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As the result of studies of the mechanisms of conical  function by means of electroenceph.dography made 
In recent years some new facts have emerged concetning the relation between a dominant focus of excitation 
in the cortex and the mechanism of temporary connection formation. I. P. Pavlov [6] suggested that the for- 
mation of a conditioned reflex could be based on the ability of an adequately excited cortical focus to direct 
towards itself weaker stimuli arriving from the outer and inner environments; this concept brought together the 
mechanism of the formation of temporary connections and the properties of a dominant focus. 

Electrophysiologic facts now available indicate the existence of a dominant focus of excitation in the 
cortex during the formation of a Conditioned reflex. There is. however, not a single opinion on the location 
of this focus. Some w6rkers [1, 7, 8] consider that the dominant focus arises, as suggested by Pavlov. in the 
cortical representation of unconditioned reflex activity. According to  the data of others [4. 10] the formation 
of a dominant focus ocCUrS at that point of the cortex on which the stimulatingsignals impinge. 

The present work reports certain data obtained during the study of electrical phenomena in the cortex 
of the motor, auditory and visual analysors during the formation of a motor-defense conditioned reflex to sound 
and light; these data are relevant to the question of a dominant focus in the formation of temporary connections. 

E X P E R I M E N T A L  M E T H O D S  

Experiments were carried out on dogs with implanted electrodes according to the method usually employed 
in this laboratory [2]. A conditioned motor-defeuse reflex (flexion of the hind limb) was established in the 
animals to rhythmic auditor ' /and visual stimuli which were reinforced by electric stimulation of the hind limb 

skin with a lag of 3-4 seconds. 

Records were taken from the cortical :erminations of the motor (g. cruciatus post.), auditory (g. ectosyl~- 
vius ned . )  and visual (g. lateralis and g. ectolateralis) analysors on the hemisphere contralateral to the limb 

being stimulated. 

D I S C U S S I O N  OF R E S U L T S  

An analysis of the electroeneel~mlograms (EEG) recorded during the formation of a conditioned reflex 
(present and previous studies [3]) shows eveJi ~t the beginning of the formation of a temporary connection the 
conditioned stimulus evoked a definite increase in the amplitude and frequency of potentials in all the areas 
investigated-motor,  auditory and visual. These changes appear with the first few combinations of the con- 
ditioned and unconditioned stimuli and precede the appearance of the conditioned motor reaction. Similar 
generalized changes of potentials towards excitation are noted in the period when the stimulus signal begin~ 

to elicit a definite motor reaction. 
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L~ter, as the conditioned reflex becomes more firmly established, the stimulus signal evokes changes of 
p,xen~.~d predocninanfly in those cortical  zones between which a temporary connection is being formed, F ig -  
ure I ~ , ~ s  that definite increases of the amplh~de and frequency of potentials in the cort ical  terminations 
the mL~-~r and auditory analysort are seen when a sufficiently firm motor-defeme reflex toso.dnd had been r  
tablis~e-~ (144 combinations). The amplitudes in the motor cortex increase from 10-20 9V in the "back-  
gr~n~:"  r ,cord to 35 vV at the moment when the signal sti .,,~ulus begins to act and up to  35-55/~V at  the 
mom.e~-~ a~ociated with the conditioned motor reaction. In the case of the auditory cortex the amplitudes i n -  
crease L*~-n r to 40 vV at the moment of the sound stimulus and up to 60/aV during the motor reaction.  The 
freque.q~-7 rises from 35-38 to 40 per second in the motor cortex and from s to ~2 per second in the aud i -  
tory c'.a'xex. The first period of enhanced amplitude and frequency recorded from the motor and auditory cor-  
txx at ~ moment when the signal stimulus hegira to act has a small latent period and lasts about 0.5 seconds. 

Fig. 1. El~ctrical activity of the cortical  terminations of t he  motor, auditory and 
visual analysors during a conditioned defense reflex to sound. Dog Zhuk, Right 
hemisphere. BIpotar record. 
Records from above downward~ cortical e!ectrogram of motor analysor; same, 
auditory analysor same. visual a n a l y s ~  record of movement of the hind leg  . . . .  
Signal marker of the auditory stimulus (sound 500 cps with frequency interval 
4 per second). Artefact from electr ic  stimulation of skin excluded from all  
records. 

~he r  words, the cortical  centers of the analysors directly involved are in a state of exci tat ion which, 
in the ~ e s e n t  case, begins almost simultaneously with the action of the signal stimulus, becomes stronger at  
the me=aent of the motor reaction and ends after the discharging even t -movemen t .  No changes of this nature 
are ohs~,-ved in the potentials of the vtr cortex which, In this partlcular case, is not direct ly involved in the 
forma~,m of the temporary connection. In fact, during the formation of the conditioned defensive reflex to  
sound ~.~ amplitude of the waves on the visual cortex was diminished even in the "background" records. 

~ flue establishment of a firm conditioned defensive reflex to sound is followed by the development of 
a d e f ~ � 9  ~eflex to light,  thechanges in the cortical  motor and auditory analysorsduring the action of tho 
new #2 .~1  stimulus remain the same in character as during the action of sound. Figure 2 shows records of the 
e l e c ~ . ~ d  act ivi ty  of the motor, auditory and visual cortex in the same dog but using a Hght signal stimulus 
started 5 minutes after the I40th combination with sound. The potentials in the motor cortex showed an in-  
crease ~ ampiitude from 15-20/~'r in the "background" record to 40-46 #V under the action of the l ight 
sthna -aI::.~ while the frequency rose from 35-38 to 44-.46 cycles per se,:ond. In the cortic.al auditory ana lys~  
the a m # ~ d e s  increased from 20 to 50-60 #V and the frequencies from 26-28 to 35-38 c ) ' e l ~  per second, 
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In the cortical visual analysor on which the signal sfimalus Impinged directly there wes barely perceptible 
the, ease in the amplitude ~ the waves, while the frequencies remained the same as L1 the "background" 
record. Judging by the character of the EEG changes, a state of excitation It produce,d in the motor and auditory 

�9 ~S~C ~: 

Fig. 2. Changes in the electrical ac~vlty of cortical motor, auditory and 
visual analyson under the action of light signal stimulation. Dog. 
Right hemisphere. :Bipolar r e c o r d / ~  
Records from above downward., fm~r upper records same as in Fig. 1. Lower 
record -s ignal  marker for condftfot~ed light stimulus (electric lamp with 
flicker frequency 4 per second). 

analysors, evoked by impulses from ot~er cortical areas, and this focus of excitation can inhibit the restmnses 
from other cortical areas to stimulation directed to ~ e m .  W2aen a" conditioned reflex reaction to light is es- 
tablished, then an analogous state o f  excitation to that described for the association of the motor and auditory 
a~_~!Tsors arises in the m~tor and visual areas. 

An interesting fact was noted in the course of ~ e  experiments. If a random movement occurred in the 
a'~Lmal's hind leg (the limb under investigation) uncoanected with any of the stimuli being used, changes In 
the EEG potentials could be detected which depende~5 on the particular conditioned stimulus which txeeeded 
me random movement. If, for example; the random movement occurred d i r e c t i y ~ r  the conditioned reflex 
r~ponse to sound (Fig. 3.a) the EEG changes were similar to those ~ahtch took place during the conditioned re- 
flex to sound, t.e., the motor and auditory areas showed increased amplitudes and fre~paency of the waves, while 
~t~e changes in the visual area were much less pronounced. If, however, the random movement occurred fol-  
lewing the conditioned reflex reaction to light (Fig. 3,b) excitation took place in the coYdcal components of 
~ e  motor and visual analysors, while the cortical components of the auditory analyses showed signs of active 
tr,~hibltion-appearance of slow waves. 

The facts described demonstrate that when a c~'~ditioned reflex is formed, a fc~,-s of excitation appears 
in the cortex; this focus has a number of distinctive features. It appears every time under the action of a 
c~nditional stimulus and disappears after the discha.~ff, ng ac t - the  conditioned reflex reaction, The focus of 
excitation, arising under the action of the signal -'flmuhts, embodies both cortical areas involved in the associa- 
tion and inhibits the third area which Is not dl~ectly conc.emed in the formation of a given temporary con- 
nection (see Fig. 1). The same focus of excitation cam arise in response to impulses from other sources and it 
men reduces the ability of other cortical areas to reslx~d to stimuli aimed directly a~ them (Fig. L0, And, 
finally, this focus of excitation possesses certain Inertia as shown by the fact that mv~dom movementz of thr 
limb under Investigation can reproduce the distinctive EEG changes which preceded these random movements 
( ~  ~:Ig. 3). 



Fig. 3. Changes in the electrical activity of cortical m-d.~, auditory and visual 
analysort during random movements of the hind leg be~L~ stumbled, afzm" tim use 
of conditional stimuli. 
a) auditory stlmulus; b) (right) light stlmulut. Dog ZhnL Right hemisphere. 
Bipolar record. Records from above downward same as in Fig. I. 

These distinctive features d the focus of excitation which appear d~2xizg the formation d a conditiotmd 
reflex show that the focus has some properties of dominance. As can be seen from the encephalograms a dom-  
inant focus is not formed at some one point on the cortex but extends to a ~  include, those cortical structures 
between which the connection h being established. The EEG s show that "J1 the changes undergone by this 
focus under the influence of various signal stimuli characterize it as a fmictimal entity; its ~tractmal compo- 
nents, however, can be different, and often widely separated, areas of the ccctex. This is In complete agree- 
ment with the views of A. A. Ukhtomsky, who defined dominance as a I f am~enon  based on the excitation of 
a whole constellation of c e n t e r s ,  

Cams where the action of a new signal stimulus reproduces cor'JcaI c~a~es associated with a state of 
excitation characteristic for the preceding temporary connection but doe, n~  elicit the conditioned reflex re-  
action merit particular attention (see Fig. 2). It would rmem ~a t  the exc i t~on of the cortical components of 
the motor and auditory analyscas clearly reflected in the EEG th~id  e v ~ e  a co~responding motor reaction. The 
absence of such reaction can be explained by the new signal stimulus rettcrt~ only part of the ~e','ious dom- 
inance. A. A. Ukhtomsky [9] supposed that cortical and somatic compom~.s should be dis-:Jnguished In the 
dominant entity, and that in connection with this ,the preceding domina te  it restored either in a very con-  
ttacr~d way with very small inertia-only by the cerebral components, or with ~e full previous inertia, occupy- 
ing the centers for a long time and displacing from them other reacttom.* Since under the influence of a new 
signal s t imulus- l ight- the previous dominance exp-essed itself only in excretion of tim motor and auditory 
areas of the cortex the new signal stimulus evidently restored onty the cortical componem~ "with b~.rely per- 
ceptible excitation in the muscles" [9]. The somatic components of the Ixevi~.s dominance (motor reacthm) 
remained inhibited. 

Application of electrophysiologlc methods to the study d con.dtti~ed reflex activity in antmah has re- 
vealed that the electrographlc evidence of excitatio.n of the correnpondlng cx~ca l  areas ts not always associ- 
ated with a motor reaction even in those cases when an effective and fL.mly ~ILu~.r signal stimulus is used. 

On the other hand, it Is not iRfrequently observed that a condttioneg mot.or reaction may be very definite 
and pronounced with no discernible change~ (or only vsry small change,) in ~.e ~ from the correslx~dtng areas 
(Fig. 4). Such "unsuccessful" records are encountered particularly frequency when the conditioned reflex is 
firmly established, and investigators tend to disregard them and omit ~em frc~-n demons~atiom. Yet the)" c ~ l d  
be taken as evidence of the possibility of restoring only the somatic compma,xa d the dominance with "barel.y 
dlscemible ~ participation of the cortical components. TIrese findings c~-~ with the observatio~ of L. A. 
Novikova, V. S. Rusinov. and A. F. Semlokhina [5]. The latter were s m ~ ' ~  ccctlcal a.~oclatio~ ( ~  ccanection) 
under the influence of an aftiflclally induced (dLrect current) domimmt foc~ a-.,d found that in some ca~r~ the 
stimulus elicited movement of the llmb without perceptible change {n fl~e e~ectrlcal activity of the c~tex,  
while tn cxher cases stimulation produced definite chang~ in ~ e  EB.~ wttho~ reflex mc~:ement of the limb, 
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Fig. 4. Electrical activity of cortical components of the motor, auditory 
.~d visual analysors during a conditioned defense reflex to sound, lB6th 
combinatioo. Dog Zhuk. 
~.cofds from above downward same at in Fig. 

3"he ~a'~=mt authors realize that the facts submitted are far from solving this important neuroF~0~slologi c 
I ~ r c ~ .  ~ z~m of this work was not so much the solution as the re-posing of the question of In t~e la t iom 

the  s of domtnance and physiologic roechanisrns of the formation of temporary cor 

S U M M A R Y  

~Ae-~-~Iographic data on ~e formation of a dominant focus of excltal~on during the d~,4#Iopme,~t, 
a f ~ e n ~ e  e ~ : ~ o n e d  reflexes provoked by light or sound were analyzed. The experiments were t ~ o r m  ed on 
~ : .  ~m~th ~ t l y  implanted ele.ctrodeg. 

~"has ~ ~tablished that during the development of conditioned reflex connectiom the forrr~on of I 
~Tex-~ of the dominant type is taking place in the cerebral cortex. The dominant focus ~closes 

~ - ~  invoI~ed in the formation of the conditioned reflex bonds. 
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