Volnov, Pariraud, and K:lc¢s, 10 Lhe modury
photochemical theorics of cxcitation advanced by Lazavev, Puttgr, and
Heeht, and to the recent investipgations by Granit (1944, 1945) and
Adrian (194%) which completed our knowledpe in the Cleld of Lhe siudy
of the speelflc acllvily of the receplors and nerve fibers of the vina
ual affcrent pystem.

lowever, all attempis to explaln visual afterlmapges by tLhe aetlvi-

ty of thce rceeptor clements alone have ended In fallure and Lhe

“subacquent Inevitabile taenlnes rfor help to psrcholocleal Bt eprciad fone

{waverin: of attentlon, crrors Ln Judgencnt).

On the other hand, the ercation of c¢lectrlcal and woechanlenl
schemes 1o explaln the processes and phenomena whilch take plaec In tiee
retina hupring and after 115 exceltatlon are 51111 legs satiafactory In
clarityving the extreeme complexlty of the courne of visaa) sensadlons

and aftep-gensatlons. ¥ach of these Schemen ean b oo more o
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Fig. 2. Curves showing four types of develop-

ment and course of a Purkinje aflterimage. The

time of the experiment In minutes 1s shown on

the abgclssa and tlme Iin seconds 1s rchown

along the ordinate. Thc lower curve 1s the la-

tent perlod of Image development and the upe

per is 1ts duration. 1) See; 2) ;. INT:

3) &, MMO; 4) min; 5) g. LTZ; G) g. LNCh.
cessful analogy or model of Lhe phenomena and processes of refinal
excliatlon and may be physical or mechanical achemes deascriblng pro-

cesscs and phenomena a;ready known from other areas of scicnce (the

échrnaLlng dlscharges of cﬁpacitors;thv colling and uncolllny, of a

‘.spvinu). According to the 1dean of the 9u£pors of Lhuau Ltheorlen, ox-
citatlon procuesascs nnd thelr aftereffecto are manlfuatgd In one ¢rra-
tain limited seetton of a2 system, such ao lnbthc ret.lna, und,if 10 only
these processes which determine the entire complex of phenomenn, L
belng completely independent of' the funectlonal state of the remalning
portlon of the visual syotem.

A third tendenecy, which began with erirs and wis carrled on

-1 -
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-.by his students and followers, Hess; Dittler; Froehlich,~and to a

" ‘¢értain degree, by Ebbecke and Gellhorn, attempts to overcome the

1imitedness of the theories herein described, using the physlology of

the nervous system.
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Figz. 3. Curves showing in-
fluence of caffeine on coursc
of Purkinje afterimage, Other
spocificationo same ag for
Fig. 2. 1) Sec; 2) mr. caffe-
inc; 3) MMO; 45 min.

Actually, It l1s now already
insufflclent merely {0 know the or-
ganization and activity of the per-
lpheral receptor apparatus in order
to understand the entlre complex-
1ty and subtlety of our sensory rce-
actlons. Thils activity 1s caused by
the functions of all the afferent
systems, which include an integral
parts Lhe pcripheral receptors, ithe
nerves, a whole scrlces of inter-
calary, 1ntermcd1at§ nerve centers,
and finally, the cells of the cere-

bral cor‘tex.

Moreover, the aclivity of any onec affercnt system 1s a result of

the functional state of the other afferent systems which Interact wlth

I,

From this point of view, the study of Lhe activity of the viaual

afferent aystem ls thus cogentlally an investipatlon of Lhe speclfic

reflex recactions ceffected Ly Lhe brailn.

Actually, on the basis of our experiments, we have a certaln

basis for statling that there are four types of course and development

of' visual afterimages.

latent perlod of development and a long efter reactlon duratlon;

Type A (Fip.

2, LT2) is eharactorized by a short

+
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. Type B (Fg. 2, INCh) is characterized by a long latent period of . ..

-developnent and a relatively short afterimage duratlon; Type C {Fig. 72,
MI) is characterized by a long latent period of development and a very
long lmage duration; Type.D (Fig. 2, MMO) 1s characterized by a rela-
tively short 1étent perlod of development and a short afterimage dura-
tlon. The study of the c¢orrelation between aftefimage course and the
types of nervous system which were established In I.P, Pavlov's in-
vestlpations of higher nervous activity should be rather Interesiing.
Moreover, the actlon of"such'pharmacological agents as caffelne,
strycﬁnine, and phenocoll, which possess different degrees of neuro-
tropilsm, causes a definite change in the development and course of Lhe
Hering and Purkinje visual alterimages. As llltle as 25 mg of purc
caffelne administered per os causes a reductlon In Purkinje lmape de-
velopment time and increases 1is duration (Fig. 3); the Influence of

caffelne beglns after 7-10 minutes and continues for 40-6C minutes.
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Fip. 4. Curves showlny Influcnce of benzedrine
on coursc of Purkinje afterimage. Other ppecis
fications the same as for Fir. 2. 1) See; 2)mpe.
benzedrine: 3) LTZ; 4) ming ) LoD,
On the basls of a number of experlmenty, we have been pdven the

. % . : [SPTRNE RT¥ kBT Moir sans B, ot "
Impression that the nature of the Influcnce of "nerve peloous” Jdueprmls
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iam%z%xkugw ... == -not ondy on the quantity of the drug administered, but also-on the

e type of after reactlon. Thus, for example, the Purkinje afterimage

;é decreased in duration in subject LSD (Fig. 4, Type C) after the ad- %
' ministratlon of 10 mg of benzedrine, while its duratlon either in-
creased or showed no change 1n other subjects, depending on the nature
of the afterimage. Increasing the dosage of benzedrine to 30 mg
caused the developmentvof additional waves of afterlmages, somewhat
unglable in duration, in subject LTZ (Fig. 4); certain subjects mani-
fested thls cffcct at lower dosages. From all the forms of this in-
fluence known to us, whlch depend on the orlglnal activlity levels of
the system in question as has been shown by the school of Academician
L. A. Orbell, we are Incllned to belleve that Lthe Influence of benzc-

drine is a sympathetic effecl. Hypodermlec administratlon of strychninc
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Fln{ 4. Curves showinpy, influence of strychnlnc
: on courge of Purkinjc aftcerimage. Olher specl-
tications the samc as for Fli. 2. 1) SLee; 2)
- min: 3) strychnine; 4) YeoAr.
is accompanicd by a reductlon in the development time of 1he Herine
- imajge and by an Increase ln the duratlion of the Purklule imagce. Fip. &
shown a nhavﬁ Increase In the duration of the Purkin e phase i pab leet

' yeAo. Tn MMO (Fle. 5), strychnine caused a distortlon of the usual form
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minatlons, a phenomenon never
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Fig. 6. Curves showing development and coursge
of Hering (lower) and Purkinje (upper) after-
images under the influence of the actlon of
UVh on the visual reglon of the cortex and on
the cerebellum., Time in milliseconds 1s shown
along the ordinate {lower curves). The let-
ter P deslgnates a Purkinje afterlmage. The
arrows indlcate the beglnningzg and cnd of the
light stimulus. The other speclfications arc
Lhe same as for Fip. 2. IZSoc, 2) UvCh; 3)
visual reglon of cortex; 4) min; 5) i sces
6) YeAP; 7) P; 8) cerchellum; 9)L1Z.

of the Purkinje image; rather than a®slight 1ncicase in duration, a
change In the development time and courac of the image was noted at.
the beginning of the dark adaptation perlod. The latent perlod of

Image development execceded the duration of the Imape in certaln detere

ditlona. Thus, 1 1t 1g ackhowledpged that uarrnlnc predominantly af-

fecets cortical processes, that strychnlne has a diffuse effeet on all

ogue of the sympatheile sysiem — shirts the latter to a different
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observed under normal experimental con-

visual system, and that benzedrine - an anal-
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funetional level, by virtue of 1ts adaptational and trophiic influence,
[ ]

it then becomes obvious that the development and course of wlsual af-

terimages depend on the functional state of the various divisions of P
the central nervous system (cortical for caffeine and strychnine, f
subcortical for benzedrine and strychnine). The mechanlism of this

effect probably reduces to a dlsruptlion of the balance between the
excitatory and inhibitory processes in the visual afferent system

and to a change in the rate al whlch nervous processes procccd

(Zagorul 'ko, 1946).

Changes in the chemicity of the cortex causcd by hypoxemia,
hyperventilation and hypercapnia have a susbtantial influencce on Lhe
course of the Purkinje image (Volokhov and Zugorul 'ko, 1944; Zarorul 'ko,
1047),

We subsequently used the method of' lecal exeitatlon of the human
brain by a UVCh {uhr] trield (Livshlts, 1944). The actllon of UVCh on
the visual replon of the cortex and on the cerebellum caunes n shapp
chanme in the development and course of the Hering (K. G, YeAl and
172) and Purkinje (Fig. 6, MMO) imapes. This change In the bLmages has
a different development time when the UVCh fleld acts on Lhe visual
centers and when the cevcbellum 1s frradlatled: In the laticr eane,
chanpes characteriatie of the sympathetic offeets of the ecerebellum dew
veelop more slowly. The Herlny Lmape widerrgoes a deercansc 1n develop-
ment. llmo.‘N1?ﬁmi!lon, the Purkinge Image, lacking under nommal ex- -
perimental condiilons, 1n 11311 present. We tend to conanlder the ap-
pearanse of the lurkinte dmapge (deslinated by the better P oon e, dine
wram) as the result of the fnvolvement of new Jevi la of the eept il
nervous system — the visunl atlerent system = I the aetlve atate,

The quantltative chanee in the Heorlne dmace 15 also ascompanted by a
114eat ve chancees 10 verr often beosomen erer e o Hrht <vIue el g s
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e
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quires the characteristics of the colored components of the Purkinje

image. In both types of effect, the Purkinje afterimage undergoes an '
Increase in dgration, whlch sets in earller and ends when the visual
region is 1rradlated. Thus, we are given the impression that, first of
all, the rate of development of the first Hering phase 1n¢reases under
the 1nflupnce of UVCh and, secondly, that the réte at which the second
Purkinje phase’proceeds decreases under this Influencc. This phenome-
non can be understood only from the point of view of the fact that
both these phases reflect a change in the functional state of differ-
ent levels of nervous organization of the visual afferent system. In--
deed, tLhls effect was not identlically manifested in all subjJects; In
certain subjects, 1t was elther very slight or c¢ven cntlrely lacking.
In subjeet MMO, lrradlation of the reglon of the cerebellum wlih UVCh
was accompanicd by an lncrease in the duration of the PMurkinje image
amounting Lo a factor of 1.5-2, a phenomenon noil obgerved when the

visual reglon was irradlated. Morcover, both types of irradiation pro-

duced a change In the quality of gsensallon; very oflen, the 1magv in=-

creased 1n brighiness or in the number of colored components. The
diffevence in development time of Lho_orfccts obSuchd when Lhe vige
ual reglon of thc gortex was irradlated and when the cerebellum was
1PPndiaLcd‘may be an indlecatlon of a difference in thelr origins. On
the one hand, we have the Immnedlate changu‘in the funcltlonal state of
the cortlcal centers and possibly In the subecortlcal cenfors — the
visual system=- g oon the other hawd, we have the et that the Slouad

atferent system Lo subJject 1o seeondary Influcneen arisliye 1o fhe auto-

a.

nomlc coenters off the cerebellum when Uhe Iattoer Lo Leeadlateds this s

Indicated not only ULy the slower development of Uhe  ffeots I Lhi lat-

ter case, but also by the development 00 pre o0 wis beoon e gy

when the reglon of e cercboelluin v lrridiated. O the tasic of oup
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- -experiments, we may thus speak of the cerebellum as the regulator of

the physlologlcal processes whilch occur in the human visual afferent
system.

It seems to us that the change in the course of the afterimages
under the influence of focal reorganlzation of the functlonal state of
the brain by a UVCh fleld under the conditions of our experiment ls 1n
accordance with the data obtained by Vujlc and Levi (1939, 1940, 1940&)
on the developmenl of visual afterimages in organic and functlonal dis-
orders of the brain.

The development and course of Lhe Hering (Fig. 7, lower curves)
and Purkinje (Fig. 7, upper curves) afterimages are subjecet Lo an of'-
fecl of complex charvacter when a painful stimulus 1e applicd o the
skin reccplors; in the majorily of subjects, a decrcasc in the develop-
ment time of the Hering imape (Fig. 7, 112) and a deercasc in the dura-
tlon of the Purkinje image (Flg. ', LTZ) was obscvrved in all cxperi-
ments; In a minority of subjecets, an incrcasc 1in the duration of the
Purkinje image (Pliz. 7, YeAP) and an Inercasc in the development time
of the Herlhg image (Fig. 'f, YeAP) was notoed in allu:xpurlmontn. The
complexity of thils cffect 1s cxplained by the multiplleliy of phynl-
ologiical mechanisms which carry oul the eoffecta of pnln, Yueluatne
nervous eoffeets, whilch depend on the type of relationship bhetween the

afferent gystems and sympathetlce and hormonal effcela. Thene data are

In accovdance with the work previounly conductoed In the jaboratories
headed by LA, Orbell on the Influcnee of palnful sflmull on the pen-
sLtivity of cortadn af'ferent systems (Zaorul 'ko, bLebedinakly, Tuprt -
sayev, 19333 Volokhov and G rshunl, 19473 mrmlah'yan, 19357). Accorda-
ing to inveatipatlons carricd out by the school of scademlel:n 1A,
Orbell, the Intluence of palnful stlmull on the course of phyaioloslen)

processey In the varloun ayctems of anlmal are coron oranioms {o sinl-

it




versal, Consequently, the physiologlcal reactlons of the human braln

e - glgo fall under the influence of the effécts of painful stimuii, ~ 7

g |

'

; b7

: %# J\»—‘u—/\" ]’-""'I v
bir- wdl

_’ - } | f:f'[“\/\j/\

Lo

- s t‘dﬂd‘P 7y “"I'
wr Vo ¢ - o
&0 ' tope Pl T T e N, ll‘
P A 183 ,;;_‘;20 Zlagn
y \~ oy e
S \~/ o
! .
]
2y ‘r-*vvJIwa~
. : A
K] e
TN IE. S et il
Rt It
. v Flg. 'f. Curves showing development and course

of Hering {lower) and Purkinje (upper) after-
images under the influence cof painful stimu-
latlon of the skin of Lhe hand: arrows indicate _
beginning and end of palnful stimulation. Other

specificatlions the same as for Flgs., 2 and 6.
1? Sec; 2) pain; 3) YeAP; L) min. 5) |t sec;
117, '

.« 6 |
 The study of the Hering and Purkinje vinual achrimaAep during

thelr interaction with the processes ocenrring in the other cye and

in affcrent systems of other modali(ics is in complete accordande

with the Leachings of L.A. Orbell on the complex nature of our nﬁnua~

tions. Sensation is cffected not only by the processcsa which occur in

the system in question, but also by procrasscs nonin&lffcrcnt to It

which ocecur in the other afferent systems. In 1his rcospect, accord-

Ing to L.A. Orbell's concept, many reactlons which occur in i certaln

afferent system and are not subjectively percelved havu thedr influcnee

on the f1inal form of a certaln senscation. In addltlon fo the inter-
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action of subJectlvely percelved reactions, nonperceived reactions

T "have their effect on the everyday activity of our sense organs and

on our higher psychic functiens through a great multiplicity of fac-

tors and we are still far from a complete knowledge of this area of

investigation.
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Fig. 8. Curves showlng developmeni and course of
Purkinje visual afterimage against 2 background

of vestibular, postrotational after recactions.
Arrows indlcate times at whilch subjeel was ro-
tated., Other‘'specificatllions the samc as for Fip. .
1) See; 2) YeAP; 3) min: 4)LSD.

From this point of view, the study of thc relationships between

afferent systems both during active stimulation and afterwards, when

after reactions and after-sensations develop, 1s Intercstling.

Actually, our cxperiments have shown that there are extremely

caoent ial bclalionships which ardse during the Interaction of after

reactions and after<gensations In afferent systems of different modnl-

1ties and within the vioual syvotem alone. We have been succecsfal In

proving that the course of the Herlny lmase and the appearance of
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ssisessebinEE.-AMages ‘An one eye depends on the functional state of the other

eye. Thls dependence 1s expressed in terms of changes in the develob-
ment time of the lmages and in the quality of thelr perception: the
development tlme of the Herlng 1mage decreases; ocecaslonally, the
Image disappears under the influence of stimulatibn of the other eye.
When simlilar and complementary colors act on the other eye, the nging
image ir the opposite eye 1s subject to opposed influences which take
the form of an intensificatlon or weakening of the colored component
of the Hering image (experiments of 19&0-194]). Very often, opposing,
mutually eiclusive effects on Lthe colored and neutralycomponnnts or
the image are developed. If the colored component 1s Intcnsifiled,
this 1s accompanled by a weakening of the neufral component and viee
versa; we are given the impresslon that antégonistlc relationahips
exlsl between Lhese componenis. Indeed, (thls docs nol always occur
nor 1s it observed in all cxperlments. In addition, parallcl changdn

in both components, procceding in the same dlrcetlon, occur and thls

16 probably Lo be cxplained by a highly rmencralizing Influcnce which

encompaases the d;fferent levels of nervous ormanlzation ol' the nffof-
enl system. MorcoVer, when the Herdng and Purkinje imapes develop
simultancously in onc eye, Lhe actlon of a lighi stimulus on the other
¢ye causes an independent offect elther on Lhe Herlnpg Imapce or on the
Purkinjo lmage, o phepomenon which confirms the corrceetness of the con-
cepl of the fact that different levels of nervous orranizatlon «r'eet,
these afterlmagcs.

In experdiments Involving the Influcnce of vestibnlar, pontruqu
tional after reacllions and aftev-scnzﬁtions (1maxes) on Lhe courne of
the Furkinde visual afcorimaje, detinlie i eharar s =intle chunhQs

were noted L the latter (Fle. &) The reactlon fo the eensatlon of

b Vo4 syer o oeven LRSI . . T g erd B
rotatrlon, whileh ardoos gv @ rooult of ot lwddation of the sloppodd piml-
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eireular ¢anals, was accompanied in the majority of subjects by a é
dpcreage in the duration of the Purkinje image and by 1lts distortion
(movéhent) toward the side opposed to the sensation of ecounterrotailon,
independently of subjJectlve perceptlon of the reaction in the form of
a sensatlon of counterrctation, whlch did not develop in nll suvhjJects
(Fig. 8, LSD). In a minority of subjects, the reaction to the cessa-
tlion of rotatlon conversely caused an increase in the duration of the
Purkinje image and its distortion iIn the dlrection of prlor rotation
(Fig. 8, YeAP). After the cessation of the counterrotation reaciion
and after a certain qulescent interval, postrotational afler reactlons
developed whicn, in the majority of subjects (but not always), was ac-
companied by the appearance of sensations of rotation or veatibular
after-sensations, while in other subJects n¢ afler-sensallons whatso-
ever arose. As a rule, the Purkinjc imape was subject to disLOﬂLlon
(movement) to one side or the olher and Lo cnanges in 1ts duratlon
and colored and neutral components (on the sccond-fifih determinatlon
after cessation of rotation) Indepundenily of Lhe prescnee or abscnce
of subjeelive perception of the posirolational aficr rcaclions: in
certain subjeets (LSD), the Purkinje visual image underwent a con-
slderable inerease in duration and color saturatlon durlng the veps-
tibular afler-sensation, while in others (YeAP), this phenomenon wan
leos marked. °

Ir, Qith Flscher and MWedak, we assume fhat vestibvdar aftepr-
sensallons are Independent of ocular nystarmus,it Is necesnsary 10 ne-
knowlced:se that thelr erffceets on the Turklnje vicoual afterimare In ot
intracentral character. ]

The table plven above shows the enmulat Lyve resulis of cxperiments
on the course of the burkinte Imajge aralnst the baeckeronnd of the pea
aciion to cessation of rotation and aurine the Tiroi and socond ven-
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1) Experimental eonditions; 2) vestitular re-.
actlons; 3) percelved,%; 45 unperceived, %;

5) Purkinje visual afterimage; 6) distorted,%;
7) undistorted, %; 8) reactlon to cessalion of
rotation; 9} control: 10) caffelne; 11) benze-
drine; 12) strychnine; 13) first vestibular
after-sensation; 14) second vestibular after-
sensation. ‘

tlbular after-gensations (recactlons), under cxperimental controllcd
conditions and afier the admlnlstration of benzedrine, 6afrclnu, and
-vfatchhnine. It ‘may be seen from the table that all threce drugq! and
strychnine Iin partiéular, decreasc the ndmbéf of' sub Jeetlvely per-
celved reactlons o the cessalion of rotation and it may be suppooed
that all of them lncrcase the amount of distortlon of the Purklinje
Qisual afierimage. Caffeine ard benzedrine producc twlcc the mmber of

4

. percelved vestitular after reacllons as occur under the control cons

ditlons, whille striehnlne produccs only approximately half an many;
eaffelne, benzedeine, and sirschning conslderably increase $he amoun!
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of distortion (movement) of the Purkinje visual afterimage during the

£1rst vestibular after-sensation. This 1s less marked during the spég

ond vestibular after;sensation. These experiments of ours are in
close correlation with the data obtained by Zagorul 'ko, Komendantov,
Osipova, and Entina (1944, 1947), who showed that changes occur in
the development and course of vestibular after-sensations Qnder cona-
ditions of low barometric pressure and under the influencé of benzc-
drine. In the latter case, when the gensations consisted of a large
number of phases, this number was reduced, when they conslsted of a
small number of phases, thls number was lncreased, and in those sub-
Jects in whom these sensatlons were lacklng under the conirol con-
ditions, they now developed.

The monaural actlon of a sound 1s accompanicd by a change in
the functlonal state of ihce audltory afllcrent system, which has con-
slderable influence on Lhe course of the llerinpg visual afterimage;
very often, the development time of the imape 13 deercascd and its
briphiness and size arc Increased; the first of these chanpes occurs
during the sccond complex Imapge in Lhe appearance of Lhe three Herdny

imarmes and 1o quite of'ien decolorlzed.

The development time of the llering lmape 1s decrecased three timen

as of'ten durlng the audltory after-sensatlon as durlng the audltory
stimulatlon, causlny an lnereasce -ln the decolorizatlon of the nccond

dlstorted Lmajme; the Jllerdny Imape often inercasces In Lrlyhiness and

slze., At the bepdnninge and end of Lhe audltory stimlatlon, the Heprliy:

Image often disappears brieflv. A chunpe also oceurs Ln the Herls,

Imagse o minuten after cessation of the awdltory sftcrasennal lons, whe

*

there 1s no subjectlve perception of anditory after-sensatlons (cxper!-

ments of 1040, 1941). Analorous data were obtalnod for *he luprklsn e

Imame Ly Hardlkashvlll {1088). Conscgent Yy, o substantial role 3 1),

.
- -

© e ceves e e e aaes i e e n S

N SN
Ve »...h.’.‘,ut.‘l1!‘%!.:‘&.!:-.-‘




T

formation of visual afterimages 1s played by processes whioh oceur

PUERINIRNE AL LU RRE W o

in the 1ower, noncortlcal organization of the auditory afferent sy8~

tem.&and. which are not ‘subjectively. percelved.
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Fig. 9. Curves showing development and coursc
of Purkinje afterimage during monaural stil-
mulation (lower and right) of the ear, and the
same after administration of erychnine (upper).
Other speclfications the samc as for Fig. 2.

1) Sec; 2) @b; 3) min; 4) LSD.

Our further experiments showed that there 1is a consldcrablc‘changv
in the duration of the Purkinjc image during stimulation of the andle
tory organ by sounds of' differen! loudncsscs (Fip. 9, LSD). The crruct‘
of audltory stimulation 1s Llntensified when the funciional state of
the central nervous System i1s altered by strychnine and eaffeine
(Fir,. 9, MMC).

We cammol as yet preclocly indleate the place where onc aflerent
system acts dircetly on another, and In pavtieular, we cannot show af
which level of the Intracentral pathways the Interactlon of Lhe vipuanl
afferent system, on the one hand, and the aswelltory and labyrinthine
systems, on the other hand, arc cffcctdd. It 15 theorctlically possible

to assume that there are several levels of Interactlon. However, this
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T gﬁ 1s undoubtedly nothing but the fact that the relationship between a =
1 .
5 subJectively perceived reaction (sensation) and an unpercelved reac-
: i ) tlon is a different level of relationship than that which occurs when
- . reactions of different afferent systems interact but are both subjec-
tively percelved. In thls respect, we may state some very general con-
Blderations. There ls no doubt that, during the phylogenetlc develop-
ment of animals, culminating in man, there occurs an ever increasing
degree of morphologlcal complication and augmentation of different
levels of nervous organization, each of which can effect phonoreactions,
. photoreactlions, and vestibular reactlons of greater or lesser complex-
ity. It is'precisely as a result of ihis that we cannol exclude the
i I
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Fig. 10. Curves showlng development and coursc of
syncaslhetle visual senpatlons during monaural stimu-
lation of ihe ear. Wilme 14 scconds 1z shown alon:
- . the ordinate. The frequencies and lowdnensces of the
- stimdatory sounds arce ghown at the left, The dura-
tlon of the andltory stimulation 18 Lileated (above)
by arrows and waz L0 sceconds., The solld lines Lndl-
cale audltory sensatlons and the dotted 1inces indl-
eale visual sensatlons, 1) Cyeles/sec; o*) dbg 3)uce.,
posslbllity of a mulflstare Interactlon hetween arferent syniems. From
- LA, Orbell's polnt of vlew, the relatlonshlp between affoerent syitems
. can also ocenir at ditferent lovels of cortlieal ernts s, whielh am-
miltlisiage stmeineen,

It L no less (dlfflenlt to discover the phralolorien) wmealinnd s

- 30 -




BERY

PRSI R Ly

4

géverning the interaction between afferent systems.

) :fhe énly démonsffablé.iﬁfeféctiOn of infraéentfai nature bé-
tween afferent systems takes the form of synesthesla, The phenomenon
of synesthesla consists ln the fact that the response to an adequate"
stimulation of one sense organ consists not only in a sensation spe-
c¢iflc for that organ, but also in a second, accompanying sensatlon of
another modality.

Fig. 10 shows the results of experiments in which the develop-
ment of visual sensations was studled during monaural stimulation of
the auditory system, as a function of the loudness and frequency of
the stimulatory sound. he action of sonlc frequencles from 100 to
10,000 cycles/second with loudnesses of from 10 Lo 100 db 1o accom-
panled by the development of viSuai sensations; thesc develop after a
certaln latent perlod, whose duratlion decreascs aalthc loudness of
the stimulatory sound increases. The visual sensailona do not always
disﬁppcar al the instant when sonlc stlmulation cddsoa, but contlnuc
through the development of the auditory after-scnsatlon and ¢ven 1oy -
cr; one or Lwo waves of visual scnsatlons are obscrved and we deslpnnte
these as synestheile visual after~sensations {(lmares).

In the experiments conducted by Kunsiman and Orbell (1923), ﬂoth
synesthesia and synkinesls arisc as a result of disruptlon(or under-
duvelopment) of a compositoe, doovdinational sensory or motor actlon
when a cupfalnusvction ol 2 complex coordinatlonal nyctem docs not
plhy 11s proper role (or docs not develop) and the balance of relatlon-

ships between 115 Indlvlidual sectlons 15 dlsrupted or when n gystem o-

avls wilth a spuecliflc actlvity b response 1o the veceptlon of noﬁnpn;'
clfle exeltation impulsces al 115 centers. Under normal conditlons of
vital actlivliy, we arc svl ject neltticr to afterimy:n, nor synesthestn,
nor aynkinesls: nonspectfle Lmpulses of cxtornnd orfely ave lwmedintels

-':’]-
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. Anhibited by the coordinational actlvity of the system. Consequently,

we can, 1In this case, speak of lrradlation of excltation from the cen=
terg of one afferent system to the centers of the other.

The interaction of afferent systems takes the form of antagonis=
tic, reciprocal relationships end synergetic relatlonships. Further-
more, the processes of induetive relationships — simultaneous and sc=~
quential, positive and negative induction — may be based on the inter-
actlon of afferent systems. In addition, when sufficlently stronp
stimull act on a sense organ, sympathellc innervatlon and, possibly,
hormonal coordination are involved in the mechanlsm of interaction.

In any case, no matter how confined wc may be by our point of
view, the intracentral nature of the interaction of aff'crent systoms
remalns indisputable.

It secems Lo us thal the problem of the Interuction of affcreont
systems which we have gludled 1p also of imporiancce In Lhe patho-
physlology of' nervous and psycholoylcal discascs, where the study of
the development and eourse of at'ter reactions and afterimapes (sen-
satlions) 1s a useful method of studying a patholoirlcal procens, g

L.A. Oberll (1939) has shown.
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