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Preface zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

The function of the vestibular system is not as obvious as those of vision, 

hearing, touch or smell. Vestibular dysfunction, however, is clearly apparent 

where lesions are present. It is probably for this reason that the vestibular sense 

was not discovered until the nineteenth century and that clinicians have continued 

to play a major role in basic vestibular research right up to the present. The 

relationship between basic and clinical research is certainly stronger in the vesti-

bular field than in that of tactile sensation, for instance, as testified by the work 

of clinicians as M E N I E R E , B R E U E R , B Ä R Ä N Y , D E K L E I J N and F R E N Z E L . In this 

respect the situation is similar in vestibular physiology and in endocrinology, 

and for the same reason. 

This second part of the vestibular volume of the Handbook of Sensory Physio-

logy will be of interest to neurologists, otologists, neurosurgeons, ophthalmologists 

and physiotherapists on the one hand, and psychologists, physiologists, engineers 

and aviation specialists on the other. For a full understanding of Part 2, it is 

necessary to have assimilated the basic anatomy, physiology, and biochemistry 

of Part 1. 

Each sensory system has some motor aspects. Nociceptors, for instance, have 

a special relation to the spinal flexion reflex and to flexion spasticity after spinal 

cord lesions. Tactile afférents are strongly engaged in the regulation of voluntary 

finger, hand, lip, and tongue movements. However, there is no other sensory 

system where the motor aspects are as important as in the vestibular. The cere-

bellum has evolved out of the vestibular system ; the cerebellar nuclei are analo-

gous (in function and in their connections to the cerebellar cortex) to the vesti-

bular nuclei. The study of the role of vestibular mechanisms in body posture and 

eye movements has made a substantial contribution to the theory of the motor 

system. The simpler organization of active eye movements as compared to limb 

movements has facilitated understanding. This book takes these facts into account. 

It is hoped that this volume may represent a small step toward an understand-

ing of this part of Nature's secrets and at the same time facilitate clinical knowledge 

about the vestibular system. 

Ulm, June 1974 H A N S H E L M U T K O R N H U B E R 
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I. Introduct ion : O n Or ientat ion 

By "orientation" we mean the proper arrangement of an object within a frame 

of reference. 

U s i n g t h e t e r m " p r o p e r " t a k e s a c c o u n t o f a c o n n o t a t i o n o f v a l u e a t t a c h e d t o t h e c o n c e p t 

o f o r i e n t a t i o n i n c o m m o n l a n g u a g e . I t m a y b e u n d e r s t o o d e i t h e r i n a m e r e l yzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA formal s ense , 

r e f e r r i n g t o a s p e c t s o f s y m m e t r y , e q u i l i b r i u m , a n d t h e l i k e , o r functionally: w e m a y c a l l a n 

a n i m a l " w e l l " o r " p o o r l y " o r i e n t e d i f i t i s a b l e o r u n a b l e t o find i t s w a y h o m e a f t e r h a v i n g 

b e e n d i s p l a c e d ; o r , g e n e r a l l y s p e a k i n g , i f i t s " a r r a n g e m e n t w i t h i n a f r a m e o f r e f e r e n c e " is s u c h 

as t o o p t i m i z e t h e a n i m a l ' s (or i t s s p e c i e s ' ) c h a n c e s o f s u r v i v a l . 
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In humans, the "arrangement" may be understood to occur in the realm either 

of body activity or of perceptual organization, the "object" and the "frame of 

reference" beeing defined physically in the former case, and psychophysical^ in 

the latter. We therefore distinguish betweenzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA body orientation and perceptual 

orientation. 

We speak of spatial orientation if the frame of reference is a spatial one. 

Within spatial orientation two general groups can be distinguished, with the 

frame of reference being the essentially horizontal map of life space, on one hand, 

and the vertical pull of gravity, on the other. The former group, including, for 

instance, the problem of homing and route perception, will not be discussed here, 

although both the eye (as in sun-orientation, cf. B R A E M E R , 1960) and the vestibular 

organ ( B E R I T O F F , 1962, 1963) seem to play an important part in these perform-

ances, too. Instead, we shall restrict discussion to orientation to the vertical 

where, as we shall see, optic and vestibular sense are substantially involved. 

Applying the dichotomy of "body" and "perceptual" orientation to this case, 

we may distinguish between 

(1) postural equilibrium responses, i.e., motor activity serving to stabilize the 

intended posture of the body in the field of gravit}' (e.g., vestibular righting re-

sponses), and 

(2) perceptual space transformations, i.e., physiological processes monitoring 

the constancy of space perception in the presence of factors changing the position 

of sense organs. 

Perceptual space transformations will be called "external" if non-nervous 

processes like muscular mechanics are involved (as in the case of eye-movements), 

and "internal" if they are confined to pure nervous system activity (for further 

detail, see below, pp. 159 f.). 

Postural equilibrium responses and perceptual space transformations are by 

no means independent of each other ; instead, it is commonly felt that there is one 

and the same system producing both. In man, to be sure, much more sophistication 

has been invested in the study of the latter, at least in healthy subjects. The 

following chapter will therefore deal mostly with problems of perceptual orienta-

tion. 

This report shall be organized with a functional viewpoint. In a field of research 

where the data available are clustered on two widely different levels of complexity 

— reports of perceptual phenomena on one hand, and records of neuronal discharges 

on the other — a functional approach seems to be most promising to bridge the 

gap. It might, moreover, provide us with heuristic strategies for further research 

both in neurophysiology and in psychophysics. 

Three functional principles, i.e. three major types of information processing 

involved in orientational achievements, shall be distinguished below under the 

names of "compensation", "reconstruction", and "correction". Each of these 

principles has been introduced and discussed by a different group of authors: 

Compensation processes were first postulated by K . B Ü H L E R (1922) and form the 

core of the famous, though originally not quite consistently defined "reafference 

principle" of V O N H O L S T and M I Ï Ï E L S T A E D T (1950) ; the importance of reconstruc-

tion processes has been stressed by G I B S O N (1950, 1966) and M A C K A Y (1966); 

correction processes play an outstanding role in the perceptual theory of E . B R U N S -
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wiK (1934, 1956). A synopsis of these three principles has, connected with partial 

re-formulation, first been attempted by B I S C H O F (1966b, p. 357-399). They will 

serve as a frame of classification of the following report. 

II. D i re c t i ona l Constancy and the Compensation 
Pr inc ip le 

A . O n V e r t i c a l Constancy zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
j 

When exposed to a laterally tiltable, fronto-parallel luminous line in a dark 

room, a normal subject is able to estimate the slope of the line with quite satis-

factory approximation : the inclination of the perceived contour to the apparent 

vertical nearly corresponds to the inclination of the physical contour with respect 

to the field of gravity. The sensory datum referred to by the brain in this estimation 

apparently consists in the slant of the line's retinal image or, more precisely, in 

the angle between the retinal projection of the line and a given reference axis 

fixed to the retina. This retinal image (the so-calledzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA proximal stimulus) serves, as 

it were, as the causal bridge connecting the object of interest, namely the luminous 

line outside in the dark room (the distal stimulus), and the perceived inclination 

(the phenomenon). Moreover, unless the subject contacts the distal object via an 

additional sensory channel (e.g., b}' touching), it is the only causal bridge of this 

kind. 

Considering the latter we ought to be surprised that the relation between the 

retinal image and the distal object is by no means unique. Any particular inclina-

tion of the proximal stimulus contour within the retinal frame of reference may 

occur in the presence of a given slope of the distal stimulus line, because of the 

interference of a further independent variable, namely, the head tilt. When, for 

instance, the head is laterally inclined, the picture of a vertical line will appear on a 

retinal meridian different from the one upon which it is projected with upright 

head position. If the brain, in anthropomorphic terms, were to "rely " solely upon 

the information conveyed to it via the optic channel, it would be entirely unable 

to distinguish this situation from one in which the body remained upright but the 

line was tilted. The fact is, however, that the central-nervous perceptive mechanism 

is quite capable of making this distinction. This performance is usually referred 

to as "vertical constancy". The analysis of vertical constancy, then, has to start 

from the fundamental biological problem common to all constancy performances 

(others being, e.g., color, brightness, size and shape constancy): How can a 

veridical correspondence between the perceptual phenomenon and the distal 

object be established despite the fact that the only causal bridge intervening 

between them, i.e., the proximal stimulus, is disturbed unpredictably by the 

interference of a further variable ? 

B. The Compensat ion Pr inc ip l e 

The solution of this general constancy problem was found, after preparatory 

work by H E L M H O L T Z , H E R I N G , M A C H , and others, by K . B Ü H L E R and L . K A R D O S 

( B Ü H L E R , 1922; K A R D O S , 1928, 1929; B R U N S W I K and K A R D O S , 1929) and later 
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restated by V O N H O L S T and M I T T E L S T A E D T (1950). The basic idea is this: the 

organism neutralizes the interferencezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA by repeating it with reversed sign. Since a process 

of this kind may aptly be called "compensatory", B I S C H O F (1966b) has proposed 

the term compensation principle to characterize this form of biological information 

processing. 

The compensation principle is illustrated by the flow diagram Fig. la . The 

sensory channel S (generally the eye) is affected by a proximal stimulus, the latter 

external processes internal processes 

F i g . 1. a) C o n t r o l d i a g r a m o f t h e c o m p e n s a t i o n p r i n c i p l e . H e r e a n d i n a l l s u b s e q u e n t b l o c k 

d i a g r a m s a r r o w s r e p r e s e n t v a r i a b l e s , a n d b o x e s r e p r e s e n t o p e r a t o r s . O r i e n t a t i o n o f a r r o w s 

d e n o t e s d i r e c t i o n o f c a u s a l i n f l u e n c e . 0 = i n t e r f e r e n c e f u n c t i o n , <P~X = c o m p e n s a t o r y 

f u n c t i o n , S = m a p p i n g f u n c t i o n o f s e n s o r y c h a n n e l , b ) I n t e r f e r e n c e f u n c t i o n i n t h e p e r c e p t i o n 

o f v e r t i c a l l y . D i s t a l s t i m u l u s ( A c ) e q u a l s t h e sum o f i n t e r f e r i n g v a r i a b l e (a) a n d p r o x i m a l 

s t i m u l u s ( A R ) , i f o r i e n t a t i o n o f a n g l e s i s u n i f o r m l y d e f i n e d ( h e r e : c l o c k w i s e i n c l i n a t i o n s p o s i t i v e , 

w h e n v i e w e d f r o m S u b j e c t ) 

depending upon a distal stimulus and an "interfering variable", according to an 

"interference function" <P. In our case, the interfering variable is the angle of 

head tilt (a), while the inclination X of the luminous line relative to gravity (sub-

script G) is the distal stimulus. The slant of the line measured within the retinal 

coordinate system (subscript R) can serve as a representative of the proximal 

stimulus. The interference function has the form of a simple subtraction, as shown 

in Fig. l b : 
A R = A G — a.. 

The proximal stimulus is reported to higher central-nervous centers by means 

of afferent messageszyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA (IR). Making use of this information, now, the organism has 

to arrive at a psychophysical variable 1 (Is) representing veridically the distal 

1 B y t h e e x p r e s s i o n " a p s y c h o p h y s i c a l v a r i a b l e " w e d e n o t e a h y p o t h e t i c a l c e n t r a l - n e r v o u s 

p r o c e s s t h o u g h t d i r e c t l y t o u n d e r l y a c o n s c i o u s l y e x p e r i e n c e d p h e n o m e n o n (cf. a l s o B I S C H O F , 

1 9 6 6 a ) . 
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stimulus. This is done by means of a compensatory process consisting of the 

following two operations: 

(1) The organism ascertains in a suitable way a representation of the inter-

fering variable, the "compensatory variable"zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA (s). 

(2) This compensatory variable is fed into the afferent information flow in such 

a way as to compensate for the influence of the interfering variable ("compen-

satory function"). 

In Fig. l a the compensatory function is denoted by (P - 1 , since it can easily 

be seen that in the ideal case it would have to be exactly the inverse of the inter-

ference function. In our case, consequently, the ideal compensatory function 

would be an addition : 

h = ln + s. 

In connection with the compensation principle three main questions arise: 

(1) Where is the compensatory process performed? (2) How should the flow dia-

gram be modified to take account of the compensatory errors recorded under 

experimental conditions and in every-day life? (3) Where does the organism 

obtain the information about the interfering variable needed to determine the 

compensatory variable? These problems will be discussed successively in the 

following sections, with respect to the special case of vertical constancy. 

C. Externa l and Internal Compensat ion 

As far as localization is concerned, two possible types of compensation 

are conceivable: (1) "external" compensation outside the boundary of 

neurophysiological processes, and (2) "internal" compensation within the central 

nervous system. Only the second possibility is taken into account in Fig. 1. The 

first is more obvious and easier to analyse. It consists in the so-called ocular 

countertorsion (rolling of the eyeballs around their sagittal axes). In the ideal case 

the amount of countertorsion should exactly equal the degree of lateral head tilt, 

thus leading to complete constancy of the retinal stimulus pattern. This, however, 

is never attained in any vertebrate species. In man, particularly, the counter-

torsion response can only be called vestigial (FISCHER, 1927, 1930a; W O E L L N E R 

and G R A Y B I E L , 1959; S C H Ö N E , 1962; M I L L E R , 1962; M I L L E R and G R A Y B I E L , 1963; 

C O L E N B R A N D E R , 1964; K E L L O C G , 1965; B R A N D T and F L U U R , 1966,1967; U D O D E 

H A E S , 1970; B I S C H O F and S C H E E R E R , 1970). When plotted against head tilt, 

ocular countertorsion shows a sinusoidal curve with extreme values ocurring at 

tilts of about 60°. Even at its extremes, the response seldom exceeds values of 

6-8°, being, therefore, far too small to account for the compensatory achievements 

actually observed. 

Consequently, there remains only the alternative of assuming an "internal" 

compensation, i.e., a central-nervous processing of the optical afference according 

to Fig. 1. Formally, such a process could be conceived as a rotatory transformation 

of a functional coordinate system, the latter being the physiological correlate of 

phenomenal space. The anatomical localization of these processes is still open to 

speculation, although recent neurophysiological findings (cf. chapter F R E D R I C K S O N , 
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K O R N H U B E R and SCHWARZ, this volume), contradicting the earlier opinion that no 

vestibular afferences reach the cerebral cortex, may turn out to be a first step 

towards answering this obscure question. 

D . A l l owance for Compensatory Errors 

The argumentation in favor of the compensation principle (see above pp. 158 f.) 

may sound somewhat artificial, as it starts from the fictitious presupposition of 

exact veridicality of directional perception. This presupposition is, indeed, only 

approximately fulfilled in every-day life, and even larger deviations occur under 

experimental conditions. 

I f t h e o p t i c a l s t i m u l u s field i s r e d u c e d t o a s i n g l e l u m i n o u s r o d i n a d a r k r o o m , a s u b j e c t ' s 

a p p a r e n t v e r t i c a l (as i n d i c a t e d b y h i s s e t t i n g o f t h e r o d ) w i l l e x h i b i t s y s t e m a t i c d e v i a t i o n s 

f r o m t h e p h y s i c a l p l u m b l i n e , e s p e c i a l l y i f t h e b o d y i s i n a t i l t e d p o s i t i o n (cf. F i g . 2 ) . L a r g e 

a m o u n t s o f l a t e r a l b o d y t i l t a r e u n d e r c o m p e n s a t e d ( A U B E R T , 1 8 6 1 ) , i . e . , t h e a p p a r e n t v e r t i c a l 

d e v i a t e s t o w a r d s b o d y a x i s , w h e r e a s m o d e r a t e a m o u n t s o f t i l t a r e s o m e t i m e s o v e r c o m p e n s a t e d 

( M Ü L L E R , 1 9 1 6 ) , i . e . , t h e a p p a r e n t v e r t i c a l d e v i a t e s i n t h e o p p o s i t e d i r e c t i o n ( A a n d E p h e n o m -

e n o n , r e s p e c t i v e l y : U D O D E H A E S , 1 9 7 0 ; S C H Ö N E a n d U D O D E H A E S , 1 9 7 1 ; f o r a r e v i e w o f 

e a r l i e r i n v e s t i g a t i o n s , see B I S C H O F , 1 9 6 6 c , p p . 4 7 4 f . ) . E r r o r s o f t h e s a m e o r d e r o f m a g n i t u d e 

o c c u r w i t h f o r w a r d - b a c k w a r d b o d y t i l t ( B R E C H E R a n d S C H U B E R T , 1 9 3 4 ; S C H Ö N E , 1 9 6 2 , 1 9 6 4 ; 

C O R R E I A e t a l . , 1965 ) . C o n s i d e r a b l e d e v i a t i o n s a r e a l s o o b s e r v e d w h e n t h e s u b j e c t i s p r e s e n t e d 

w i t h a n o p t i c a l s t i m u l u s p a t t e r n c o n t a i n i n g o n e o r m o r e d i s t i n c t m a i n a x e s b e s i d e s t h e l u m i n -

o u s r o d , p r o v i d e d t h a t n o n e o f t h e m a i n a x e s c o i n c i d e s w i t h t h e p u l l o f g r a v i t y . T h i s p h e n o m -

e n o n h a s b e e n c a l l e d " R i c h t u n g s i n d u k t i o n " ( d i r e c t i o n a l i n d u c t i o n ) b y K L E I N T (1936) . I t 

o b t a i n s w i t h s u c h s t i m u l u s c o n f i g u r a t i o n s a s a field o f p a r a l l e l s t r i p e s ( H O F M A N N a n d B I E L -

S C H O W S K Y , 1 9 0 9 ; G I B S O N a n d R A D N E R , 1 9 3 7 ; B I S C H O F a n d S C H E E R E R , 1 9 7 0 ) , a g r i d p a t t e r n 

( B O R I N G , 1 9 5 2 ; M A N N , 1952 ) , o r a l u m i n o u s f r a m e ( W I T K I N a n d A S C H , 1 9 4 8 ; W I T K I N , 1949 b ; 

P A S S E Y , 1 9 5 0 ; Y O U N G , 1 9 5 9 ; N A Y L O R , 1 9 6 3 , 1 9 6 5 ; B E R T I N I , 1 9 6 4 ; M O R A N T a n d A R O N O F F , 

1 9 6 6 ) . U n d e r s u c h c o n d i t i o n s t h e s u b j e c t ' s a p p a r e n t v e r t i c a l , a s s h o w n b y h i s s e t t i n g s of t h e 

l u m i n o u s r o d , i s " a t t r a c t e d " t o a c e r t a i n d e g r e e b y t h e a x e s o f t h e s t i m u l u s p a t t e r n . D i r e c -

t i o n a l i n d u c t i o n e f fects a r e s t r o n g e s t w i t h s t i m u l u s p a t t e r n s t h a t a r e c l o s e l y s i m i l a r t o 

n a t u r a l e n v i r o n m e n t s e x c e p t f o r t h e i r s l a n t e d b e a r i n g . S u c h s i t u a t i o n s a r e c r e a t e d w h e n 

t h e s u b j e c t o b s e r v e s a n a t u r a l s c e n e t h r o u g h a s u i t a b l e m i r r o r S3^stem ( W E R T I I E I M E R , 

1 9 1 2 ; G I B S O N a n d M O W R E R , 1 9 3 8 ; A S C H a n d W I T K I N , 1 9 4 8 a ) o r t h r o u g h p r i s m s p e c t a c l e s 

( K O H L E R , 1 9 5 1 ; O H W A K I , 1 9 6 1 ; W I T K I N a n d A s c i i , 1 9 4 8 b ; W I T K I N , 1 9 4 9 a ) , o r i f t h e n a -

t u r a l s cene is t i l t e d as a w h o l e , e .g . , i n a r o t a t a b l e d u m m y r o o m ( " h a u n t e d s w i n g " , W O O D , 

1 8 9 5 ; K L E I N T , 1 9 3 6 ; A s c i i a n d W I T K I N , 1 9 4 8 b ; M A N N , 1 9 5 2 ) ; see a l s o H O W A R D a n d T E M P L E -

T O N (1966) . 

In the flow diagram (Fig. .1), three possible sources for deviations of this kind 

are conceivable: (i) the afference ?R may be a distorted image of the proximal 

stimulus configuration AR. (ii) The compensatory variablezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA s may be an inaccurate 

representation of the interfering variable a. (iii) The compensatory function & 1 

may differ from a mathematically exact summation process. 

I n t h i s c o n n e c t i o n t h e t h r e e v a r i a b l e s Z R , IS, a n d s m e r i t f u r t h e r c o n s i d e r a t i o n 2 . F i r s t , 

t h e s e q u a n t i t i e s a r e t o b e r e g a r d e d as " h y p o t h e t i c a l c o n s t r u c t s " i n t h e sense o f t h e t e r m i n o -

l o g i c a l d i f f e r e n t i a t i o n p r o p o s e d b y M C C O R Q U O D A L E a n d M E E H L ( 1 9 4 8 ) ; i . e . , t h e y a r e m e a n t 

t o b e n o t d i r e c t l y o b s e r v a b l e , b u t n e v e r t h e l e s s p h y s i c a l l y e x i s t i n g , l i n k s o f a n i n n e r o r g a n i s m i c 

c a u s a l c h a i n . S i m u l t a n e o u s l y , h o w e v e r , t h e y a r e " i n t e r v e n i n g v a r i a b l e s " i n t h e s t r i c t e r sense 

d e f i n e d b y t h e a u t h o r s — v i z . , t h e y a r e c o n c e i v e d as p r o d u c t s o f a m e r e m e n t a l a b s t r a c t i o n 

d r a w n o u t o f ( u n k n o w n ) p h y s i o l o g i c a l e n t i t i e s l i k e l y t o be i n f a c t m u c h m o r e c o m p l e x . T h e 

s a m e h o l d s f o r t h e a b o v e - m e n t i o n e d c o m p e n s a t o r y o p e r a t i o n 

2 F o r m o r e d e t a i l e d d i s c u s s i o n , see B I S C H O F a n d S C H E E R E R (1970 ) . 
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F i g . 2 . A p p a r e n t v e r t i c a l a s a f u n c t i o n o f l a t e r a l b o d y t i l t f o r 1 3 S s ( a c c o r d i n g t o U D O D E H A E S 

1 9 7 0 ) . A b s c i s s a : C l o c k w i s e b o d y t i l t . O r d i n a t e : I n c l i n a t i o n o f a l u m i n o u s r o d , set t o S s 

a p p a r e n t v e r t i c a l , m e a s u r e d i n r e t i n a l c o o r d i n a t e s w i t h i n v e r t e d s i g n ( for e x p l a n a t i o n , see 

b e l o w , p . 1 6 2 ) . D o t t e d l i n e i n d i c a t e s i d e a l v e r i d i c a l i t y o f d i r e c t i o n a l p e r c e p t i o n . E - ( M Ü L L E R ) 

P h e n o m e n o n : m e a s u r e d v a l u ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA above d o t t e d l i n e (as s h o w n i n s o m e S s w i t h b o d y t i l t o f 3 0 ° ) , 

A - ( A U B E R T ) p h e n o m e n o n : m e a s u r e d v a l u e below d o t t e d l i n e ( m o s t m a r k e d i n t h e m a j o r i t y o f 

S s u n d e r b o d y t i l t o f 1 5 0 ° ) 

With regard to the three alternatives listed above, B I S C H O F and S C H E E R E R 

(1970) arrive at the following proposition: If deviations from ideal veridicality 

in directional perception consist merely in rigid orthogonal rotations of phenomenal 

space without angular distortions occurring, they can be due solely to inaccuracy 

of the compensatory variable (alternative ii accepted), whereas the input-output 

characteristics of the optic channel and the compensatory summation process 

must be linear (i and iii rejected). 

11 Hb. Sensory Physiology, Vol. VI/2 
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I n t h i s case , a n i n d i r e c t m e a s u r e f o r t h e c o m p e n s a t o r y v a r i a b l ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA s c o u l d b e d e r i v e d f r o m 

t h e s e t t i n g o f a l u m i n o u s r o d t o t h e a p p a r e n t v e r t i c a l : I f (i) A R = IR, a n d ( i i i ) Is = IR -+- s, a n d 

i f f u r t h e r t h e a p p a r e n t i n c l i n a t i o n Is t h e r o d i s z e r o ( = v e r t i c a l ) , t h e n w e s h o u l d a r r i v e a t 

A R = IR = Is-s = -s. T h u s t h e p r o x i m a l s t i m u l u s A R w i t h r e v e r s e d s i g n , a s p l o t t e d i n F i g . 2 , 

c o u l d s e r v e as a n o p e r a t i o n a l m e a s u r e f o r s. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

As to the premise of this proposition, G I B S O N and R A D N E R (1937, p. 464) state 

that the apparent vertical and horizontal "behave as if they were aspects of a 

single system for visual orientation"; the authors add, however, that both axes 

nevertheless "are not rigidly linked together; there is, as it were, a certain amount 

of 'play" or 'lost motion' between them". This angular distortion phenomenon 

was observed as an after-effect of prolonged exposure of an optical stimulus pattern 

containing (or consisting of) one predominating axis. Under these conditions, two 

factors seem to be involved in direction perception. They generate, respectively, 

(a) a so-called "normalization effect", which amounts to a rigid transformation of 

the phenomenal frame of reference as a whole (GIBSON, 1937a, b; G I B S O N and 

R A D N E R , 1937), and (b) a "satiation effect", which only occurs in the vicinity of the 

stimulus axis, thus indeed impairing the orthogonality of space perception 

( K Ö H L E R and W A L L A C H , 1944). The latter phenomenon can probably be accounted 

for in terms of adaptation or inhibition of orientation detectors in the visual 

channel S of Fig. 1 ( S U T H E R L A N D , 1961: C O L T H E A R T , 1971: cf. also C A R P E N T E R 

and B L A K E M O R E , 1974). Thus, possibility (i), as listed above, cannot be ruled out 

entirely. However, satiation seems to be a second order effect. By factoring out 

the normalization effect be means of a "split-field technique", a magnitude of 

maximally 1.5° has been found for the satiation phenomenon ( M O R A N T and 

M I S T O V I C H , 1960; M O R A N T and H A R R I S , 1965). 

These studies, to be sure, have only been performed with upright body 

posture. In a survey of the literature, unfortunately, no investigation dealing with 

the influence of body tilt on the orthogonality of space perception could be found. 

This leaves alternative (iii) undecided. Actually, some authors did record 

the apparent vertical and horizontal alternately in the same subjects as a func-

tion of head tilt, body tilt, or centrifuging, both with and without optical direc-

tion cues presented (GIBSON and M O W R E R , 1938; A S C H and W I T K I N , 1948a, 

b; W I T K I N and A S C H , 1948a, b; B I T T E R M A N and W O R C H E L , 1953, G R A Y B I E L 

and C L A R K , 1962). However, these experiments yield no answer to our prob-

lem since they are not sufficiently precise for that aim or, as in the studies 

of the W I T K I N group, because of some peculiarities in the data analysis performed 

by the investigators. Nevertheless, the authors do not seem to have encountered 

a conspicuous decay of perceptual space orthogonality. Generally, one may 

presume that if body tilt and the like did produce startling angular distortions, 

this would have attracted the attention of some of the numerous investigators of 

vertical constancy during the past century, especially since under pathological 

conditions (cerebral lesions) or with inadequate stimulation (e.g., by electric 

currents) considerable distortions of the space coordinates have been repeatedly 

observed and reported under the name of metamorphosia or dysmorphosia by 

G E L B (1926), B E N D E R and J U N G (1948), H A L P E R N (1949), D E R W O R T (1953) and 

others. 



P o s t u r a l D i r e c t i o n C u e s 1 6 3 

E. Postural D i re c t i on Cues zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

For the time being we may therefore assume that the errors of directional 

perception observed under physiological conditions are due virtually alone to the 

compensatory quantityzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA s not precisely coinciding with the head inclination a. 

Thus the third problem stated above (see p. 159), namety, where the organism 

obtains a representation of a, becomes crucial. Clearly, the sources of pertinent 

information have to be looked for in the realm of stimulus parameters that are 

correlated with head and/or body tilt. Such parameters are hereafter referred to 

as "direction cues". 

The sensory systems thought to be capable of providing direction cues are 

usually classified into (1) optical and (2) postural groups. The postural group may 

be subdivided into (a) tactile, (b) kinesthetic, and (c) vestibular cues. 

(a) The distribution of pressure on the body surface may well be taken into 

account as a direction cue, as its maximum corresponds to the physical "down" 

unless, to be sure, the support at the surface of contact is in a slanted position 

(GIBSON, 1966). The functional effectiveness of this factor at least for the "posture 

reflexes" has been demonstrated by M A G N U S (1924), its relevance for verticality 

perception follows from experiments of S C H Ö N E and U D O D E H A E S (1968, 1971). 

(b) Coping with gravitation necessitates a continuous tonic innervation 

of the whole skeletal musculature, the pattern of which has to reflect in 

fine gradations the distribution of forces acting upon the body. Therefore the 

combined messages of tension and position receptors in muscles, tendons and 

joints (see B I S C H O F , 1966 c) may well be used as a source of information about the 

arrangement of trunk, head, and limbs with respect to gravity. The importance 

of these factors is underlined by the fact that asymmetric body tonus brought 

about, for example, by means of additional weights is accompanied by changes 

of the apparent vertical ( K L E I N T , 1937; S C H N E I D E R and B A R T L E Y , 1962; K L I X , 

1962; W E R N E R et al., 1951). 

(c) Wfiereas the two aforementioned sensory systems are primarily concerned 

with tasks apart from the perception of body posture in the gravito-inertial field, 

the vestibular apparatus appears to be constructed directly to serve this purpose. 

Among the vestibular cues, both ampullar and macular messages can be shown 

to contribute to human perception of verticality. In the maculae, phasic and tonic 

responses may be distinguished, according to L O W E N S T E I N and R O B E R T S (1950). 

There are few pertinent investigations deliberately involving stimulation of all 

vestibular portions mentioned (e.g., V O N H O L S T and G R I E S E B A C H , 1951; U D O D E 

H A E S and S C H Ö N E , 1970). In experiments with parallel swings ( J O N G K E E S , 1952; 

W A L S H , 1960, 1961 ; S C H Ö N E et al., 1967) the semicircular canals remain essentially 

unexcited. Devices providing steady-state head tilt, as employed by most investi-

gators, additionally rule out phasic receptor activity in the maculae. This restricts 

stimulation to the tonic (non-adaptive) receptor system in the otolith apparatus, 

which may be considered the basic issue in postural control of vertical constancy, 

at least as far as the external compensatory mechanism (eye countertorsion, see 

above, p. 159) is concerned ( F I S C H E R , 1930a; M I L L E R , 1962; S C H Ö N E , 1962; 

F L U U R and M E L L S T R Ö M , 1970 a, b). 

li* 
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F. The Significance of Vest ibular D i r e c t i o n Cues zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
The question as to whether vestibular afference has a direct access also to the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

internal mechanisms of perceptual space transformation is comparatively more 

intricate. 

The significance and even preponderance of the vestibular apparatus in this 

respect has been maintained by investigators like J O N G K E B S (1952), but denied 

by some earlier authors ( A L E X A N D E R and B A R A N Y , 1904; B E C K , 1912; S T I G L E R , 

1912; G A R T E N , 1920); partly, perhaps, since the latter expected (and failed) to 

encounter particular "postural sensations", reported by their subjects. These 

authors did not realize that a sense organ might well have the function of solely 

controlling perceptual coordinate systems rather than contributing new qualities 

to the perceptual world. 

There is, of course, great difficulty in assessing the relative importance of 

each of the three postural systems mentioned above, since they convey infor-

mation about one and the same stimulus parameter and may mutually substitute 

for each other. Thus, it is in no way conclusive if, in the case of deficiency of one 

of them, the performance in question does not substantially decrease — 

especially if the subjects have been allowed to adapt to the loss. 

W h e n , e .g . , G A R T E N (1920) a n d A R N D T S (1924) c o u l d d e m o n s t r a t e t h a t t h e a b i l i t y o f 

s u b j e c t s t o j u d g e t h e v e r t i c a l p o s i t i o n o f t h e i r b o d i e s r e m a i n s u n i m p a i r e d w i t h tactile informa

tion b e i n g c u t o i f b y l o c a l a n a e s t h e s i a , t h i s f i n d i n g n e v e r t h e l e s s c a n n o t d i s p r o v e t h e p o s s i b l e 

p a r t i c i p a t i o n o f t a c t i l e d i r e c t i o n cues i n t h e s a m e p e r f o r m a n c e u n d e r n o r m a l c o n d i t i o n s o r 

a f t e r l a b y r i n t h loss . 

O n t h e o t h e r h a n d t h e s a m e h o l d s t r u e f o r findings a c c o r d i n g t o w h i c h p a t i e n t s w i t h 

b i l a t e r a l loss o f labyrinth function, w h e n t i l t e d l a t e r a l l y , a r e s t i l l a b l e t o se t a l u m i n o u s r o d i n 

a d a r k s u r r o u n d i n r a t h e r g o o d a l i g n m e n t w i t h t h e p h y s i c a l v e r t i c a l , o r e v e n s u r p a s s t h e 

a c h i e v e m e n t o f s u b j e c t s w i t h o u t l a b y r i n t h m a l f u n c t i o n (cf. F I S C H E R , 1 9 3 0 b ; G I R O T T I a n d 

B O R D O G N A , 1 9 6 3 ; G I R O T T I , 1 9 6 3 ; M I L L E R a n d G R A Y B I E L , 1 9 6 6 ; C L A R K a n d G R A Y B I E L , 1 9 6 6 a ; 

G R A Y B I E L e t a l . , 1968) . T h e s e e x p e r i m e n t s s h o w t h a t t h e a c t i v i t y o f t h e v e s t i b u l a r a p p a r a t u s 

m a y b e s u b s t i t u t e d b y o t h e r p o s t u r a l f a c t o r s , i f n e c e s s a r y . B u t t h e y d o n o t t e l l u s a n y t h i n g 

a b o u t t h e e r r o r o n e i s l i k e l y t o c o m m i t i f , as a first a p p r o x i m a t i o n , o n e i g n o r e s t h e l a t t e r w h e n 

w o r k i n g w i t h h e a l t h y s u b j e c t s , a n d i n t e r p r e t s t h e r e s u l t s o b t a i n e d i n t h e a b s e n c e o f o p t i c a l cues 

as a t t r i b u t a b l e m a i n l y t o t h e v e s t i b u l a r a p p a r a t u s . 

There seems to be only one consistent method for determining whether in the 

postural system vestibular cues are of prior importance in the perception of verti-

cality: one has to play the vestibular information off against other conflicting 

postural direction cues. Experiments with this particular aim show that there is 

little extra-otolith postural influence on verticality perception with body tilt up 

to 9 0 ° , whereas in body positions unlikely to occur in normal life, somesthetic 

factors do play a role which is, however, not very marked (SCHÖNE, 1962 ; S C H Ö N E 

and U D O D E H A E S , 1968, 1971: CORRELA et al., 1965). 

Unfortunately, it is still an open question as to how the organism gathers 

information about the direction of gravitational force from the excitation patterns 

of utricle and saccule, separately. 

Within the framework of his "bicomponent theory", M I T T E L S T A E D T (1964, 

1966) has called attention to the fact that the formula for rotatory transformation 

of a Cartesian coordinate system requires information about the sine and the 

cosine of the angle of rotation, and that the utricle and saccule, respectively, could 

well be understood to supply this information. 
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Actually, there is evidence that earlier views, according to which only the 

utricle, but not the saccule, has a static function at all (e.g., M A X W E L L , 1923; 

V E R S T E E G H , 1927 ; M C N A L L Y , 1929; T A I T , 1932) are untenable at least for birds 

and mammals and also for some fishes ( B E N J A M I N S and H U I Z I N G A , 1927 ; H A S E -

G A W A , 1935; P E R L M A N , 1940; A D R I A N , 1942; J O N G K E E S , 1950; L O W E N S T E I N , 

1950 ; S Z E N T A G O T H A I , 1952; H U I Z I N G A , 1955 ; M E Y E R Z U M G O T T E S B E R G E and 

P L E S T E R , 1965 ; F L U U R and M E L L S T R Ö M , 1970 b). Whether, however, in the percep-

tion of verticality saccular and utricular information is computed in the elegant 

way proposed by the bicomponent theory, remains to be investigated. (For 

pertinent theoretical considerations, see S C H Ö N E , 1962; C O R R E L A et al., 1965; 

Y O U N G and M E I R Y , 1968 ; S C H Ö N E and U D O D E H A E S , 1970). The main difficulty 

with a bicomponent transformation of perceptual-space coordinates is that it 

could in principle be independent of otolith weight. When, however, the amount 

of gravito-inertial force is actually changed by means of applyingzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA centrifugal forces 

( S C H Ö N E , 1962, 1964; C O R R E L A et al., 1965 ; M I L L E R and G R A Y B I E L , 1966; S C H Ö N E 

et al., 1967 ; S C H Ö N E and P A R K E R , 1967 ; S C H Ö N E and U D O D E H A E S , 1970) marked 

changes of the apparent vertical do occur, showing that the aforementioned 

independence does not exist3. 

F i g . 3. V e s t i b u l a r h e t e r o c o m p e n s a t i o n . C r o s s e d c i r c l e s : O p e r a t i o n a l s y m b o l s f o r a d d i t i o n . I f 

a q u a d r a n t is b l a c k , t h e r e s p e c t i v e i n p u t v a r i a b l e i s s u b t r a c t e d r a t h e r t h a n a d d e d . U p p e r b o x : 

V i s u a l s y s t e m w i t h l i n e a r i n p u t - o u t p u t c h a r a c t e r i s t i c s . L o w e r b o x : O t o l i t h s y s t e m w i t h 

n o n l i n e a r c h a r a c t e r i s t i c s a c c o r d i n g t o F i g . 2 

3 W e a r e , o f c o u r s e , n o t r e f e r r i n g h e r e t o c h a n g e s o f t h e a p p a r e n t v e r t i c a l d u e t o c h a n g e s 

i n t h e direction ( r a t h e r t h a n t h e a m o u n t ) o f m e c h a n i c a l f o r c e d u r i n g c e n t r i f u g a t i o n . T h i s e f f e c t 

is a p h y s i c a l t r i v i a l i t y w h i c h n e v e r n e e d e d t o b e a u t h e n t i c a t e d b y p s y c h o p h y s i c i s t s , a n d 

w h i c h c e r t a i n l y d i d n o t d e s e r v e a n y p r e t e n t i o u s l a b e l l i n g ( " o c u l o g r a v i c i l l u s i o n " ) . F o r a 

c r i t i c i s m o f p e r t i n e n t e x p e r i m e n t s d e s i g n e d b y t h e G R A Y B I E L a n d W I T K I N g r o u p s , see H O W A R D 

a n d T E M P L E T O N ( 1 9 6 6 , p p . 197f f . ) a n d B I S C H O F ( 1 9 6 6 c , p . 4 8 1 ) . 
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While leaving this question to further analysis, we are free to characterize the 

function of the otolith apparatus in vertical constancy by the control diagram 

Fig. 3. In this diagram the A and E deviations result from the input-output 

characteristics of a single black-box labeled "otolith system", leaving aside intra-

vestibular differentiations for the time being. 

The particular type of network presented in Fig. 3, in which the compensatory 

variable is provided via a sensory channel separate from the one conveying 

information about the proximal stimulus, will be referred to hereafter as "hetero-

compensation" (BISCHOF, 1966 b). A possible alternative, called "autocompensa-

tion" of the optic message, shall be introduced in the next section. 

III. V i s u a l D i rec t i on Cues and the Reconstruction 

The idea that the eye itself should be able to mediate perceptual information 

about the position of the head with respect to gravity not only seems to contradict 

our statements above, concerning the independence of retinal and distal coordinates 

(see p. 157) ; it also does not fit into the theoretical framework of classical sensory 

psychology. For the latter it was a matter of tri vial self-evidence that a distal object 

could be immediately perceived (rather than inferred by logical reasoning) only 

in the presence of a proximal stimulus-pattern which to a sufficient degree "looks 

like" the distal object or, as G I B S O N (1950) characterized this view, which can 

serve as a "facsimile" of the object. Since, now, neither the subject's own head 

nor the field of gravity is portrayed on the retina, perceptual information about 

these features cannot be conveyed via the optic system, according to classical 

understanding. 

Modern perceptional psychology (cf. G I B S O N , 1950, 1966; A T T N E A V E , 1954; 

K Ö H L E R , 1961 ; M E T Z O E R , 1968) has abandoned this unreflected conception and 

arrived at the following principle: Although it makes sense to conceive of the 

perceptual phenomena as "images" ofzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA distal objects, it is entirely misleading to 

expect them to portray the proximal stimulus-configurations as well ; a particular 

percept may be established on the basis of any sensory process whatsoever, 

provided only that the proximal stimulus concerned is at least correlated to the 

distal object. In terms of information theory, the principle maintains that the 

perceptual system takes advantage of the redundancy within its physical sur-

roundings in a manner that could be compared to the way one reconstructs 

the text of an abbreviated or distorted telegram. Therefore, B I S C H O F (1966b) 

has proposed the term "reconstruction processes" for this kind of stimulus elabo-

ration. 

Put in anthropomorphic terms the reconstruction principle states, in essence, 

that the organismic perceptual system "relies" on certain regularities "expected"' 

in its physical surroundings ( L O R E N Z . 1959). 

A . The Concept of Perceptual Reconstruct ion 

B. V isua l D i r e c t i o n Cues 
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Such "redundancy expectations" may be very concrete. It can be expected, 

for instance, that cigarette smoke rises opposite to the pull of gravity. One can 

show that such data, accumulated apparently in the course of individual life-

experience, influence spatial perception without any noticeable intervention of 

higher cognitive processes (cf. K O H L E R , 1951, 1953; K L O P P , 1956). 

In addition to these, however, there are redundancy expectations of a far more 

generalized and abstract nature. For these is would be difficult to determine whe-

ther they have been acquired in an individual learning process or whether they are 

part of the phylogenetically preadapted organization of the perceptual system. This 

question, to be sure, is rather irrelevant in the present connection. With regard 

to vertical constancy two general redundancy expectations are of particular 

significance. 

F i g . 4. N a t u r a l r e d u n d a n c y : T e x t u r e g r a d i e n t s . E q u i d i s t a n t m a r k s o n a p l a n e s u r f a c e ( P ) 

p r o j e c t o n t h e r e t i n a i n s u c h a w a y t h a t (a) t h e p a i r w i s e d i s t a n c e b e t w e e n p r o x i m a l s t i m u l i 

decreases m o n o t o n i c a l l y i n a r e t i n a l m e r i d i a n (I) p e r p e n d i c u l a r t o P , b u t (b) d e c r e a s e s s y m -

m e t r i c a l l y i n a m e r i d i a n ( I I ) o r t h o g o n a l t o t h e f o r m e r . I f t h e m a r k s a r e n o t e q u i d i s t a n t b u t 

d i s t r i b u t e d i n r a n d o m f a s h i o n , as t h e y a r e i n m o s t of t h e n a t u r a l s u r f a c e t e x t u r e s , t h e a b o v e 

s t a t e m e n t s w o u l d s t i l l h o l d t r u e f o r t h e l o c a l a v e r a g e d e n s i t y o f p r o x i m a l s t i m u l u s d i s -

t r i b u t i o n ( F i g . 4 c ) . T h u s t h ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA gradient (g) o f p r o x i m a l - s t i m u l u s t e x t u r e ( i .e . , t h e v e c t o r 

d e f i n i n g m a x i m a l c h a n g e o f s t i m u l u s d e n s i t y ) s h o u l d c o i n c i d e w i t h t h e p h y s i c a l v e r t i c a l , 

p r o v i d i n g t h a t t h e s u r f a c e r e g a r d e d is h o r i z o n t a l 
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(1) The clarification of the first one has been pioneered by G I B S O N (1950). It 

consists of two mutually independent assumptions : (a) in a natural environment 

the texture of large surfaces is generally homogeneous, and (b) an approximately 

plain surface, filling large portions of the visual field, is likely to be of horizontal 

extension. From these two premises the following conclusion can be drawn: the 

mean gradient of retinal texture density, i.e., the direction in which retinal 

stimulation exhibits maximal average compression of its microstructure, will 

usually correspond to the projection of the physical vertical upon the frontal head 

plane (for explanation, see Fig. 4). 

(2) The second redundancy expectation, the biological utilization of which has 

been substantiated by many authors (like, e.g., K O F F K A , 1935), assumes that under 

natural conditions equilibrium-states are encountered with a probability higher 

than that of any other comparable states. Consequent^, objects of elongated shape 

should be likely either to stand upright (labile equilibrium), to hang down (stable 

equilibrium), or to lie horizontally on the ground (indifferent equilibrium), rather 

than to have any otherzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA preferential bearing. It can be shown by means of projective 

F i g . 5. N a t u r a l r e d u n d a n c y : P r o m i n e n t figurai a x e s . S i x t e e n c o n t o u r s o f e q u a l l e n g t h , a r b i -

t r a r i l y d i s t r i b u t e d o n a h o r i z o n t a l s u r f a c e , v i e w e d f r o m a b o v e ( F i g . 5 a ) . A m o n g t h e c o n t o u r s . 

4 s t a n d u p r i g h t ( i n d i c a t e d b y l i t t l e c i r c l e s ) , a n d t h e r e m a i n i n g 12 l i e h o r i z o n t a l l y , o r i e n t e d i n 

s u c h a w a y as t o p r o v i d e u n i f o r m a n g u l a r d i s t r i b u t i o n . W h e n t h i s a r r a n g e m e n t is v i e w e d f r o m 

a n a n g l e of 15 d e g r . ( F i g . 5 b ) , t h e a n g u l a r d i s t r i b u t i o n o f t h e r e t i n a l s t i m u l u s c o n t o u r s , t a k e n 

i n s t e p s o f 10 d e g r . , a p p e a r s as s h o w n i n F i g . 5 c . N o t e t h a t , a l t h o u g h t h e n u m b e r o f h o r i z o n t a l 

c o n t o u r s e x c e e d t h a t o f v e r t i c a l c o n t o u r s b y a f a c t o r o f t h r e e , i n t h e p r o x i m a l s t i m u l u s d i s t r i -

b u t i o n t h e p e a k r e s u l t i n g f r o m o r i g i n a l l y v e r t i c a l c o n t o u r s is s t i l l d o m i n a n t 

geometry that the outlines of such objects, when projected on the retina, form a 

stimulus pattern containing two prominent figurai axes perpendicular to each 

other, and that one of these axes again corresponds to the projection of the plrysical 

vertical upon the fronto-parai lei plane (see Fig. 5). 

Whenever, therefore, the stimulus pattern impinging upon the retina contains 

a marked figurai axis (particularly if the prominence of this axis is due to many 
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single contours being parallel to each other), this axis tends to be accepted as a 

cue for either verticality or horizontality. It should be noted that the directional 

cue thus provided may be ambiguous. At least it can easily be rendered so by 

proper experimental device. If exposed, for instance, to a striped field or a square 

frame, the optical system is left in absolute doubt as to (a) which of the two 

prominent axes is vertical, and (b) which end of the vertical axis is the upper. 

Experiments carried out by B I S C H O F and S C H E E R E R (1970) illustrate how the 

organism copes with this fourfold ambiguity. The authors investigated three 

(female) subjects who were tilted by means of a chair rotatable around the sagittal 

head axis. The subjects looked towards a stimulus pattern consisting of a circular 

field of twenty-five parallel stripes on a dark ground. Shining on to the surface of 

the striped field from a pivot at its center, was a narrow light beam, which was 

to be set continuously to the subject's apparent vertical. The striped field was 

automatically rotated with a constant angular velocity of no more than 0.5 degrees 

per second either clockwise or counterclockwise. In each trial, the field made one 

full revolution of 360 degrees (taking a time of 12 min), while body-tilt was held 

constant at one of seven values (0, 30, 60, 90, 120, 150, 180 degrees clockwise). 

The subject's settings of the luminous beam were automatically recorded on a 

time scale. 

The responses of one of the subjects are plotted in Fig. 6; they show that the 

apparent vertical is indeed entrained by both the direction of the stripes (referred 

to as the "primary axis" by the authors) and the axis perpendicular to the stripes 

("secondary axis"). Each end of both axes, alternately, behaves as the upper one. 

Incidently, it can be seen that the "attractive power" of the primary axis exceeds 

that of the secondary axis to a noticeable degree. Applying a FouRiER-analysis 

to the curves shows that the primary axis is also dominant for body inclinations 

of a = 150 and 180 degrees, although this is not easily recognizable in the raw 

material, due to noise. 

These results are in substantial agreement with earlier findings of G I B S O N 

(1937a, b) and G I B S O N and R A D N E R (1937), who observed that in the presence of 

a single tilted line the apparent vertical deviates towards the line if the latter's 

tilt is moderate, but away from it if its inclination is nearing the horizontal 

(cf. also C U X B E R T , 1954; M O R A N T and B E L L E R , 1965). 

C. V i s u a l Auto -Compensat i on 

When outlining in his 1966 publication what is basically the reconstruction 

principle, G I B S O N contrasts this idea with the compensation principle in the form 

proposed by V O N H O L S T and M I T T E L S T A E D T (1950). According to G I B S O N , the 

optical feed-back produced by displacement of the body is substantially different 

from an optical stimulation caused by changes in the distal environment. Thus 

the visual afference is not really "disturbed" by the body activityzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA (a), and con-

sequently no compensatory process is required. This consideration is felt to 

dispense with the concept of " a brain that copies, stores, compares, matches, and 

decides" (loc.cit., p. 39). This remark, however, is misleading. What really turns 

out to be dispensable from this point of view is what we have called "hetero-

compensation" (see p. 166). The need for a compensatory process as such still 
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F i g . 6. R a w d a t a of o n e S i n t h e e x p e r i m e n t s o f B I S C H O F a n d S C H E E R E R ( 1970 ) . E a c h s i n g l e 

d i a g r a m ( a - g ) c o m p r i s e s a b o u t 6 m e a s u r e m e n t s o f t h e a p p a r e n t v e r t i c a l i n o n e p a r t i c u l a r 

b o d y p o s i t i o n (a) , t h e l a t t e r b e i n g s p e c i f i e d i n t h e u p p e r l e f t c o r n e r s . H a l f o f t h e c u r v e s a r e 

f r o m c l o c k w i s e ( s o l i d l i n e s ) , h a l f f r o m c o u n t e r - c l o c k w i s e r o t a t i o n o f t h e s t r i p e d field ( d o t t e d 

l i n e s ) .zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA Ordinate: A n g l e ( A G ) b e t w e e n g r a v i t y a n d l i g h t b e a m s e t c o n t i n e o u s l y t o S ' s a p p a r e n t 

v e r t i c a l . Abscissa: A n g l e ( /?G) b e t w e e n g r a v i t y a n d p r i m a r y a x i s o f b a c k g r o u n d s t r i p e d field. 

F u l l l e n g t h o f a b s c i s s a = 3 6 0 degrees = o n e r e v o l u t i o n o f t h e s t r i p e d field. S i n c e t h e l a t t e r 

r o t a t e s w i t h c o n s t a n t v e l o c i t y , t h e a b s c i s s a m a y a l s o b e u n d e r s t o o d as a t i m e s c a l e ( f u l l l e n g t h 

= 12 m i n ) . I n t h i s case , t h e a b s c i s s a r e a d s f r o m l e f t t o r i g h t f o r t h e s o l i d c u r v e s , b u t f r o m r i g h t 

t o l e f t f o r t h e d o t t e d o n e s . R e c o r d i n g s i n m o s t cases b e g i n a b o u t 1 m i n a f t e r t h e s t r i p e d field 

s t a r t s t o r o t a t e , i n o r d e r t o e l i m i n a t e o n s e t t r a n s i e n t s . Diagonals i n d i c a t e t h e p o s i t i o n 

o f t h e s t r i p e d field's p r i m a r y a x i s ( s o l i d d i a g o n a l s ) o r s e c o n d a r y a x i s ( b r o k e n d i a g o n a l s ) . 

T h e u n d e r l y i n g w h i t e c u r v e s a r e s i m u l a t i o n s c o m p u t e d f r o m t h e m o d e l F i g . 12 (see b e l o w , 

p . 184) 
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remains. It may now be, however, of a different type, namely, what could be 

termed "auto-compensation". 

T h e e s s e n t i a l s o f a u t o - c o m p e n s a t i o n a r e m o s t e a s i l y u n d e r s t o o d i n t h e case o fzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA motion 

constancy. L o o k i n g d o w n a t a n a n t - h e a p , e .g . , c a u s e s a g r e a t d e a l o f s t i m u l u s m o v e m e n t o n t h e 

r e t i n a . S u p p o s e , n o w , t h a t t h e c e n t r a l n e r v o u s s y s t e m w o u l d s i m p l y a v e r a g e t h e m e s s a g e s o f 

a l l t h e r e t i n a l m o t i o n d e t e c t o r s , t h u s c o m p u t i n g t h e v e c t o r s u m o f t h e v e l o c i t i e s o f a l l p r o x i m a l 

s t i m u l u s e l e m e n t s . S i n c e t h e s e e l e m e n t a r y v e c t o r s a r e v i r t u a l l y i n d e p e n d e n t o f e a c h o t h e r , t h e 

o u t c o m e o f t h e c a l c u l a t i o n w o u l d m o r e o r less e q u a l z e r o . I f , h o w e v e r , t h e r e a f f e r e n t s t i m u -

l a t i o n o f s m o o t h e y e m o v e m e n t — c a u s e d , e .g . , b y p u r s u i n g o n e p a r t i c u l a r a n t — w e r e s u p e r -

i m p o s e d o n t h e r e t i n a l s t i m u l u s - p r o c e s s e s , t h e n t h e a v e r a g e t a k e n w o u l d e q u a l w i t h 

c o n s i d e r a b l e e x a c t n e s s t h e e y e v e l o c i t y ( w i t h r e v e r s e d s i g n , t o b e s u r e ) a n d t h u s be fit t o 

f u n c t i o n as a c o m p e n s a t o r y v a r i a b l e f o r m o t i o n c o n s t a n c y . T h i s p r o c e d u r e e v i d e n t l y i s f o l l o w e d , 

e r r o n e o u s l y , i n cases o f s o - c a l l e d " i n d u c e d m o v e m e n t " ( s w i m m i n g u p - s t r e a m w i t h t h e b r i d g e , 

e t c ) . 

Speaking generally, in auto-compensation the compensatory variable is 

derived directly from the afferent (in our case visual) message contaminated by 

the interfering variable. It presupposes the existence of a filter mechanism that 

selects, utilizing redundancy-expectations, the reafferent component (a) out of 

the retinal message itself (cf. Fig. 7). 

How the filtering process is performed in the case of vertical constancy remains 

unknown. Presumably contour detection as described by H T J B E L and W I E S E L 

(1959) is involved, with subsequent averaging to compute the predominant zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

(CH zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Sensory 
channel 

Fi l t er Compens. 
mechanism 

Fi l t er Compens. 
mechanism 

F i g . 7. F e e d - f o r w a r d a u t o c o m p e n s a t i o n . A v a r i e t y o f d i s t a l - s t i m u l u s c o n t o u r s ( le f t i n p u t 

v a r i a b l e , c o r r e s p o n d i n g t o A G i n F i g . 1) w h e n r e g a r d e d w i t h t i l t e d h e a d ( l o w e r l e f t i n p u t 

v a r i a b l e , a) i m p i n g e s o n t h e r e t i n a i n o b l i q u e o r i e n t a t i o n . W h e n t h e r e s u l t i n g a f f e r e n t m e s -

s a g e ( / R ) is " f i l t e r e d " i n s u c h a w a y as t o c o m p u t e t h e a n g u l a r d i s t r i b u t i o n o f c o n t o u r d i r e c -

t i o n s ( a c c o r d i n g t o F i g . 5 c ) , t h e r e s u l t i n g m a i n a x i s o f r e t i n a l c o n t o u r e l e m e n t s s h o u l d , 

w i t h s u f f i c i e n t l y h i g h p r o b a b i l i t y , e q u a l h e a d i n c l i n a t i o n ( w i t h r e v e r s e d s i g n ) . C o n s e q u e n t l y , 

i t c o u l d be u s e d as a c o m p e n s a t o r y v a r i a b l e (s, s y m b o l i z e d b y a c o o r d i n a t e f r a m e ) . W h e n 

r e f e r r e d t o t h e s e c o o r d i n a t e s , t h e r e t i n a l a f f e r e n c e s h o u l d i n d e e d b e t r a n s f o r m e d i n s u c h a w a y 

a s t o r e n d e r a s u f f i c i e n t l y v e r i d i c a l p e r c e p t i v e r e p r e s e n t a t i o n ( r i g h t o u t p u t , Z s) o f d i s t a l s t i m u l i 



F e e d - F o r w a r d a n d F e e d - B a c k C o m p e n s a t i o n 173 

proximal-stimulus axis, but for a definitive answer one must await further 

neurophysiological evidence. In this connection, moreover, neurophysiologists 

should also look for detectors sensitive to G I B S O N texture-gradients (cf. p. 168). 

Auto-compensation by a filter-mechanism can in some degree be compared to 

anzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA adaptive process. The crucial difference between it and a genuine local adaptation 

is, however, that in the latter every site of the sensory field tends independently 

of the others to approach the zero-level of excitation; whereas in auto-compensa-

tion the zero-level of the entire stimulus field shifts uniquely, which has the im-

portant consequence that the differences appearing within the proximal stimu-

lus pattern are preserved (cf. also M E T Z G E R , 1968, p. 167ff.). In the special case 

of verticality perception, adaptation and auto-compensation are exemplified, 

respectively, by the "satiation" and "normalization" effects mentioned earlier 

(see p. 162). 

D . F e e d - F o r w a r d and Feed-Back Compensat ion 

In all cases of auto-compensation two fundamentally different ways of feeding 

the compensatory variable into the optic afference are available : the compensatory 

variable may enter after the branching point to the filter (feed-forward compen

sation, Fig. 7), or before it (feed-back compensation, Fig. 8). In terms of control 

theory the first model has been called a "mesh", the second one a " loop" ( M I T T E L -

S T A E D T , 1960). 

In feed-forward compensation, provided that the filter can reconstruct the 

head inclination without error, the compensatory variable has to equal the 

filter output in order to establish ideal space constancy. In feed-back compen-

sation, on the other hand, veridicality requires that the compensatory variable 

F i g . 8. F e e d - b a c k a u t o c o m p e n s a t i o n . D i f f e r i n g f r o m t h e s y s t e m of F i g . 7 i n t h a t t h e p e r c e p t u a l 

o u t p u t (Z s) i t s e l f u n d e r g o e s t h e " f i l t e r i n g " p r o c e d u r e , a n d t h a t t h e c o m p e n s a t o r y c o o r d i n a t e 

f r a m e (s) is rotated a s l o n g as t h e i n c l i n a t i o n o f t h e m a i n a x i s o f a p p a r e n t c o n t o u r d i s t r i b u -

t i o n d i f f e r s f r o m z e r o 
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equal the time integral of the filter output. In the latter case, the magnitude of 

the compensatory variable willzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA change as long as the filter output is different 

from zero: obviously, this process cannot come to rest with a steady value of s 

until the filter output has vanished, i.e., until the main axis of the perceptual 

field has turned apparently vertical. For a broader discussion see B I S C H O F and 

S C H E E R E R (1970). 

Which of the two possibilities is actually realized in the organism can be 

readily answered in the case of "external" compensation (cf. p. 159). Here,zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA by 

definition, the compensation takes place outside the boundary of neurophysiologi-

cal] processes, whereas the compensatory variable comes from the filter that 

lies within this boundary. Thus, the ocular countertorsion and, incidentally, also 

all optokinetic reactions including nystagm, are examples for feed-back auto-

compensation. 

Much more difficulty arises when we try to answer the same question in the 

field of "internal" compensation, since here the entire network is hidden within 

the brain, inaccessible to direct analysis. However, B I S C H O F and S C H E E R E R (1970) 

could develop a method that allowed them to solve the problem in an indirect 

way. We can only outline their argumentation here; for a more thorough presen-

tation, see the publication cited. 

Regarding the oscillations in Fig. 6, which are schematized in Fig. 9, it is easy 

to see that for each particular curve the abscissa could be partitioned into 

sections extending, respectively, between two successive extreme values of the 

oscillation of the apparent vertical. In Fig. 9a, one half of such a section is 

labeled as B . Each of these sections would then mark a range of stripe 

inclinations which have in common a particular dominance relation between the 

four main directions of the striped field. The abscissa of each extreme value 

denotes the critical inclination of the field at which one of its main directions 

starts or ceases to predominate over the other three in determining the apparent 

vertical. What, now, causes the dominance to shift from one main direction to the 

next ? Evidently, in the course of field rotation each particular main direction is 

alternately perceived to be more and more, and then less and less, likely to be a 

valid representative of the physical vertical. This, however, presupposes a standard 

reference with which the perceptual system may decide about accepting a given 

optical main direction as a cue for verticality (cf. also D A Y and W A D E , 1969). 

Presumably, the additional information required for this decision is supplied by 

the postural senses. However, this information appears in crucially different 

forms in feed-forward and feed-back compensation, respective^. 

(1) In feed-forward compensation (Fig. 7) the standard determining the domi-

nance relations within the set of optical main directions would consist essentially4 

of the vestibular compensatory variable (the "vestibular vertical") established 

according to Fig. 3. Thus, the inclination of a particular optical main direction 

with respect to the vestibular vertical decides about the acceptance of this direction 

as an optic cue for verticality. The vestibular vertical, however, depending as it 

does upon postural stimuli that are kept constant during each trial, should be 

expected to show limited systematic shifting at most, even when one allows for 

4 P o s s i b l e o t h e r p o s t u r a l cues ( n o n - v e s t i b u l a r , n o n - o p t i c ) a r e b e i n g n e g l e c t e d h e r e ; t h i s , 

h o w e v e r , is n o t r e l e v a n t i n t h e l i n e o f a r g u m e n t . 
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F i g . 9. C o m p a r i s o n o f a l t e r n a t i v e c o m p e n s a t o r y m e c h a n i s m s . O s c i l l a t i o n s o f a n a p p a r e n t l y 

v e r t i c a l l i g h t b e a m . O r d i n a t e : A n g u l a r i n c l i n a t i o n o f l i g h t b e a m w i t h r e s p e c t t o t h e D C 

c o m p o n e n t o f o s c i l l a t i o n ( t h e l a t t e r r e p r e s e n t i n g t h e v e s t i b u l a r s t a n d a r d ) . A b s c i s s a : T i m e ; 

s o l i d l i n e s : s e t t i n g s o f l i g h t b e a m f o r d i f f e r e n t b o d y i n c l i n a t i o n s . B r o k e n d i a g o n a l s : P o s i t i o n o f 

o n e p a r t i c u l a r m a i n a x i s o f t h e s t r i p e d field, a)zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA Feed-forward compensation. W h e n t h e s t r i p e d 

field a x i s h a s d e v i a t e d f a r e n o u g h f r o m t h e v e s t i b u l a r s t a n d a r d a n d r e a c h e d a t h r e s h o l d 

( h o r i z o n t a l d o t t e d l i n e ) , t h e d o m i n a n c e w i l l be t a k e n o v e r b y t h e n e x t a x i s . H e n c e t h e l i g h t 

b e a m w o u l d cease f o l l o w i n g t h e first a x i s a n d t u r n b a c k t o m e e t t h e n e x t o n e . T h e c u r v e s 

s h o u l d t h e r e f o r e s h o w e x t r e m e v a l u e s a t t h i s p o i n t . S i n c e t h i s p r o c e s s o u g h t t o b e i n d e p e n d e n t 

o f b o d y t i l t , t h e m a x i m a s h o u l d a l l o c c u r a t t h e s a m e t i m e ( B ) i n t h e c y c l e , i r r e s p e c t i v e o f t h e 

a m o u n t ( A ) o f o s c i l l a t i o n , b) Feed-back compensation. I f , h o w e v e r , t h e d o m i n a n c e o f t h e s t r i p e d 

f i e l d a x i s d e p e n d s u p o n i t s d e v i a t i o n f r o m t h e a p p a r e n t v e r t i c a l , i . e . , f r o m t h e r e s p e c t i v e 

l i g h t - b e a m c u r v e s , t h e t h r e s h o l d ( d o t t e d l ines ) will v a r y w i t h t h e a m p l i t u d e o f o s c i l l a t i o n . 

T h u s a l l e x t r e m e v a l u e s s h o u l d n o w h a v e a p o s i t i o n s u c h t h a t t h e i r d i s t a n c e t o t h e b r o k e n 

d i a g o n a l i s c o n s t a n t . T h i s d i s t a n c e o u g h t t o be t h e d i f f e r e n c e b e t w e e n t h e a b s c i s s a v a l u e ( B ) 

a n d t h e o r d i n a t e v a l u e ( A ) f o r e v e r y e x t r e m u m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

moderate changes due to system dynamics (transfer characteristics and the like) 

of the sensory systems concerned (cf. M Ü L L E R , 1916 ; M I L L E R and G R A Y B I E L , 1963 ; 

G E I S S L E R , 1965; M C F A R L A N D and C L A R K S O N , 1966; C L A R K and G R A Y B I E L , 1966 b; 

S C H Ö N E and U D O D E H A E S , 1968; U D O D E H A E S and S C H Ö N E , 1969). Hence the 

ranges of influence of the four main directions in the striped field are distributed 

according to a standard reference direction that remains virtually fixed during 
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any given trial. To be sure, the reference direction will change from trial to trial, 

owing to there being different head inclinations, but within each of these it will 

remain essentially constant. This means, however, that we should find the sections 

of the abscissa apportioned by one and the same ratio regardless of head inclina-

tion, as indicated in Fig. 9a. 

A zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3 0 -

2 0 -

1 0 -

0 -

B- A 

3 0 -

2 0 

10-

0 -

Ó 3 0  6 0 9 0  120 150  180°  

a 
F i g . 1 0 . E x p e r i m e n t a l s u p p o r t o f f e e d - b a c k a u t o c o m p e n s a t i o n h y p o t h e s i s i n t h e p e r c e p t i o n 

o f v e r t i c a l i t y ( f r o m B I S C H O F a n d S C H E E R E R , 1 9 7 0 ) . C o m p a r i s o n of o r d i n a t e ( A : s o l i d l i n e s ) 

a n d a b s c i s s a ( B : b r o k e n l ines ) f o r e x t r e m e v a l u e s o f a p p a r e n t v e r t i c a l (cf. F i g . 9 ) . M e a n 

v a l u e s o f t h r e e s u b j e c t s , w i t h a v e r a g e v a r i a n c e o f m e a n s s h o w n b y b a r s . B s ca l e s h i f t e d so 

as t o a c c o m p l i s h m a x i m a l c o i n c i d e n c e o f c u r v e s . E v i d e n t l y , B is d e p e n d e n t o n h e a d i n c l i -

n a t i o n ( a b s c i s s a ) , w h e r e a s B - A is n o t 

(2) HypothesizingzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA feed-back compensation (Fig. 8) yields quite different pre-

dictions. In this case the optic messages do not reach the filter mechanism before 

having undergone the (combined optic-vestibular) compensatory- process that 

transforms them into the final coordinate system of apparent space. It is thus the 

apparent inclination of the four optical main directions (rather than their inclina-

tion with respect to a postural standard) that determines the partitioning of their 

spheres of influence. In other words, with feed-back compensation the apparent 

vertical, as represented by the luminous beam controlled by the subject, serves 

as the reference required for the validation of the optical main directions. Defined 

in this fashion, however, the reference is no longer invariant during a trial, and it 

varies, moreover, in a different way with different head inclinations. With feed-
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back compensation, consequently, the abscissa sections between extreme values 

in Fig . 6 would not be apportioned independent of head inclination. Only if we 

refer the stripe inclination at every moment to the position of the apparent 

vertical, i.e., if we project the extreme values, as in Fig. 9b, parallel to the dia-

gonal broken lines, rather than perpendicularly, should we obtain an invariant 

partitioning of the abscissa. 

B I S C H O F and S C H E E R E RzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA (loc. cit.) could show, that, with this latter trans-

formation carried out, the partitioning of ranges of influence among the four 

optical main directions in fact becomes invariant relative to head inclination (see 

Fig. 10). This indicates that the internal auto-compensatory system of visual 

perception of verticality is of the feed-back type. 

I V . Opt ic -Vest ibular Interaction and the Correction 
Pr inc ip le 

A . T h e Ut i l i za t i on of "Convergent Detec t i on* 

The simultaneous occurrence of both (optical) auto- and (vestibular) hetero-

compensation in human vertical constancy sheds light on another peculiarity 

of perceptual information processing. Apparently, compensatory achievments 

are confined within the limits of precision of the mechanisms that provide the 

compensatory variable s. When, owing to possible shortcomings in information 

conveyance or computation, the compensatory variable does not exactly corres-

pond to the interfering variable a, then s is unable to balance the effect of a exactly, 

and the interference is under- or overcompensated. The A and E phenomena 

described above (see Fig. 2) are examples of this. 

In order to minimize such errors, the organism often seeks to provide infor-

mation about an interesting distal item by using, in parallel, a plurality- of 

sensory channels which are susceptible to different kinds of disturbing effects. 

Thus, the probability of error can be reduced by "convergent detection", as 

it were, a possibility that has been repeatedly discussed in psychological 

literature (cf. especially B R U N S W I K , 1934, 1940, 1956). For reasons that will be 

explained later (see p. 180), B I S C H O F (1966b) has proposed the term "correction 

principle" for this method of perceptual information processing. 

B. Opt ic -Vest ibular Equiva lence 

Separate sensory data which provide information about one and the same 

distal issue, and which are, accordingly, exchangeable with respect to their 

biological significance to the organism, will be referred to in the following as 

"equivalent signals". In this respect, a remarkably close relationship exists between 

optical and vestibular messages: for every particular output of the vestibular 

organs there exists an equivalent optical signal-parameter ; likewise, every motor 

or perceptual effect known to be controlled by vestibular inputs can also be elicited 

by proper optical excitation. 

More particularly, stimulation of the semi-circular canals is equivalent to 

visual excitation produced by uniform movement of the entire stimulus field. The 

perceptual results of the latter are usually referred to as "induced movement" 

12 Hb. Sensory Physiology, Vol. VI/2 
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( D U N C K E R , 1929; L I N S C H O T E N , 1952; cf. also G I B S O N , 1950, 1954); the corre-

sponding motor reactions are known under the name ofzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA "optokinetic responses". 

The optical counterparts of stimulation of the otolith organs have been discussed 

in an earlier section (see pp. 166 ff.); their perceptual effect, viz., their influence on 

the apparent vertical, has been termed "directional induction" by K L E I N T (1936), 

with obvious reference to D U N C K E R . In labeling the corresponding motor reactions, 

it might be convenient to speak of "optostatic responses" in analogy to "opto-

kinetics". The impairment of body balance while observing a slightly but uni-

formly slanted mountain meadow is an optostatic effect, as is the "dorsal light 

reaction" in fishes (VON H O L S T , 1950). The occurrence of optostatic eye counter-

torsion in man has been reported by G R E E N B E R G (1960) (cf. however H O W A R D and 

T E M P L E T O N , 1964b). 

Note that optic and vestibular signals are not equivalent with respect to infor-

mation concerning straight body movements. Here only the eye is able to convey 

reliable information (GIBSON, 1954), and not the vestibular apparatus, contrary 

to repeated speculations (e.g., by M A G N U S , 1924). Whether and how messages of 

the latter may yet play some role in this connection, will not be discussed here 

(cf. B I S C H O F , 1966C, p. 483f). 

C. Incongruity of Equivalent Signals 

Like reconstruction processes, the method of convergent detection is also 

based on the utilization of redundancy — not, to be sure, within the domain of 

distal objects, but rather on the level of sensory messages referring to these objects : 

the organism tries to keep on the safe side by seeking information from different 

"warrantors". But what if those warrantors are at odds with each other; i.e., what 

if equivalent messages exhibit incongruity Ì In general there are three possible 

organismic reactions in such a situation; all three do also appear in the special 

case of optic-vestibular incongruity. 

1. "Compromise" Solution 

The most usual organic reaction encountered with optic-vestibular incon-

gruity is the calculation of a weighted average of the competing messages. The 

weight factors involved in this type of information processing will be discussed 

below (see pp. 180ff.). Evidently, the results of the experiments of B I S C H O F and 

S C H E E R E R (1970), as depicted in Fig. 6, can be understood as compromise solutions 

of this type. V O N H O L S T (1950) and B R A E M E R (1957) obtained comparable results 

with fishes. 

2. "Alternative" Solution 

A second possibility is that the organism takes account of only one of the 

competing signals while entirely blocking the others. The dominance may or may 

not flip-flop between the signals concerned. Here, again, weight factors are likely 

to play a role. Effects of this kind may be encountered if very suggestive optic 

direction cues, for instance a (tilted) dummy room, are viewed in upright body 

position. Some subjects of K L E I N T (1936) reported that under these circumstances 

the dummy room appeared to them alternately tilted and upright. 
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3. "Simultaneity" Solution 

Whereas the two previous solutions to the incongruity problem will always 

provide an unequivocal basis of orientation, there are cases in which the incom-

patible signals reach conscious perception simultaneously, without mutual sup-

pression. It may be questioned, of course, whether we can speak of a "solution" 

here, as the resulting perceptual phenomenon is over-determined in a paradoxical 

way, unfit for being reacted to. If, for example, a subject remains stationary, sur-

rounded by a dummy room that rotates slowly around a horizontal axis, he generally 

experiences his body at first to be somewhat tilted in the opposite direction; 

subsequently he feels that his body keeps rotating, yet that its position no longer 

changes : the experience of motion ("I am rotating with constant angular velocity") 

and the experience of position ("I never reach the head-down posture") break 

apart ( K L E I N T , 1937; cf. also D U N C K E R , 1929 ; O P P E N H E I M E R , 1935; M E T Z G E R , 

1940, 1954, p. 150).zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA — Even in the absence of visual information, some subjects 

experience two possibilities of setting a luminous line to apparent verticality 

simultaneously under body tilt of about 150° . This would indicate a conflict 

within the postural cue system (FISCHER, 1930; U D O D E H A E S and S C H Ö N E , 1969; 

G R A Y B I E L and C L A R K , 1962; M I L L E R and G R A Y B I E L , 1966; cf. also below, p. 182). 

D . Error Detect ion and E r r o r Correct ion 

The practice of obtaining information about the same item through parallel 

channels is in some measure analogous to that of modern communication tech-

nique, which uses, for conveying a message over a single channel, a number of 

symbols that exceeds the theoretically required minimum. Both methods utilize 

signal redundancy, and both do so for the sake of the advantage that in case 

of error the receiver is supplied with at least (1) a warning that an error is present, 

but perhaps also (2) with cues for its correction. 

1. Error Detection 

The receiving system can tell from certain irregularities in the signals received 

— in the case in point, from the incongruity of equivalent messages — at least zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
that an error has occurred, although it may have no idea at which particular place. 

There is indication that the sensory systems react to this kind of "alarm" by 

forwarding only in a restricted form (with a proviso, as it were) the message 

likely to be erroneous. The corresponding phenomenal quality is often referred to 

by the subject with terms like "uncertain", "vague", "feeble", " faint" , "uncon-

vincing", "unreal" , and the like (cf. M E T Z G E R , 1954, pp. 109f.). From experiments 

with the "haunted swing", for example, it is known that under conditions of 

strong optic-vestibular ambiguity a weakening, even a loss, of phenomenal 

verticality may result; in the extreme case, the subject may become unable to 

assign the terms " u p " and "down" to any direction of his phenomenal space 

( K L E I N T , 1936, 1940). 

A particularly vigorous reaction of the organism to error warnings due to 

incongruities within the optic-vestibular domain consists, according to many 

authors, in the phenomenon of vertigo. Indeed, certain distinct features of this 

response, like anxiety and release of primitive security reflexes (clinging), may 

12* 
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well be understood as emergency measures in the face of threatening decomposition 

of space orientation. For more details, see the chapters F.VIII ; I X ; G.I . in this 

volume. 

2. Error Correction 

In certain communication systems the receiver may not only be informed, by 

inconsistencies in the message, that an error has occurred, but also where it is 

probably sited and what the original text most likely was. We have reason to 

believe that the method of convergent ascertainment in the perceptual system 

also works as an error-correcting routine in this sense. That is why we have 

proposed the term "correction principle" here. 

Above (see p. 178) we introduced the notion ofzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA "weight factors" that control 

the relative power available to equivalent sensory messages when they compete 

with each other in the case of incongruity (cf. K L E I N T , 1936). The evidence ob-

tained up to now allows us to conjecture that those weight factors tend to be 

computed according to the following rule : The less a signal is likely to convey an 

erroneous message (i.e., the more and the better cues speak in favor of its reliability) 

the higher is it weighted in competition with contradicting equivalent signals 

(BRUNSWIK, 1956; K L I X , 1962). Thus we may tentatively summarize the correction 

principle as follows : The organism reduces the probability of error in the percep-

tual processes by providing for equivalent messages through different sensory 

channels and then "relying" exclusively or preferably upon those whose validity 

is supported by the better cues. 

E. Determinants of the Opt i c -Vest ibu lar Weight Rat io 

In his classical investigations on the equilibrium responses of fish during 

conflicting optic and vestibular stimulation, V O N H O L S T (1950) coined the term 

"statisch-optische Verhältniszahl" (translatable as "vestibular-optic weight 

ratio") to refer to a specific parameter that expresses the degree to which the 

vestibular righting-response prevails over a conflicting dorsal light reaction (cf. 

also B R A E M E R , 1957). V O N H O L S T defined this coefficient as the cotangent of the 

angle between the dorso-ventral axis of the fish and the plumb line, recorded 

under conditions of horizontal light incidence. For the results to be interprétable 

the angle had to be measured when the fish was in a state of pl^siological equili-

brium, i.e., after possible postural reflexes had ceased. Because of the latter 

condition V O N H O L S T ' S définition of the "vestibular-optic weight ratio" is suitable 

only for experimental situations in which the subject senses his body to be vertical. 

For perceptual experiments in which, by body fixation, every possible feed-back 

of the apparent vertical on body posture is blocked and in which, therefore, bod}' 

inclination and apparent vertical do not necessarily correspond, a different way 

of defining the weight ratio is advisable. For reasons to be elucidated below (see 

p. 182), B I S C H O F and S C H E E R E R (1970) suggest taking the average range of oscil

lation of the apparent vertical, under conditions of steady rotation of the optical 

pattern around the visual axis, as an index of the weight ratio discussed. 

I n d i s t i n c t i o n t o V O N H O L S T ' S t e r m , w e f e e l i t w o u l d b e b e t t e r t o s p e a k o f a n "ojrtic-

vestibular w e i g h t r a t i o " h e r e , s i n c e t h e v a l u e o f t h e c o e f f i c i e n t —- t h e m e a n a m p l i t u d e o f o s c i l -

l a t i o n i n F i g . 6 — i n c r e a s e s m o n o t o n i c a l l y w i t h o p t i c p r e d o m i n a n c e . 
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The factors governing the optic-vestibular weight ratio (however denned) 

have not yet been thoroughly investigated, partly because for years authors have 

engaged in a fruitless debate as to which of the two sensory channels, the optical 

or the vestibular, is * 'prior" or "more basic" to the perception of the vertical, 

instead of taking for granted thatzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA both are important and simply asking how they 

interact (for a critical review of this discussion, see G I B S O N , 1952). 

1. As far as the optical determinants of the optic-vestibular weight ratio are 

concerned, we know this much: with labyrinthine stimulation constant, the 

induction of the apparent vertical by a striped field rises with the size of the latter 

and with the number of parallel contours wTithin it; when patterns of higher 

complexity are used, the induction effect is enhanced according to the degree 

of their similarity to natural scenes (for references, see above, p. 160). These 

findings harmonize well with the correction principle, since each of the fac-

tors mentioned apparently makes it more probable — outside the laboratory 

situation — that the main direction of the retinal stimulus field coincides with the 

direction of gravity. 

2. Less transparent is the biological advantage of certain intra-organismic 

factors influencing optic-vestibular competition. Between different fish species, 

for instance, considerable variation in the vestibular-optic weight ratio has been 

found by V O N H O L S T (1950) and B R A E M E R (1957). In man, typological differences 

are asserted to occur : women and children give comparably more weight to visual 

stimuli than adult males, according to W I T K I N et al. (1954). It is difficult to 

see what all this should have to do with the "reliability" of optical or vestibular 

cues. Actual needs, moods, attention and the like can also influence the perceptual 

response in optic-vestibular conflict situations. V O N H O L S T (1948) could demon-

strate that the body inclination of laterally illuminated fishes is markedly enhanced 

when objects of high motivational valence (e.g., food) are presented. The animal, 

as it were, becomes "allzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA e3^es" and consequently rates the light source as a direc-

tional cue comparatively higher than he otherwise would, although the light 

source is not his object of attention at all and certainly has not become any more 

"reliable." The effect of light i n t e n s ^ upon the weight of optical directional cues 

( C U R R A N and L A N E , 1962) may be mentioned in this connection. Findings like 

these suggest that the correction principle should not be understood as a general 

postulate, but rather as a heuristic principle. 

3. The vestibular-somesthetic influences upon the optic-vestibular weight ratio 

are, again, interprétable in "reliabiiit}'" terms. According to observations of 

V O N H O L S T (1950), shaking the water in an aquarium, simulating surf, is apt to 

enhance considerably the optical component with some fish species. In this 

experiment, the laterally illuminated animals inclined their bodies more and more 

towards the light source, onty gradually returning to the previous position after 

the water movement had stopped. V O N H O L S T also noted that an increase in 

hydrostatic pressure tends to augment the weight of the vestibular component. 

This, too, can be understood teleonomically, since water pressure normally rises 

with depth and is thus positively correlated with the calmness of the water layer 

and, consequently, with the reliability of the vestibular positional messages. 

The most important problem concerning vestibular control of the optic-

vestibular weight ratio is the dependence of the latter upon body inclination. 
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Information about this dependence has been provided for head tilts up to 40° by 

earlier authors ( H O F M A N N , 1910; V E R N O N , 1935; W I T K I N and A S C H , 1948; 

W I T K I N , 1949) and extended to 180° by B I S C H O F and S C H E E R E R (1970) and 

S C H Ö N E and U D O D E H A E S (1971). According to the correction principle, the visual 

induction of the apparent vertical should be minimum in upright position, since 

with slight or no body tilt the precision of the statolith apparatus is maximal. This 

expectation was confirmed in all investigations cited. Additionally, however, one 

would predict a maximal visual induction effect in a body position of 150-180°, 

since in this range the A-deviation, the variance of the apparent vertical, the 

subjective uncertainty, and also the influence of various other directional cues, 

are all known to be maximal (cf. Quix and E I J S V O G E L , 1929; B R O W N , 1961; 

C O R R E I A and G U E D R Y , 1964; S C H Ö N E , 1964; G U E D R Y , 1965; B E N S O N and B O D I N , 

1966; S C H Ö N E and U D O D E H A E S , 1968, 1971; U D O D E H A E S and S C H Ö N E , 1969; 

U D O D E H A E S , 1970). 

Actually, the results of S C H Ö N E and U D O D E H A E S (1971) seem to confirm this 

expectancy. They exposed to their subjects a stimulus pattern consisting of a 

single line and a striped field, both rigidly connected so that the stripes formed a 

fixed angle of either plus or minus 15 degrees with the line. The subject, that is, 

when adjusting the single line to his apparent vertical, had to move the striped 

field as well, which therefore kept appearing to him inclined by 15 degrees in 

clockwise, or counterclockwise direction. In both conditions, the settings for the 

apparent vertical differed, due to directional induction, and the angle between 

both settings turned out to be greatest with a body tilt of 150 degrees. 

However, the authors call attention to their method being rather susceptible 

to the well-known effect (cf. p. 179) that the vestibular vertical can be equivocal 

with extreme body tilt. If, say, withzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA a = 150° the vestibular vertical has two 

different possible positions, it is difficult to tell from the data obtained by S C H Ö N E 

and U D O D E H A E S whether the visual induction of the apparent vertical was due 

to a flip-flop kind of effect, or to a greater tolerance of any one of both possible 

states against continuous deflection. This distinction can easier be made using the 

method of B I S C H O F and S C H E E R E R (1970). Actually, Fig. 6f (cf. p. 171) shows one 

case (lowest unbroken line) in which a temporary shift between two possible 

DC-states of the apparent-vertical might have occurred. Normally, however, 

there were no such shifts, and the optic-vestibular weight ratio, defined as the 

average range of oscillation, was most marked with body inclinations between 

60 and 90 degrees (cf. Fig. 6). Surprisingly enough, the optic-vestibular weight 

ratio, when plotted against body tilt, rendered a curve that was highly correlated 

with the counter-torsion characteristic of the subject's e}̂ e (cf. Fig. 11). 

F i g . 1 1 . M e a n r a n g e o f o s c i l l a t i o n o f l u m i n o u s b e a m s e t t i n g (y/ = filled d o t s a n d s o l i d l ines ) 

a n d o c u l a r c o u n t e r t o r s i o n (p = e m p t y d o t s a n d b r o k e n l i n e s ) , p l o t t e d a g a i n s t b o d y t i l t (a) f o r 

t h r e e S s . R a w d a t a a n d m e a n v a l u e s ( f r o m B I S C H O F a n d S C H E E R E R , 1970) . O r d i n a t e s c a l e 

r a t i o if/ : p = 1 . 4 8 c a l c u l a t e d s u c h as t o m i n i m i z e s q u a r e d i f f e r e n c e o f m e a n s o v e r a l l t h r e e Ss . 

N o t e t h a t t h e r e is n o t o n l y a s a t i s f a c t o r y p r o p o r t i o n a l i t y b e t w e e n y a n d p b u t t h a t e v e n t h e 

f a c t o r o f p r o p o r t i o n a l i t y c a n b e t a k e n t o b e t h e s a m e i n a l l t h r e e s u b j e c t s : t h e S w i t h t h e 

h i g h e s t a m o u n t o f e y e c o u n t e r t o r s i o n ( V p H ) a l s o s h o w s t h e w i d e s t o s c i l l a t i o n s o f t h e a p p a r e n t 

v e r t i c a l i n t h e p r e s e n c e o f a r o t a t i n g s t r i p e d f i e l d . C o n s i d e r i n g t h e s m a l l n u m b e r o f S s , t h e 

l a t t e r e f fec t , o f c o u r s e , s h o u l d n o t b e g e n e r a l i z e d a t t h e m o m e n t 





F i g . 1 2 . a) M o d e l o f o p t i c - v e s t i b u l a r o r i e n t a t i o n t o t h e v e r t i c a l . F r o m B I S C H O F a n d S C H E E R E H 

( 1 9 7 0 ) . D o u b l e a r r o w s r e p r e s e n t t w o - c o m p o n e n t v a r i a b l e s . C r o s s e d s q u a r e is m u l t i p l i c a t i o n 

s y m b o l . F o r t h e r e m a i n i n g g r a p h i c s y m b o l s see t h e l e g e n d s o f F i g s . 1 a n d 3 . M : o c u l o m o t o r 

s j ' s t e m ; V i s : v i s u a l s y s t e m ; V e s t : v e s t i b u l a r s y s t e m , s p l i t u p i n t o t h r e e s u b s y s t e m s U , V a n d 

W , w h i c h c a n b e d i s t i n g u i s h e d f u n c t i o n a l l y b u t m u s t n o t n e c e s s a r i l y b e a n a t o m i c a l l y d i f f e r e n t . 

( A G ,zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ßc): d i s t a l s t i m u l u s f i e l d , d e s c r i b e d b y t h e i n c l i n a t i o n o f l i g h t b e a m (A) a n d o f p r i m a r y 

a x i s of t h e s t r i p e d field (ß) w i t h r e s p e c t t o g r a v i t y ( s u b s c r i p t G ) . ( A n , / ? R ) : c o r r e s p o n d i n g 

p r o x i m a l s t i m u l u s field i n r e t i n a l c o o r d i n a t e s ( s u b s c r i p t R ) , r e s u l t i n g f r o m ( A c , ßo) b y c o m -

p o n e n t w i s e s u b t r a c t i o n o f h e a d i n c l i n a t i o n (a) a n d e y e c o u n t e r t o r s i o n (/>). (IR, Ò R ) : c o r r e -

s p o n d i n g v i s u a l a f f e r e n c e , o p e r a t i o n a l l y d e f i n e d as a l i n e a r m a p p i n g o f ( A R , / ? R ) . (h, ò s ) : 

a p p a r e n t i n c l i n a t i o n o f l i g h t b e a m a n d s t r i p e d field, i s s u i n g f r o m (IR, 6 R ) b y c o m p o n e n t w i s e 

a d d i t i o n o f a c o m p e n s a t o r y v a r i a b l e (s, s). T h e l a t t e r c a n a l s o b e u n d e r s t o o d t o a c t l i k e a s u b -

j e c t i v e f r a m e o f r e f e r e n c e ( s u b s c r i p t S ) i n t o w h i c h (IR, ÒR) is m a p p e d t o y i e l d a p p a r e n t c o n -

t o u r i n c l i n a t i o n s . A c c o r d i n g t o t h e m o d e l , s r e s u l t s f r o m arithmetic a v e r a g i n g o f v e s t i b u l a r 

a n d o p t i c d i r e c t i o n c u e s , i . e . , f r o m a l i n e a r s u p e r p o s i t i o n o f t h e v e s t i b u l a r t i l t s i g n a l a ( e q u i -

v a l e n t t o s i n F i g . 3 ) a n d a q u a n t i t y q w h i c h i t s e l f is a p r o d u c t o f a v e s t i b u l a r w e i g h t f a c t o r / ; 

a n d a n o p t i c a l i n d u c t i o n c o m p o n e n t h. T h e f a c t o r p is o p e r a t i o n a l l y m e a s u r e d b y t h e a v e r a g e 

r a n g e o f o s c i l l a t i o n y/ a s p l o t t e d i n F i g . 1 1 . I t d e r i v e s f r o m t h e addition o f t w o v e s t i b u l a r 

o u t p u t s rx a n d r2, e a c h o f w h i c h r e a c t s s i n u s o i d a l l y t o h e a d t i l t t o o n e s i d e . T h e difference of 

r} a n d r2 r e s u l t s i n a c o m m a n d (r) f o r e y e c o u n t e r t o r s i o n (/?). T h e a p p a r e n t i n c l i n a t i o n s (fa, bs) 

of t h e c o n t o u r s i n t h e o p t i c field a r e " f i l t e r e d " b y a m e c h a n i s m F p r o d u c i n g a q u a n t i t y x w h i c h 
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The authors take this correlation as an indication that the optic-vestibular 

weight ratio as denned by them might be more than an arbitrary construction, 

and might refer to an actually existing physiological variable. 5 

O n l y i n t h e u p r i g h t p o s i t i o nzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA (a = 0 ° ) is t h e r e a s i g n i f i c a n t d i f f e r e n c e b e t w e e n t h e t w o 

c u r v e s i n F i g . 1 1 , t h e c o u n t e r t o r s i o n b e i n g z e r o i n t h i s case ( a n d c h a n g i n g s i g n f o r n e g a t i v e 

a b s c i s s a v a l u e s ) , w h e r e a s t h e m e a n r a n g e o f o s c i l l a t i o n d o e s n o t v a n i s h e n t i r e l y ( a n d r e m a i n s 

p o s i t i v e w h e n t h e b o d y is i n c l i n e d c o u n t e r c l o c k w i s e ) . T h i s d i s c r e p a n c y i s a c c o u n t e d f o r b y 

B I S C H O F a n d S C H E E R E R (loc. cit.) a s b e i n g t h e e f fect o f t h e s u b t r a c t i o n o r a d d i t i o n , r e s p e c t i v e l y , 

o f t w o s e p a r a t e o t o l i t h o u t p u t c o m p o n e n t s , o n e o f w h i c h s i g n a l s c l o c k w i s e , t h e o t h e r c o u n t e r -

c l o c k w i s e h e a d i n c l i n a t i o n s ( for t h i s d i s t i n c t i o n , cf . a l s o M I L L E R , 1 9 6 2 , 1 9 6 6 , 1 9 7 0 ; T E R I N S , 

1 9 7 1 ) . 

Relying upon these assumptions and on systems-analytic elaborations pre-

viously cited, B I S C H O F and S C H E E R E R summarize their theory about optic-

vestibular interaction in human perception of verticality in the flow diagram of 

Fig. 12. Because obtained from the investigation of only a limited number of 

subjects, this model can only claim the status of a preliminary hypothesis, the 

confirmation or refinement of which must be left to further research. 
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S u b j e c t a t 6 d i f f e r e n t b o d y t i l t s . A s is a p p a r e n t , o n e s i n g l e e m p i r i c a l c u r v e h(x) r e s u l t s . W h e n 

h(x) i s i n s e r t e d i n b l o c k II i n F i g . 1 2 a , t h e o r e t i c a l A c - v a l u e s y i e l d i n g a p e r m a n e n t h = 0 c a n 

b e c o m p u t e d ; t h e y a r e s h o w n i n w h i t e i n F i g . 6 
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a i r p l a n e a u t o p i l o t , d e t e r m i n a t i o n o f t h e v e r t i -

c a l 5 3 8 

a k i n e s i a 6 0 1 , 6 0 8 , 6 0 9 

a k i n e t i c m u t i s m 6 1 3 

A l a n d e y e d i s e a s e 211 

a l c o h o l a n d c o m p e n s a t i o n o f v e s t i b u l a r 

l e s i o n s 4 8 2 

— , e f fec t o n o t o l i t h o r g a n f u n c t i o n 2 5 8 

— a n d v e r t i g o 4 3 7 , 4 3 8 

— , e f fec t o n v i s u a l a c u i t y 130 

— a f t e r e f f e c t s o n n y s t a g m u s 2 0 2 

i n d u c e d a t a x i a 3 4 6 , 3 5 0 

— i n g e s t i o n a n d s t e p p i n g t e s t 2 7 5 

— i n t o x i c a t i o n 130 , 2 0 5 , 4 2 5 

— n y s t a g m u s 3 0 7 , 3 6 5 

a l e r t i n g s t i m u l u s 3 7 4 

a l e r t n e s s c o n t r o l 3 6 2 

A l e x a n d e r ' s L a w 3 0 8 

a l k a l i r e s e r v e d u r i n g m o t i o n s i c k n e s s 4 0 1 

A m e s M C R P d e v i c e s 117 

a m p h e t a m i n e , i n f l u e n c e o n c o m p e n s a t o r y 

p r o c e s s e s 4 8 2 

— a n d m o t i o n s i c k n e s s 4 0 2 

— a n d n y s t a g m u s 3 6 4 , 3 6 5 

a m p u l l a r m e s s a g e s 163 

— r e c e p t o r s 2 8 2 , 3 1 2 

, first- a n d s e c o n d o r d e r n e u r o n s o f 2 8 7 

, g r a v i t a t i o n a l a c c e l e r a t i o n a s a d e q u a t e 

s t i m u l u s 2 9 1 

, s t i m u l a t i o n b y l i n e a r a c c e l e r a t i o n 2 8 3 

, t h e r m a l s t i m u l a t i o n 3 0 6 

— r e s p o n s e s , s u p p r e s s i o n o f 3 0 2 

a n a e m i a , c e r e b r a l 3 9 8 

— a n d v e r t i g o 4 3 8 

a n e s t h e s i a , e f f e c t o n h a b i t u a t i o n o f r o t a t i o n -

i n d u c e d h e a d n y s t a g m u s 3 6 1 

— a n d v e s t i b u l a r s e n s a t i o n 4 2 5 

a n g l e , p h a s e - , see p h a s e a n g l e 

— o f t i l t 2 4 2 

a n g u l a r a c c e l e r a t i o n 1 2 , 1 5 , 2 7 , 2 8 2 , 3 6 2 , 

5 1 5 

, c o n s t a n t 2 4 

, m u l t i - p l a n a r , a n d m o t i o n s i c k n e s s 

3 9 2 

, p e n d u l a r 2 2 3 

, s i m p l e , s u b j e c t i v e r e a c t i o n s t o 21 

, u n i d i r e c t i o n a l 2 2 3 

, a d a p t a t i o n t o 5 8 

, a x i s o f 16 

a n d c u p u l a d e f l e c t i o n 2 1 , 2 4 , 26 

, i n t e r a c t i o n w i t h l i n e a r a c c e l e r a t i o n 

2 8 1 , 2 8 4 , 3 1 2 

, m a g n i t u d e o f 16 

, m o d i f i c a t i o n o f t h e r e s p o n s e t o - b y 

l i n e a r a c c e l e r a t i o n 2 8 1 ff 

, p e n d u l a r e y e d e v i a t i o n s d u r i n g 2 1 1 , 

2 1 2 

a n d n y s t a g m u s 6 2 , 2 2 0 , 2 9 1 , 3 0 2 , 

3 7 7 

, t h r e s h o l d s o f p e r c e p t i o n 2 3 f f 

a n d v e s t i b u l a r r e s p o n s e s 2 2 3 

v e c t o r 116 

— a c c e l e r o m e t e r 2 3 , 4 9 6 , 4 9 8 , 5 0 3 , 5 1 5 , 

5 2 0 

— d i s p l a c e m e n t e s t i m a t i o n 4 4 , 4 9 , 51 

— d i s t o r t i o n p h e n o m e n o n 162 

— i m p u l s e 2 0 , 1 2 1 , 122 

— m o m e n t u m , c h a n g e s i n 1 2 0 , 121 

— m o t i o n a n d m o t i o n s i c k n e s s 391 

— o s c i l l a t i o n i n t h e y a w 3 1 2 , 3 1 3 

, w h o l e - b o d y 127 

— p o s i t i o n r e l a t i v e t o g r a v i t y 18 

— s e n s o r s 5 0 0 , 5 0 1 

— v e l o c i t y , c a n a l - g e n e r a t e d 1 2 2 , 5 1 5 

, c o n s t a n t 113 

, s u b j e c t i v e 4 4 , 4 7 , 4 2 1 , 4 2 2 

, — , d i r e c t m e a s u r e s o f 4 3 
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a n g u l a r v e l o c i t y , s u b j e c t i v e , a n d i n f o r m a t i o n 

t h e o r y 56 

, — , m a g n i t u d e e s t i m a t i o n o f 39 ff 

, — , a n d n y s t a g m u s 66 

i m p u l s e s 2 0 

i n f o r m a t i o n , o t o l i t h s y s t e m 105 , 1 1 2 

t r a n s d u c e r s 2 0 

, c a n a l r e s p o n s e s t o 5 0 2 

a n d c u p u l a d e f l e c t i o n 2 1 , 4 2 1 

, p e r c e p t i o n o f 1 3 , 18 , 5 6 , 125 

, s e n s a t i o n o f 4 2 4 

a n i m a l h y p n o s i s 3 6 2 

a n i m a l s , f o v e a t e a n d n o n f o v e a t e , n y s t a g m u s 

i n 5 9 4 

— , l a b y r i n t h i n e - d e f e c t i v e 501 

— , c o m p e n s a t i o n o f v e s t i b u l a r l e s i o n s 4 6 3 ff 

— w i t h i n o p e r a t i v e c a n a l s 5 4 3 ff 

— , m o t i o n s i c k n e s s i n 4 0 5 , 4 2 7 

— , s p o n t a n e o u s n y s t a g m u s i n 211 

— , v e s t i b u l a r h a b i t u a t i o n i n 3 7 0 

a n i s o m e t r o p i a 2 0 7 

a n o m a l y o f f o v e a l v i s i o n 2 0 8 

a n t i c o m p e n s a t o r y r e a c t i o n s 5 4 3 , 5 4 4 

a n t i d i u r e s i s a n d m o t i o n s i c k n e s s 3 9 7 , 401 

a n t i g r a v i t y m u s c l e s 2 6 8 

— s t r e t c h re f l ex 5 8 5 

a n t i h i s t a m i n e s a n d m o t i o n s i c k n e s s 4 0 2 , 

4 1 0 , 5 7 0 

a n x i e t y 179 

a p a t h y 614 

a p h a s i a , f r o n t a l 614 

— , B r o c a ' s 614 

— , W e r n i c k e ' s 6 1 4 

a p p a r e n t a n g l e o f t i l t 2 4 2 

— d i s p l a c e m e n t o f v i s u a l t a r g e t 3 8 0 

— h o r i z o n t a l 162 , 2 4 1 , 5 5 8 

— m o t i o n , r e v e r s a l i n 6 8 

o f t h e e n v i r o n m e n t 197 , 2 4 2 , 3 8 0 , 

593 

— t i l t 119 

— v e r t i c a l 8 6 , 160 , 1 6 2 , 169 , 170 , 174 , 1 7 6 , 

178 , 179, 180 , 1 8 1 , 1 8 2 , 241 

as a f u n c t i o n o f l a t e r a l b o d y t i l t 1 6 1 , 

242 

i n o r o u t o f w a t e r 2 4 8 , 2 4 9 

a p r a x i a 5 9 9 , 6 0 0 

— , gaze - 217 

— , o c u l o m o t o r 2 1 8 

a p p r o p r i a t e s t i m u l u s f o r s e m i c i r c u l a r c a n a l s 

415 

o f v e s t i b u l a r o r g a n 4 1 4 

a r a c h n o i d i t i s a n d v e r t i g o 4 4 0 

a r c of u n c e r t a i n t y 8 4 , 8 5 , 8 6 , 8 8 , 89 

, see a l s o U d e g 

a r c h i c e r e b e l l u m a n d m o t i o n s i c k n e s s 607 ff 

— , v i s u a l i n p u t t o 6 0 4 

a r c h i c e r e b e l l u m , v i s u a l c o n t r o l o f t h e v e s t i -

b u l a r - o c u l a r r e f l e x a r c 5 9 0 

a r e a 8 ( f r o n t a l e y e field) 6 1 1 , 6 1 2 

— , p r e t e c t a l 5 8 8 

— , R o l a n d i c 6 0 9 , 6 1 0 

— , s t r i a t e , d e s t r u c t i o n o f 2 1 8 

— , v e s t i b u l a r p r o j e c t i o n - 8 

a r e a s , c o r t i c a l , a n d v e s t i b u l a r s e n s a t i o n s 7 

— , s e n s o r y a s s o c i a t i o n - 5 9 9 

a r m t o n u s r e a c t i o n 2 2 7 , 2 7 0 

A r m t o n u s r e a k t i o n 2 2 7 , 2 7 0 

a r o u s a l 3 6 2 

— ef fects 6 6 

— n y s t a g m u s 2 6 1 , 3 6 3 

— , v e s t i b u l a r r e s p o n s e s t o 361 ff 

a r t h e r o s c l e r o s i s a n d v e r t i g o 4 3 8 , 4 4 3 

a r t e r i o s c l e r o t i c l e s i o n s 2 0 5 

a r t e r y , v e r t e b r a l 196 

— , v e r t e b r o - b a s i l a r 2 0 7 

a s s o c i a t i o n c o r t e x 5 9 9 

a s t r o n a u t s 1 0 4 , 2 4 4 , 2 5 4 , 2 6 1 , 2 9 0 , 2 9 8 , 3 2 4 , 

4 0 2 , 5 5 5 , 5 5 6 , 5 5 7 

— , see a l s o p i l o t s 

— , v e s t i b u l a r s e n s a t i o n s 4 2 5 

a s y m m e t r y i n d e x 2 3 5 

— i n v e s t i b u l a r i n f l u e n c e s o n o c u l o m o t o r 

n u c l e i 4 5 5 

a t a x i a , a l c o h o l - i n d u c e d 3 4 6 , 3 5 0 

— , c e r e b e l l a r 2 7 7 

— , c o m p e n s a t e d v e s t i b u l a r 3 2 8 

— , i n d u c e d v e s t i b u l a r 3 3 8 , 3 5 0 

— , r e s i d u a l 3 4 5 

— , r o t a t i o n - i n d u c e d 3 4 4 

— , s p o n t a n e o u s v e s t i b u l a r 3 2 4 , 3 3 6 , 3 5 0 

— , v e s t i b u l a r , m e a s u r e m e n t i n m a n 321 ff 

— o f v i s u a l l y g u i d e d h a n d m o v e m e n t s 2 1 8 

— , e f fect o f a g e a n d s e x o n 3 2 4 , 3 2 5 

— i n n o r m a l s 3 2 4 

— t e s t b a t t e r y 3 2 2 

— t e s t m e t h o d s , b i b l i o g r a p h y o f 3 5 2 

— t e s t s i n l a b y r i n t h i n e - d e f e c t i v e s u b j e c t s 

3 2 4 , 3 2 6 , 3 2 7 , 3 2 8 , 3 2 9 , 3 3 0 , 3 3 1 , 3 3 3 , 3 3 5 , 

3 3 6 , 3 4 4 , 3 4 5 , 3 4 6 , 347 

a t a x i a g r a p h i c m e t h o d s 3 5 5 

a t a x i a m e t r i c m e t h o d s 3 5 5 

a t h e t o s i s 6 0 8 

a t r o p h y , c e r e b e l l a r 2 2 6 

— , c e r e b e l l o c o r t i c a l 5 8 3 , 5 9 6 , 5 9 8 , 6 0 3 , 6 0 4 

— , F r i e d r e i c h ' s 5 9 8 

— , t r a n s n e u r o n a l , o f o c u l o m o t o r n e u r o n s 5 9 8 

a t r o p i n e a n d m o t i o n s i c k n e s s 4 1 0 

a t t a c k s of v e r t i g o 195 ff 

a t t e n t i o n t o v e s t i b u l a r s e n s a t i o n s 67 

— , v i s u a l 6 1 2 

— h a b i t u a t i o n 1 3 5 , 136 

— s h i f t s a n d l i n e a r d i s p l a c e m e n t e s t i m a t i o n 

106 
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A u b e r t e f fec t 8 6 , 9 4 , 9 6 , 1 6 1 , 2 4 1 

A u b e r t - F l e i s c h l p a r a d o x 5 2 

a u d i o g y r a l i l l u s i o n 4 3 2 

— p h e n o m e n a 4 1 7 

a u d i o m e t r y 2 3 4 

a u t i s t i c c h i l d r e n , n y s t a g m u s i n 3 6 5 

a u t o c o m p e n s a t i o n 1 6 6 , 1 7 2 , 173 

— , f e e d - b a c k - 176 

— , v i s u a l 169 

a u t o g y r a l e f fect o f b o d y a n d v i s u a l r e f e r e n c e 

2 8 , 3 6 , 117 , 118 

a u t o k i n e s i s , r o t a t o r y 2 4 2 

— f o r a p o i n t s o u r c e o f l i g h t 2 4 2 

a u t o m a t i c h o l d i n g 194 

a u t o n o m i c e f fects o f m o t i o n s i c k n e s s 3 9 2 

— n e r v o u s s y s t e m a n d m o t i o n s i c k n e s s 3 9 9 

a v i t a m i n o s i s a n d v e r t i g o 4 3 8 

a w a r e n e s s , c o g n i t i v e , o f v e s t i b u l a r i n f o r m a -

t i o n 135 

a x i s , p r i m a r y 1 6 9 , 1 7 0 

— , s e c o n d a r y 1 6 9 , 170 

— of a n g u l a r a c c e l e r a t i o n 16 

B a b i n s k i s i g n 2 1 8 

b a l a n c e , p o o r , d u r i n g s w i m m i n g 91 

— r e a c t i o n s 2 7 7 

— t e s t s 9 0 

b a l l i s m 6 0 8 

b a r b e c u e r o t a t i o n e x p e r i m e n t s 5 4 8 

b a r b i t u r a t e a n e s t h e s i a 5 8 4 

b a r b i t u r a t e s , i n t o x i c a t i o n b y 2 0 5 , 5 9 0 

B â r â n y t e s t 4 2 3 , 4 2 7 

b a s a l g a n g l i a 6 1 4 

, d i s e a s e s o f 601 

, i n p u t s f r o m m o t o r c o r t e x 6 0 2 

, l e s i o n s i n 6 0 8 

as r a m p g e n e r a t o r 6 0 8 

b a s i c c o m p o n e n t s o f a n i n e r t i a l s y s t e m 5 0 0 

— p r i n c i p l e s o f i n e r t i a l n a v i g a t i o n 4 9 8 

B e c h t e r e w c o m p e n s a t i o n 4 6 3 , 4 7 2 , 4 7 3 , 4 7 4 , 

4 7 5 , 4 7 6 

— c o m p e n s a t o r y n y s t a g m u s 4 5 6 , 4 5 7 , 4 8 3 , 

4 8 4 

b e n d i n g 5 3 0 

b e n i g n p a r o x y s m a l p o s i t i o n a l n y s t a g m u s 

4 3 7 , 4 3 9 , 4 4 1 

B e r e i t s c h a f t s p o t e n t i a l 6 0 0 

b i c o m p o n e n t t h e o r y 164 

b i l a t e r a l l a b y r i n t h i n e d e f e c t i v e p e r s o n s 

( B L - D s ) 3 2 4 , 3 2 6 , 3 2 7 , 3 2 8 , 3 2 9 , 3 3 0 , 3 3 1 , 

3 3 6 , 3 3 8 , 3 4 4 , 3 4 5 , 3 4 6 , 347 

— loss o f l a b y r i n t h f u n c t i o n 164 

— loss o f v e s t i b u l a r f u n c t i o n 3 3 2 

b i n o c u l a r c o o r d i n a t i o n 2 1 5 

B i p e r i d e n 2 1 5 

b i r d s , c o m p e n s a t i o n o f v e s t i b u l a r l e s i o n s 

4 6 3 , 4 6 5 , 4 7 2 , 4 7 7 , 4 7 9 

b i r d s , n y s t a g m u s 2 1 9 , 3 7 0 , 3 7 1 , 3 7 2 , 3 7 3 , 

3 7 8 

— , s t a t i c f u n c t i o n o f o t o l i t h o r g a n s 1 6 5 

b i r t h t r a u m a 2 0 2 

b l e p h a r o s p a s m 4 4 0 

b l i n d , c o r t i c a l l y 2 1 8 

— s p o t s o f t h e l a b y r i n t h s 4 1 7 

o f t h e o t o l i t h i c o r g a n s 8 0 , 2 4 2 , 4 3 6 

b l i n d f o l d e d o b s e r v e r s 9 0 

b l i n d f o l d w a l k i n g 2 7 2 

b l i n d n e s s a n d e y e p o s i t i o n 5 8 7 

— , i n v o l u n t a r y s p o n t a n e o u s e y e m o v e m e n t s 

i n 2 1 0 

— a n d m o t i o n s i c k n e s s 6 0 7 

— a n d v e s t i b u l a r s e n s a t i o n 4 2 6 

b l o o d a c e t y l c h o l i n e a n d m o t i o n s i c k n e s s 4 0 1 

— f l o w a n d m o t i o n s i c k n e s s 3 9 4 , 3 9 5 

— i n t h e p e r i l y m p h , n y s t a g m u s 2 0 6 

— p r e s s u r e a n d m o t i o n s i c k n e s s 3 9 3 , 3 9 5 

a n d v e r t i g o 1 9 6 , 4 3 8 

s u p p l y , v e r t e b r o b a s i l a r 2 2 8 

b l u r r e d v i s i o n 195 

B o d e p l o t o f c a n a l r e s p o n s e s 5 0 5 

b o d y , see a l s o w h o l e - b o d y 

— , d i s p l a c e m e n t o f 169 

— , f o r c e field o n 87 

— , o r i e n t a t i o n r e l a t i v e t o 8 5 

— a n g l e m o t i o n s , f r e q u e n c y s p e c t r a o f 251 

— - a x i s d e p e n d e n c e 110 

— c o n t r o l a n d v e s t i b u l a r s y s t e m 5 0 0 

— i n c l i n a t i o n 181 

— m o v e m e n t s , i l l u s i o n s o f 5 6 3 

, p a t h o f 111 

— o r i e n t a t i o n 1 5 6 

, u n e x p e c t e d p e r c e i v e d c h a n g e s i n 

125 

— p o s i t i o n 170 

, s t a b i l i z a t i o n o f 194 , 5 8 3 

— r o t a t i o n , p e r c e p t i o n o f 118 

— r e f e r e n c e v e r s u s v i s u a l r e f e r e n c e 106 

— s u r f a c e , p r e s s u r e o n 163 

— - s w a y m o t i o n 2 5 3 

— t i l t 1 8 2 , 2 4 2 

, e s t i m a t e o f 8 3 

, i n f l u e n c e o n o r t h o g o n a l i t y o f s p a c e 

p e r c e p t i o n 162 

— t o n u s , a s y m m e t r i c 163 

b r a i n s t e m 5 8 8 , 601 

— d a m a g e a n d s p o n t a n e o u s n y s t a g m u s 2 0 2 

— d i s e a s e , s q u a r e - w a v e j e r k s 2 1 2 

— , i s c h e m i a o f 2 0 4 

— , l e s i o n s o f 1 9 6 , 2 0 2 , 2 1 6 , 2 2 6 

b r a i n t u m o r s a n d v e r t i g o 4 4 0 

B r o c a ' s a p h a s i a 6 1 4 

— , field 6 1 4 

b u l b a r l e s i o n s 4 8 4 

— p a l s y , p r o g r e s s i v e 2 2 8 
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b u o y a n c y cues 91 

b u t t o c k s , a n e s t h e t i z i n g o f 87 

b u t y r y p e r a z i n e 4 8 1 

c a f f e i n 4 8 1 , 4 8 2 

c a l c i u m , c o n t e n t d u r i n g m o t i o n s i c k n e s s 4 0 1 

c a l o r i c h a b i t u a t i o n 3 7 2 , 373 

— i r r i g a t i o n o f t h e e a r 115 

— n y s t a g m u s , see n y s t a g m u s , c a l o r i c 

— r e s p o n s e s 1 1 3 , 2 2 9 

, a c o u s t i c n e u r o m a 2 2 2 , 3 3 3 , 3 3 5 

, a d a p t i v e m e c h a n i s m s o f 3 0 6 

, e v a l u a t i o n o f 2 2 0 , 221 

, i n f l u e n c e o f v i s u a l fixation 222 

, m i s i n t e r p r e t a t i o n s 221 

a n d r e c o v e r y n y s t a g m u s 204 

— s t i m u l a t i o n 2 2 0 , 2 6 9 , 2 7 0 , 2 7 2 , 2 7 6 , 3 6 2 , 

3 8 1 , 4 1 8 , 4 3 4 , 4 3 5 

— s t i m u l i , m e a s u r e m e n t o f v e s t i b u l o - s p i n a l 

r e sponses t o 2 7 4 

— t e s t , h e a d - a n d b o d y p o s i t i o n 115 , 2 2 0 

, h e m i s p h e r i c l e s i o n s 2 2 2 

i n l a b y r i n t h i n e - d e f e c t i v e s u b j e c t s 

3 3 1 , 3 3 5 , 4 8 3 

, m e t h o d s of 2 2 2 , 2 2 6 , 303 

c a n a l , see a l s o s e m i c i r c u l a r c a n a l , c a n a l s 

— , c r o s s - s e c t i o n o f 507 

— af férents , p o s i t i o n a l r e s p o n s e s 2 8 4 , 2 8 5 

, p r i m a r y , a c t i v i t y o f 2 8 7 

— - d e p e n d e n t c e l l s 5 4 9 

r e s p o n s e s , s u p p r e s s i o n o f 123 

u n i t s , v e l o c i t y i n f o r m a t i o n b y 1 1 2 

— f u n c t i o n , s u b j e c t i v e a n d o b j e c t i v e i n d i -

c a n t s of 2 9 5 

— - g e n e r a t e d a n g u l a r v e l o c i t y 122 

— i n p u t s , c o n v e r g e n c e o f 2 8 7 

— m o d e l , see S t e i n h a u s e n m o d e l 

— n e u r o n s , p r i m a r y 5 0 9 , 5 1 0 , 5 5 2 

— - o t o l i t h i n t e r a c t i o n s 121 , 2 5 6 , 259 

— r e c e p t o r s 251 

— res ponse t o a n g u l a r v e l o c i t y 5 0 2 

t o g r a v i r e c e p t o r s t i m u l a t i o n 2 9 5 

t o g r a v i t a t i o n a l a c c e l e r a t i o n 292 

a f t e r h a b i t u a t i o n 132 

d u r i n g h e a d t i l t s 132 

, m a t h e m a t i c a l m o d e l o f 2 9 6 

, p o s t r o t a t i o n a l 92 

, s u p p r e s s i o n o f 2 9 6 

t o w e i g h t l e s s n e s s 2 9 8 

— s i c k n e s s 2 6 2 

— s y s t e m , n a t u r a l f r e q u e n c y o f 33 

— u n i t s , a c t i v i t y o f 287 

, r esponses t o l i n e a r a c c e l e r a t i o n v e c t o r 

289 

c a n a l s , h o r i z o n t a l , v e s t i b u l a r n e u r o n s 4 5 4 

— , i n o p e r a t i v e , i n a n i m a l s 5 4 3 

— , l a t e r a l 121 

c a n a l s , l a t e r a l , a d a p t a t i o n o f t h e s i g n a l f r o m 

2 9 4 

— , — , c e n t r a l s u p p r e s s i o n o f t h e s i g n a l s f r o m 

2 9 4 

— , v e r t i c a l , p a t h o l o g y o f 4 3 2 

c a r b o n d i o x i d e , c o n t e n t d u r i n g m o t i o n s i c k -

n e s s 4 0 1 

c a r d i a c a c t i o n a n d m o t i o n s i c k n e s s 3 9 3 

c a r d i a z o l e 4 8 2 

c a r o t i d o b s t r u c t i o n 196 

c a t , c o m p e n s a t i o n o f v e s t i b u l a r l e s i o n s 4 7 0 , 

4 7 2 , 4 7 4 , 4 7 6 , 4 7 8 

— , w i t h d e f e c t i v e c a n a l s 5 4 4 

— , n y s t a g m u s i n 2 1 1 , 3 7 1 , 3 7 2 , 3 7 4 

— , r e s p o n s e t o l i n e a r a c c e l e r a t i o n 5 4 8 

c a t a t o n i c p a t i e n t s , v e s t i b u l a r r e s p o n s e s 361 

c a t e c h o l a m i n e s , c o n t e n t d u r i n g m o t i o n s i c k -

ness 4 0 1 

c e l l s a t t h e a p e x o f t h e c r i s t a 5 1 5 , 5 5 3 

— , c a n a l - d e p e n d e n t 5 4 9 

— , E w a l d i a n 2 8 6 , 2 8 8 

— , g r a n u l a r 6 0 3 , 6 0 5 

— , n o n - E w a l d i a n 2 8 8 

— , o t o l i t h i c , see o t o l i t h i c ce l l s 

— , P u r k i n j e - 5 8 7 , 6 0 3 , 6 0 5 , 6 0 8 

— , r o t a t i o n - d e p e n d e n t 5 4 9 , 5 6 7 

c e n t r a l c o m p e n s a t i o n o f v e s t i b u l a r f u n c t i o n 

4 6 0 

— f a c t o r s , h a b i t u a t i o n 381 

— n e r v o u s s y s t e m , r e s p o n s e t o l i n e a r a c c e l -

e r a t i o n 5 4 8 

d i s e a s e s a n d v e r t i g o 4 3 8 

c e n t r i f u g a l a c c e l e r a t i o n , s e n s a t i o n o f 4 1 7 

— f o r c e s 1 6 5 

c e n t r i f u g a t i o n u n d e r w a t e r 2 3 5 

c e n t r i f u g e 8 1 , 8 3 , 9 6 , 9 7 , 1 0 7 , 1 1 0 , 1 1 1 , 2 4 2 , 

2 5 9 , 2 9 9 , 3 9 2 , 4 1 6 , 4 3 5 , 5 5 0 

— , c o u n t e r r o t a t i n g 1 1 1 , 5 4 9 

— s t i m u l u s 7 9 

— s t u d i e s 9 5 , 9 6 , 2 3 5 , 2 3 9 

c e n t r i p e t a l a c c e l e r a t i o n 7 9 , 8 2 , 107 , 2 8 2 , 

2 8 6 , 2 8 7 , 2 9 9 , 3 0 2 , 4 9 8 , 5 4 2 

c e r e b e l l a r a t a x i a 277 

— a t r o p h y 2 2 6 

— c o r t e x 5 8 8 

, e y e m u s c l e a f f e r e n t p r o j e c t i o n t o 5 9 8 

, p e r i p h e r a l m o s s y af férents t o 6 0 5 

, r e m o v i n g o f 5 8 3 , 5 8 7 

, s a c c a d i c f u n c t i o n o f 6 0 2 

, s t e p g e n e r a t o r 5 9 9 

— d i s e a s e , s q u a r e - w a v e j e r k s 2 1 2 

— e n c e p h a l o p a t h y , p a r a n e o p l a s t i c 2 1 3 

— e x t i r p a t i o n i n p i g e o n s 4 7 7 

— i n h i b i t i o n 4 5 3 

— n o d u l u s , l e s i o n s o f 2 0 5 

— n u c l e i 6 0 3 
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c e r e b e l l a r n u c l e i , a n a l o g y i n f u n c t i o n w i t h 

v e s t i b u l a r n u c l e i 6 0 7 

a n d e y e m o v e m e n t s 5 8 6 , 5 8 7 , 5 8 8 

, f u n c t i o n o f 6 0 5 ff 

, i n t o x i c a t i o n o f 2 1 0 

, l e s i o n s o f , a n d n y s t a g m u s 199 , 2 1 7 

— s t e p a n d h o l d i n g f u n c t i o n s 6 0 4 

— t u m o r a n d s a c c a d e s 5 9 6 

a n d v e r t i g o 4 4 0 , 4 4 1 

c e r e b e l l e c t o m y 5 8 4 , 5 8 6 , 5 8 9 

— i n g u i n e a - p i g s 4 7 8 

— a n d n y s t a g m u s 5 9 9 

— a n d s a c c a d e s 5 9 9 

c e r e b e l l o c o r t i c a l a t r o p h y 5 8 3 , 5 9 6 , 5 9 8 , 

6 0 3 , 6 0 4 

— l e s i o n s 5 8 9 , 5 9 7 , 6 0 5 

c e r e b e l l o - n u c l e a r l e s i o n s 6 0 5 

c e r e b e l l o p o n t i l e a r a c h n o i d i t i s 4 4 0 

c e r e b e l l o - p o n t i n e a n g l e , a c o u s t i c n e u r o m a 

2 2 8 

c e r e b e l l u m 1 1 5 , 1 1 6 , 2 1 7 , 4 7 5 , 5 8 2 , 5 8 8 , 6 1 4 

— , c o m p e n s a t i o n o f v e s t i b u l a r f u n c t i o n 4 6 0 

— , d i seases o f b a s i c g a n g l i a 601 

— i n e m o t i o n a l p rocesses 126 

— , i n f l u e n c e o n c o m p e n s a t i o n o f v e s t i b u l a r 

l e s i o n s 4 7 7 ff 

— , i n p u t s f r o m m o t o r c o r t e x 6 0 2 

— , l e s i o n s o f 2 2 6 , 2 2 8 

— , n u c l e a r a n d c o r t i c a l f u n c t i o n s i n 5 8 7 

— a n d s a c c a d e s 5 9 6 , 5 9 8 

— , s e c o n d v e s t i b u l a r i n t e g r a t i o n 5 8 9 

— , v e s t i b u l a r t r a c t s i n 3 9 0 

— a n d v i s u a l i n h i b i t i o n o f v e s t i b u l a r n y s t a g -

m u s 116 

c e r e b r a l a n a e m i a d u r i n g a e r o s p a c e f l i g h t 3 9 8 

— c o n c u s s i o n 2 0 4 

— c o n t u s i o n 2 0 4 

— c o r t e x , i n f l u e n c e o n c o m p e n s a t i o n o f v e s t i -

b u l a r l e s i o n s 4 7 5 ff 

, i n f l u e n c e o n p o s t u r a l f u n c t i o n s 4 7 5 , 

4 7 7 , 5 8 8 

, i n f l u e n c e o n v e s t i b u l a r f u n c t i o n s 4 7 5 , 

6 0 3 

, i n f l u e n c e o n v i s u a l f u n c t i o n s 4 7 5 

, v i s u a l r e g u l a t i o n o f e y e p o s i t i o n 5 8 7 

— d e f i c i e n c y , c o m p e n s a t i o n o f 4 7 5 

— h e m i s p h e r e s , v a s c u l a r l e s i o n s i n 4 8 4 

— l e s i o n s , s p a c e c o o r d i n a t e s 162 

— p o t e n t i a l s p r e c e d i n g v o l u n t a r y m o v e -

m e n t s 6 0 0 , 6 0 1 

c e r e b r o v a s c u l a r a c c i d e n t s a n d v e r t i g o 4 4 2 

— i n s u f f i e n c y 1 9 5 , 3 3 6 

c e r e b r u m , r e m o v a l o f , a n d c o m p e n s a t i o n 

4 7 5 

c e r v i c a l n y s t a g m u s 4 3 6 

— r o o t l e s i o n s 2 0 6 , 5 8 4 

— v e r t i g o 4 3 6 

c e r v i c o - o c u l a r r e f l e x 2 2 3 

c h a n g e o f g r a v i t y , r e s p o n s e t o 5 2 7 

— - i n - o r i e n t a t i o n i n f o r m a t i o n , o t o l i t h 

s y s t e m 1 0 5 

i n - p o s i t i o n 9 0 , 9 2 

, m e m o r y o f 9 0 

i n f o r m a t i o n 1 8 , 9 0 , 112 

u n i t s 7 2 

c h a n g e s i n a n g u l a r m o m e n t u m 1 2 0 

— i n d i r e c t i o n 111 

— i n t h e d i s t a l e n v i r o n m e n t 169 

c h a n g i n g h o r i z o n t a l l i n e a r a c c e l e r a t i o n 1 0 5 , 

1 0 6 , 107 

" c h a n n e l c a p a c i t y " f o r p e r c e p t i o n o f a n g u l a r 

v e l o c i t y 5 6 , 57 

c h e m i c a l a s p e c t s o f m o t i o n s i c k n e s s 4 0 1 

c h i m p a n z e e , m o t i o n s i c k n e s s 4 2 7 

— , s p o n t a n e o u s n y s t a g m u s 2 1 1 

c h l o r p r o m a z i n e 3 6 4 , 4 8 1 

c h o r e a 6 0 8 

c i n n a r i z i n e 2 5 8 , 3 6 4 , 4 1 0 

c l a u s t r o p h o b i a a n d v e r t i g o 4 3 8 

c l i m b i n g fiber a c t i o n , p a r a m e t r i c g a i n a d -

j u s t m e n t v i a - 6 0 4 

— s e n s a t i o n 1 2 3 , 125 

c l i n g i n g 1 7 9 

c l i n i c a l h i s t o r y o f v e r t i g o 1 9 5 , 197 

c l o n i c u p w a r d e y e m o v e m e n t s 2 1 5 

c l o p e n t h i x o l 4 8 1 

coarse s a c c a d e 5 9 6 

c o c h l e a r s y m p t o m s 1 9 5 

C o g a n ' s s y n d r o m e a n d v e r t i g o 4 4 0 

c o g n i t i v e a w a r e n e s s o f v e s t i b u l a r i n f o r m a -

t i o n 1 3 5 

c o l o r b l i n d n e s s 2 1 1 

c o l l i c u l a r l e s i o n s 2 1 7 

c o l l i c u l u s , s u p e r i o r 2 1 7 , 5 9 6 , 6 1 2 

c o m m i s s u r a l fibers, c u t t i n g o f 4 5 7 

— i n h i b i t i o n , c o m p e n s a t i o n o f 4 5 9 

— p a t h w a y s 2 9 0 

c o m m i s s u r e , p o s t e r i o r 2 1 7 

c o m p e n s a t i o n 156 

— , B e c h t e r e w - 4 6 3 , 4 7 2 , 4 7 3 , 4 7 4 , 4 7 5 , 4 7 6 

— , e x t e r n a l a n d i n t e r n a l 1 5 9 , 174 

— , f e e d - b a c k - 1 7 3 , 176 

— , f e e d - f o r w a r d - 1 7 3 , 174 

— , l a t e n t 4 7 2 

— , o p t i c a l 177 

— , R u t t i n - 4 7 2 

— , v e s t i b u l a r 1 7 7 , 4 5 1 , 4 6 0 

— o f c o m m i s s u r a l i n h i b i t i o n 4 5 9 

— o f l a b y r i n t h e c t o m y 4 6 3 ff 

— of v e s t i b u l a r l e s i o n s 4 6 3 ff 

— , t i m e - c o u r s e o f 4 6 5 

— p r i n c i p l e 1 5 7 , 1 5 8 , 169 

c o m p e n s a t o r y e r r o r s 1 6 0 

— e y e m o v e m e n t s 2 2 5 , 2 3 4 



S u b j e c t I n d e x 6 5 1 

c o m p e n s a t o r y f u n c t i o n 1 5 8 , 159 

— n y s t a g m u s 3 1 0 

, B e c h t e r e w ^ 4 5 6 , 4 5 7 , 4 6 3 

— o c u l o g y r a l i l l u s i o n 3 8 0 , 381 

— r i g h t i n g r e a c t i o n s 2 7 7 , 5 4 3 

— v a r i a b l e 1 7 3 , 177 

— v e s t i b u l a r r e s p o n s e s 2 9 5 

c o m p r e s s i o n o f t h e v e r t e b r a l a r t e r y 196 

c o n c e p t o f t h r e s h o l d 3 5 

c o n c o m i t a n t s q u i n t 2 0 7 , 2 0 8 

c o n d i t i o n i n g o f a s i n g l e n e u r o n 5 6 7 

c o n f l i c t t h e o r y 5 6 8 

c o n g e n i t a l n y s t a g m u s 1 9 8 , 2 0 2 , 2 0 8 , 2 0 9 , 

2 1 0 , 2 1 1 , 2 1 9 , 2 2 8 , 4 2 6 

c o n j u g a t e d e v i a t i o n 4 5 4 

c o n s c i o u s n e s s 4 2 5 

— i n a e r o s p a c e f l i g h t 3 9 8 

c o n s c i o u s p e r c e p t i o n 4 1 8 

c o n s i s t e n t p o s i t i o n s i g n a l i n g 112 

c o n s t a n c y , d i r e c t i o n a l 157 

— , m o t i o n 172 

— , v e r t i c a l 157 , 1 6 6 , 172 

— o f s p a c e p e r c e p t i o n 156 

— o f v i s u a l s p a c e 197 

— p r o b l e m 157 

c o n s t a n t , M u l d e r ' s 3 0 

— a n g u l a r a c c e l e r a t i o n 24 

— a n g u l a r v e l o c i t y 113 

—• s p e e d o f f - v e r t i c a l r o t a t i o n 113 

— s t i m u l u s o f g r a v i t y 259 f 

— v e l o c i t y r o t a t i o n 1 1 1 , 2 8 8 

c o n t o u r d e t e c t i o n 172 

c o n v e n t i o n a l a c c e l e r o m e t e r s 5 6 3 

c o n v e r g e n c e o f c a n a l a n d g r a v i r e c e p t o r i n -

p u t s 2 8 7 

— r e f r a c t o r y n y s t a g m u s 217 

— o f s o m a t i c a n d v e s t i b u l a r af férents t o 

m o t o r c o r t e x 6 1 0 

c o n v e r g e n t d e t e c t i o n 177 , 178 

c o n v u l s i v e d i s o r d e r s 195 

c o o r d i n a t e s y s t e m s , p e r c e p t u a l 164 

C o r i o l i s a c c e l e r a t i o n 120 , 2 8 3 , 2 9 8 , 3 1 5 , 4 9 9 

— c r o s s - c o u p l e d r e a c t i o n , v e s t i b u l a r 133 

s t i m u l i , v e s t i b u l a r 124 , 125 

, p e r c e p t u a l p h e n o m e n a o f 123 

— e f f ec t 119 , 120 , 1 2 5 , 1 3 1 , 5 5 3 , 607 

— f o r c e s 4 2 3 

— — a n d m o t i o n s i c k n e s s 4 0 8 

— i l l u s i o n 5 5 3 ff 

— n y s t a g m u s t e s t 3 3 9 

— s t i m u l a t i o n 3 7 7 , 3 8 1 , 3 8 2 , 5 2 7 , 5 6 3 

— t o r q u e s t i m u l u s 133 

—• v e s t i b u l a r r e a c t i o n 120 

c o r n e o r e t i n a l p o t e n t i a l , d r u g ef fect o n 3 6 4 

c o r p u s c a l l o s u m , s e c t i o n o f 2 1 6 

c o r r e c t i o n 156 

— p r i n c i p l e 177 , 1 8 0 , 181 , 182 

c o r r e c t i o n s a c c a d e s 5 9 4 , 5 9 6 

c o r t e x , c e r e b e l l a r , see c e r e b e l l a r c o r t e x 

— , c e r e b r a l , see c e r e b r a l c o r t e x 

— , c i n g u l a t e 6 1 4 

— f r o n t a l 6 1 1 , 6 1 4 

— , i n f e r o - t e m p o r a l 611 

— , m o t o r - 2 1 7 , 6 0 0 , 6 0 2 , 6 0 9 , 6 1 0 

— , o r b i t a l 1 2 6 , 6 1 3 

— , s e n s o r i m o t o r 6 0 9 

— , s t r i a t e 611 

— , t e m p e r o - b a s a l 611 

— , n y s t a g m o g e n i c z o n e s o f 4 7 5 

c o r t i c a l a r e a s a n d v e s t i b u l a r s e n s a t i o n s 7 

— a s s o c i a t i o n a r e a s 5 9 9 

— e v o k e d p o t e n t i a l s 9 

— l e s i o n s a n d g a z e p a r a l y s i s 2 1 6 , 217 

— s t i m u l a t i o n , i n f l u e n c e o n n y s t a g m u s 4 7 7 

— v e s t i b u l a r r e p r e s e n t a t i o n 7 

c o r t i c a l l y b l i n d 2 1 8 

c o r t i c o - c o r t i c a l a s s o c i a t i o n fibers 6 1 2 

— c o n n e c t i o n s f r o m t h e s t r i a t e c o r t e x 6 1 1 

— r e f l e x a r c 6 0 0 

c o r t i c o f u g a l fibers, l e s i o n o f 5 8 7 

c o r t i c o s t e r o i d s , c o n t e n t d u r i n g m o t i o n s i c k -

ness 4 0 1 

c o s m o n a u t s , see a s t r o n a u t s 

c o s m o s s i c k n e s s 4 0 2 

c o u n t e r r o l l i n g , d y n a m i c 6 8 , 5 2 5 , 5 2 6 , 5 2 7 , 

5 2 8 , 5 4 6 

— , o c u l a r 6 8 , 9 4 , 1 0 3 , 2 2 6 , 2 3 4 , 2 3 5 , 2 3 9 , 

2 5 2 , 2 5 9 , 5 1 7 , 5 2 5 , 5 2 6 , 5 5 4 , 5 6 3 

— , s t a t i c 5 2 5 , 5 2 6 

c o u n t e r r o t a t i o n 2 8 6 

— o n a c e n t r i f u g e 1 1 1 , 5 4 9 

c o u n t e r t o r s i o n , o c u l a r 1 5 9 , 1 7 4 , 178 

c r a n i a l n e r v e , e i g h t h , a n d m o t i o n s i c k n e s s 

3 9 0 

c r i s t a a m p u l l a r i s 14 

— , t y p e I c e l l s 5 1 5 , 5 5 3 

— , t y p e I I c e l l s 5 1 5 

c r i s t a e , a d e q u a t e s t i m u l a t i o n o f 2 8 4 

— , r e s p o n s e t o g r a v i t y 2 8 4 

— , s t i m u l a t i o n b y l i n e a r a c c e l e r a t i o n 2 8 4 

c r o s s - c o u p l i n g e f fec t 1 1 9 , 1 2 0 , 1 2 1 , 1 2 5 , 131 

— s t i m u l a t i o n o f t h e c a n a l s 5 5 4 

c u e s , b u o y a n c y - 91 

— , k i n e s t h e t i c 5 2 7 

— , n o n v i s u a l , a n d v i s u a l l y p e r c e i v e d d i r e c -

t i o n o f s p a c e 241 

— , p o s t u r a l d i r e c t i o n 163 ff 

— , s o m e s t h e t i c , e l i m i n a t e d 5 4 5 

— , s o m a t o s e n s o r y 8 8 , 9 0 , 9 1 , 9 3 , 9 4 , 113 

— , v e s t i b u l a r a n d n o n v e s t i b u l a r , r e d u c e d 9 0 

c u e s y s t e m , p o s t u r a l 179 

c u p u l a 14 

— , d e n s i t y o f 2 8 5 , 5 5 2 , 5 5 3 

— , e l a s t i c i t y o f 5 0 6 , 5 0 8 



6 5 2 S u b j e c t I n d e x 

c u p u l a , h y s t e r e s i s i n 4 1 9 

— , m e a s u r e m e n t o f a c c e l e r a t i o n 5 1 4 

— , m e a s u r e m e n t o f v e l o c i t y 5 1 4 

— , m o d e l o f 2 8 9 

— , m o t i o n o f 5 1 3 

— , s p e c i f i c g r a v i t y o f 2 8 5 

— , t i m e c o n s t a n t o f 2 8 5 

— d e f l e c t i o n a n d a n g u l a r a c c e l e r a t i o n 2 1 , 

2 4 , 2 6 , 2 7 , 2 9 

a n d a n g u l a r v e l o c i t y 21 

b y c e n t r i p e t a l a c c e l e r a t i o n 2 8 6 

b y g r a v i t y 2 9 4 

b y l i n e a r a c c e l e r a t i o n 2 8 4 , 2 8 5 , 2 8 6 , 

287 

, p e a k - 3 8 

a n d s u s t a i n e d n y s t a g m u s 301 

, t h r e s h o l d m e t h o d s a n d w o r k i n g e q u a -

t i o n s 37 

— d i s p l a c e m e n t 4 7 , 5 0 2 , 5 0 3 

— d y n a m i c s 2 5 

— 's e l a s t i c r e s t o r i n g f o r c e 2 9 

e n d o l y m p h l o o p 19 

s y s t e m 3 1 , 3 8 , 4 1 5 

— r e c o v e r y , w o r k i n g e q u a t i o n s 3 8 

— r e t u r n 2 9 

— s e n s o r y c e l l s , a s y m m e t r i c a l r e s p o n s e 5 1 4 

c u p u l a r s t i m u l u s , q u a n t i t a t i v e e s t i m a t i o n 

4 2 7 

c u p u l o g r a m 2 8 , 2 9 , 3 0 , 3 1 , 3 5 , 4 0 8 , 4 0 9 , 

4 2 0 , 4 2 2 , 4 3 3 

— a n d a d a p t a t i o n 4 2 9 

— , a f t e r - s e n s a t i o n - 4 2 9 

— , n y s t a g m u s - 4 2 1 , 4 3 0 

— , s e n s a t i o n - 4 2 1 , 4 2 2 , 4 2 3 , 4 2 8 

— , w o r k i n g e q u a t i o n s 3 8 

c u p u l o m e t r y 4 1 9 , 4 2 0 , 4 2 8 , 4 2 9 , 4 3 4 

— , c l i n i c a l 4 1 5 

— , s i n u s o i d a l 6 6 

— a f t e r - r e a c t i o n s 4 3 3 

c u t t i n g o f c o m m i s s u r a l fibers 4 5 7 

c y c l i c m o d u l a t i o n 1 1 1 , 1 1 3 

c y c l i z i n e , a n d m o t i o n s i c k n e s s 4 0 2 

d a m p e d s p r i n g s y s t e m 19 , 3 3 , 3 8 

d a n c e r s , n y s t a g m u s i n 3 6 9 , 3 7 6 , 3 7 7 

— , v e s t i b u l a r s e n s a t i o n s i n 4 2 5 

d a t a p r o c e s s i n g 5 0 0 

d e a f c h i l d r e n 4 3 6 

— m a n 9 0 , 9 5 

— m u t e s 7 

a n d m o t i o n s i c k n e s s 3 9 0 , 4 0 5 

d e a f f e r e n t e d t y p e I v e s t i b u l a r n e u r o n s 4 5 9 

d e a f n e s s , h e r e d i t a r y 4 3 6 

— , l o n g - s t a n d i n g 3 3 6 

d e c a y o f t h e n y s t a g m u s 6 2 , 1 1 1 , 123 

d e c e l e r a t i o n f r o m o f f - v e r t i c a l r o t a t i o n 113 

— , n y s t a g m u s a f t e r 3 7 8 , 5 4 8 

d e c e l e r a t i o n , s e n s a t i o n s d u r i n g 2 2 

d e c e r e b e l l a t i o n a n d v e s t i b u l a r s e n s a t i o n 4 2 6 

d e c e r e b r a t i o n a n d v e s t i b u l a r s e n s a t i o n 4 2 6 

d e e p r e f l e x e s t o v e s t i b u l a r s t i m u l i 2 7 6 

— s e a d i v e r s 3 2 4 

— s e n s i b i l i t y 8 8 

d e f l e c t i o n , u t r i c u l o f u g a l 15 

— , u t r i c u l o p e t a l 15 

— o f t h e c u p u l a , see c u p u l a - d e f l e c t i o n 

d e g e n e r a t i o n o f s y n a p t i c e n d i n g s 4 5 9 

d e h y d r o g e n a s e , c o n t e n t d u r i n g m o t i o n s i c k -

ness 4 0 1 

D e i t e r s ' n u c l e u s 2 6 8 

d e l a y t i m e , c e r e b e l l a r c o r t e x fibers 6 0 4 

i n t h e i n i t i a l t i l t p o s i t i o n 8 5 

d e m y e l i n a t i o n , d e n t a t e n u c l e i 2 1 3 

d e n t a t e n u c l e i , d e m y e l i n a t i o n 2 1 3 

— n u c l e u s a n d s p o n t a n e o u s e y e m o v e m e n t s 

2 1 3 

d e s t r u c t i o n o f o n e s t r i a t e a r e a 2 1 8 

— of t h e v e s t i b u l a r n e r v e 2 0 3 

d e t e c t i o n o f a n g u l a r a c c e l e r a t i o n b y t h e 

c a n a l s 5 0 9 

— , c o n v e r g e n t 1 7 7 , 178 

— , d i s p l a c e m e n t - 3 4 

— , r o t a t i o n - 3 4 

d e t e r m i n a t i o n , see a l s o p e r c e p t i o n , s e n s a t i o n 

— o f d i s p l a c e m e n t 5 3 8 ff 

— o f l i n e a r v e l o c i t y 5 3 8 f f 

— of v e l o c i t y a n d p o s i t i o n 4 9 7 ff 

— o f t h e v e r t i c a l 5 3 4 ff 

d e v i a t i o n s f r o m i d e a l v e r i d i c a l i t y 161 

d i a b e t e s a n d v e s t i b u l a r s e n s a t i o n 4 3 2 , 4 3 8 

d i e n c e p h a l i c l e s i o n s 2 1 4 

— t u m o r 2 0 3 , 2 1 4 

d i f f e r e n c e l i m e n s 3 4 

d i f f e r e n t i a t i n g a c c e l e r o m e t e r 5 2 0 , 5 2 2 , 5 6 3 

d i p h e n y l h y d a n t o i n , i n t o x i c a t i o n b y 2 0 5 

d i p l o p i a a n d v e r t i g o 4 3 8 

d i r e c t i o n , p e r v e r t e d , o f c a l o r i c n y s t a g m u s 

221 

— , v i s u a l l y p e r c e i v e d , i n s p a c e 2 3 8 , 2 4 1 

— , c h a n g e s i n 111 

— , m e m o r y o f 1 0 4 

— o f l i n e a r a c c e l e r a t i o n 81 

— o f s p a c e , n o n v i s u a l l y p e r c e i v e d 2 4 9 

— of s p o n t a n e o u s n y s t a g m u s 2 0 2 

— of t h e v e r t i c a l , s e n s e d 5 4 2 

— - r e v e r s i n g n y s t a g m u s 113 

— c u e s , k i n e s t h e t i c 163 

, o p t i c a l 1 6 3 , 1 6 6 , 178 

» p o s t u r a l 1 6 3 f f 

, t a c t i l e 163 

, v e s t i b u l a r 1 6 3 , 164 

f o r h o r i z o n t a l i t y 169 

f o r v e r t i c a l i t y 1 6 9 
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d i r e c t i o n a l a s y m m e t r y 2 9 0 

— c o n s t a n c y 157 

— d i f f e r e n c e i n d y n a m i c v i s i o n 129 

i n n y s t a g m u s 127 , 129 

— i n d u c t i o n 160 , 1 7 8 , 182 

— p r e d o m i n a n c e o f n y s t a g m u s 4 5 2 

— s e n s i t i v i t y 2 9 0 

d i s e q u i l i b r i u m , p o s t u r a l 2 3 9 , 2 5 7 

d i s i n h i b i t i o n o f p r i m i t i v e d r i v e s 6 1 3 

d i s k p r o t r u s i o n 2 0 6 

d i s o r d e r s , c o n v u l s i v e 195 

— , p s y c h o g e n i c 3 3 6 

d i s o r i e n t a t i o n d u e t o h e a d m o v e m e n t s 5 5 6 

d i s p l a c e m e n t , a n g u l a r 4 4 , 4 9 , 51 

— , l i n e a r 106 

— , p e r c e i v e d 106 

— , t a n g e n t i a l 7 0 

— , t a r g e t - 106 

— , t r u e 106 

— o f t h e b o d y 169 

— , d e t e r m i n a t i o n of 5 3 8 ff 

— o f t h e o t o l i t h m e m b r a n e 17 

— o f o t o l i t h s 6 9 , 71 

— d e t e c t i o n 34 

— m e a s u r e s , s u b j e c t i v e 4 8 

d i s t a l s t i m u l u s 158 

d i s t o r t i o n , a n g u l a r 162 

d i s t r i b u t i o n o f p r e s s u r e o n t h e b o d y s u r f a c e 

163 

d i s t u r b a n c e o f e y e m o v e m e n t s 2 1 5 

— of o p t o k i n e t i c n y s t a g m u s 2 1 8 

d i s t u r b a n c e s , r e f l e x v e s t i b u l a r 2 5 7 , 2 6 2 

d i v e r s , d e e p - s e a - 3 2 4 

d i v i n g , s e n s a t i o n o f 123 

d i z z i n e s s 119 , 3 6 9 , 4 3 8 , 4 4 3 

— , e p i s o d i c 3 3 0 

d o g , c o m p e n s a t i o n o f v e s t i b u l a r l e s i o n s 4 7 1 , 

4 7 2 , 4 7 9 

— , s p o n t a n e o u s n y s t a g m u s 211 

d o r s a l l i g h t r e a c t i o n s 178 , 180 

— r o o t s 4 7 9 , 5 8 4 

d o r s o m e d i a l n u c l e u s , af férents f r o m h y p o -

t h a l a m u s a n d l i m b i c s y s t e m 6 1 2 

d o u b l e v i s i o n 195 

d r a m a m i n e a n d m o t i o n s i c k n e s s 4 1 0 

d r i v e t o a c t 6 1 2 , 6 1 3 

d r o p - a t t a c k s 195 

d r o w s i n e s s 2 1 2 

d r u g i n t o x i c a t i o n 2 1 5 

d r u g s a n d c o m p e n s a t i o n of v e s t i b u l a r l e s i o n s 

481 

— , e f fec t o n n y s t a g m u s 3 6 4 , 3 6 5 

— , e f fec t o n o t o l i t h o r g a n f u n c t i o n 2 5 8 

— , s u p p r e s s i o n o f m o t i o n s i c k n e s s b y 4 0 1 , 

4 0 2 , 4 1 0 

d y n a b a l o m e t e r 3 5 6 

d y n a m i c c o u n t e r r o l l i n g 6 8 , 5 2 5 , 5 2 6 , 5 2 7 , 

5 2 8 , 5 4 6 

— o t o l i t h s t i m u l i 68 

— r e s p o n s e s o f o t o l i t h i c c e l l s 5 1 9 , 5 2 0 , 5 2 5 , 

5 3 2 , 5 3 3 

d y n a m i c s o f t h e o t o l i t h s 6 9 , 71 

d y s a c o u s i s a n d c a l o r i c s t i m u l a t i o n 4 3 4 

d y s f u n c t i o n , l a b y r i n t h i n e 87 

d y s m e t r i a 6 0 9 

— of s a c c a d i c e y e m o v e m e n t 5 9 6 , 5 9 8 , 

6 0 3 

— of s t e p m o v e m e n t s 6 0 5 

d y s m o r p h o s i a 162 

d y s t r o p h y , o c u l a r m u s c l e - 2 1 5 

E 6 0 0 4 8 2 

e a r , c a l o r i c i r r i g a t i o n o f - 115 

— , c h r o n i c p r o c e s s e s i n t h e -, a n d v e r t i g o 

4 4 2 

— , i n n e r , d i s e a s e s o f 2 0 2 , 2 7 5 

— , — , v a s c u l a r l e s i o n 195 

e a r t h , r e f l e x a c t i o n s r e l a t i v t o 18 

— r e f e r e n c e , o t o l i t h - d e t e c t e d 115 

, v i s i o n - d e t e c t e d 1 1 5 

e c c e n t r i c g a z e p o s i t i o n s 5 8 9 

— r o t a t i o n 2 9 9 

E - e f f e c t , see Mül ler -e f f e c t 

E E G , a n g u l a r a c c e l e r a t i o n s a n d 362 

— a n d n y s t a g m u s 3 6 2 

e f f e rent v e s t i b u l a r s y s t e m 2 8 5 

e g o c e n t r i c o r i e n t a t i o n a b i l i t y 91 

— p o s i t i o n i n g o f t h e l i n e r e l a t i v e t o t h e b o d y 

9 5 

E i n s t e i n ' s e q u i v a l e n c e p r i n c i p l e 1 0 3 , 104 

e l a s m o b r a n c h s , c a n a l r e s p o n s e s 5 0 2 , 5 0 8 , 

5 0 9 , 5 1 0 , 5 5 2 

— , o t o l i t h r e s p o n s e s 5 1 9 

— , v e s t i b u l a r r e c e p t o r s 2 8 4 

e l a s t i c i t y o f t h e c u p u l a 5 0 6 , 5 0 8 

e l e c t r i c s t i m u l a t i o n a n d v e r t i g o 4 3 8 

e l e c t r o b a s o m e t e r , f o r c e p l a t e s - 3 5 9 

e l e c t r o n y s t a g m o g r a p h y 2 0 0 

e l e c t r o o c u l o g r a m 199 , 2 0 0 

e l e v a t o r , m o t i o n s i c k n e s s 391 

— i l l u s i o n 2 6 2 

e l l i p s e o f u n c e r t a i n t y , h e a d - u p p o s i t i o n 8 9 

e m e s i s 3 9 6 , 4 0 1 

e m o t i o n a l p r o c e s s e s , c e r e b e l l u m i n 126 

e n c e p h a l i t i s , s q u a r e - w a v e j e r k s 2 1 2 

— a n d v e r t i g o 4 3 9 , 4 4 2 

— , v i r a l , a n d o c u l a r m y o c l o n u s 2 1 3 

e n c e p h a l o p a t h y , c e r e b e l l a r 2 1 3 

e n d o l y m p h 14 

— , d e n s i t y o f 2 8 5 , 5 5 2 , 5 5 3 

— , p r o t e i n c o n t e n t o f 5 6 2 

— , r e d i s t r i b u t i o n o f 2 8 8 

— , s p e c i f i c g r a v i t y o f 16 , 3 0 3 



6 5 4 S u b j e c t I n d e x 

e n d o l y m p h , v i s c o s i t y o f 5 0 7 , 5 6 2 

— d i s p l a c e m e n t 5 0 2 , 5 5 2 

— flow, u t r i c u l o p e t a l a n d u t r i c u l o f u g a l 4 5 3 

— p r e s s u r e , p a t h o l o g y 5 6 2 

e n d o l y m p h a t i c c a v i t y , h y d r o p s i n 5 6 1 

— fluids 5 6 2 

— s y s t e m s , m o d e l o f c a n a l w i t h 2 8 9 

e n d o l y m p h a t i c u s s a c 5 6 1 , 5 6 2 

e o s i n o p h i l s , c o n t e n t d u r i n g m o t i o n s i c k n e s s 

4 0 1 

e p h e d r i n a n d m o t i o n s i c k n e s s 4 0 2 

e p i l e p s y , p e t i t m a l - 2 1 5 

— , t e m p o r a l l o b e - 196 

e p i l e p t i c n y s t a g m u s 2 1 5 

— v e r t i g o 196 , 4 3 9 , 4 4 1 

e q u i l i b r i u m , l a b i l e 168 

— , p o s t u r a l 2 3 4 , 2 5 0 , 2 6 1 , 3 3 3 , 3 4 6 

— , — , b i b l i o g r a p h y o f 3 5 2 

— , f u n c t i o n o f l a g e n a 5 5 9 

— i n l u n a r w a l k 2 5 4 

— , m a i n t e n a n c e o f 2 5 0 

— , o r g a n s o f 4 9 5 

— r e s p o n s e s , p o s t u r a l 156 

e q u i v a l e n c e , o p t i c - v e s t i b u l a r 177 

— p r i n c i p l e , E i n s t e i n ' s 1 0 3 , 104 

e q u i v a l e n t s i g n a l s 1 7 7 , 178 

e r e c t p o s i t i o n , t h r e s h o l d s 8 2 

E r h o l u n g s n y s t a g m u s 4 8 4 

e r r o r c o r r e c t i o n 179 

— d e t e c t i o n 179 

e r r o r s , c o m p e n s a t o r y 160 

e s t i m a t i o n o f a n g u l a r d i s p l a c e m e n t 4 4 , 4 9 , 

5 1 

— o f l i n e a r d i s p l a c e m e n t 106 

— o f p l a n e o f t h e u t r i c l e 9 8 

— o f b o d y t i l t 8 3 

— o f v e r t i c a l i t y 8 3 , 8 4 

e v a l u a t i o n o f c a l o r i c r e s p o n s e s 2 2 0 , 221 

E w a l d i a n ce l l s 2 8 6 , 2 8 8 

E w a l d ' s l a w 4 3 0 , 4 7 2 , 5 1 4 

e x c i t a t i o n a n d n y s t a g m u s 3 6 2 

e x c i t e m e n t , v e s t i b u l a r r e s p o n s e s t o 3 6 1 , 

3 6 2 

e x p l o r a t i o n o f s p a c e 251 

e x t e n s o r p l a s t i c i t y 5 8 5 

— t o n u s 2 6 8 

e x t e r n a l c o m p e n s a t i o n 159 , 174 

— o p h t h a l m o p l e g i a 2 7 5 

— s p a t i a l r e f e r e n c e s y s t e m 241 

e x t r a o c u l a r m u s c l e p a l s i e s 2 1 5 

— n e r v e p a l s y 2 1 5 

e x t r a p e r s o n a l s p a c e , p e r c e p t i o n o f 2 3 8 , 261 

e y e , see a l s o o c u l a r 

— d e v i a t i o n s , p e n d u l a r 2 1 1 , 2 1 2 

— d i s e a s e , A l a n d 211 

— field, f r o n t a l , f u n c t i o n o f 5 8 6 , 5 9 2 , 611 ff 

— fits, t o n i c 2 1 5 

e y e - h a n d c o o r d i n a t i o n 6 1 2 

— - h e a d - b o d y i n c o o r d i n a t i o n 6 1 2 

— m o v e m e n t s , see a l s o n y s t a g m u s , s a c c a d e s 

, a b n o r m a l 2 3 9 

, c l o n i c u p w a r d 2 1 5 

, c o m p e n s a t o r y 2 2 5 , 2 3 4 

, i n v o l u n t a r y 197 

, i n v o l u n t a r y s p o n t a n e o u s , i n b l i n d -

ness 2 1 0 

, n o n n y s t a g m i c 2 1 2 

, p u r s u i t 199 

, — , s m o o t h 1 9 9 , 2 1 5 , 2 1 6 , 2 1 9 , 5 8 7 , 

5 8 8 

, r a p i d 3 6 2 

, r o t a t o r y 2 0 2 

, s a c c a d i c 2 1 6 , 5 9 0 , 5 9 1 , 6 0 0 

, s e e s a w 2 0 3 

, s p o n t a n e o u s , a n d m y o r h y t h m i a 2 1 3 

, v e s t i b u l a r 2 0 1 

, v i s u a l g u i d e d 2 1 5 , 2 1 7 

, v o l u n t a r y 6 0 0 , 601 

, — , i n b l i n d n e s s 2 1 1 

a n d a n g u l a r o s c i l l a t i o n i n t h e y a w 

3 1 3 

, d i s o r d e r o f 5 8 3 

, e x t r a o c u l a r m u s c l e a f f é rents 5 8 6 

i n fish 5 6 0 

a f t e r l a b y r i n t h e c t o m y 4 5 1 

a f t e r n e u r o t o m y o f t h e V I I I n e r v e 

4 5 1 

, s e e i n g d u r i n g 130 

— m u s c l e s 5 8 8 

, n u c l e i f o r 4 3 9 

, p r o p r i o c e p t i v e f e e d b a c k f r o m 5 9 9 

a f férents , p r o j e c t i o n t o t h e c e r e b e l l a r 

c o r t e x 5 9 8 

s t r e t c h 5 8 6 

— p o s i t i o n i n b l i n d m a n 5 8 7 

, o p t o k i n e t i k a n d v e s t i b u l a r r e g u l a t i o n 

o f 197 

, s t a b i l i z a t i o n o f 194 , 5 8 7 

c o n t r o l , n e u r a l m e c h a n i s m s o f 5 8 8 

— p o s t u r e s , v e s t i b u l a r s t a b i l i z a t i o n o f 5 8 3 , 

5 8 5 , 5 8 7 , 5 8 8 

— t r a c k i n g , p r e d i c t i v e 5 8 9 

f a i n t i n g fits a n d v e r t i g o 4 4 3 

f a l l , a c c e l e r a t e d f ree 5 5 5 

f a s t i g i a l n u c l e i 4 7 9 

f a t i g u e a n d v e s t i b u l a r r e s p o n s e s 3 6 1 , 369 

f e a r o f h e i g h t s 195 

— r e a c t i o n 1 2 5 , 131 

f e e d - b a c k , o p t i c a l 169 

— , p r o p r i o c e p t i v e , f r o m e y e m u s c l e s 599 

— , v i s u a l 5 8 7 

— a u t o c o m p e n s a t i o n 176 

— c o m p e n s a t i o n 1 7 3 , 176 
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f e e d - f o r w a r d c o m p e n s a t i o n 173 , 174 

f e n e s t r a t i o n o p e r a t i o n s 4 3 0 

F e r r i s w h e e l e f fec t 1 1 2 , 1 1 3 , 5 4 5 , 5 4 8 , 5 5 0 , 

5 6 7 

fiber c o n n e c t i o n s b e t w e e n c e r e b r a l c o r t e x , 

c e r e b e l l u m a n d b a s a l g a n g l i a 6 0 2 

field, see f o r c e - f i e l d , v i s u a l field 

— f o r c e s , i n e r t i a l 2 3 6 

— p o t e n t i a l s , v e s t i b u l a r n u c l e i 4 5 9 

fighter p i l o t s 3 7 9 

figure s k a t e r s a n d n y s t a g m u s 3 7 6 , 3 7 7 , 3 7 9 

filter, h i g h - p a s s 5 3 6 

— , l o w - p a s s 5 3 6 , 5 6 2 

— m e c h a n i s m 172 

filtering p r o c e s s , o t o l i t h o r g a n s 5 3 6 

finger-nose t e s t 2 7 1 , 6 0 8 

finish-horizontal m o d e of r o t a t i o n t e s t 3 4 2 

— - v e r t i c a l m o d e o f r o t a t i o n t e s t 3 4 2 

fish, b e h a v i o r a n d v e s t i b u l a r o r g a n s 5 5 8 ff 

— , c o m p e n s a t i o n o f l a b y r i n t h i n e l e s i o n s 

4 6 6 , 4 7 2 

— , d o r s a l l i g h t r e a c t i o n s 1 7 8 , 180 

— , e y e m o v e m e n t s 5 6 0 

— , f r e q u e n c y o f c a n a l s t i m u l a t i o n 5 0 8 

— , i n v e r t e d p o s i t i o n 5 5 5 

— , o c u l a r c o u n t e r r o l l i n g 5 2 6 

— , o t o l i t h i c ce l l s 5 2 3 

— , o t o l i t h o r g a n s 1 6 5 , 5 1 7 , 5 1 9 , 527 

— , p o s i t i o n a l t e s t s 2 8 4 

— , s e m i c i r c u l a r c a n a l r e s p o n s e s 5 0 2 , 5 0 8 , 

5 0 9 , 5 1 0 , 5 1 4 , 5 5 2 

— , v e s t i b u l a r n e r v e 607 

— , v e s t i b u l a r o r g a n s 4 9 6 , 5 5 8 

fixation, v i s u a l 2 2 2 

— , c e n t r a l r e g u l a t i o n o f 211 

— n y s t a g m u s 196 , 1 9 8 , 199 , 2 0 8 , 2 0 9 , 2 1 0 , 

5 8 7 

flexion p a r a p l e g i a 5 8 5 

flexor t o n u s 2 6 8 

flight, a e r o s p a c e - 3 9 8 , 4 0 0 , 4 0 1 , 4 0 2 

— , o r b i t a l 2 3 7 , 2 5 4 , 298 

— , p a r a b o l i c 1 0 3 , 2 3 5 , 2 3 7 , 2 5 2 , 2 5 4 , 2 9 8 , 

3 0 4 , 4 1 6 , 5 5 5 , 5 5 6 

— , s p a t i a l d i s o r i e n t a t i o n i n 281 

— p e r s o n n e l 104 

flocculo-nodular c o n n e c t i o n s 126 

— l o b e 126 , 5 9 0 

, i n h i b i t o r y f u n c t i o n o n v e s t i b u l a r 

o r g a n s 4 2 6 

flocculus 115 , 1 1 6 , 126 

floor s t a n d i n g t e s t s 3 5 3 

— w a l k i n g t e s t 3 5 3 

f o r c e e n v i r o n m e n t , m a n i p u l a t i o n of 2 3 5 

, e f f e c t i v e , i n a n e a r - w e i g h t l e s s v e h i c l e 

2 3 6 

— field o n t h e b o d y , c h a n g e o f 87 

o n t h e h e a d , c h a n g e o f 87 

f o r c e field d e p e n d e n c e 1 1 0 

m a g n i t u d e 9 7 , 101 

— p l a t e s e l e c t r o b a s o m e t e r 3 5 9 

f o r c e s , a g r a v i t o i n e r t i a l 2 3 6 , 2 3 7 

— , c e n t r i f u g a l 165 

— , g r a v i t a t i o n a l 2 3 6 

— , g r a v i t o i n e r t i a l 2 3 6 , 2 3 7 , 2 4 7 , 2 6 1 

— , i n e r t i a l i m m a n e n t 2 3 6 

f o r e b r a i n , r e l a t i o n t o v e s t i b u l o - r e t i c u l o - c e r e -

b e l l a r s y s t e m 5 9 9 

— l e s i o n s 2 1 5 , 2 1 6 , 2 1 8 , 2 2 2 , 2 2 8 , 4 7 5 

f o r m a t i o r e t i c u l a r i s , see r e t i c u l a r f o r m a t i o n 

f o u r - p o l e s w i n g 2 3 4 

f o v e a 5 8 7 , 5 9 9 

f o v e a l fixation 5 8 7 

— s m o o t h p u r s u i t e y e m o v e m e n t s 5 8 7 

— v i s i o n , a n o m a l y o f 2 0 8 

f o v e a t e a n i m a l s , n y s t a g m u s i n 5 9 4 

F r e n z e l ' s g lasses a n d n y s t a g m u s 1 9 8 , 1 9 9 , 

2 0 0 , 2 0 1 , 2 0 2 , 2 0 4 , 2 2 1 , 4 8 3 

f r e q u e n c y o f s t i m u l a t i o n o f fish c a n a l s 5 0 8 

— , n a t u r a l , o f c a n a l s y s t e m 3 3 

— , — , o f c u p u l a - e n d o l y m p h s y s t e m 3 1 

— , — , o f t h e s a c c u l u s 7 0 

— r e s p o n s e o f t h e u t r i c l e 71 

f r i c t i o n , i n t e r n a l , o f t h e g e l a t i n o u s s u b s t a n c e 

7 0 

F r i e d r e i c h ' s a t r o p h y 5 9 8 

f r o g , c o m p e n s a t i o n o f v e s t i b u l a r l e s i o n s 

4 6 6 , 4 6 7 , 4 7 3 , 4 7 5 , 4 8 0 

— , w i t h e x t i r p a t e d c a n a l s 5 4 3 

— , p r i m a r y a f f e r e n t n e u r o n s a n d l i n e a r 

a c c e l e r a t i o n 2 8 4 

f r o n t a l a p h a s i a 6 1 4 

— e y e field 5 8 6 , 5 9 2 , 611 

— l e s i o n s , Mül l e r e f fec t a f t e r 9 4 

— l o b e s y n d r o m e 6 1 4 

f r o n t o p a r i e t a l l e s i o n s , M ü l l e r e f fec t a f t e r 9 4 

f u n c t i o n g e n e r a t o r 5 9 9 , 6 0 2 , 6 0 3 , 6 1 3 

g a l v a n i c m e t h o d s , a t a x i a 3 5 9 

— n y s t a g m u s 2 2 0 

— s t i m u l a t i o n 2 2 0 , 2 7 0 , 2 7 2 

— t e s t s , c l i n i c a l v a l u e o f 4 3 5 

g a m m a - m o t o n e u r o n s 4 7 9 

s p i n d l e l o o p s 4 7 9 

g a n g l i a , b a s a l , see b a s a l g a n g l i a 

g a s t r i c m o t i l i t y d u r i n g m o t i o n s i c k n e s s 4 0 0 

— u l c e r a n d v e r t i g o 4 3 8 

g a s t r i t i s a n d v e r t i g o 4 3 8 

g a s t r o i n t e s t i n a l e f fects a n d m o t i o n s i c k n e s s 

4 0 0 

g a z e , c o n j u g a t e 2 1 5 

— a p r a x i a 217 

— c e n t e r s , s u b c o r t i c a l 2 1 6 

— n y s t a g m u s 1 9 6 , 198 , 1 9 9 , 2 1 4 , 2 1 6 , 2 1 9 , 

5 8 7 , 6 0 5 
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g a z e p a r a l y s i s 2 1 5 

, h o r i z o n t a l 2 1 6 

, v e r t i c a l 2 1 7 

— p a r e s i s 2 1 8 , 5 9 6 

— p o s i t i o n s , e c c e n t r i c 5 8 9 

— , h y s t e r i c a l p s e u d o p a l s y o f 2 1 5 

g e l a t i n o u s s u b s t a n c e , f r i c t i o n o f 7 0 

g e n e r a t o r , f u n c t i o n - 5 9 9 , 6 0 2 , 6 0 3 , 6 1 3 

g e o m e t r i c d i s p l a c e m e n t 134 

G e r l i e r ' s d i s e a s e a n d v e r t i g o 4 3 8 , 441 

G i b s o n t e x t u r e g r a d i e n t s 172 

g l a s s m o d e l a n d m o t i o n s i c k n e s s 4 0 8 

g l a u c o m a , l a b y r i n t h i n e 561 

g l e v e l , i n c r e a s i n g 2 4 4 

— l o a d i n g , i n c r e a s e d 2 5 9 

g l u c o s e , c o n t e n t d u r i n g m o t i o n s i c k n e s s 401 

g o a l - d i r e c t e d m o v e m e n t s 5 8 3 

g o n i o m e t e r s 3 5 7 

g r a d i e n t f o r r e t i n a l texture d e n s i t y 1 6 8 

g r a n u l a r ce l l s i n c e r e b e l l a r c o r t e x 6 0 3 , 6 0 5 

g r a v i r e c e p t o r i n p u t s , c o n v e r g e n c e o f 2 8 7 

— s t i m u l a t i o n , c a n a l r e s p o n s e s t o 2 9 5 

g r a v i r e c e p t o r s , g e n e r a l l y d i s t r i b u t e d 2 8 2 

— , n o n v e s t i b u l a r 2 8 2 

— of o t o l i t h o r g a n s 2 8 2 

— , s o m a t e s t h e t i c 2 8 2 , 2 8 3 

— , v e s t i b u l a r 2 8 2 

— a n d h a b i t u a t i o n 381 

g r a v i t a t i o n a l a c c e l e r a t i o n 2 8 7 , 2 9 1 , 5 4 2 

, e f fec t o n r e s p o n s e s t o r o t a t i o n 291 

a n d l a t e r a l c a n a l s 2 9 2 

, s e n s a t i o n o f 4 1 7 

— f o r c e s 2 3 6 

a n d o c u l a r c o u n t e r r o l l i n g 2 3 9 

— s t i m u l u s a n d o t o l i t h a c t i v i t y 241 

— v e r t i c a l 2 6 1 , 2 8 3 

g r a v i t o i n e r t i a l f o r c e e n v i r o n m e n t s , u n n a t u r a l 

257 

— f o r c e s 2 3 6 , 2 3 7 , 2 4 7 , 261 

— h o r i z o n t a l 2 4 7 , 2 4 8 

— v e r t i c a l 2 4 5 , 2 5 2 

— u p r i g h t 2 4 7 , 2 5 5 

g r a v i t y , a b s e n c e o f 2 5 2 , 2 5 4 

— , c o n s t a n t s t i m u l u s o f 2 5 9 f 

— , c u p u l a d e f l e c t i o n b y 2 9 4 

— , l u n a r s t a n d a r d o f 2 4 0 , 2 5 4 , 2 5 5 

— , m e a s u r e m e n t o f 4 9 9 

— , o r i e n t a t i o n t o 16 , 2 9 3 , 3 0 5 , 3 0 9 

— , o t o l i t h r e s p o n s e t o 5 2 7 , 5 3 3 

— , p o s i t i o n r e l a t i v e t o 18 , 6 8 

— , s p e c i f i c , o f c u p u l a 2 8 5 

— , — , o f e n d o l y m p h 16 , 3 0 3 

— , — , o f o t o l i t h s 16 

— , t i l t e d r e l a t i v e t o 9 6 

— , z e r o - , see w e i g h t l e s s n e s s 

d e p e n d e n t o t o l i t h s i g n a l s 5 6 3 

g r a v i t y - o r i e n t a t i o n i n f o r m a t i o n , o t o l i t h s y s -

t e m 1 0 5 

G r u n d d r e h u n g 4 6 9 

g u i d a n c e s y s t e m , i n e r t i a l 4 9 4 , 4 9 5 , 5 6 4 

g u i n e a p i g , c o m p e n s a t i o n o f v e s t i b u l a r l e s i o n s 

4 6 9 , 4 7 0 , 4 7 3 , 4 7 4 , 4 7 6 , 4 7 8 , 4 7 9 , 4 8 0 

g y r o s c o p e 4 9 8 

g y r u s , p o s t c e n t r a l 8 

h a b i t u a t i o n 3 6 2 , 3 6 9 , 3 8 2 

— , a t t e n t i o n - 1 3 5 , 1 3 6 

— , c a l o r i c 3 7 2 , 3 7 3 

— , p s y c h o l o g i c a l 3 6 6 

— , s i t u a t i o n a l 3 6 6 

— , v e s t i b u l a r 1 3 0 , 1 3 4 f f , 3 6 1 ff 

— , v e s t i b u l a r s e n s a t i o n - 4 2 5 , 4 2 6 

— f r o m c a l o r i c t o r o t a t o r y s t i m u l a t i o n 3 7 3 

— , c a n a l r e s p o n s e s a f t e r 132 

— , c e n t r a l f a c t o r s o f 3 8 1 

— t o c o n s t a n t r o t a t i o n 3 4 2 

— t o C o r i o l i s s t i m u l a t i o n 3 7 7 , 382 

— of C o r i o l i s v e s t i b u l a r r e s p o n s e s 3 8 0 

— , n y s t a g m u s - 1 3 1 , 1 3 4 , 3 6 1 , 3 7 0 , 3 7 4 

— , o c u l o m o t o r r e s p o n s e s a f t e r 133 

— t o s e a - s i c k n e s s 4 1 0 

— o f t u r n i n g s e n s a t i o n 1 3 4 , 379 

— , r o o m i l l u m i n a t i o n d u r i n g 379 

— of v e s t i b u l a r r e s p o n s e s a n d v i s u a l s t i m u l i 

3 6 9 ff 

h a i r c e l l s , s e m i c i r c u l a r c a n a l s 515 

i n t h e u t r i c l e 6 9 

H a l l p i k e ' s n y s t a g m u s 4 3 9 

h a l l u c i n a t i o n s 4 3 2 

— of r o t a t i o n 4 2 9 , 4 3 3 

haltères o f i n s e c t s 5 0 0 

h a n d m o v e m e n t s , g o a l - d i r e c t e d 612 

, v i s u a l l y g u i d e d , a t a x i a of 218 

h a u n t e d s w i n g i l l u s i o n 1 1 9 , 160 , 179 

h e a d , f o r c e field o n 8 7 

— , i l l u s o r y r o t a t i o n o f 5 5 7 

— , o r i e n t a t i o n t o g r a v i t y a n d o t o l i t h s y s t e m 

16, 5 3 7 

— , r o t a t i o n o f 121 

— , s t i m u l u s v e c t o r r e l a t i v e t o - 16 

— , v e s t i b u l o s p i n a l r e a c t i o n s i n 269 

— a x e s 10 , 5 3 7 

fixed c o n d i t i o n s d u r i n g h a b i t u a t i o n 371 

o r i e n t a t i o n t o t h e v e r t i c a l 537 

— - free c o n d i t i o n s d u r i n g h a b i t u a t i o n 371 

— i n c l i n a t i o n 1 7 2 , 1 7 6 , 177 

— m o v e m e n t s 1 2 1 , 1 2 3 , 1 2 4 , 1 9 7 , 5 3 7 , 5 3 8 , 5 3 9 

, c a l o r i c s t i m u l a t i o n 2 6 9 

, d i s o r i e n t a t i o n b y 5 5 6 

a n d m o t i o n s i c k n e s s 5 5 8 

a n d n y s t a g m u s r e d u c t i o n 377 

d u r i n g r o t a t i o n 3 8 1 

— p l a n e s 10 
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h e a d p o s i t i o n , r e g u l a t i o n o f 211 

o t h e r t h a n v e r t i c a l 2 0 4 , 537 

— r e t u r n 1 2 2 

s h a k i n g t e s t 2 0 0 , 2 0 1 , 2 0 4 

— t i l t 1 5 9 , 1 7 2 , 182 

, l a t e r a l 122 

, c a n a l r e s p o n s e s d u r i n g 132 

— t r a u m a 2 0 3 , 2 0 4 

— t r e m o r 2 0 8 

— - t u r n i n g v e r t i g o 196 

— - u p j u d g e m e n t s 8 9 

p o s i t i o n , e l l i p s e o f u n c e r t a i n t y 8 9 

h e a d a c h e , o c c i p i t a l 1 9 5 , 2 0 6 

— a n d v e r t i g o 4 3 9 

h e a r i n g i m p a i r m e n t , v e r t i g o w i t h 4 4 1 

— l o s s 1 9 5 , 1 9 6 

h e a r t r a t e a n d m o t i o n s i c k n e s s 3 9 5 

h e m i a n o p s i a 2 1 5 , 2 1 8 

— , h o m o n y m o u s 2 1 7 , 2 1 8 

h e m i l a b y r i n t h e c t o m y 4 5 2 , 4 5 3 , 4 5 4 

h e m i n e g l e c t 2 1 5 

h e m i s p h e r e c t o m y i n a n i m a l s 4 7 6 

h e m i s p h e r i c l e s i o n s , s u b c o r t i c a l 2 1 8 , 2 2 2 

, u n i l a t e r a l 2 1 7 

h e n , n y s t a g m u s 3 7 3 , 3 7 8 

h e r e d i t a r y d e a f n e s s 4 3 6 

h e r e d i t y o f n y s t a g m u s 211 

h e t e r o c o m p e n s a t i o n 1 6 6 , 169 

— , v e s t i b u l a r 165 

h i g h e r c e n t e r c o m m a n d s 251 

h i s t o r y , c l i n i c a l , o f v e r t i g o 194 , 197 

H ö h e n s c h w i n d e l 195 

h o l d i n g f u n c t i o n , c e r e b e l l a r 6 0 4 

o f v e s t i b u l a r s y s t e m 5 8 3 , 6 0 3 , 6 0 6 

— t r e m o r 2 1 1 , 2 2 7 , 6 0 5 , 6 0 6 , 6 0 9 

h o m e o s t a s i s , p o s t u r a l , t o t h e r o t a t i n g e n -

v i r o n m e n t 3 4 2 

h o m i n g 156 

h o r i z o n t a l , a p p a r e n t 162 , 2 4 1 , 5 5 8 

— , g r a v i t o i n e r t i a l 2 4 7 , 2 4 8 

— , v i s u a l 8 6 

— , p e r c e p t i o n o f 91 

— a c c e l e r a t i o n a t l u n a r s t a n d a r d s of g r a v i t y 

255 

— a c c e l e r a t o r s 106 

— c a n a l s , v e s t i b u l a r n e u r o n s o f 4 5 4 

— g a z e p a r a l y s i s 2 1 6 

— l i n e a r a c c e l e r a t i o n , s u s t a i n e d 7 9 , 107 

o s c i l l a t i o n 8 3 , 3 1 5 

— n y s t a g m u s 2 0 3 , 2 0 7 , 3 0 3 , 4 8 3 , 5 9 0 

h o r i z o n t a l i t y , d i r e c t i o n a l cues f o r 169 

h u m a n c e n t r i f u g e 8 3 , 9 5 , 2 3 5 , 2 3 9 , 2 5 9 , 3 9 2 , 

4 1 6 

h y d r o p s , l a b y r i n t h i n e 4 3 8 , 4 3 9 , 561 

h y o s c i n e 3 6 4 

h y p e r g r a v i c f o r c e s 2 4 0 

h y p e r m e t r i a 6 0 4 

h y p e r p h o r i a 2 0 7 

h y p e r s a l i v a t i o n d u r i n g m o t i o n s i c k n e s s 3 9 9 

h y p e r s e n s i t i v i t y t o m o t i o n s i c k n e s s 4 0 7 , 

4 0 8 

h y p e r v e n t i l a t i o n a n d m o t i o n s i c k n e s s 3 9 7 , 

4 0 0 

h y p n o s i s , a n i m a l 3 6 2 

— a n d n y s t a g m u s s u p p r e s s i o n 3 6 5 

h y p o c a p n o e a a n d m o t i o n s i c k n e s s 397 

h y p o m e t r i a o f s a c c a d e s 5 9 6 , 5 9 8 , 604 

h y p o t e n s i o n , o r t h o s t a t i c 3 9 8 

h y p o t h a l a m i c l e s i o n s 6 1 3 

— s t i m u l a t i o n 6 1 3 

h y p o t h a l a m u s 6 1 2 

h y s t e r e s i s i n t h e c u p u l a 4 1 9 

i l l u s i o n , a u d i o g y r a l 4 3 2 

— of b o d y m o v e m e n t s 5 6 3 

— , C o r i o l i s 5 5 3 ff 

— , e l e v a t o r 2 6 2 

— of f a l l i n g f o r w a r d 5 2 7 

— , f e r r i s w h e e l 1 1 2 , 1 1 3 , 5 4 5 , 5 4 8 , 5 5 0 , 5 6 7 

— , h a u n t e d s w i n g 119 

— , i n v e r s i o n - 2 5 4 , 2 6 2 , 5 5 5 , 5 5 6 

— of a m a g n i t u d e 557 

— , o c u l o g r a v i c 7 2 , 7 5 , 9 5 , 1 0 0 , 104 , 1 2 5 , 

1 6 5 , 2 3 4 , 2 4 5 , 2 5 2 , 2 5 7 , 2 5 9 , 2 6 2 , 4 1 6 , 5 4 2 , 

5 4 7 , 5 5 1 , 5 5 6 , 5 5 8 , 5 6 2 , 5 6 3 

— , o c u l o g y r a l 2 2 , 2 9 9 , 3 3 9 , 3 8 0 , 4 1 6 , 4 2 9 , 

4 3 2 

— , o p t o g y r a l 2 2 

— , s o m a t o g r a v i c 104 

i l l u s o r y a c c e l e r a t i o n 5 4 3 , 5 4 8 , 5 5 7 , 561 

— d i r e c t i o n o f t h e v e r t i c a l 5 5 6 

— l i n e a r s e n s a t i o n 5 6 3 

— r o t a t i o n o f t h e h e a d 5 5 7 

— s e n s a t i o n s o f m o v e m e n t 5 4 0 

i m a g e v e l o c i t y a n d v i s u a l a c u i t y 128 , 129 

i m b a l a n c e o f v e s t i b u l o - o c u l o m o t o r i n n e r -

v a t i o n 4 5 3 

i m m e r s i o n i n l i q u i d s 87 

— i n " p o l y c e l l " c e l l u l o s e p a s t e 87 

— i n w a t e r 8 7 , 8 9 , 9 0 , 9 1 , 9 2 , 9 3 , 9 6 , 1 1 2 , 

2 3 4 , 2 3 5 , 2 4 7 , 2 4 8 , 2 5 9 , 5 4 4 , 5 4 5 

i m p u l s e , a n g u l a r 2 0 , 1 2 1 , 122 

— , a n g u l a r v e l o c i t y 2 0 

— s t i m u l i 21 

i n a b i l i t y t o s t a n d 195 

— t o w a l k 195 

i n a t t e n t i o n t o v i s u a l s t i m u l i 6 1 2 

i n c l i n a t i o n , b o d y - 181 

— , h e a d - 1 7 2 , 1 7 6 , 177 

— , p e r c e i v e d 9 8 

— , p o s t r o t a t o r y 2 7 6 

— , s u b j e c t i v e 9 8 

— , s w a y i n g 2 7 6 

— , u p h i l l 97 

42 Hb. Sensory Physiology, Vol. VI/2 



658 S u b j e c t I n d e x 

i n c o n g r u i t y o f e q u i v a l e n t s i g n a l s 178 

— , o p t i c - v e s t i b u l a r 178 

i n d i c a t i o n t i m e 7 2 

i n d i c a t o r o f p o s i t i o n 5 2 0 

i n d i v i d u a l d i f f e r e n c e s i n r e a c t i o n s t o d i s -

c o r d a n t s t i m u l i 126 

i n d u c e d m o v e m e n t 1 7 2 , 177 

— n y s t a g m u s 2 0 2 , 2 1 2 , 2 7 5 , 3 2 2 

— s w a y 251 

— v e s t i b u l a r r e s p o n s e s 2 2 0 

i n d u c t i o n , d i r e c t i o n a l 160 , 1 7 8 , 182 

— ef fect 181 

i n e r t i a l field f o r c e s 2 3 6 

— f o r c e s , i m m a n e n t 2 3 6 

— g u i d a n c e s y s t e m 4 9 4 , 4 9 5 , 5 6 4 

— n a v i g a t i o n , b a s i c p r i n c i p l e s o f 4 9 8 

, t h r e e - d i m e n s i o n a l 4 9 9 

s y s t e m 4 9 6 , 5 1 6 

— s y s t e m , b a s i c c o m p o n e n t s o f 5 0 0 

, t h r e e - d i m e n s i o n a l case o f 4 9 9 

— v e c t o r , c h a n g e i n 5 6 2 

i n f e c t o u s d i s e a s e s a n d v e r t i g o 4 3 8 

i n f e r i o r o l i v e a n d s p o n t a n e o u s e y e m o v e m e n t s 

2 1 3 

i n f l u e n z a , s p a s m s i n - 2 1 5 

i n f o r m a t i o n , a n g u l a r v e l o c i t y 112 

— , c h a n g e - i n - p o s i t i o n - 18 , 9 0 , 112 

— , t a c t i l e 164 

— , v e s t i b u l a r , c o g n i t i v e a w a r e n e s s o f 1 3 5 

— c o n t e n t 57 

— flow d i a g r a m o f v o l u n t a r y a c t i o n s 6 0 2 , 

6 1 3 

— t h e o r y a n d s u b j e c t i v e a n g u l a r v e l o c i t y 

5 6 

i n h i b i t i o n o f c a l o r i c n y s t a g m u s 2 2 2 

— , c e r e b e l l a r 4 5 3 

— , c o m m i s s u r a l 4 5 9 

— , c o n t r a l a t e r a l , o f t y p e I v e s t i b u l a r n e u r o n s 

4 5 9 

— , S c h i f f - S h e r r i n g t o n - 481 

— o f v i s u a l m o t i o n p e r c e p t i o n 197 

i n n e r v a t i o n , p a r a s y m p a t h e t i c 4 0 0 

— , v e s t i b u l o - o c u l o m o t o r 4 5 3 

i n p u t o f a c c e l e r a t i o n , s i n o s u i d a l 5 2 3 

, s t e p - 5 2 3 

— , l a b y r i n t h i n e 87 

— , s e n s o r y , see s e n s o r y i n p u t s 

— , s o m a t o s e n s o r y 8 6 , 8 7 , 8 9 

— , v i s u a l 8 6 

i n s e n s i t i v i t y o f t h e p o s i t i o n sense 8 8 

i n s u f f i c i e n c y , c e r e b r o - v a s c u l a r 195 , 3 3 6 

— , v e r t e b r o b a s i l a r 1 9 5 , 1 9 6 , 2 0 7 , 2 2 8 

i n t e g r a t i n g a c c e l e r o m e t e r 5 0 3 , 5 2 0 , 5 3 0 

i n t e n s i t y o f n y s t a g m u s 201 

i n t e n t i o n t r e m o r 6 0 9 

i n t e r a c t i o n o f a n g u l a r a n d l i n e a r a c c e l e r a t i o n 

2 8 1 , 2 8 4 , 2 9 1 , 3 1 2 

i n t e r a c t i o n , c a n a l - o t o l i t h 1 2 1 , 2 5 6 

— , i n t r a v e s t i b u l a r 104 

— , n e u r o n - g l i a l c e l l s 5 6 6 

— , o p t i c - v e s t i b u l a r 1 7 7 , 1 8 5 

— , v i s u a l - v e s t i b u l a r 2 3 , 104 

— o f t i m e - v a r y i n g l i n e a r a c c e l e r a t i o n s a n d 

a n g u l a r a c c e l e r a t i o n s 3 1 2 

i n t e r f e r e n c e f u n c t i o n 1 5 8 

i n t e r f e r i n g v a r i a b l e 1 5 8 , 177 

i n t e r n a l c o m p e n s a t i o n 1 5 9 , 174 

— f r i c t i o n o f t h e g e l a t i n o u s s u b s t a n c e 7 0 

— p a l l i d u m 6 0 8 

— s p a t i a l r e f e r e n c e s y s t e m 241 

i n t e r n a l i s a t i o n o f a t t e n t i o n 261 

i n t e r s t i t i a l n u c l e u s 2 1 7 

i n t e r v e n i n g v a r i a b l e 1 5 8 , 1 6 0 

i n t e s t i n a l w o r m s a n d v e r t i g o 4 3 8 

i n t o x i c a t i o n e f fec ts 1 3 0 , 2 0 5 , 2 1 0 , 2 1 9 , 2 2 3 , 

2 2 9 , 4 3 8 , 4 4 1 

i n t r a c e r e b e l l a r n u c l e i 5 8 3 

i n t r a c r a n i a l d i s e a s e s 2 7 5 

i n t r a v e s t i b u l a r c o n f l i c t , v i s u a l v e r t i c a l d u r i n g 

107 

— i n t e r a c t i o n s 104 

i n t r o v e r s i o n - e x t r o v e r s i o n s c a l e s 110 

i n v e r s i o n i l l u s i o n 2 5 4 , 2 6 2 , 5 5 5 , 5 5 6 

— o f o p t o k i n e t i c n y s t a g m u s 2 0 8 , 2 1 9 

— p h e n o m e n o n 9 2 

i n v e r t e b r a t e s , c o m p e n s a t o r y m e c h a n i s m s i n 

4 6 5 

i n v e r t e d p o s i t i o n 8 2 , 5 5 5 

i n v o l u n t a r y e y e m o v e m e n t s 1 9 7 , 2 1 0 

— r e f l e x c o u n t e r - m o v e m e n t s 197 

i s c h e m i a o f t h e b r a i n s t e m 2 0 4 

i s c h e m i c d i s o r d e r s a n d v e r t i g o 4 4 0 

j e r k n y s t a g m u s 2 0 2 , 2 0 3 , 2 0 7 , 2 1 0 , 2 1 5 , 2 2 8 

j e r k s , c o a r s e fixation 2 1 2 

— , s q u a r e - w a v e 2 1 2 

j o i n t r e c e p t o r s 2 8 2 

j o i n t s , s e n s o r y i n p u t s f r o m 9 5 

— , i n t r a v e r t e b r a l , i n f o r m a t i o n f r o m 4 3 7 

j u d g e m e n t o f a n g u l a r d i s p l a c e m e n t 4 4 

— , h e a d - u p 8 9 

— o f p o s t u r a l p o s i t i o n s 9 0 

— o f v e r t i c a l i t y 8 4 

j u d g e m e n t s , m e a n , a c c u r a c y o f 8 4 

j u m b l i n g 4 3 9 

k e t o n e s , c o n t e n t d u r i n g m o t i o n s i c k n e s s 4 0 1 

k e y s y m p t o m s f o r t o p i c a l d i a g n o s i s 227 

k i n e s t h e s i a , T P K - r e c e p t o r s y s t e m 2 3 7 

k i n e s t h e s i s r e c e p t o r s 2 6 2 

k i n e s t h e t i c c u e s 1 6 3 , 5 2 7 

k i n e t i c t y p e I v e s t i b u l a r n e u r o n s 4 5 7 

k i n o c i l i a , u t r i c l e 17 , 5 1 8 

k i n o c i l i u m h a i r 5 1 7 
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K i p p d e v i a t i o n e n 2 1 2 

K ö r p e r d r e h r e f l e x e 2 7 2 

K ö r p e r n e i g u n g s r e f l e x e 2 7 2 

l a b y r i n t h , l o s s o f 5 8 2 

— b l e e d i n g a n d v e r t i g o 4 3 8 

— h y d r o p s a n d v e r t i g o 4 3 8 , 4 4 0 

— i n f l a m m a t i o n a n d v e r t i g o 4 3 8 

— m a l f u n c t i o n 164 

— t o n u s 4 6 4 

— t r a u m a 4 3 8 , 4 3 9 

l a b y r i n t h e c t o m y 3 0 9 

— a n d e y e m o v e m e n t s 4 5 1 

— a n d m o t i o n s i c k n e s s 6 0 7 

— , u n i l a t e r a l 2 3 5 

— , — , c o m p e n s a t i o n o f 4 6 4 , 4 8 3 

— , — , e f fect o n v e s t i b u l a r n e u r o n s 4 5 4 , 4 5 8 

— a n d v e r t i g o 4 3 7 

l a b y r i n t h i n e a r t e r y o c c l u s i o n 3 3 6 

d e f e c t i v e ( L D ) i n d i v i d u a l s 8 7 , 9 0 , 9 4 , 

9 5 , 114 , 2 3 9 , 2 4 0 , 2 4 2 , 2 4 7 , 2 4 8 , 2 5 1 , 2 5 9 , 

2 6 0 , 3 9 0 , 4 1 8 , 5 0 1 , 5 2 8 , 5 4 6 , 5 4 7 , 5 4 8 

a n d a t a x i a t e s t s 3 2 4 , 3 2 6 , 3 2 7 , 

3 2 9 , 3 3 0 , 3 3 1 , 3 3 3 , 3 3 5 , 3 3 6 , 3 4 4 , 3 4 5 , 3 4 6 , 

3 4 7 

— d e s t r u c t i o n 2 6 8 

, a c u t e 4 5 1 ff 

, c h r o n i c 4 5 1 ff 

, v e s t i b u l a r n e u r o n s a f t e r 4 5 1 ff 

— d i s o r d e r a n d v e r t i g o 4 3 8 

— d y s f u n c t i o n 87 

— fistula 2 0 6 , 4 3 7 

— f u n c t i o n , loss o f - 1 6 4 , 1 9 6 , 1 9 7 , 3 2 1 , 3 2 4 

, p a t h o l o g y o f 4 3 0 

, u n i l a t e r a l 8 7 , 164 

, m a n w i t h o u t 9 3 , 1 0 6 , 1 1 1 , 1 1 3 , 114 , 

3 1 0 

— g l a u c o m a 561 

— i n p u t s 8 7 

— l e s i o n s 1 9 5 , 196 , 2 0 3 , 2 0 6 , 4 5 2 , 4 6 3 f f 

, b i l a t e r a l 4 7 2 f 

, u n i l a t e r a l 4 6 5 f, 4 8 3 

, c o m p e n s a t i o n o f - i n m a n 4 8 2 ff 

— o r g a n s , t o n i c a c t i o n o f 4 5 2 

— p a t h o p h y s i o l o g y 4 6 3 

— r i g h t i n g r e f l e x e s 2 7 7 

— s i g n a l s 8 5 

— t i l t i n g r e f l e x e s 5 8 4 , 5 8 5 

l a b y r i n t h i t i s 2 7 6 

— a n d v e r t i g o 4 3 9 , 4 4 0 , 4 4 1 

l a b y r i n t h s , b l i n d s p o t o f 4 1 7 

— , e l e c t r i c a l s t i m u l a t i o n o f 2 2 0 

— , m a i n t e n a n c e o f e q u i l i b r i u m b y 7 

l a c t a t e , c o n t e n t d u r i n g m o t i o n s i c k n e s s 4 0 1 

l a g i n t h e p e r c e p t i o n o f t i l t 1 0 8 , 1 1 0 

— i n t h e p e r c e p t i o n o f t h e v i s u a l v e r t i c a l 

1 0 8 

l ag - e f f e c t s 8 2 

, o c u l o g r a v i c 7 5 , 1 0 7 , 1 0 9 , 125 

l a g e n a , fish - 5 5 9 

— , f u n c t i o n i n e q u i l i b r i u m 5 5 9 

L a g e - N y s t a g m u s 4 3 7 

L a g e r u n g s n y s t a g m u s 4 3 7 

l a m i n a q u a d r i g e m i n a s y n d r o m e 4 8 4 

l a t e n c y , s o m a t o g y r a l 2 7 , 2 8 

— , " t h r e s h o l d " - 3 0 

— o f v e s t i b u l a r r e s p o n s e 37 

l a t e n t n y s t a g m u s 1 9 8 , 2 0 7 , 2 1 1 , 2 1 9 

l a t e r a l g e n i c u l a t e n e u r o n s , v e s t i b u l a r i n -

fluence o n 1 3 0 

l a t e r a l - l i n e s t r e a m r e c e p t o r 6 0 7 

l a t e r o p u l s i o n 271 

l a t e r o t o r s i o n , c a l o r i c s t i m u l a t i o n 2 6 9 

— , M e n i e r e ' s d i s e a s e 2 6 9 

l a w , M u l d e r ' s 3 0 

— , S t e v e n s ' p o w e r 3 9 , 4 1 

L D , see l a b y r i n t h i n e d e f e c t i v e 

L - d o p a , o c u l o g y r i c s p a s m s 2 1 5 

l e a d e f fec t 111 

l e a r n i n g , h a b i t u a t i o n 3 8 2 

l e g h o r n s , n y s t a g m u s 3 7 3 , 3 7 8 

l e s i o n s o f a r e a 8 611 

— , a r t e r i o s c l e r o t i c 2 0 5 

— i n t h e b a s a l g a n g l i a 6 0 8 

— of t h e b r a i n s t e m 1 9 6 , 2 0 2 , 2 1 6 , 2 2 6 

— , b u l b a r 4 8 4 

— o f t h e c e r e b e l l a r n o d u l u s 2 0 5 

— of t h e c e r e b e l l a r n u c l e i 199 , 2 1 7 , 5 8 7 , 

6 0 5 

— , c e r e b e l l o - c o r t i c a l 5 8 9 , 6 0 5 

— of c e r e b e l l u m 2 2 6 , 2 2 8 

— , c e r e b r a l 162 

— of c e r v i c a l r o o t s 2 0 6 

— , c o l l i c u l a r 2 1 7 

— , c o r t i c a l 2 1 6 , 2 1 7 

— of t h e c o r t i c o f u g a l fibers 5 8 7 

— o f t h e d i e n c e p h a l o n 2 1 4 

— of t h e flocculo-nodular l o b e 5 9 0 

— o n t h e floor o f t h e f o r t h v e n t r i c l e 221 

— of t h e f o r e b r a i n 2 1 5 , 2 1 6 , 2 1 8 , 2 2 2 , 228 

— , f r o n t a l 9 4 

— , f r o n t o p a r i e t a l 9 4 

— , h y p o t h a l a m i c 6 1 3 

— , l a b y r i n t h i n e 1 9 5 , 1 9 6 , 2 0 3 , 2 0 6 , 4 5 2 , 

4 6 3 ff, 4 8 2 f 

— o f l o b u l e s V I a n d V I I 5 9 8 

— o f t h e M L F 2 1 4 , 2 2 8 

— o f t h e m e d u l l a o b l o n g a t a 2 0 2 

— of t h e o p t i c t r a c t 2 1 8 

— of t h e o r b i t a l c o r t e x 6 1 3 

— o f o t o l i t h s 2 0 6 

— i n t h e p a l l i d u m 6 0 8 

— o f p a r a v e r m i s 5 9 8 

— o f p o n t i n e t e g m e n t u m 2 0 3 , 2 1 7 

42* 
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l e s i o n s i n t h e p o s t e r i o r c o m m i s s u r e 2 1 7 

— o f t h e p o s t e r i o r f o s s a 2 0 5 

— of t h e r o o f n u c l e i 4 7 8 

— o f t h e s i x t h n e r v e 2 1 5 

— o f t h e s p i n a l c o r d 4 7 8 , 4 8 0 

— , s u b c o r t i c a l 2 1 7 

— , s u b c o r t i c a l h e m i s p h e r i c 2 1 8 , 2 2 2 

— , s u p r a m e s e n c e p h a l i c 5 8 5 

— , t e g m e n t a l 4 8 4 

— i n t h e t h a l a m u s 6 0 8 

— o f t h i r d n e r v e n u c l e i 2 1 5 

, t r a u m a t i c , o f t h e s t a t o a c o u s t i c n e r v e 195 

, u n i l a t e r a l h e m i s p h e r i c 2 1 7 

, v a s c u l a r 2 1 4 

- , i n c e r e b r a l h e m i s p h e r e s 4 8 4 

, — , o f t h e i n n e r e a r 195 

, — , o f t h e t h a l a m u s 4 8 4 

— of t h e v e r m i s 5 9 8 

— , v e s t i b u l a r 4 6 3 

— o f t h e v e s t i b u l a r n e r v e 196 

— of v e s t i b u l a r n u c l e i 1 9 5 , 2 0 3 , 2 0 5 , 2 1 5 , 

2 2 1 

— of t h e v e s t i b u l a r s y s t e m 198 

L e u c h t b r i l l e , see F r e n z e l s g lasses 

l i g h t h e a d e d n e s s , o r t h o s t a t i c 3 3 6 

l i m b i c s y s t e m 126 , 6 1 2 

l i m b j o i n t s , a f férents f r o m 5 8 4 

— p r o p r i o c e p t i o n 91 

— re f l exes , t i l t i n g 194 

l i m b s , s e n s o r y i n p u t s f r o m 9 5 

— , v e s t i b u l a r i n n e r v a t i o n 2 6 8 

— , v e s t i b u l o s p i n a l r e a c t i o n s i n 2 6 9 , 2 7 0 , 

2 7 2 

l i n e o f r e g a r d , u p h i l l i n c l i n a t i o n o f 97 

l i n e a r a c c e l e r a t i o n 12 

, c l i n i c a l v a l u e o f 4 3 5 

, c o n s t a n t , s t i m u l a t i o n b y 5 5 0 

, d i r e c t i o n o f 81 

, e f fect o n s e m i c i r c u l a r c a n a l s 5 4 6 

g r e a t e r t h a n 1 g 2 9 9 

, i n t e r a c t i o n w i t h a n g u l a r a c c e l e r a t i o n 

2 8 1 , 2 8 4 , 291 

, m a g n i t u d e o f 111 

, m o d i f i c a t i o n o f t h e r e s p o n s e t o a n g u l a r 

a c c e l e r a t i o n b y 2 8 1 ff 

, m o d i f i c a t i o n o f t h e r m a l r e s p o n s e s b y 

3 0 3 

a n d m o t i o n s i c k n e s s 3 9 0 

a n d n y s t a g m u s 2 9 9 , 3 0 0 , 3 0 1 

a n d o t o l i t h f u n c t i o n 67 ff, 4 1 5 

, s u s t a i n e d h o r i z o n t a l 7 9 , 107 

t e s t s 2 2 6 

v e c t o r , r o t a t i o n o f 3 0 9 , 5 4 6 , 5 4 8 

— a c c e l e r o m e t e r 4 9 6 , 4 9 8 , 5 2 0 , 5 3 0 

— d i s p l a c e m e n t e s t i m a t e s 106 

— m o t i o n a n d m o t i o n s i c k n e s s 3 9 0 

— o s c i l l a t i o n 3 0 8 

l i n e a r s e n s a t i o n , i l l u s o r y 5 6 3 

— sensors 5 0 0 , 5 1 6 

— v e l o c i t y , d e t e r m i n a t i o n of 5 3 8 ff 

, m e a s u r e m e n t o f 5 4 6 

, p e r c e p t i o n o f 18 , 6 8 , 7 2 , 7 7 , 8 2 , 8 7 , 

106 

s e n s a t i o n 1 0 6 , 112 

l i q u i d s , i m m e r s i o n i n 87 

l o b e , flocculo-nodular 126 , 4 2 6 , 5 9 0 

— , p a r i e t a l 8 

— , t e m p o r a l 8 

l o b u l i V t o V I I , a n d s a c c a d e s 5 9 8 , 5 9 9 

l o c a t e - a n d - s e e 130 

l o n g r o t a t i o n t e c h n i q u e 2 2 3 

l o o p , c u p u l a - e n d o l y m p h - 19 

— , g a m m a - s p i n d l e - 4 7 9 

loss of a l a b y r i n t h 5 8 2 

— of l a b y r i n t h i n e f u n c t i o n 164 , 1 9 6 , 1 9 7 , 

3 2 1 , 3 2 4 , 3 2 6 , 344 

— of v e s t i b u l a r f u n c t i o n 3 3 2 , 4 3 0 

L o u i s - B a r s y n d r o m e 5 8 3 , 598 

l u n a r s t a n d a r d o f g r a v i t y 2 4 0 , 2 5 4 , 2 5 5 

— w a l k 2 5 4 , 261 

M a c h - B r e u e r - B r o w n t h e o r y 2 8 3 

m a c u l a , s a c c u l a r 2 8 2 , 5 1 6 

— , u t r i c u l a r 8 0 , 2 6 8 , 2 8 2 , 5 1 8 , 5 4 3 

— e p i t h e l i u m 517 

m a c u l a e , d i r e c t i o n a l p o l a r i z a t i o n o f c e l l s 5 2 0 

— , o t o l i t h i c 4 1 6 

— , u t r i c u l a r a n d s a c c u l a r , r e l a t i v e t o t h e h e a d 

17 

m a c u l a r af férents , c y c l i c a l a l t e r a t i o n i n e x c i -

t a b i l i t y 2 9 0 

— messages 163 

— r e c e p t o r s 2 5 2 , 2 9 0 , 3 1 2 

m a g n i t u d e of a n g u l a r a c c e l e r a t i o n 16 

— of l i n e a r a c c e l e r a t i o n 111 

— of t h e r e s u l t a n t 83 

— of s t a t i c f o r c e field 9 6 , 101 

— e s t i m a t e s of s u b j e c t i v e a n g u l a r v e l o c i t y 

3 9 f f 

m a l a i s e 115 

m a m m a l s , s t a t i c f u n c t i o n o f o t o l i t h o r g a n s 

165 

m a n , see a l s o o b s e r v e r , p a t i e n t s 

— , b l i n d , e y e p o s i t i o n i n 5 8 7 

— , d e a f 9 0 , 9 5 

— , c o m p e n s a t i o n o f l a b y r i n t h i n e l e s i o n s 

4 8 2 ff 

— , m e a s u r e m e n t o f o t o l i t h f u n c t i o n i n 

2 3 3 ff 

— , m e a s u r e m e n t o f v e s t i b u l a r a t a x i a 321 ff 

— , m e a s u r e m e n t o f v e s t i b u l o - s p i n a l r e s p o n -

ses 267 ff 

— , n y s t a g m u s i n 1 9 3 f f 

— , v e s t i b u l a r - d e f e c t i v e 2 3 4 , 2 5 2 , 2 5 3 
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m a n , v e s t i b u l a r h a b i t u a t i o n i n 3 7 4 f f 

— w i t h l i t t l e o r n o v e s t i b u l a r f u n c t i o n 9 5 

— w i t h o u t l a b y r i n t h i n e f u n c t i o n 9 3 , 106 , 

111 , 1 1 3 , 1 1 4 , 3 1 0 , 4 1 8 

m a n i p u l a t i o n o f f o r ce e n v i r o n m e n t 2 3 5 

M a n n t e s t 3 5 3 

m a p p i n g f u n c t i o n 158 

m a r c h e e n é t o i l e 2 7 2 

m a s k i n g o f v i s u a l i n f o r m a t i o n 594 

m a s t o i d i t i s 3 2 4 , 3 2 6 

m a t h e m a t i c a l t r e a t m e n t o f o t o l i t h i c o r g a n s 

521 

o f t h e S t e i n h a u s e n m o d e l 504 

m e a s u r e m e n t o f a c c e l e r a t i o n 4 9 9 , 5 1 4 

•— of g r a v i t y 499 

— of o t o l i t h f u n c t i o n 233 ff 

— of p o s t u r a l v e r t i c a l 8 2 , 84 

— of v e l o c i t y 5 0 2 , 5 1 4 , 5 4 6 

— of v e s t i b u l a r a t a x i a 321 ff 

— of v e s t i b u l o s p i n a l r e sponses 267 ff 

— of v i s u a l v e r t i c a l 82 

m e a s u r e s , d i r e c t , o f s u b j e c t i v e a n g u l a r v e l o -

c i t y 4 3 

m e c h a n i c a l m o d e l o f o t o l i t h s a n d s e m i c i r c u -

l a r c a n a l s 5 2 9 

m e c h a n i c s o f o t o l i t h s y s t e m 6 8 f f 

m e d i a n o r e c e p t o r s 6 0 3 , 6 0 5 

m e d i a l l o n g i t u d i n a l f a s c i c u l u s 2 1 4 , 2 2 8 , 2 6 8 , 

5 8 6 , 5 8 8 

, l e s i o n o f 2 1 4 , 228 

s y n d r o m e 2 1 4 

— r e c t u s m o t o n e u r o n s 4 5 8 

m e d u l l a o b l o n g a t a , l e s i o n s of 202 

, o t o n e u r o l o g y 227 

m e m b r a n e , o t o l i t h , d i s p l a c e m e n t o f 17 

m e m o r y o f c h a n g e - i n - p o s i t i o n 9 0 

— of c h a n g e s i n o r i e n t a t i o n 86 

— of d i r e c t i o n 104 

— o f d y n a m i c s e n s o r y d a t a 111 

— d e p e n d e n c e 110 

— , l o n g - t e r m 6 1 4 

M e n i e r e ' s desease ( s y n d r o m e ) 117 , 195 f, 

196 , 2 2 9 , 2 3 5 , 2 6 9 , 2 7 7 , 3 2 4 , 3 3 3 , 3 3 4 , 3 3 6 , 

4 3 9 , 4 4 0 , 4 6 3 , 4 8 3 

m e n i n g i t i s 9 1 , 4 3 8 

— , b a s a l , a n d v e s t i b u l a r s e n s a t i o n 4 3 2 

— , t u b e r c u l o u s , a n d v e r t i g o 4 4 3 

— a n d v e s t i b u l a r a t a x i a 3 2 4 , 3 2 6 , 3 2 7 , 3 3 0 , 
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m e n i n g o e n c e p h a l i t i s , l a t e r o t o r s i o n 269 

— , l u e t i c , a n d v e r t i g o 4 4 3 

m e n t a l t a s k s a n d n y s t a g m u s 3 6 2 , 3 6 3 , 3 7 4 

m e s e n c e p h a l i c n u c l e i a n d n y s t a g m u s 5 9 0 

— t e g m e n t u m , g a z e c e n t e r 2 1 6 , 228 

m e s e n c e p h a l o n 2 0 3 

m e t a m o r p h o s i a 162 

m e t h o d s , v e l o c i t y - m a t c h i n g 4 3 , 4 4 

m i g r a i n e a t t a c k s a n d v e r t i g o 4 4 1 

m i n e r ' s n y s t a g m u s 2 0 8 , 2 1 0 , 2 1 9 

m i s l o c a t i o n , v i s u a l 197 

M L F , see m e d i a l l o n g i t u d i n a l f a s c i c u l u s 

m o d e l , a d a p t a t i o n - 6 4 

— of c a n a l a d a p t a t i o n 5 0 9 

— o f a c a n a l w i t h " e n d o l y m p h a t i c " a n d 

" p e r i l y m p h a t i c " s y s t e m s 2 8 9 

— , m e c h a n i c a l , o f o t o l i t h s a n d s e m i c i r c u l a r 

c a n a l s 5 2 9 

— , m a t h e m a t i c a l , o f c a n a l r e s p o n s e 2 9 6 

— , p h y s i c a l , o f t h e o t o l i t h 5 2 8 f f 

— , r o l l e r p u m p - 2 8 8 

— , S t e i n h a u s e n - 5 0 3 , 5 0 4 , 5 0 6 , 5 1 2 

— , t o r s i o n p e n d u l u m 1 9 , 2 4 , 3 0 , 3 3 , 4 1 , 5 6 

m o d i f i c a t i o n o f t h e S t e i n h a u s e n m o d e l 5 0 6 

m o d u l a t i o n , c y c l i c 111 

— b y t h e p o s i t i o n senses 9 2 

— o f s e m i c i r c u l a r c a n a l a c t i v i t y 126 

m o m e n t u m , a n g u l a r 1 2 0 , 121 

m o n k e y , a n g u l a r a c c e l e r a t i o n d e t e c t i o n 

5 0 9 , 5 1 0 

— , c o m p e n s a t i o n o f v e s t i b u l a r l e s i o n s 4 7 1 , 

4 7 2 , 4 7 4 

— , o t o l i t h r e s p o n s e s 5 3 2 

— , o t o l i t h s t r u c t u r e 5 1 6 , 5 1 8 

m o n o c u l a r fixation, n y s t a g m u s u p o n 2 0 7 

— o p t o k i n e t i k n y s t a g m u s 2 1 9 

— o p t o k i n e t i c s t i m u l a t i o n 2 1 9 

M o r o r e f l e x 123 

m o s s y a f férents , p e r i p h e r a l , t o t h e c e r e b e l l a r 

c o r t e x 6 0 5 

m o t i o n , see a l s o m o v e m e n t 

— , a n g u l a r 391 

— , a p p a r e n t 6 8 , 5 9 3 

— , l i n e a r 3 9 0 

— , o r b i t a l 391 

— , o r b i t i n g 391 

— , p a s s i v e , r e c e p t i o n o f 3 4 

— c o n s t a n c y 172 

— e x p e r i e n c e 179 

, p e r c e i v e d 114 

— p e r c e p t i o n 77 

, v i s u a l 197 , 5 9 2 , 5 9 3 

— s i c k n e s s 7 4 , 119 , 1 2 0 , 126 , 1 3 0 , 2 3 4 , 2 3 9 , 

2 5 7 , 2 5 8 , 2 6 2 , 3 3 3 , 3 3 9 , 3 4 5 , 3 4 7 , 3 8 9 ff, 

4 1 4 , 4 1 5 , 4 2 5 , 4 2 7 

a n d a r c h i c e r e b e l l u m 607 ff 

a n d h e a d m o v e m e n t s 5 5 8 

a n d m e n t a l t a s k s 3 6 5 

, s e n s o r y a s p e c t s o f 4 0 5 ff 

, s u p p r e s s i o n b y d r u g s 4 0 1 , 4 0 2 

t h e o r i e s 5 6 8 

— o f t h e c u p u l a 5 1 3 

— o f t h e e n v i r o n m e n t , a p p a r e n t 197 

— i n y a w 2 9 5 

m o t i v a t i o n c e n t e r s 6 1 2 
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m o t o n e u r o n s , a b d u c e n s - 4 5 8 

— , g a m m a 4 7 9 

— , m e d i a l r e c t u s - 4 5 8 

m o t o r c o r t e x 6 0 0 

, i n p u t f r o m 6 0 2 

, l e s i o n s o f 2 1 7 

, t a c t i l e a d j u s t m e n t 6 0 9 f f 

, s e n s o r y af férents 6 1 0 

, v e s t i b u l a r a f férents 8 , 6 1 0 

— fields o f t h e R o l a n d i c fissure 6 1 0 

— l e a r n i n g 6 0 4 

— m a p o f c e r e b r a l c o r t e x 6 0 9 

— s y s t e m , g e n e r a l 5 8 1 ff 

, m e t h o d f o r a n a l y s i s 5 8 2 

m o v e m e n t , see a l s o m o t i o n 

— , g o a l - d i r e c t e d 5 8 3 

— , i n d u c e d 1 7 2 , 177 

— , n a t u r a l , s t i m u l i a p p r o x i m a t i n g 4 6 

— , p a s s i v e 9 0 , 135 

— , " p r e - p r o g r a m m e d " s k i l l e d 1 2 6 

— , r e l a t i v , b e t w e e n o b s e r v e r a n d t a r g e t , v i -

s u a l a c u i t y d u r i n g 1 2 6 

— , s a c c a d i c - t y p e 6 0 3 

— , v e s t i b u l a r l y i n d u c e d 194 

— , v o l u n t a r y 5 8 9 , 6 0 0 , 6 0 1 , 6 0 2 , 6 0 8 , 6 0 9 

— , w h o l e - b o d y 104 

— , i l l u s o r y s e n s a t i o n s o f 5 4 0 

— , t a c t i l e c o n t r o l o f 6 1 0 

— of v i s u a l s u r r o u n d i n g s 119 

M u l d e r ' s c o n s t a n t 3 0 

— l a w 3 0 , 4 1 5 

Mül l e r e f fec t 8 6 , 9 4 , 9 6 , 2 4 1 , 2 4 4 

m u l t i - p l a n a r a n g u l a r a c c e l e r a t i o n 3 9 2 

m u l t i p l e s c l e r o s i s 1 9 8 , 199 , 2 0 7 , 2 0 8 , 2 1 0 , 

2 1 2 , 2 1 4 , 2 1 9 , 2 2 0 , 2 2 6 , 2 2 8 , 2 2 9 , 6 0 6 

m u s c l e a f férents , g r o u p e - I a 5 8 5 

— s p i n d l e s 5 8 8 

a n d v e s t i b u l a r s t i m u l a t i o n 2 7 7 

— v a s o d i l a t a t i o n a n d m o t i o n s i c k n e s s 

3 9 8 

m u s c l e s , a n t i g r a v i t y - 2 6 8 

— , e x t r a o c u l a r 2 1 5 

— , o c u l a r 2 1 5 , 5 8 8 

m u s c u l a t u r e , s k e l e t a l , t o n i c i n n e r v a t i o n 163 

m u t i s m , a k i n e t i c 6 1 3 

m y a s t h e n i a g r a v i s 2 1 5 

m y o c l o n u s , o c u l a r 2 1 2 

m y o p y a n d v e r t i g o 4 3 8 

m y o r h y t h m i a , p a l a t a l , a n d s p o n t a n e o u s e y e 

m o v e m e n t s 2 1 3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Myxine, v e s t i b u l a r o r g a n s 4 9 6 

n a r c o s i s a n d c o m p e n s a t i o n o f v e s t i b u l a r 

l e s i o n s 4 8 1 

— a n d v e s t i b u l a r s e n s a t i o n 4 2 5 

n a t u r a l f r e q u e n c y 3 1 , 3 3 , 3 4 , 7 0 

— m o v e m e n t s 4 6 

n a t u r a l r e d u n d a n c y 1 6 7 , 1 6 8 

n a u s e a 1 1 6 , 1 1 9 , 1 2 5 , 1 3 1 , 1 3 3 , 3 9 0 , 3 9 2 , 5 5 7 

n a v i g a t i o n , i n e r t i a l , b a s i c p r i n c i p l e s o f 4 9 8 

— , i n e r t i a l t h r e e - d i m e n s i o n a l 4 9 9 

— s y s t e m , i n e r t i a l 4 9 6 , 5 1 6 

n e a r - w e i g h t l e s s n e s s 2 3 7 , 2 5 1 , 2 6 1 

n e c k , v e s t i b u l o s p i n a l r e a c t i o n s i n 2 6 9 

— a f férents 5 8 4 

— c o n t r i b u t i o n t o e y e s t a b i l i z a t i o n 2 0 6 

— l i g a m e n t s , d e e p , i n f o r m a t i o n f r o m 4 3 7 

— p r o p r i o c e p t i o n 2 2 5 , 4 7 9 

— r e f l e x e s a f t e r l a b y r i n t h i n e l e s i o n s 4 6 9 , 

4 7 1 

, s y m m e t r i c a l 5 8 5 

, t o n i c 2 7 1 , 4 3 7 

— t o r s i o n 2 0 4 

n e o p l a s m , p a r a n e o p l a s t i c c o n s e q u e n c e o f 

2 1 3 

n e r v e , e i g h t h , a n d m o t i o n s i c k n e s s 3 9 0 , 4 0 5 

— , — , n e u r o t o m y o f 4 5 1 

— , — , t u m o r s o f 4 3 9 , 4 4 0 , 4 4 2 

— , — , a n d v e r t i g o 4 3 9 , 4 4 0 , 4 4 1 , 4 4 2 

— , e x t r o c u l a r 2 1 5 

— , s i x t h , l e s i o n o f 2 1 5 

— , s t a t o a c o u s t i c 195 

— , t h i r d , l e s i o n s o f n u c l e i 2 1 5 

— , v e s t i b u l a r 1 9 5 , 1 9 6 , 2 0 3 , 2 7 5 , 2 8 5 , 4 5 9 , 

4 6 4 

n e r v e s , s y m p a t h e t i c 4 0 0 

n e r v o u s s y s t e m , a u t o n o m i c 3 9 9 

n e u r a l i n t e g r a t o r b e t w e e n v e s t i b u l a r a n d 

o c u l o m o t o r n u c l e i 5 8 9 

— m e c h a n i s m s o f e y e p o s i t i o n c o n t r o l 5 8 8 

— o r g a n i z a t i o n o f t h e s t r a t e g y o f a c t i o n 

6 1 2 f f 

n e u r a s t h e n i c s , v e s t i b u l a r r e s p o n s e s 361 

n e u r i t i s o f t h e e i g h t h n e r v e a n d v e r t i g o 441 

— , v i r a l , o f t h e v e s t i b u l a r n e r v e 195 , 2 0 3 

n e u r o b l a s t o m a , t h o r a c i c 2 1 3 

n e u r o l e p t i c d r u g , i n t o x i c a t i o n b y 2 1 5 , 481 

n e u r o m a , a c o u s t i c 1 9 6 , 2 2 2 , 2 2 8 , 2 2 9 , 3 2 4 , 

3 3 3 , 3 3 5 

n e u r o n - g l i a l c e l l i n t e r a c t i o n s 5 6 6 

n e u r o n i t i s , v e s t i b u l a r 1 9 5 , 3 3 6 , 4 4 2 

n e u r o n s , a f f e r e n t , p r i m a r y 2 8 4 

— , c a n a l - 5 0 9 , 5 1 0 , 5 5 2 

— , first- a n d s e c o n d o r d e r , o f a m p u l l a r r e c e p -

t o r s 2 8 7 

— , l a t e r a l g e n i c u l a t e , v e s t i b u l a r i n f l u e n c e o n 

130 

— , o c u l o m o t o r 5 9 8 

— o f o t o l i t h o r g a n s , r e s p o n s e s f r o m 5 1 8 , 

5 1 9 

— o f t h e p u t a m e n 6 0 8 

— , t o n i c 5 8 6 

— , v e s t i b u l a r , a c t i v i t y d u r i n g r e c o v e r y 4 5 4 

— , — , a f t e r l a b y r i n t h i n e d e s t r u c t i o n 4 5 1 ff 
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n e u r o n s , v e s t i b u l a r , r e s p o n s e s t o a c c e l e r a t i o n 

s t i m u l i 2 8 5 , 2 9 0 

— , — , s e c o n d o r d e r 4 5 4 

— , — , t y p e I 4 5 4 , 4 5 6 , 4 5 7 , 4 5 8 , 4 5 9 

— , — , t y p e I I 4 5 3 , 4 5 4 , 4 5 7 

n e w b o r n s , v e s t i b u l a r s e n s a t i o n o f 4 2 6 

n o c i c e p t i v e flexion r e f l e x 5 8 5 

n o d u l u s 115 

n o m e n c l a t u r e o f a c c e l e r a t o r y s t i m u l i 10 

— f o r h e a d a x e s a n d p l a n e s 10 

n o n f o v e a t e a n i m a l s , n y s t a g m u s i n 5 9 4 

n o n - s y s t e m - b o u n d r e s p o n s e s 2 5 7 

n o r m a l s y s t e m - b o u n d r e s p o n s e s 2 5 6 

n o r m a l i z a t i o n e f f e c t 1 6 2 , 173 

n o s o l o g y o f v e r t i g o 4 3 9 

n u c l e i , c e r e b e l l a r 5 8 6 , 5 8 7 , 6 0 5 

— f o r t h e e y e m u s c l e s 4 3 9 

— , f a s t i g i a l 4 7 9 

— , i n t r a c e r e b e l l a r 5 8 3 

— , m e s e n c e p h a l i c 5 9 0 

— , o c u l o m o t o r 2 1 6 , 4 5 5 , 4 5 8 , 5 8 9 

— , p o n t i n e 2 1 7 , 6 0 5 

— , v e s t i b u l a r 1 1 6 , 1 9 5 , 2 0 3 , 2 0 5 , 2 1 5 , 2 2 1 , 

2 6 1 , 2 6 8 , 2 8 5 , 2 8 7 , 2 9 0 , 4 5 3 , 4 5 9 , 4 6 4 , 4 7 9 , 

5 8 7 , 5 8 9 

n u c l e i c a c i d s 4 8 2 

n u c l e u s , d o r s o m e d i a l 6 1 2 

— , i n t e r s t i t i a l , a n d g a z e 2 1 7 

— , p r e c o m m i s s u r a l , a n d g a z e 2 1 7 

— , p r e s t i t i a l , a n d g a z e 2 1 7 

n y s t a g m i c d y s r h y t h m i a 3 6 3 

— r e a c t i o n , M e n i e r e ' s d i s e a s e 2 6 9 

i n o p p o s i t e d i r e c t i o n s 3 7 1 

— r e f l e x e s 4 5 4 

n y s t a g m o g e n i c z o n e s o f c o r t e x 4 7 5 

n y s t a g m o g r a p h y 1 9 9 , 2 0 0 , 2 0 2 , 2 2 0 , 2 2 1 , 

2 2 2 

n y s t a g m u s 3 6 , 5 9 , 6 0 , 6 2 , 1 1 2 , 1 1 4 , 1 1 5 , 1 2 2 , 

1 2 7 , 129 , 2 5 7 

— , see a l s o e y e m o v e m e n t s 

— , a c q u i r e d 1 9 8 , 1 9 9 , 2 0 8 , 2 1 0 , 2 1 9 

— , a l c o h o l - 3 0 7 , 3 6 5 

— , a r o u s a l - 2 6 1 , 3 6 3 

— , B e c h t e r e w ' s c o m p e n s a t o r y 4 5 6 , 4 5 7 , 

4 7 4 , 4 7 7 , 4 8 3 , 4 8 4 

— c a l o r i c 115 , 1 1 6 , 2 0 2 , 2 0 4 , 2 2 1 , 3 0 3 , 3 0 4 , 

3 0 5 , 3 0 6 , 3 0 7 , 3 2 2 , 4 7 2 , 5 8 7 

— , — , h a b i t u a t i o n o f 3 7 2 , 3 7 6 

— . — , i n h i b i t i o n o f 2 2 2 

— , c e r v i c a l 4 3 6 

— . c o m p e n s a t o r y 3 1 0 

— , c o n g e n i t a l 1 9 8 , 2 0 2 , 2 0 7 , 2 0 8 , 2 0 9 , 2 1 0 , 

2 1 1 , 2 1 9 , 2 2 8 , 4 2 6 

— . c o n v e r g e n c e r e t r a c t o r y 217 

— , C o r i o l i s - 3 3 9 

— . d i r e c t i o n - c h a n g i n g 3 0 2 , 3 1 0 , 5 6 1 

— . d i r e c t i o n - r e v e r s i n g 113 

n y s t a g m u s , d i s s o c i a t e d 2 1 4 

— , d o w n w a r d 128 

— , e p i l e p t i c 2 1 5 

— , fixation- 196 , 1 9 8 , 1 9 9 , 2 0 8 , 2 0 9 , 2 1 0 

— , g a l v a n i c 2 2 0 

— , g a z e - 1 9 6 , 198 , 199 , 2 1 4 , 2 1 6 , 2 1 9 , 2 2 8 , 

5 8 7 , 6 0 5 

— , h e a d - s h a k i n g 2 0 4 

— , h o r i z o n t a l 2 0 3 , 2 0 7 , 3 0 1 , 4 8 3 , 5 9 0 , 5 9 3 

— , i n d u c e d 2 0 2 , 2 1 2 , 2 7 5 

— of t h e j e r k y t y p e 2 0 2 , 2 0 3 , 2 0 7 , 2 1 0 , 2 1 5 , 

2 2 8 

l a t e n t 1 9 8 , 2 0 7 , 2 1 1 , 2 1 9 

l o n g - l a s t i n g c e n t r a l 2 0 2 

m i n e r ' s 2 0 8 , 2 1 0 , 2 1 9 

n e c k - t o r s i o n - 2 0 4 

o c u l a r s p o n t a n e o u s 4 8 2 

o p t o k i n e t i c 1 2 5 , 174 , 2 0 7 , 2 1 5 , 2 1 6 , 4 8 4 , 

5 8 7 , 5 9 0 , 593 

— m o n o c u l a r 2 1 9 

— , i n v e r s i o n o f 2 0 8 , 2 1 9 

o t o l i t h 68 

p a r e t i c 2 1 6 

p e n d u l a r 1 9 8 , 2 0 7 , 2 0 8 , 2 0 9 , 2 1 0 , 2 1 1 , 

2 1 9 , 6 0 6 

— fixation 5 8 7 , 6 0 5 

p o s i t i o n a l 1 9 5 , 1 9 6 , 2 0 1 , 2 0 4 , 2 9 0 , 3 0 0 , 

3 0 1 , 3 0 7 , 3 3 6 , 3 6 5 , 5 9 0 

— , p a t h o l o g y o f 561 

— , o f t h e c e n t r a l t y p e 2 0 5 

— , c e r v i c a l p r o p r i o c e p t i v e 2 0 6 

— p a r o x y s m a l 2 0 5 , 4 3 7 , 4 3 9 , 441 

— p e r i p h e r a l 2 0 5 

— , d u e t o t u m o r 2 0 5 

— , a n d v e r t i g o 4 3 7 , 4 3 9 , 4 4 1 

p o s i t i o n i n g 1 9 6 , 2 0 2 , 2 0 5 

— , p a t h o g e n e s i s o f 2 0 6 

p o s t r o t a t o r y 1 1 5 , 2 2 5 , 2 6 9 , 2 8 5 , 2 9 2 , 

2 9 4 , 3 0 2 , 4 5 3 

— , d u r a t i o n a f t e r l a b y r i n t h e c t o m y 4 5 5 

p r i m a r y 6 0 , 118 

r e c o v e r y - 2 0 3 , 2 0 4 , 2 2 1 , 4 8 4 

r e t r a c t o r y 2 2 8 

r e v e r s i n g 5 4 8 

r o t a t i n g 2 0 2 , 2 2 8 

— , o f t h e p e n d u l a r t y p e 2 0 3 , 207 

r o t a t i o n a l 4 7 2 , 4 8 3 

r o t a t i o n - i n d u c e d 3 2 2 

— , e f f e c t of a n e s t h e s i a o n 361 

r o t a t o r y 2 1 4 , 4 8 3 

s e c o n d a r y 6 0 , 6 3 , 1 1 8 , 5 0 8 

s e e s a w 2 1 4 , 2 1 5 

s e m i c i r c u l a r c a n a l - 116 , 3 0 2 

s p o n t a n e o u s 1 1 3 , 1 9 5 , 197 , 1 9 8 , 1 9 9 , 

2 0 0 , 2 0 4 , 2 1 0 , 2 1 8 , 2 2 7 , 2 2 8 , 4 5 4 , 4 5 6 , 4 8 3 

— a l t e r n a t i n g 2 2 6 

— p a t h o l o g i c a l 1 9 8 , 2 0 1 , 2 0 2 
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n y s t a g m u s , s p o n t a n e o u s p e r i p h e r a l 2 0 2 

- p h y s i o l o g i c a l 1 9 9 , 2 0 1 

, — , i n a n i m a l s 211 

, — , d i r e c t i o n o f 2 0 2 

, — , f o l l o w i n g h e a d t r a u m a 2 0 4 

, s u s t a i n e d 3 0 0 , 3 0 1 

- u n i d i r e c t i o n a l 2 8 8 

, s w a y i n g 2 7 6 

, u p w a r d - 128 

• v e r t i c a l 1 1 3 , 127 , 5 9 0 

, v e s t i b u l a r 116 , 1 1 8 , 1 9 4 , 198 , 2 1 2 , 2 1 6 , 

2 1 8 , 4 5 2 , 5 8 6 , 5 9 0 , 5 9 2 

, — , e x p e r i m e n t a l 197 

• — , p e r i p h e r a l 2 7 2 

, — , s p o n t a n e o u s 1 9 7 , 1 9 9 , 2 0 1 

, — , i n d u c e d b y c a l o r i c , g a l v a n i c a n d r o t a -

t o r y s t i m u l a t i o n 2 2 0 

- , a n d v i s u a l a c u i t y 1 2 7 , 128 , 1 2 9 

, — , v i s u a l c o n t r o l o f 131 

, v o l u n t a r y 2 1 4 

, a c c o m m o d a t i o n o f 134 

i n a c h r o m a t o p s i a 211 

, a d a p t a t i o n o f 1 3 4 , 5 0 8 , 5 1 0 

, a d a p t a t i o n t i m e c o n s t a n t o f 2 9 6 

, a d j u s t m e n t o f 134 

— d u r i n g a l e r t n e s s 3 6 2 , 3 6 3 

— a n d a n g u l a r a c c e l e r a t i o n 6 2 

— d u r i n g b a c k w a r d p i t c h 128 

— a n d b a r b i t u r a t e i n t o x i c a t i o n 5 9 0 

— o f t h e c o n t r a l a t e r a l s i d e 2 0 3 

— b y C o r i o l i s c r o s s - c o u p l e d s t i m u l i 1 2 4 , 

5 2 7 

— a n d C o r i o l i s i l l u s i o n 5 5 4 

— a n d c o r t i c a l s t i m u l a t i o n 4 7 7 

— , c y c l i c m o d u l a t i o n 113 

— i n d a n c e r s 3 6 9 , 3 7 6 , 3 7 7 

— a f t e r d e c e l e r a t i o n 3 7 8 , 5 4 8 

— , d e p e n d e n c e o n o r i e n t a t i o n o f t h e h e a d 

2 9 2 

— , d i r e c t i o n a l d i f f e r e n c e i n 129 

— , d i r e c t i o n a l p r e d o m i n a n c e o f 4 5 2 

— , e f fec t o f o r i e n t a t i o n t o g r a v i t y o n 2 9 3 , 

3 0 5 , 3 0 9 

— , e f fec t o f t i m e - v a r y i n g l i n e a r a c c e l e r a t i o n s 

3 0 8 

— , e f f e c t o f v i s i o n o n 116 

— , f a s t p h a s e o f 4 6 9 

— d u r i n g f o r w a r d p i t c h 128 

— i n f o v e a t e a n d n o n f o v e a t e a n i m a l s 5 9 4 

— , g e n e s i s of , r o l e o f o t o l i t h s a n d c a n a l s i n -

3 1 0 

— , h e r e d i t y o f 211 

— o f i n d e f i n i t e d u r a t i o n 5 4 8 

— a n d l a b y r i n t h i n e l e s i o n s 4 5 2 , 4 5 3 , 4 5 4 , 

4 5 5 , 4 5 6 , 4 5 8 , 4 7 2 , 4 8 3 , 5 4 6 

— a n d l e s i o n s i n d i f f e r e n t b r a i n r e g i o n s 4 8 4 

— a n d l e s i o n s o f t h e c o r t i c o f u g a l fibers 5 8 7 

n y s t a g m u s a n d l e s i o n s o f flocculo-nodular l o -

b e 5 9 0 

— , a n d l i n e a r a c c e l e r a t i o n g r e a t e r t h a n 1 g 

3 0 0 

— a n d l i n e a r a c c e l e r a t i o n s t i m u l i 5 5 0 

— i n m a n 1 9 3 ff 

— a n d M e n i e r e ' s d i s e a s e 1 9 5 

— a n d m e n t a l t a s k s 3 6 2 , 3 6 3 , 3 7 4 

— a n d m e s e n c e p h a l i c n u c l e i 5 9 0 

— u p o n m o n o c u l a r fixation 2 0 7 

— d u r i n g o f f - v e r t i c a l r o t a t i o n 111 

— , p l a n e o f 3 0 2 

— , p r o d u c e d b y a r o t a t i n g v e c t o r a n d l a b y -

r i n t h i n e f u n c t i o n 3 1 0 

— , r a p i d p h a s e s o f 2 1 7 , 5 8 6 , 5 8 8 , 5 9 0 , 5 9 2 

— , r e s p o n s e t o a n g u l a r a c c e l e r a t i o n 2 9 1 , 

3 0 2 

— , r e s p o n s e t o l i n e a r a c c e l e r a t i o n 5 4 6 , 5 4 8 

— , r e v e r s a l d u r i n g d e c e l e r a t i o n 4 8 

— i n s e a - s i c k n e s s 4 0 5 , 4 0 7 

— a n d s e n s e d r o t a t i o n 5 4 9 

— , S t e i n h a u s e n m o d e l o f 5 0 6 

— , d u r i n g s t i m u l a t i o n o f y - a x e s a n d z - a x e s 5 2 

— , s t i m u l u s o f g r a v i t y d u r i n g 261 

— a n d s u b j e c t i v e a n g u l a r v e l o c i t y 6 6 

— , t i m e c o n s t a n t o f d e c a y o f 2 9 4 , 2 9 5 , 2 9 6 , 

2 9 7 

— - c u p u l o g r a m 4 2 1 , 4 3 0 

— c u r v e , m e t h o d s o f 4 2 9 

— d i a g n o s i s 2 0 2 

— h a b i t u a t i o n 1 3 1 , 1 3 4 , 3 7 0 , 3 7 4 

— i n t e n s i t y 2 0 1 

— m o d i f i c a t i o n , i n d u c e d b y v i s u a l - v e s t i b u -

l a r i n t e r a c t i o n 132 

— r e d u c t i o n 3 7 7 

— r h y t h m 5 8 6 

— s u p p r e s s i o n 3 5 , 1 1 6 , 1 1 8 , 1 2 6 , 127 , 1 2 8 , 

1 3 0 , 3 0 2 , 3 0 5 , 3 6 2 , 3 6 5 , 3 7 0 , 3 7 6 

a n d s e n s a t i o n 4 2 5 

— v e l o c i t y , d e c a y o f 6 2 , 1 1 1 , 123 

o b j e c t i v e a n g l e o f t i l t 2 4 2 

— i n d i c a n t s o f c a n a l f u n c t i o n 2 9 5 

— v e r t i c a l 2 4 2 

o b s e r v e r s , see a l s o m a n , p a t i e n t s 

— , b l i n d f o l d e d d e a f , o r i e n t a t i o n a b i l i t y o f 

9 0 

— i m m e r s e d i n " p o l y c e l l " c e l l u l o s e p a s t e 87 

— i m m e r s e d i n w a t e r , see w a t e r i m m e r s i o n 

— , l a b y r i n t h i n e - d e f e c t i v e ( L D ) , see l a b y r i n -

t h i n e - d e f e c t i v e i n d i v i d u a l s 

— w i t h s p i n a l l e s i o n s 87 

— w i t h u n i l a t e r a l l a b y r i n t h i n e f u n c t i o n 87 

o c c i p i t a l h e a d a c h e 1 9 5 , 2 0 6 
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o c u l a r c o u n t e r r o l l i n g 6 8 , 9 4 , 1 0 3 , 2 2 6 , 2 3 4 , 

2 3 5 , 2 3 9 , 2 5 2 , 2 5 9 , 5 1 7 , 5 2 5 , 5 2 6 , 5 5 4 , 5 6 3 

— c o u n t e r t o r s i o n 1 5 9 , 1 7 4 , 178 

— d i s o r d e r s a n d v e r t i g o 4 3 8 

— d i s p l a c e m e n t , u t r i c u l a r a n d s a c c u l a r i n -

fluences o n 102 

— m u s c l e d y s t r o p h y 2 1 5 

— m y o c l o n u s 2 1 2 

— n y s t a g m u s , s p o n t a n e o u s 4 8 2 

o c u l o g r a v i c e f fec t 9 6 

— i l l u s i o n 7 2 , 7 5 , 9 5 , 1 0 0 , 1 0 4 , 1 2 5 , 165 , 

2 3 4 , 2 4 5 , 2 5 2 , 2 5 7 , 2 5 9 , 2 6 2 , 4 1 6 , 5 4 2 , 5 4 7 , 

5 5 1 , 5 5 6 , 5 5 8 , 5 6 2 , 5 6 3 

d e l a y 5 4 2 

— l a g e f fec t 7 5 , 1 0 7 , 109 , 125 

— r e s p o n s e 9 6 

— t i l t 8 2 

— c r i s e s 2 1 5 

o c u l o g y r a l e f fect 2 2 , 117 

— i l l u s i o n 2 2 , 2 9 9 , 3 3 9 , 3 8 0 , 4 1 6 , 4 2 9 , 4 3 2 

— r e a c t i o n s , t h r e s h o l d s e s t i m a t e d f r o m 3 5 

o c u l o g y r i c s p a s m s 2 1 5 

o c u l o m o t o r a p r a x i a 2 1 8 

— c o n t r o l 130 

— e f f e c t o r s , t o n i c c o n t r o l o f 4 5 4 

— n e u r o n s , a t r o p h y o f 5 9 8 

— n u c l e i , p r e m o t o r a p p a r a t u s 2 1 6 

, v e s t i b u l a r i n f l u e n c e s o n 4 5 5 , 4 5 8 , 5 8 9 

— n u c l e u s 2 1 4 

— r e s p o n s e t o a c c e l e r a t i o n s 291 

, a f t e r h a b i t u a t i o n 133 

d u r i n g h o r i z o n t a l o s c i l l a t i o n 3 1 5 

— s y n d r o m , a b n o r m a l 2 0 7 

— s y s t e m a n d m o t i o n s i c k n e s s 4 0 1 

v e s t i b u l a r s y s t e m , s p e c i e s d i f f e r e n c e s 

5 8 3 

o f f - v e r t i c a l r o t a t i o n , r e s p o n s e s t o 1 1 1 , 1 1 3 , 

2 3 4 , 2 3 5 , 2 6 2 

o l i g u r i a 4 0 1 

o l i v e , i n f e r i o r 2 1 3 

o p h t h a l m o p l e g i a , e x t e r n a l 2 7 5 

— , i n t e r n u c l e a r 2 1 4 , 2 2 8 , 2 2 9 

o p h t h a l m o s c o p e 2 0 7 

o p s o c l o n u s 2 1 2 , 2 1 3 

o p t i c , see a l s o v i s u a l 

— c h i a s m a , s e c t i o n o f 2 1 6 

— p o s t u r a l r e f l e x e s a f t e r l a b y r i n t h i n e l e s i o n s 

471 

— t e c t u m 2 1 7 , 5 8 8 , 6 0 4 , 6 1 2 

, s t i m u l a t i o n o f , a n d s a c c a d e s 5 9 2 

— t r a c t , l e s i o n o f 2 1 8 

— - v e s t i b u l a r a m b i g u i t y 179 

c o n f l i c t s i t u a t i o n s 181 

e q u i v a l e n c e 177 

i n c o n g r u i t y 178 

i n t e r a c t i o n 1 7 7 , 185 

o r i e n t a t i o n t o t h e v e r t i c a l 1 5 5 f f , 184 

o p t i c - v e s t i b u l a r w e i g h t r a t i o 1 8 0 , 1 8 1 , 182 , 

1 8 5 

o p t i c a l c o m p e n s a t i o n 177 

— d e t e r m i n a n t s o f t h e o p t i c - v e s t i b u l a r 

w e i g h t r a t i o 181 

— d i r e c t i o n cues 1 6 3 , 1 6 6 , 178 

— f e e d - b a c k 169 

o p t o g y r a l i l l u s i o n 2 2 

o p t o k i n e t i c a f t e r e f f e c t 1 1 8 , 119 

— a f t e r n y s t a g m u s 125 

— d i s t u r b a n c e 587 

— n y s t a g m u s 1 2 5 , 174 , 2 0 7 , 2 0 8 , 2 1 5 , 2 1 6 , 

2 1 8 , 2 1 9 , 4 8 4 , 587 

— r e a c t i o n s 174 , 178 

— r e g u l a t i o n o f e y e p o s i t i o n 1 9 7 , 199 

— r o l l c o m p o n e n t 127 

— s t i m u l a t i o n 1 1 5 , 1 1 6 , 1 1 7 , 1 1 8 , 119 , 127 

, m o n o c u l a r 2 1 9 

a n d m o t i o n s i c k n e s s 4 0 1 

o p t o s t a t i c e y e c o u n t e r t o r s i o n 178 

— r e s p o n s e s 178 

o r b i t a l c o r t e x 126 , 6 1 3 

— flight 2 3 7 , 2 5 4 , 2 9 8 

— m o t i o n 391 

o r b i t i n g w i t h o u t r o t a t i o n 3 9 0 

— s p a c e c r a f t 1 0 3 , 391 

o r i e n t a t i o n 155 

— , b o d y - 156 

— t o g r a v i t y 2 9 3 , 3 0 5 , 3 0 9 

— o f t h e h e a d t o g r a v i t y 16 , 2 9 2 

— , m e m o r y o f c h a n g e s i n 8 6 

— , p e r c e p t u a l 156 

— , o p t i c - v e s t i b u l a r , t o t h e v e r t i c a l 1 5 5 f f 

— r e l a t i v e t o t h e b o d y 8 5 

— r e l a t i v e t o t h e e a r t h 112 

— , s p a t i a l 1 5 6 , 194 

— t o t h e v e r t i c a l u n d e r w a t e r 2 4 9 

— a b i l i t y , e g o c e n t r i c 91 

o f b l i n d f o l d e d d e a f o b s e r v e r s 9 0 

o r t h o g o n a l i t y o f s p a c e p e r c e p t i o n 162 

o r t h o s t a t i c h y p o t e n s i o n 3 9 8 

— l i g h t - h e a d e d n e s s 3 3 6 

— v e r t i g o 4 3 9 , 4 4 1 

o s c i l l a t i o n , a n g u l a r 1 2 7 , 3 1 2 , 3 1 3 

— o f t h e a p p a r e n t v e r t i c a l 180 

— , d a m p e d 5 0 9 

— , h o r i z o n t a l l i n e a r 7 7 , 8 3 , 1 0 5 , 106 , 3 1 5 

— , l i n e a r 3 0 8 

— , p h a s e r e v e r s a l s o f 4 3 2 

— , r o t a t o r y , c l i n i c a l m e t h o d s 4 3 2 

— , s i d e - t o - s i d e 87 

— , s i n u s o i d a l , t h r e s h o l d s e s t i m a t e d f r o m 3 0 

— , v e r t i c a l l i n e a r 77 

o s c i l l a t o r y a f t e r - r e a c t i o n s , p e r i o d i c a l l y 4 3 4 

— s h e a r v e c t o r s 8 8 

— s t i m u l a t i o n 7 6 , 77 

o s c i l l o p s i a 2 0 8 , 2 1 0 
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o s t e o c h o n d r o s i s 2 0 6 

o t i t i s m e d i a 4 4 0 

o t o c o n i a 5 1 7 

o t o l i t h , p h y s i c a l m o d e l o f 5 2 8 ff 

— a c t i v i t y a n d g r a v i t a t i o n a l s t i m u l u s 2 4 1 

— a p p a r a t u s a n d v e r t i c a l c o n s t a n c y 1 6 3 , 

166 

c a n a l i n t e r a c t i o n s 2 5 6 

d e t e c t e d e a r t h r e f e r e n c e 115 

— f u n c t i o n a n d a t t e n u a t e d v e s t i b u l a r a n d 

n o n v e s t i b u l a r c u e s 8 6 

, e x p e r i m e n t a l m e t h o d s o f 2 3 4 

a n d g r a v i t y 2 3 5 

a n d l i n e a r a c c e l e r a t i o n 67 ff 

i n m a n 2 3 3 ff 

, t h r e s h o l d s t i m u l i f o r 7 5 

— m e m b r a n e , d i s p l a c e m e n t o f 17 

— n y s t a g m u s 6 8 

— o r g a n f u n c t i o n a n d a l c o h o l 2 5 8 

a n d d r u g s 2 5 8 

— o r g a n s 178 

, a n a t o m y o f 5 1 7 

, b l i n d s p o t o f - 8 0 , 2 4 2 , 4 3 6 

, filtering p r o c e s s o f 5 3 6 

, g r a v i r e c e p t o r s 2 8 2 

, g r a v i t o i n e r t i a l f o r c e s i n n e a r - w e i g h t -

l essness 2 3 7 

i n l u n a r w a l k 2 5 4 

, m a t h e m a t i c a l t r e a t m e n t o f 5 2 1 , 5 3 0 

, p e r c e p t i o n o f s p a c e 2 3 7 , 2 6 1 , 2 8 2 

, p r i m a r y n e u r o n s o f 5 1 8 

, r e s p o n s e s f r o m 5 1 7 

, s t i m u l a t i o n b y l i n e a r a c c e l e r a t i o n 

4 1 5 

, t r a n s f e r f u n c t i o n o f 5 3 1 

, l e f t a n d r i g h t , r e l a t i v e f u n c t i o n o f 

2 3 5 

— s i c k n e s s 2 6 2 

— s i g n a l s , a c c e l e r a t i o n - d e p e n d e n t 5 6 3 

, g r a v i t y - d e p e n d e n t 5 6 3 

, p r o c e s s i n g o f 5 3 3 ff 

— s t i m u l a t i o n 8 6 

a n d m o t i o n s i c k n e s s 3 9 1 , 4 0 8 

a n d o c u l a r c o u n t e r r o l l i n g 5 2 5 , 5 2 6 

— s t i m u l i , d y n a m i c 6 8 

, s t a t i c 6 8 , 261 

— S 3 ' s t e m , a c c e l e r a t o r y s t i m u l i 16 

, a n g u l a r v e l o c i t y i n f o r m a t i o n 105 

, c h a n g e - i n - o r i e n t a t i o n i n f o r m a t i o n 

1 0 5 

, g r a v i t y - o r i e n t a t i o n i n f o r m a t i o n 105 

, m e c h a n i c s o f 68 ff 

, m o d e o f s t i m u l a t i o n 2 3 5 

, o c u l o g r a v i c i l l u s i o n 2 4 5 

, o r i e n t a t i o n o f t h e h e a d t o g r a v i t y 16 

a n d p o s t u r a l e q u i l i b r i u m 261 

— t h r e s h o l d s 8 6 , 8 7 

o t o l i t h i c c e l l s , p o l a r i z a t i o n o f 5 1 8 , 5 2 0 

, r e s p o n s e s f r o m 5 1 8 , 5 1 9 , 5 2 4 , 5 2 5 , 

5 2 7 , 5 2 9 , 5 3 2 , 5 3 3 , 5 4 7 

, t y p e s o f 5 1 5 , 5 1 9 , 5 2 0 , 5 2 4 , 5 2 5 , 5 2 7 , 

5 2 9 , 5 3 1 , 5 3 2 , 5 3 3 , 5 4 7 

— i n p u t , s t a b i l i z a t i o n o f v i s u a l s p a c e b y 2 4 2 

— m a c u l a e 4 1 6 

— s i g n a l p r o c e s s i n g 5 4 0 

o t o l i t h s 18 , 121 

— , u t r i c u l a r 112 

— a n d d e t e r m i n a t i o n o f r o t a t i o n 5 4 7 

— , d i s p l a c e m e n t o f 6 9 , 7 0 , 71 

— , d y n a m i c s o f 6 9 , 71 

— , fish- 5 5 9 

— , l e s i o n s o f 2 0 6 

— as l i n e a r s e n s o r s 5 1 6 

— , p l a n e s e n s i t i v i t y o f 9 6 

— , r o l e i n h a b i t u a t i o n 3 7 3 

— a n d r o t a t i o n o f t h e b o d y 5 4 3 

— i n s e a - s i c k n e s s 4 0 5 , 4 0 7 

— a n d s e m i c i r c u l a r c a n a l s , c o m p l e m e n t a r y 

w o r k i n g o f 5 4 3 

— , s p e c i f i c g r a v i t y o f 16 

o t o n e u r o l o g y 1 9 3 f f 

o t o s c l e r o s i s 2 7 5 , 4 3 0 , 4 3 1 

o v e r - c o m p e n s a t i o n 2 4 1 

o v e r s h o o t 5 6 , 5 8 

o v e r s t i m u l a t i o n o f v e s t i b u l a r o r g a n s 5 6 8 

o x y g e n , c o n t e n t d u r i n g m o t i o n s i c k n e s s 4 0 1 

p a l e o - c e r e b e l l a r c o n n e c t i o n s 1 2 6 

p a l e o c e r e b e l l u m , m o t i o n s i c k n e s s a n d 126 

p a l l i d u m , l e s i o n s i n 6 0 8 

p a l s y , b u l b a r p r o g r e s s i v e 2 2 8 

— , e x t r a o c u l a r m u s c l e - 2 1 5 

— , e x t r a o c u l a r n e r v e - 2 1 5 

— , p o s t - t r a u m a t i c p s e u d o b u l b a r 3 3 6 

p a r a b o l i c ( a i r c r a f t ) f l i g h t s 1 0 3 , 2 3 5 , 2 3 7 , 

2 5 2 , 2 5 4 , 2 9 8 , 3 0 4 , 4 1 6 , 5 5 5 , 5 5 6 

p a r a d o x , A u b e r t - F l e i s c h l 5 2 

p a r a d o x i o a l p h a s e o f s l e e p 2 6 1 

p a r a l l e l fibers o f t h e c e r e b e l l u m 6 0 4 

— - s w i n g r o t a t i o n 5 4 9 

— s w i n g s , e x p e r i m e n t s w i t h 1 0 6 , 1 6 3 , 4 1 6 , 

4 1 8 , 4 3 5 , 4 3 6 , 5 4 1 , 5 5 9 , 5 6 2 

p a r a l y s i s , a b d u c e n s - 8 

— o f c r a n i a l n e r v e s a n d v e r t i g o 4 3 9 

— , g a z e - 2 1 5 , 2 1 6 

— , v e s t i b u l a r 4 8 2 

p a r a m e t r i c g a i n a d j u s t m e n t v i a c l i m b i n g 

fiber a c t i o n 6 0 4 

p a r a n e o p l a s t i c c e r e b e l l a r e n c e p h a l o p a t h y 

2 1 3 

p a r a o x o n 4 8 2 

p a r a s y m p a t h e t i c i n n e r v a t i o n a n d m o t i o n 

s i c k n e s s 4 0 0 

p a r a s y m p a t h o l y t h i c a c t i o n o f d r u g s 4 0 2 , 4 1 0 



S u b j e c t I n d e x 6 6 7 

p a r a v e r m i s , l e s i o n s o f 5 9 8 

p a r e s i s , g a z e - 2 1 8 , 5 9 6 

p a r i e t a l l o b e 8 

P a r i n a u d ' s s y n d r o m e 2 1 7 , 2 2 8 

p a r k i n s o n i s m 2 1 5 , 6 0 8 

p a r o x y s m a l p o s i t i o n a l n y s t a g m u s 2 0 5 

v e r t i g o 196 

p a s s i v e m o v e m e n t 9 0 , 1 3 5 

p a s t p o i n t i n g 2 3 9 , 2 7 1 

p a t e l l a r r e f l e x 2 7 6 

p a t h of b o d y m o v e m e n t , p e r c e p t i o n d u r i n g 

o f f - v e r t i c a l r o t a t i o n 111 

— of p a s s i v e m o v e m e n t 9 0 

p a t i e n t s , see a l s o m a n , o b s e r v e r s 

— , a b n o r m a l l y f a t i g a b l e 361 

— , s c h i z o p h r e n i c 3 6 5 

— , c a t a t o n i c 361 

p a t t e r n b u i l d i n g , v e s t i b u l a r s e n s a t i o n 4 2 4 

p a t t e r n - c o p y 4 2 6 , 4 2 7 

p a t h o l o g y o f v e s t i b u l a r s e n s a t i o n 4 1 3 ff 

p e a k c u p u l a d e f l e c t i o n 3 8 

p e n d u l a r a n g u l a r a c c e l e r a t i o n 2 2 3 

— e y e d e v i a t i o n s d u r i n g a n g u l a r a c c e l e r a -

t i o n 2 1 1 , 2 1 2 

— n y s t a g m u s 198 , 2 0 3 , 2 0 7 , 2 0 8 , 2 0 9 , 2 1 0 , 

2 1 1 , 2 1 9 , 5 8 7 

p e n d u l u m , o v e r d a m p e d 5 0 3 

— , s p r i n g - 81 

— , t o r s i o n - 4 1 5 , 4 2 0 , 5 0 2 

P e n s a c o l a S l o w R o t a t i o n R o o m 3 3 8 , 3 3 9 , 

3 4 0 , 3 4 3 , 3 4 4 

p e n t e t r a z o l e 4 8 2 

p e n t o b a r b i t a l 3 6 4 

p e r c e i v e d i n c l i n a t i o n 9 8 

— m o t i o n e x p e r i e n c e s 114 

— p o s i t i o n 8 3 

p e r c e p t i o n , see a l s o d e t e r m i n a t i o n , s e n s a t i o n 

— of a c c e l e r a t i o n 5 5 4 

— of a n g u l a r a c c e l e r a t i o n , t h r e s h o l d s of -

23 ff, 4 3 2 

— of a n g u l a r v e l o c i t y 1 8 , 5 6 , 125 

— of b o d y r o t a t i o n 118 

— o f d i s p l a c e m e n t 106 

— o f h o r i z o n t a l 9 1 , 9 7 

— of l i n e a r v e l o c i t y 1 8 , 7 2 , 7 7 , 8 2 , 8 7 , 106 

— of m o t i o n 77 

, v i s u a l 5 9 2 , 5 9 3 

— o f o r i e n t a t i o n r e l a t i v e t o t h e e a r t h 112 

— o f s p a c e 156 , 1 6 2 , 164 , 2 3 7 , 2 3 8 

— o n s t a r t i n g t h e h e a d m o v e m e n t 121 

— of t i l t 18 , 6 8 , 7 7 , 8 1 , 9 6 , 1 0 2 , 1 0 8 , 110 , 

125 

— o f u p r i g h t 104 , 2 3 8 

— of v e l o c i t y 21 

— of v e r t i c a l l y 6 8 , 7 5 , 8 2 , 9 0 , 9 1 , 9 7 , 1 0 3 , 

1 0 8 , 109 , 163 , 164 , 1 7 7 , 185 

p e r c e p t i o n a n d t h e v e s t i b u l a r s y s t e m 5 6 6 ff 

p e r c e p t i o n s d u r i n g c h a n g i n g h o r i z o n t a l l i n e a r 

a c c e l e r a t i o n s 105 

p e r c e p t u a l c o o r d i n a t e s y s t e m s 164 

— o r i e n t a t i o n 156 

— r e c o n s t r u c t i o n 166 

— s p a c e o r t h o g o n a l i t y 162 

— s p a c e t r a n s f o r m a t i o n s 156 , 164 

p e r i l y m p h , b l o o d i n 2 0 6 

p e r i l y m p h a t i c fluids 5 6 2 

— s y s t e m s , m o d e l o f a c a n a l w i t h 2 8 9 

p e r i p h e r a l m e c h a n i s m s o f h a b i t u a t i o n 373 

p e r i o d i c a l l y o s c i l l a t o r y a f t e r - r e a c t i o n s 4 3 4 

p e r p h e n a z i n e 4 8 1 

p e r s i s t e n t r o t a t i o n e x p e r i e n c e 112 

p e r s o n a l s p a c e , p e r c e p t i o n o f 2 3 8 , 261 

p e r s o n a l i t y , u n i t y o f 6 1 4 

— d i m e n s i o n s 110 

p e r s p i r a t i o n d u r i n g m o t i o n s i c k n e s s 3 9 9 

p e r t u r b e d s y s t e m - b o u n d r e s p o n s e s 2 5 7 

p e r v e r t e d d i r e c t i o n o f c a l o r i c n y s t a g m u s 221 

p h a r m a c o l o g y o f c o m p e n s a t i o n s o f v e s t i b u l a r 

l e s i o n s 4 8 1 ff 

p h a s e a n g l e , s t i m u l u s r e s p o n s e - 3 8 , 7 3 

b e t w e e n t h e r e s p o n s e m a g n i t u d e a n d 

s t i m u l u s v e l o c i t y 3 3 

— r e v e r s a l s o f t h e o s c i l l a t i o n s 4 3 2 

p h a s i c s e c o n d a r y a f t e r - s e n s a t i o n s 4 3 3 

p h é n o b a r b i t a l 481 

p h o s p h o r u s , c o n t e n t d u r i n g m o t i o n s i c k n e s s 

4 0 1 

p h o t o g r a p h i c m e t h o d s , a t a x i a 3 5 7 

p h o t o p h o b i a p a i n s 4 4 0 

p h y s i c a l m o d e l o f t h e o t o l i t h 5 2 8 ff 

P i c r o t o x i n 4 8 1 

p i g e o n , c o m p e n s a t i o n o f v e s t i b u l a r l e s i o n s 

4 6 3 , 4 6 5 , 4 7 2 , 4 7 7 , 4 7 9 

— , v e s t i b u l a r h a b i t u a t i o n 3 7 1 , 3 7 2 , 3 7 3 

p i l o t s , see a l s o a s t r o n a u t s 

— , d e t e r m i n a t i o n o f t h e v e r t i c a l 5 3 8 

— , v e s t i b u l a r h a b i t u a t i o n 3 7 6 , 3 7 9 

p i t c h , f o r w a r d , s e n s a t i o n o f 123 

— a x e s 3 0 2 

— e r r o r s 8 9 

n y s t a g m u s 1 2 7 , 128 

p l a t f o r m s , e l e v a t e d 3 5 9 

— , t i l t i n g 357 

p l u g g i n g e x p e r i m e n t s , s e m i c i r c u l a r c a n a l s 

5 4 3 

p o i n t i n g e x p e r i m e n t s 2 3 9 , 2 6 8 , 2 7 0 , 2 7 1 

p o l y n e u r i t i s 2 1 5 

p o n t i n e a n g l e t u m o r 2 1 3 

— n u c l e i 6 0 5 , 6 1 4 

, g a z e p a r a l y s i s 2 1 7 

— r e t i c u l a r f o r m a t i o n 2 1 4 , 5 8 6 , 5 9 0 

— t e g m e n t u m , g a z e c e n t e r 2 1 6 , 2 2 8 

, l e s i o n s o f 2 0 3 , 217 
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p o n t i n e t u b e r c u l o m a 5 9 0 

p o s i t i o n , a n g u l a r 18 

— , e r e c t , t h r e s h o l d s 8 2 

— , h e a d - u p - 8 9 

— , i n v e r t e d 8 2 , 5 5 5 

— , p e r c e i v e d 8 3 

— , e x p e r i e n c e o f 179 

— r e l a t i v t o g r a v i t y 18 , 6 8 

— , s e a t e d , t h r e s h o l d s o f 81 

— , s t a t i c 18 , 9 2 

— , d e t e r m i n a t i o n o f 4 9 7 f 

— i n d i c a t o r 5 2 0 

— r e c e p t o r s 163 

— sense , a b s e n c e o f 8 8 

, i n s e n s i t i v i t y o f 88 

, m o d u l a t i o n b y 9 2 

, s e n s i t i v i t y o f 8 9 

— s e n s i n g u n i t s 71 

— s i g n a l i n g , c o n s i s t e n t 112 

d u r i n g o f f - v e r t i c a l r o t a t i o n 111 

p o s i t i o n a l c h a n g e i n d i c a t o r 5 2 0 

— n y s t a g m u s 1 9 5 , 1 9 6 , 2 0 1 , 2 0 4 , 2 0 5 , 2 0 6 , 

2 9 0 , 3 0 0 , 3 0 1 , 3 0 7 , 3 3 6 , 3 6 5 , 4 3 7 , 4 3 9 , 4 4 1 , 

5 6 1 , 5 9 0 

— r e s p o n s e s i n c a n a l a f férents 2 8 4 

— t e s t 2 0 1 , 2 8 4 

— v e r t i g o 1 9 6 , 2 0 6 

p o s i t i o n i n g o f t h e l i n e r e l a t i v e t o t h e b o d y , 

e g o c e n t r i c 9 5 

— n y s t a g m u s 1 9 6 , 2 0 2 , 2 0 5 , 2 0 6 

p o s i t i o n s , p o s t u r a l , a n d r e d u c e d s o m a t o s e n -

s o r y cues 8 8 , 9 0 

— , — , a n d r e d u c e d v e s t i b u l a r a n d n o n v e s t i -

b u l a r cues 9 0 

— , s i d e - d o w n , t h r e s h o l d s o f 8 2 

— , s t a n d i n g 9 4 

— , s t a r t i n g 8 8 

p o s i t i v i t y , p r e - m o t i o n 6 0 0 

p o s t - a c c e l e r a t i o n p r i m a r y r e a c t i o n 6 0 

p o s t c a l o r i c s e n s a t i o n 4 3 5 

p o s t c e n t r a l g y r u s 8 

p o s t h a b i t u a t i o n t e s t s 133 

p o s t e r i o r c o m m i s s u r e , l e s i o n s i n 2 1 7 

— f o s s a , l e s i o n s o f 2 0 5 

p o s t r o t a t i o n e f fects 3 4 1 , 3 4 3 

p o s t r o t a t i o n a l c a n a l r e s p o n s e s 9 2 , 119 

— r e a c t i o n s , s e c o n d a r y 4 2 7 

— r e s p o n s e s , t i m e c o n s t a n t o f d e c a y o f 2 9 7 

— s e n s a t i o n o f t u r n i n g 115 

p o s t r o t a t o r y i n c l i n a t i o n 2 7 6 

— n y s t a g m u s 1 1 5 , 2 2 5 , 2 6 9 , 2 8 5 , 2 9 2 , 2 9 4 , 

3 0 2 , 4 5 5 

— s e n s a t i o n , a d a p t a t i o n o f 4 2 9 

p o s t u r a l c u e s y s t e m 179 

— d i r e c t i o n cues 163 ff 

— d i s e q u i l i b r i u m 2 3 9 , 2 5 7 

— e q u i l i b r i u m 2 5 0 , 2 6 1 , 3 3 3 , 3 4 6 , 3 5 2 

p o s t u r a l e q u i l i b r i u m r e s p o n s e s 156 

t e s t b a t t e r y 2 3 4 , 2 5 0 

— h o m e o s t a s i s t o t h e r o t a t i n g e n v i r o n m e n t 

3 4 2 

— p o s i t i o n s 8 8 , 9 0 

— r e f l e x e s 1 1 3 , 1 6 3 , 4 7 1 , 4 7 2 

— s e n s a t i o n s 164 , 1 7 4 

— s t a b i l i t y , r i g i d 2 5 1 

— s t a n d a r d 176 

— s w a y 2 5 1 

— t i l t 7 6 

— t r e m o r 6 0 9 

— u p r i g h t 2 4 9 

— v e r t i c a l 8 2 , 8 3 , 8 4 , 9 0 , 1 0 9 , 1 2 5 , 2 4 9 

— v e r t i g o 3 3 6 

p o s t u r e , b i b l i o g r a p h y o f 3 5 2 

p o t a s s i u m , c o n t e n t d u r i n g m o t i o n s i c k n e s s 

4 0 1 

p o t e n t i a l s , c e r e b r a l , p r e c e d i n g v o l u n t a r y m o -

v e m e n t s 6 0 0 , 6 0 1 

— , r e a d i n e s s - 6 0 0 

p o w e r l a w 3 9 , 4 1 , 5 6 

p r a c t i c e , e f f e c t o n v i s u a l a c u i t y 1 3 0 

p r e c o m m i s s u r a l n u c l e u s 2 1 7 

p r e g n a n c y a n d v e r t i g o 4 3 8 

p r e - m o t i o n p o s i t i v i t y 6 0 0 

p r e m o t o r a p p a r a t u s f o r e y e r o t a t i o n 2 0 3 

— n e u r o n a l a p p a r a t u s o f o c u l o m o t o r n u c l e i 

2 1 6 

p r e - p r o g r a m m e d s k i l l e d m o v e m e n t 126 

p r e s s u r e o n t h e b o d y s u r f a c e , d i s t r i b u t i o n o f 

163 

— r e c e p t o r s 2 3 7 , 2 6 2 , 2 8 2 

p r e s t i t i a l n u c l e u s 2 1 7 

p r e t e c t a l a r e a 5 8 8 

— r e g i o n , g a z e c e n t e r 2 1 6 , 2 2 8 

p r i m a r y a f t e r - r e a c t i o n 61 

— p o s t - a c c e l e r a t i o n r e a c t i o n 6 0 

p r i s m s p e c t a c l e s 160 

p r i s m s , r i g h t - l e f t r e v e r s i n g 1 3 1 , 6 0 4 

— , d i s p l a c e m e n t o f v i s u a l field b y 134 

— , d i s t o r t e d v i s u a l i n p u t b y - 134 

p r o c a i n a n d v e r t i g o 4 3 7 

p r o j e c t i o n a r e a , v e s t i b u l a r 8 

p r o l o n g e d r o t a t i o n 3 4 4 

p r o p r i o c e p t i o n , l i m b - 9 1 , 5 8 4 

— , n e c k - 2 2 5 , 4 7 9 

— , n o n v e s t i b u l a r 3 3 0 

— a n d v e s t i b u l a r s y s t e m 5 8 2 

p r o p r i o c e p t i v e c e r v i c a l n y s t a g m u s 2 0 6 

— f e e d b a c k f r o m t h e e y e m u s c l e s 5 9 9 

— i n p u t s 3 3 8 

— m e c h a n i s m s , n o n v e s t i b u l a r 3 4 4 

p r o t e i n c o n t e n t o f e n d o l y m p h 5 6 2 

d u r i n g m o t i o n s i c k n e s s 4 0 1 

p r o x i m a l s t i m u l u s 158 

p s e u d o - C o r i o l i s e f f ec t 1 1 9 , 4 0 1 



S u b j e c t I n d e x 6 6 9 

p s e u d o p a l s y , h y s t e r i c a l 2 1 5 

p s y c h i c s t a t e s , v e s t i b u l a r r e s p o n s e s 361 

p s y c h o g e n i c d i s o r d e r 3 3 6 

a n d v e r t i g o 4 3 8 

p s y c h o p h y s i c a l v a r i a b l e 1 5 8 , 1 5 9 

p u l s a t i o n s o f b l o o d - v e s s e l s 2 5 1 

p u p i l l a r y l i g h t r e a c t i o n 2 1 7 

P u r k i n j e a x o n s 5 9 9 

— ce l l s 5 8 7 , 6 0 3 , 6 0 5 , 6 0 8 

— ef fect 119 

p u r s u i t e y e m o v e m e n t s 1 9 9 , 2 1 9 , 5 8 7 , 5 8 8 

p u t a m e n , n e u r o n s o f 6 0 8 

p y k n o l e p s i a , p e t i t m a l a t t a c k s o f 1 9 6 

r a b b i t , c o m p e n s a t i o n o f v e s t i b u l a r l e s i o n s 

4 6 8 , 4 7 3 

— , n y s t a g m u s 3 7 1 , 3 7 2 , 3 7 3 

r a i l a t a x i a t e s t 327 

— m e t h o d 3 5 7 

— t e s t b a t t e r y 2 5 0 

r a m p g e n e r a t o r , b a s a l g a n g l i a 6 0 8 

— m o v e m e n t s , v o l u n t a r y 5 8 9 , 6 0 8 

R a m s a y - H u n t s y n d r o m e a n d v e r t i g o 4 4 1 

r a p i d e y e m o v e m e n t s 3 6 2 

r a y , c a n a l r e s p o n s e s t o a n g u l a r v e l o c i t y 5 0 2 

— , o t o l i t h r e s p o n s e s 5 1 9 

— l a b y r i n t h , t i m e c o n s t a n t 2 8 5 

r e a c t i o n , p o s t - a c c e l e r a t i o n p r i m a r y 6 0 

— , s e c o n d a r y , as s i g n o f a d a p t a t i o n 6 2 

— , s u b j e c t i v e , t o a n g u l a r a c c e l e r a t i o n 21 

— , — , t o s e m i c i r c u l a r c a n a l s t i m u l a t i o n 18 

— t i m e 2 8 

r e a d i n e s s p o t e n t i a l 6 0 0 

r e a f f e r e n c e p r i n c i p l e 156 

r e a f f e r e n t c o m p o n e n t 172 

— s e n s o r y s i g n a l s 6 0 5 

— v o l l e y s , r a p i d m o v e m e n t s b y 6 0 6 

reafTerents 7 

r e c e p t o r s , a m p u l l a r 2 8 2 , 2 8 3 , 2 9 1 , 3 1 2 

— , c a n a l - 251 

— , j o i n t 2 8 2 

— , m a c u l a r 2 5 2 , 2 8 2 , 2 9 0 , 3 1 2 

— , n o n o t o l i t h , l oss o f cues f r o m 2 4 8 

— , p o s i t i o n - 163 

— , p r e s s u r e 2 8 2 

— , s o m a t o s e n s o r y 2 5 1 

— , s t i m u l a t e d b y l i n e a r a n d a n g u l a r a c c e l e r -

a t i o n 2 8 2 

— , t e n s i o n - 163 

— , t o u c h 2 3 7 , 2 8 2 

— , T P K - 2 3 4 , 2 3 5 , 2 3 7 , 2 4 4 , 2 4 5 , 2 4 9 , 2 5 1 , 

261 

r e c o n s t r u c t i o n 156 

— , p e r c e p t u a l 166 

— p r i n c i p l e 1 6 6 , 1 6 9 

r e c o v e r y , n e u r o n a l v e s t i b u l a r a c t i v i t y d u r -

i n g 4 5 4 

r e c o v e r y n y s t a g m u s 2 0 3 , 2 0 4 , 2 2 1 , 4 8 4 

r e c r u i t m e n t o f c u p u l a s e n s o r y c e l l s 5 1 4 

r e d u n d a n c y 167 , 1 7 8 , 1 7 9 

— , n a t u r a l 167 , 168 

— , e x p e c t a t i o n s 167 , 1 6 8 , 172 

r e f e r e n c e a x e s , o t o l i t h o r g a n s 5 2 2 

r e f l e x , A c h i l l e s t e n d o n - 2 7 6 

— , a n t i g r a v i t y s t r e t c h 5 8 5 

— , c e r v i c o - o c u l a r 2 2 3 

— , M o r o - 123 

— , n o c i c e p t i v e f l e x i o n 5 8 5 

— , p a t e l l a r 2 7 6 

— a c t i o n s r e l a t i v t o t h e e a r t h 18 

— a r c , c o r t i c o - c o r t i c a l 6 0 0 

, v e s t i b u l o - o c u l a r 2 9 1 , 5 8 6 , 5 9 0 

— c o u n t e r m o v e m e n t s , i n v o l u n t a r y 197 

— r e s p o n s e g a i n s 2 5 1 

— v e s t i b u l a r d i s t u r b a n c e s 2 5 7 , 2 6 2 

r e f l e x e s , d e e p , t o v e s t i b u l a r s t i m u l i 2 7 6 

— , l a b y r i n t h i n e 5 8 4 , 5 8 5 

— , l a b y r i n t h i n e r i g h t i n g 2 7 7 

— , n y s t a g m i c 4 5 4 

— , p o s t u r a l 1 1 3 , 163 

— , s e c u r i t y - 179 

— , t e n d o n - 2 7 6 

— , t i l t i n g 194 , 5 8 4 

— , t o n i c n e c k - 2 7 1 , 4 3 7 , 5 8 4 

— , v e s t i b u l a r , i n t h e t r u n k 2 7 1 

— , v e s t i b u l o - a u t o n o m i c 2 6 8 

— , v e s t i b u l o - o c u l a r 2 6 8 

— , v e s t i b u l o - s p i n a l 2 6 7 , 2 6 8 , 2 7 7 

— a f t e r l a b y r i n t h i n e l e s i o n s 4 6 9 , 4 7 1 , 4 7 2 

r e g u l a t i o n , c e n t r a l , o f fixation 2 1 1 

— o f h e a d p o s i t i o n 211 

r e j e c t i o n s y n d r o m e , m o t i o n s i c k n e s s 5 6 8 , 

5 7 0 

R E M s l e e p 2 6 1 , 3 6 4 

r e n a l r e s o r p t i o n d u r i n g m o t i o n s i c k n e s s 4 0 1 

r e p r e s e n t a t i o n , c o r t i c a l v e s t i b u l a r 7 

r e p u g n a n c e , t h e o r y o f 5 7 2 

r e s i d u a l a t a x i a 3 4 5 

r e s p i r a t i o n a n d m o t i o n s i c k n e s s 4 0 0 

r e s p o n s e c u r v e s , s u p r a l i m i n a l 27 

— d e c l i n e o f s e n s a t i o n 4 2 6 

— d u r a t i o n , w o r k i n g e q u a t i o n s 3 8 

— l a t e n c y , t h r e s h o l d m e t h o d s a n d w o r k i n g 

e q u a t i o n s 3 7 

— m a g n i t u d e , p h a s e a n g l e b e t w e e n - a n d 

s t i m u l u s v e l o c i t y 3 3 

— r e d u c t i o n , h a b i t u a t i o n 3 8 2 

r e s p o n s e s , n o n - s y s t e m - b o u n d 2 5 7 

— , n o r m a l s y s t e m - b o u n d 2 5 6 

— , p e r t u r b e d - s y s t e m - b o u n d 2 5 7 

— t o s t i m u l a t i o n o f s e m i c i r c u l a r c a n a l s 

5 2 f f 

r e s t i n g d i s c h a r g e 2 8 6 

— t r e m o r 6 0 8 
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r e s t o r a t i o n , v e s t i b u l a r 4 5 1 

r e s t o r i n g f o r c e , e l a s t i c , o f c u p u l a 2 9 

r e s u l t a n t , m a g n i t u d e o f 8 3 

— f o r c e , t i l t e d t o 9 6 

r e t a r d a t i o n , v i s c o u s 2 9 

r e t i c u l a r f o r m a t i o n 2 5 7 , 2 6 1 , 4 2 6 , 4 5 9 , 4 6 9 , 

4 7 5 , 4 7 9 , 5 8 4 , 5 8 6 , 5 8 9 

, p o n t i n e 2 1 4 , 5 8 6 , 5 9 0 

— n u c l e i of b r a i n s t e m 6 0 1 

, s t e p g e n e r a t o r 5 9 9 

o f t h e t e g m e n t u m 2 1 7 

— s y s t e m , i n t e r p l a y w i t h v e s t i b u l a r s y s t e m 

3 4 

r e t i c u l o s p i n a l t r a c t 2 6 8 

r e t i n a l i m a g e v e l o c i t y 117 

— m e s s a g e 172 

— s t i m u l u s field 181 

— t e x t u r e d e n s i t y , g r a d i e n t f o r 1 6 8 

— v e l o c i t y , v i s i o n d u r i n g v e s t i b u l a r n y s t a g -

m u s 128 

r e t r a c t o r y n y s t a g m u s 2 2 8 

r e t r o s p e c t i v e d i s p l a c e m e n t e s t i m a t i o n 51 

r e t u r n t o u p r i g h t , s p e e d o f 8 5 

r e v e r i e a n d n y s t a g m u s 3 6 3 , 3 6 5 

r e v e r s a l i n a p p a r e n t m o t i o n 6 8 

— p h e n o m e n o n 4 7 7 

r e v e r s i n g p r i s m s 6 0 4 

r h y t h m i c a f t e r - s e n s a t i o n s 4 1 9 

— s t i m u l a t i o n s 4 2 5 , 4 2 6 

R i c h t u n g s i n d u k t i o n 1 6 0 

r i g h t - h a n d r u l e o f r o t a t i o n 12 

r i g h t i n g r e a c t i o n s , c o m p e n s a t o r y 2 7 7 

— r e f l e x e s , l a b y r i n t h i n e 2 7 7 

r i g i d i t y 6 0 8 , 6 0 9 

r i g i d p o s t u r a l s t a b i l i t y 2 5 1 

R i s a t a r u n 4 8 2 

R N A 4 8 2 

r o d e n t s , o p t o k i n e t i k n y s t a g m u s 2 1 9 

R o l a n d i c a r e a 6 0 9 , 6 1 0 

R o l a n d i c fissure 6 1 0 

r o l e o f e x p e c t a t i o n 117 

r o l l a x e s 3 0 2 

— e r r o r s 8 9 

n y s t a g m u s 127 

r o l l e r p u m p m o d e l 2 8 8 

R o m b e r g ' s t e s t 2 5 0 , 2 7 3 , 2 7 6 , 3 2 2 

, c l a s s i c a l 3 3 6 , 3 5 3 

, u n i p o d i c 3 5 3 

r o o f n u c l e i , l e s i o n s o f 4 7 8 

r o o m , r o t a t i n g 3 3 8 , 3 3 9 , 3 4 0 , 3 4 3 , 3 4 4 , 392 

— i l l u m i n a t i o n d u r i n g h a b i t u a t i o n 3 7 9 

r o o t s , d o r s a l 4 7 9 , 5 8 4 

r o t a t a b l e c h a m b e r s 117 

r o t a t i n g c h a i r , c l i n i c a l use o f 2 2 3 

— e n v i r o n m e n t 132 

, p o s t u r a l h o m e o s t a s i s t o 3 4 2 

— l i n e a r a c c e l e r a t i o n v e c t o r 2 8 6 , 5 4 6 , 548 

r o t a t i n g n y s t a g m u s 2 0 2 , 2 0 3 , 2 2 8 

— p l a t f o r m 1 3 1 , 133 

— r o o m 3 3 8 , 3 3 9 , 3 4 0 , 3 4 3 , 3 4 4 , 392 

— s u r r o u n d s 118 

— w a t e r t a n k 5 4 5 

r o t a t i o n 2 6 9 

— , c o n s t a n t , a d a p t a t i o n t o 3 3 9 

— , c o n s t a n t v e l o c i t y - 1 1 1 , 2 8 8 

— , c o n t i n u o u s 5 5 0 

— , — , o f t h e l i n e a r a c c e l e r a t i o n v e c t o r 3 0 9 

— , e a r t h - h o r i z o n t a l 2 3 4 

— , e c c e n t r i c 2 9 9 

— , o f f - v e r t i c a l 1 1 1 , 1 1 3 , 2 3 4 , 2 3 5 , 2 6 2 

— , p a r a l l e l - s w i n g 5 4 9 

— , p r o l o n g e d 3 4 4 

— , r e v e r s e d , s e n s a t i o n o f 5 6 

— , s t e a d y 1 8 0 

— , a f t e r s e n s a t i o n o f 4 1 8 , 4 1 9 

— of t h e b o d y a n d o t o l i t h r e s p o n s e 5 4 3 

— o f t h e b o d y i n s p a c e 5 4 7 

— , d e t e r m i n a t i o n o f 5 4 7 

— a b o u t a n e a r t h - h o r i z o n t a l a x i s 1 1 5 , 1 1 6 

— a b o u t a n e a r t h - v e r t i c a l a x i s 116 

— o f t h e e n v i r o n m e n t 5 4 7 

— , h a l l u c i n a t i o n s o f 4 2 9 , 4 3 3 

— o f t h e h e a d 121 

— o f i m m e r s e d s u b j e c t s 5 4 4 , 5 6 2 

— o f a l i n e a r a c c e l e r a t i o n v e c t o r 2 9 0 , 5 4 6 , 

5 4 8 

— , r e s p o n s e s t o - , e f f ec t o f g r a v i t a t i o n a l a c c e l -

e r a t i o n 2 9 1 

— , r e s p o n s e s t o - , e f fec t o f s u s t a i n e d a c c e l -

e r a t i o n 2 9 8 

— , r i g h t - h a n d r u l e o f 12 

— , s e n s a t i o n o f 16 , 1 1 5 , 4 1 8 , 4 1 9 , 4 2 3 , 4 2 7 , 

5 4 7 , 5 4 9 , 5 5 0 

— o f t h e s t r i p e d field 170 

— a b o u t a t i l t e d a x i s 113 

— a f t e r e f f e c t s 9 2 

— - d e p e n d e n t c e l l s 5 4 9 , 5 6 7 

— d e t e c t i o n 34 

— e x p e r i e n c e , p e r s i s t e n t 112 

i n d u c e d a t a x i a 3 4 4 

n y s t a g m u s 3 2 2 

— t e s t s , c l i n i c a l v a l u e o f s e n s a t i o n i n 4 2 7 

r o t a t o r y a c c e l e r a t i o n 4 1 5 

— a u t o k i n e s i s 2 4 2 

— e x c i t a b i l i t y t e s t s 2 2 0 

— e y e m o v e m e n t s 2 0 2 

— n y s t a g m u s 2 1 4 , 4 8 3 

— o s c i l l a t i o n s , c l i n i c a l m e t h o d s 4 3 2 

— s t i m u l a t i o n 2 2 0 , 2 7 2 

— v e r t i g o 4 3 7 

r o u t e p e r c e p t i o n 156 

R u t t i n c o m p e n s a t i o n 4 7 2 
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s a c c a d e 1 9 7 , 5 8 8 , 6 0 5 , 6 1 1 

— , see a l s o e y e m o v e m e n t 

— , c o a r s e 5 9 6 

— , f a s t - p h a s e - 128 

— , c o r r e c t i o n - 5 9 4 , 5 9 6 

— , h o r i z o n t a l s p o n t a n e o u s 5 9 7 

— , h y p o m e t r i a o f 5 9 6 , 5 9 8 , 6 0 4 

— , r e f r a c t o r y p e r i o d f o r 5 9 2 , 5 9 3 

s a c c a d i c b u r s t a c t i v i t y 5 8 6 

d u r a t i o n 6 0 3 

— e y e m o v e m e n t s , d y s m e t r i a o f 5 9 6 , 5 9 8 , 

6 0 3 

, f u n c t i o n a l c r o s s i n g o f t h e m e c h a -

n i s m s f o r 2 1 6 

a n d r a p i d p h a s e s o f n y s t a g m u s 

5 9 0 

— f u n c t i o n , d i s c o n t i n u o u s , o f c e r e b e l l a r c o r -

t e x 6 0 2 

— p u l s e g e n e r a t o r 5 9 4 

— r e a c t i o n t i m e 5 9 6 

t y p e m o v e m e n t s 6 0 3 

s a c c u l a r i n f l u e n c e o n o c u l a r d i s p l a c e m e n t 

102 

— m a c u l a 2 8 2 , 5 1 6 

— — , r e l a t i v e t o t h e h e a d 17 

as t i l t i n d i c a t o r 102 ff 

— p l a n e 103 

— s a c 5 1 7 

— s h e a r 8 2 , 1 0 2 , 103 

— s i g n a l s , t e m p o r a l p a t t e r n i n g o f 112 

— u n i t s , r e s p o n s e s f r o m 5 3 3 

s a c c u l e 16 , 1 7 , 7 1 , 9 8 , 102 

— , e q u i l i b r i a l f u n c t i o n 2 3 5 

— , n a t u r a l f r e q u e n c y o f 16 

— , s e n s i t i v i t y o f 87 

— , s t a t i c f u n c t i o n 1 6 4 , 1 6 5 

s a c c u l u s , see s a c c u l e 

s a l i v a t i o n d u r i n g m o t i o n s i c k n e s s 3 9 9 

s a t i a t i o n e f fec t 1 6 2 , 173 

s c l e r o s i s , d i s s e m i n a t e d , a n d v e r t i g o 4 4 2 

s c o p o l a m i n e a n d m o t i o n s i c k n e s s 4 0 2 

s e a s i c k n e s s 3 6 9 , 4 0 5 ff, 4 3 0 

s e a t e d p o s i t i o n , t h r e s h o l d s 81 

S c h i f f - S h e r r i n g t o n i n h i b i t i o n 4 8 1 

p h e n o m e n o n 4 7 9 

s c h i z o p h r e n i c p a t i e n t s , n y s t a g m u s 3 6 5 

s e c o n d a r y n y s t a g m u s 6 3 

— r e a c t i o n s as s i g n o f a d a p t a t i o n 6 2 

s e c t i o n o f c o r p u s c a l l o s u m 2 1 6 

— of o p t i c c h i a s m a 2 1 6 

s e c u r i t y r e f l e x e s 179 

s e e i n g d u r i n g e y e m o v e m e n t 1 3 0 

— d u r i n g v e s t i b u l a r s t i m u l a t i o n 1 3 0 

s e e s a w e y e m o v e m e n t 2 0 3 

— n y s t a g m u s 2 1 4 , 2 1 5 

s e i z u r e s , a d v e r s i v e 2 1 5 

s e l f - r o t a t i o n , i n d u c i n g v e s t i b u l a r a t a x i a 3 3 8 

s e m i c i r c u l a r c a n a l , see a l s o c a n a l 

a c t i v i t y , m o d u l a t i o n o f 126 

f u n c t i o n 2 0 , 106 

i n f o r m a t i o n , c o n f l i c t i n g 108 

n y s t a g m u s 1 1 6 , 3 0 2 

r e s p o n s e , p o s t r o t a t i o n a l 119 

s t i m u l a t i o n , s u b j e c t i v e r e a c t i o n s t o 

18 

, v i s u a l a c u i t y d u r i n g 126 

a n d v i s u a l i n f o r m a t i o n 116 , 177 

s t i m u l i a n d h a b i t u a t i o n 132 

, u n n a t u r a l 135 

— c a n a l s , a c c e l e r a t o r y s t i m u l i t o 14 , 5 4 6 , 

5 5 1 

a n d a n g u l a r a c c e l e r a t i o n 5 0 3 , 5 0 9 

a s a n g u l a r s e n s o r s 5 0 1 , 5 0 2 , 5 0 9 

, a p p r o p r i a t e s t i m u l i 4 1 5 

, d i s t u r b a n c e o f 2 0 2 , 2 0 6 

, f r e q u e n c y r e s p o n s e 5 8 5 

, g r a v i t o i n e r t i a l f o r c e s i n n e a r - w e i g h t -

l e s s n e s s 2 3 7 

, l o c a t i o n o f a n g u l a r a c c e l e r a t i o n v e c -

t o r b y 116 

, m a t c h e d sets 5 4 

, m e c h a n i c a l m o d e l o f 5 2 9 

, n o r m a l r a n g e o f o p e r a t i o n 5 0 5 

a n d o t o l i t h s , c o m p l e m e n t a r y w o r k i n g 

o f 5 4 3 

, p l u g g i n g e x p e r i m e n t s 5 4 3 

, r e s p o n s e s o f - i n fish 5 0 2 , 5 0 8 , 5 0 9 , 

5 1 0 , 5 1 4 

, r e s p o n s e t o l i n e a r a c c e l e r a t i o n 5 4 9 

a n d s e a - s i c k n e s s 4 0 5 , 4 0 7 

, s t i m u l u s w a v e f o r m s 2 0 

, t h r e e c o p l a n a r p a i r s o f 14 

, t u r n t a b l e s t i m u l a t i o n 18 

, v e l o c i t y t r a n s d u c e r 5 0 4 

, h o r i z o n t a l , r e s p o n s e t o s t i m u l a t i o n o f 

5 2 ff 

, v e r t i c a l , r e s p o n s e t o s t i m u l a t i o n o f 

5 2 ff 

s e n s a t i o n , see a l s o d e t e r m i n a t i o n , p e r c e p t i o n 

— of a n g u l a r v e l o c i t y 4 2 4 

— o f c e n t r i f u g a l a c c e l e r a t i o n 4 1 7 

— o f c h a n g e o f p o s i t i o n 4 1 8 

— f o r d i v i n g 123 

— f o r f o r w a r d p i t c h 123 

— of g r a v i t a t i o n a l a c c e l e r a t i o n 4 1 7 

— o f l i n e a r m o v e m e n t s 4 1 8 

— , r e s p o n s e d e c l i n e o f 4 2 6 

— o f r o t a t i o n 16 , 5 6 , 1 1 5 , 4 1 8 , 4 1 9 , 4 2 3 , 

4 2 7 , 5 5 0 

— o f t u m b l i n g 119 

— o f t u r n i n g , see t u r n i n g s e n s a t i o n 

— d u r i n g t u r n i n g a c c e l e r a t i o n a n d d e c e l e r a -

t i o n 21 

43* 



6 7 2 S u b j e c t I n d e x 

s e n s a t i o n , c l i m b i n g 1 2 3 , 125 

— , i l l u s o r y , o f m o v e m e n t 5 4 0 

— , l i n e a r v e l o c i t y - 7 2 , 1 0 6 , 112 

— , p o s t c a l o r i c 4 3 5 

— , p o s t u r a l 1 6 4 , 174 

— , s e c o n d a r y 6 3 

— , t i l t i n g 8 7 

— , v e r t i g i n o u s 1 3 3 , 3 8 0 

— , v e s t i b u l a r 7 

— , — , p a t h o l o g y o f 4 1 3 f f 

— c u p u l o g r a m s 2 8 , 4 0 6 , 4 0 8 , 4 0 9 , 4 2 1 , 4 2 2 , 

4 2 3 , 4 2 8 

— c u p u l o m e t r y 4 2 9 

— c u r v e , m e t h o d s o f 4 2 9 

— t h r e s h o l d 4 3 0 

s e n s i b i l i t y , d e e p 88 

s e n s i t i v i t y , d i r e c t i o n a l 2 9 0 

s e n s o r i m o t o r c o r t e x 6 0 9 

s e n s o r s , a n g u l a r 5 0 0 , 501 

— l i n e a r 5 0 0 , 5 1 6 

— , s t a t i c p o s i t i o n - 18 

s e n s o r y a n c h o r i n g 2 4 4 

— a r r a n g e m e n t 134 

— a s p e c t s o f m o t i o n s i c k n e s s 4 0 5 f f 

— a s s o c i a t i o n a r e a s 5 9 9 

— d a t a , d y n a m i c , m e m o r y o f 111 

— i n p u t s f r o m j o i n t s 9 5 

f r o m t h e l i m b s 9 5 

f r o m T P K s y s t e m 2 4 4 

— i n t e r a c t i o n s o n v e s t i b u l a r h a b i t u a t i o n 

1 3 0 

— s i g n a l s , r e a f f e r e n t 6 0 5 

s h e a r , s a c c u l a r 8 2 , 102 

— , u t r i c u l a r 8 2 , 8 5 , 8 7 , 8 9 , 9 8 , 9 9 , 1 0 0 , 102 

— c o m p o n e n t 6 8 , 102 

, b e y o n d 1 g 102 

, s a t u r a t i o n e f fec t 1 0 0 

, t a n g e n t f u n c t i o n 1 0 0 , 101 

— m o v e m e n t 5 1 7 

— v e c t o r s , o s c i l l a t o r y 8 8 

s h e e r 5 3 0 

s h o c k 5 7 0 

S h u l l e r t u n i n g 4 9 9 

s i d e - d o w n p o s i t i o n s , t h r e s h o l d s 8 2 

t o - s i d e o s c i l l a t i o n 8 7 

s i g n o f a d a p t a t i o n , s e c o n d a r y r e a c t i o n s as 

62 

s i g n a l d e t e c t i o n t h e o r y 3 6 

— r e d u n d a n c y 179 

s i g n a l s , s y n e r g i s t i c , f r o m a m p u l l a r a n d m a c u -

l a r r e c e p t o r s 3 1 2 

s i n u s o i d a l c u p u l o m e t r y 6 6 

— o s c i l l a t i o n , t h r e s h o l d s e s t i m a t e d f r o m 

3 0 

— s t i m u l u s 2 1 

S I S I t e s t s 2 3 4 

s k a t e r s , a f t e r - s e n s a t i o n 4 2 7 

s k a t e r s , n y s t a g m u s i n 3 7 6 , 3 7 7 , 3 7 9 

s k e l e t a l m u s c u l a t u r e , t o n i c i n n e r v a t i o n 163 

s k i n , a n e s t h e s i a a n d p o s t u r a l j u d g e m e n t 8 8 

— , t o u c h a n d p r e s s u r e r e c e p t o r s 2 8 2 

— p a l l o r a n d m o t i o n s i c k n e s s 3 9 3 , 3 9 9 

s k u l l f r a c t u r e s 4 8 3 

s l e e p , R E M - 2 6 1 

— , p a r a d o x i a l p h a s e o f 2 6 1 

— , s p o n t a n e o u s n y s t a g m u s i n - 2 0 1 , 211 

— , s t i m u l u s o f g r a v i t y d u r i n g 2 6 1 

— a n d v e s t i b u l a r s e n s a t i o n 4 2 5 

s l e e p i n e s s d u r i n g m o t i o n s i c k n e s s 4 0 0 

s o m a t e s t h e t i c g r a v i r e c e p t o r s 2 8 2 , 2 8 3 

s o m a t o g r a v i c i l l u s i o n 104 

s o m a t o g y r a l e f f e c t 2 2 , 2 6 , 117 

— l a t e n c y 2 7 , 2 8 

— r e a c t i o n s , t h r e s h o l d s e s t i m a t e d f r o m 3 5 

— t h r e s h o l d s 2 6 

s o m a t o - s e n s o r y a f f é rents , i n f l u e n c e o n c o m -

p e n s a t i o n o f v e s t i b u l a r l e s i o n s 4 7 9 f f 

— c u e s 9 3 , 9 4 , 1 1 3 

, a t t e n u a t e d 91 

, r e d u c e d , a n d p o s t u r a l p o s i t i o n s 8 8 , 

9 0 

— d i s c r i m i n a t i o n o f t i l t 1 1 0 

— fields o f t h e R o l a n d i c fissure 6 1 0 

— i n p u t s 8 6 , 8 7 , 8 9 

— m e c h a n i s m s 2 6 1 

— r e c e p t o r s 2 5 1 

— s i g n a l s 8 5 , 112 

— s y s t e m 8 3 , 8 9 , 9 4 , 9 6 , 1 2 1 , 2 3 4 

, a n d o t o l i t h s 18 

s o m e s t h e t i c c u e s , e l i m i n a t e d 5 4 5 

— d i s o r d e r s a n d v e r t i g o 4 3 8 

— f a c t o r s 164 

— s e n s o r s a n d d e t e r m i n a t i o n o f r o t a t i o n 

5 4 7 

s p a c e , e x t r a p e r s o n a l 2 3 7 , 2 3 8 , 2 6 1 

— , p e r s o n a l 2 3 7 , 2 3 8 , 2 6 1 

— , p h e n o m e n a l 1 5 9 , 179 

— , v i s u a l , c o n s t a n c y o f 197 

— , e x p l o r a t i o n o f 2 5 1 

— , n o n v i s u a l l y p e r c e i v e d d i r e c t i o n o f 2 4 9 

— , v i s u a l l y p e r c e i v e d d i r e c t i o n i n 2 3 8 , 241 

— c o o r d i n a t e s a n d c e r e b r a l l e s i o n s 162 

— p e r c e p t i o n , c o n s t a n c y o f 1 5 6 

, o r t h o g o n a l i t y o f 162 

, o t o l i t h o r g a n s 2 3 7 , 2 6 1 

— p l a t f o r m s 117 

— s i c k n e s s 4 0 2 , 5 5 4 f f 

— s i t u a t i o n , a d a p t a t i o n t o 5 5 7 

— t r a n s f o r m a t i o n , p e r c e p t u a l 1 5 6 , 164 

s p a c e c r a f t , h o r i z o n t a l 2 4 4 

— , w e i g h t l e s s 2 3 7 

s p a s m s , o c u l o g y r i c 2 1 5 

s p a t i a l d i s o r i e n t a t i o n i n flight 2 8 1 

— m o v e m e n t p a t t e r n s 6 0 4 



S u b j e c t I n d e x 6 7 3 

s p a t i a l o r i e n t a t i o n 1 5 6 , 194 

— p e r c e p t i o n , c o n f l i c t s i n 5 5 5 

— r e f e r e n c e s y s t e m , i n t e r n a l a n d e x t e r n a l 

241 

s p e c i f i c g r a v i t y o f e n d o l y m p h 16 , 3 0 3 

— g r a v i t y o f o t o l i t h s 16 

s p e a k i n g , s t r a t e g y o f 6 1 4 

s p e e c h , n e u r a l o r g a n i z a t i o n o f 6 1 4 

— d i s c r i m i n a t i o n 2 3 4 

s p e e d o f r e t u r n t o u p r i g h t 8 5 

— o f t u r n i n g 2 1 , 2 2 

s p i n a l c o r d , e f f ec t o f v e s t i b u l a r s t i m u l a t i o n o n 

2 6 8 

, i n f l u e n c e o n c o m p e n s a t i o n o f v e s t i b u -

l a r l e s i o n s 4 7 9 ff 

l e s i o n s 4 7 8 , 4 8 0 

, o b s e r v e r s w i t h 8 7 

— r e g u l a t i o n s 5 8 5 

— t r a n s e c t i o n 5 8 5 

s p i n o c e r e b e l l a r c o n n e c t i o n s 4 8 1 , 6 0 3 

s p i n o r e t i c u l a r a f férents 4 8 1 

s p o n t a n e o u s n y s t a g m u s 1 1 3 , 1 9 5 , 1 9 7 , 1 9 8 , 

199 , 2 0 0 , 2 0 1 , 2 0 2 , 2 0 3 , 2 0 4 , 2 1 0 , 2 1 1 , 

2 1 8 , 2 2 6 , 2 2 8 

s p o t , b l i n d 8 0 , 2 4 2 , 4 1 7 , 4 3 6 

s p r i n g p e n d u l u m 81 

— s y s t e m , d a m p e d 19 

S p r u n g b e r e i t s c h a f t 4 0 7 

s q u a r e - w a v e j e r k s 2 1 2 

s q u i n t , c o n c o m i t a n t 2 0 7 , 2 0 8 

s q u i r r e l m o n k e y , d e t e c t i o n o f a n g u l a r a c c e l -

e r a t i o n 5 0 9 , 5 1 0 

, m o t i o n s i c k n e s s 4 2 7 

, o t o l i t h r e s p o n s e s 5 3 2 

, o t o l i t h s t r u c t u r e 5 1 6 , 5 1 8 

S R , s h a r p R o m b e r g , see R o m b e r g 

s t a b i l i m e t e r 3 5 6 

s t a b i l i t y , r i g i d 2 5 1 

s t a b i l i z a t i o n , h i g h - f r e q u e n c y 251 

— , l o w - f r e q u e n c y 2 5 1 

— , v e s t i b u l a r , o f e y e - a n d b o d y p o s t u r e s 

194 , 5 8 3 , 5 8 5 , 5 8 7 , 5 8 8 

s t a b l e - p l a t f o r m s y s t e m 4 9 9 , 5 6 4 

s t a n d a r d r e f e r e n c e d i r e c t i o n 1 7 4 , 175 

s t a n d e y e s c l o s e d 2 5 0 , 3 2 3 

— eyes o p e n 2 5 0 , 3 2 3 

— o n a l e g e y e s c l o s e d 2 5 0 , 3 2 3 

s t a n d i n g o n t h e h e a d 5 5 5 

— o n t h e m o o n 5 5 6 

— o n r a i l s 357 

— p o s i t i o n s 94 

s t a r t i n g p o s i t i o n s 8 8 

s t a r w a l k i n g t e s t 3 5 3 

s t a t i c c o u n t e r r o l l i n g 5 2 5 , 5 2 6 

— f o r c e field, i n f l u e n c e o n t i l t p e r c e p t i o n 9 6 

— o t o l i t h s t i m u l i 6 8 

— p o s i t i o n 9 1 , 9 2 

s t a t i c p o s i t i o n s e n s o r 18 

— r e s p o n s e s o f o t o l i t h i c ce l l s 5 1 9 , 5 2 0 , 5 2 5 , 

5 3 2 , 5 3 3 

— t i l t r e l a t i v e t o g r a v i t y 81 

s t a t i s c h - o p t i s c h e V e r h ä l t n i s z a h l 180 

s t a t o a c o u s t i c n e r v e , t r a u m a t i c l e s i o n s o f 195 

s t a t o c o n i a l m a s s , m o t i o n o f 2 9 0 

— p l a q u e , t o r s i o n o f 2 9 0 , 3 1 2 

s t a t o k i n e s i m e t e r 3 5 6 

s t a t o l i t h e l i m i n a t i o n , fish 4 7 2 , 4 7 3 

S t e i n h a u s e n M o d e l 4 9 5 , 5 0 3 ff, 5 0 4 , 5 0 6 , 5 1 2 

s t e p f u n c t i o n , c e r e b e l l a r 6 0 4 

g e n e r a t o r 5 9 9 , 6 0 3 

— m o v e m e n t s , d y s m e t r i a o f 6 0 5 

s t e p p i n g i n s i t u 2 7 3 

— t e s t 2 2 6 , 2 7 2 , 2 7 3 , 2 7 5 , 3 5 4 

s t e r e o c i l i a 1 7 , 5 1 7 

S t e v e n s ' p o w e r l a w 3 9 , 4 1 

s t i m u l a t i o n , c a l o r i c 2 2 0 , 2 6 9 , 2 7 0 , 2 7 2 , 2 7 4 

— b y c o n s t a n t l i n e a r a c c e l e r a t i o n 5 5 0 

— , C o r i o l i s 3 7 7 , 3 8 3 , 3 8 2 , 5 2 7 , 5 6 3 

— , e l e c t r i c a l , o f l a b y r i n t h s 2 2 0 

— , g a l v a n i c 2 2 0 , 2 7 0 , 2 7 2 

— , h y p o t h a l a m i c 6 1 3 

— , o p t o k i n e t i c 1 1 5 , 1 1 6 , 117 , 1 1 8 , 119 , 127 

— , — m o n o c u l a r 2 1 9 

— , o s c i l l a t o r y 7 6 , 77 

— , r h y t h m i c 4 2 5 , 4 2 6 

— , r o t a t o r y 2 2 0 , 2 7 2 

— , s e m i c i r c u l a r c a n a l - 18 

— , s i n u s o i d a l 4 2 9 

— , t h e r m a l 2 2 0 

s t i m u l i , a c c e l e r a t o r y 1 0 , 13 

— , a p p r o x i m a t i n g n a t u r a l m o v e m e n t s 4 6 

— , d i s c o r d a n t , r e a c t i o n s t o 1 2 6 

— , " i m p u l s e " 21 

— , o t o l i t h d y n a m i c 6 8 

— , — s t a t i c 6 8 

— , u n p r e d i c t a b l e 5 8 9 

— , v e s t i b u l a r C o r i o l i s c r o s s - c o u p l i n g 1 2 3 , 

1 2 4 , 1 2 5 

s t i m u l u s , a c c e l e r a t i o n - s t e p 2 0 

— , d i s t a l 1 5 7 , 158 

— , c e n t r i f u g e - 7 9 

— , C o r i o l i s t o r q u e 133 

— , g r a v i t a t i o n a l 241 

— , p r o x i m a l 1 5 7 , 158 

— , s i n u s o i d a l 21 

— p a t t e r n s , t y p i c a l 2 0 

— r e s p o n s e p h a s e a n g l e 3 8 , 7 3 

— v a r i a b l e s , o t o l i t h f u n c t i o n 2 3 4 

— v e c t o r r e l a t i v e t o t h e h e a d 16 

— v e l o c i t y , p h a s e a n g l e b e t w e e n - a n d r e s -

p o n s e m a g n i t u d e 33 

— of g r a v i t y , c o n s t a n t 2 5 9 f 

, l o ss o f 2 6 2 

s t r a b i s m u s 2 0 7 , 2 1 5 
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s t r a i n g a u g e s 3 5 9 

s t r a p p e d - o n s y s t e m 4 9 9 , 5 6 4 

s t r a t e g y o f a c t i o n , n e u r a l o r g a n i z a t i o n 5 9 9 , 

6 1 2 f f , 6 1 3 

— of s p e a k i n g 6 1 4 

s t r e p t o m y c i n a n d a t a x i a 3 2 4 , 3 3 3 , 3 3 4 

— a n d v e r t i g o 4 3 8 

— i n t o x i c a t i o n 1 9 7 , 2 2 3 , 3 0 9 , 4 3 1 , 4 8 2 

s t ress e f fects a n d m o t i o n s i c k n e s s 4 0 1 , 5 7 1 

s t r e t c h r e f l e x 5 8 5 

s t r i a t e a r e a , d e s t r u c t i o n o f 2 1 8 

— c o r t e x 611 

s t r i o l a 5 3 0 

s t r i o - n i g r o - p a l l i d u m 6 0 2 

s t r y c h n i n e 4 8 1 , 4 8 2 

s u b c l a v i a n s t e a l s y n d r o m e 196 

s u b c o r t i c a l g a z e c e n t e r s 2 1 6 , 2 1 7 

— l e s i o n s a n d g a z e p a r a l y s i s 2 1 7 , 2 1 8 , 2 2 2 

— w h i t e m a t t e r 2 2 8 

s u b g r a v i t y l e v e l s 2 3 5 

s u b j e c t i v e a n g l e e s t i m a t i o n 4 2 4 

— a n g u l a r v e l o c i t y 3 9 f f , 4 3 , 4 4 , 4 7 , 5 4 , 4 2 1 , 

4 2 2 

— c u p u l o g r a m 4 2 1 , 4 2 2 

— d i s p l a c e m e n t m e a s u r e s 4 8 

— i n c l i n a t i o n 9 8 

— i n d i c a n t s o f c a n a l f u n c t i o n 2 9 5 

— l i n e a r v e l o c i t y 6 8 

— r e a c t i o n s t o s e m i c i r c u l a r c a n a l s t i m u l a t i o n 

18 

— r e a c t i o n s t o s i m p l e a n g u l a r a c c e l e r a t i o n 

21 

— r e s p o n s e s i n r e l a t i o n t o o t o l i t h d y n a m i c s 

71 

— r o t a t i o n a f t e r e f f e c t s 9 2 

— t i l t 8 0 

— v e l o c i t y e s t i m a t e s 3 7 9 

— v e r t i c a l 100 

— v e s t i b u l a r r e a c t i o n s 3 7 8 

s u b j e c t s , see m a n , p a t i e n t , o b s e r v e r 

s u b m a r i n e n a v i g a t i o n 4 9 4 

s u p e r i o r c o l l i c u l u s 2 1 7 , 5 9 6 , 6 1 2 

s u p p r e s s i o n , m e c h a n i s m o f 2 9 6 

— of a m p u l l a r r e s p o n s e s 3 0 2 

— of c a n a l - d e p e n d e n t r e s p o n s e s 123 

— o f n y s t a g m u s 3 5 , 1 1 6 , 1 1 8 , 1 2 6 , 1 2 7 , 128 , 

130 , 3 0 2 , 3 0 5 , 3 6 2 , 3 6 5 , 3 7 0 , 3 7 6 , 4 2 5 

— o f s e n s a t i o n s o f t u r n i n g 2 9 5 , 2 9 6 

— of v i s u a l b r i g h t n e s s p e r c e p t i o n 197 

— , c e n t r a l , o f t h e s i g n a l f r o m l a t e r a l c a n a l s 

2 9 4 

s u p r a g r a v i t y r a n g e 2 4 0 

— s t a t e s 2 3 4 

s u p r a l i m i n a l r e s p o n s e c u r v e s 2 7 

s u p r a m e s e n c e p h a l i c l e s i o n s 5 8 5 

s u s p e n s i o n b y s t r a p s 93 

s u s t a i n e d a c c e l e r a t i o n s , c a l o r i c t e s t s 3 0 4 

s u s t a i n e d a c c e l e r a t i o n s , e f f e c t o n r e s p o n s e s 

t o r o t a t i o n 2 9 8 

, h o r i z o n t a l l i n e a r 7 9 , 107 

— n y s t a g m u s 2 8 8 , 3 0 0 , 3 0 1 

s w a y , i n d u c e d 2 5 1 

— , p o s t u r a l 2 5 1 

— m o t i o n , a n d v e s t i b u l a r - d e f e c t i v e s u b j e c t s 

2 5 2 

s w a y i n g i n c l i n a t i o n 2 7 5 

— n y s t a g m u s 2 7 6 

s w e a t i n g d u r i n g m o t i o n s i c k n e s s 3 9 9 

s w i m m i n g , w i t h o u t o r i e n t a t i o n s e n s i t i v i t y 

91 

s w i n g , f o u r - p o l e 2 3 4 

— , p a r a l l e l 1 0 6 , 1 6 3 , 4 1 6 , 4 3 5 , 4 3 6 , 5 4 1 , 5 4 9 , 

5 5 9 , 5 6 2 

— , t o r s i o n - 2 2 3 , 4 2 5 , 4 2 7 , 4 2 9 

— , t w o - p o l e 391 

— i l l u s i o n , h a u n t e d 1 1 9 , 1 6 0 , 1 7 9 

s y m p a t h e t i c n e r v e s a n d m o t i o n s i c k n e s s 4 0 0 

s y m p a t h o m i m e t i c a c t i o n o f d r u g s 4 0 2 

s y n a p t i c e n d i n g s , d e g e n e r a t i o n o f 4 5 9 

s y n d r o m e , C o g a n ' s 4 4 0 

— , G e r l i e r ' s 4 3 8 , 4 4 1 

— , L o u i s - B a r - 5 8 3 , 5 9 8 

— , M e n i e r e ' s , see M e n i e r e ' s d i s e a s e 

— , M L F - 2 1 4 

— , o c u l o m o t o r a b n o r m a l 2 0 7 

— , P a r i n a u d ' s 2 1 7 , 2 2 8 

— , R a m s a y - H u n t 4 4 1 

— , r e j e c t i o n - ( = m o t i o n s i c k n e s s ) 5 6 8 , 5 7 0 

— , s u b c l a v i a n s t e a l - 1 9 6 

— , W a l l e n b e r g ' s 2 0 2 , 2 0 3 , 2 2 7 , 2 2 8 , 4 4 2 , 

4 8 4 

s y p h i l i s 2 1 4 , 4 3 8 

s y p h i l i t i c i n t e r s t i t i a l k e r a t i t i s 4 4 0 

s y r i n g o b u l b i a 2 0 2 , 2 1 5 , 2 2 6 , 2 2 7 , 2 2 8 , 4 4 3 , 

4 8 3 

t a b e s d o r s a l is 2 7 6 , 4 3 8 

t a c t i c s o f a c t i o n 5 9 9 , 6 0 2 , 6 1 3 

t a c t i l e c o n t r o l o f m o v e m e n t s 6 1 0 

— d i r e c t i o n c u e s 163 

— i n f o r m a t i o n 164 

t a n d e m w a l k i n g t e s t 3 5 3 

t a n g e n t i a l a c c e l e r a t i o n 2 8 2 , 2 8 3 , 2 8 6 

— c o m p o n e n t 8 3 

— d i s p l a c e m e n t s , o t o l i t h s 7 0 

t a r g e t d i s p l a c e m e n t 106 

— o s c i l l a t i o n 127 

t a r g e t s , o b s e r v e r - f i x e d 127 

t e c t u m o p t i c u m 2 1 7 , 5 8 8 , 5 9 2 , 6 0 4 , 6 1 2 

t e g m e n t a l l e s i o n s 4 8 4 

t e g m e n t u m , r e t i c u l a r n u c l e i o f 2 1 7 

— , m e s e n c e p h a l i c 2 1 6 , 2 2 8 

— , p o n t i n e 2 1 6 , 2 2 8 



S u b j e c t I n d e x 6 7 5 

t e m p o r a l c o o r d i n a t i o n o f m o v e m e n t s 6 0 5 

— l o b e 8 

e p i l e p s y 1 9 6 

— m o v e m e n t p a t t e r n s 6 0 4 

— p a t t e r n i n g o f u t r i c u l a r a n d s a c c u l a r 

s i g n a l s 112 

t e n d o n r e f l e x e s a n d v e s t i b u l a r s t i m u l i 2 7 6 

t e n s i o n r e c e p t o r s 1 6 3 

t e s t p i l o t s 2 3 2 , 4 2 5 

t e x t u r e g r a d i e n t s , G i b s o n 172 

, r e t i n a l 168 

t h a l a m i c a f férents t o a r e a 8 6 1 2 

t h a l a m u s , v a s c u l a r l e s i o n s o f 4 8 4 

— , v e n t r o - l a t e r a l 6 0 2 , 6 0 8 

t h e o r y , b i c o m p o n e n t - 164 

— , s i g n a l d e t e c t i o n 3 6 

— , t o r s i o n p e n d u l u m 3 7 , 4 0 

t h e r m a l r e s p o n s e s , m o d i f i c a t i o n b y l i n e a r 

a c c e l e r a t i o n s 3 0 3 

— s t i m u l a t i o n 2 2 0 

o f a m p u l l a r r e c e p t o r s 3 0 6 

t h o r a c i c n e u r o b l a s t o m a 2 1 3 

T h o r n e r o p h t h a l m o s c o p e 2 0 7 

t h r e s h o l d , c o n c e p t o f 3 5 

— a c c e l e r a t i o n , w o r k i n g e q u a t i o n s 3 8 

— d e t e r m i n a t i o n b y c e n t r i p e t a l a c c e l e r a t i o n 

79 

b y e x t r a p o l a t i o n o f s u p r a l i m i n a l r e s -

p o n s e c u r v e s 27 

w i t h o s c i l l a t o r y s t i m u l a t i o n 77 

b y s u s t a i n e d h o r i z o n t a l l i n e a r a c c e l -

e r a t i o n 79 

b y t i l t r e l a t i v e t o g r a v i t y 8 2 

— l a t e n c y 3 0 

— s h i f t s o v e r t i m e 3 4 

— s t i m u l i f o r o t o l i t h f u n c t i o n 7 5 

— s t i m u l u s , c u p u l a d e f l e c t i o n 2 8 4 

t h r e s h o l d s , s o m a t o g y r a l 2 6 

— f o r e l e c t r i c a l e x c i t a t i o n o f v e s t i b u l a r n e u -

r o n s 4 5 3 

— of e l e c t r i c a l v e s t i b u l a r n e r v e s t i m u l a t i o n 

4 5 9 

— f o r f r e q u e n c y r e s p o n s e o f v e s t i b u l a r n e u -

r o n s 4 5 4 

— , o t o l i t h - 8 6 

— f o r t h e p e r c e p t i o n o f a c c e l e r a t i o n 4 3 2 

— of p e r c e p t i o n o f a n g u l a r a c c e l e r a t i o n 

23 ff, 2 2 3 

— of p o s i t i o n s 8 1 , 8 2 

— of s o m a t e s t h e t i c g r a v i r e c e p t o r s f o r l i n e a r 

a n d a n g u l a r a c c e l e r a t i o n 2 8 3 

t i l t , a p p a r e n t 119 

— , b o d y - 8 3 , 1 6 2 , 182 

— , d y n a m i c 106 

— , h e a d - 1 2 2 , 1 3 2 , 1 5 9 , 1 7 2 , 182 

— , i n i t i a l 8 5 

— , o c u l o g r a v i c 8 2 

t i l t , p o s t u r a l 7 6 

— r e l a t i v e t o t h e f o r c e field 9 6 , 97 

— r e l a t i v e t o g r a v i t y 8 1 , 8 2 , 9 6 , 98 

— , s t a t i c 106 

— , s u b j e c t i v e 8 0 

— , a d a p t a t i o n t o 7 2 , 9 0 

— , a n g l e o f 2 4 2 

— , d i s c r i m i n a t i o n o f 1 0 6 , 110 

— , d i s c r i m i n a t i o n of l i n e a r a c c e l e r a t i o n f r o m 

105 

— a n d h i g h - m a g n i t u d e l i n e a r a c c e l e r a t i o n s 

107 

— a n d o c u l o g r a v i c l a g e f fec t 107 

— , p e r c e p t i o n o f 18 , 6 8 , 7 7 , 8 1 , 1 0 2 , 108 , 110 , 

125 

— , — , i n f l u e n c e o f s t a t i c f o r c e field o n 9 6 

— , u n d e r e s t i m a t i o n o f 106 

— c h a i r 2 4 9 , 4 3 5 

, h a r d 8 8 

, p a d d e d 8 7 , 8 8 

, t i l t i n g o n 8 3 , 169 

— d e v i c e s 9 3 

— i n f o r m a t i o n , s a c c u l e 98 

, u t r i c u l a r s h e a r 9 8 

— p o s i t i o n s , s t a t i c 91 

— r o o m s 110 

t i l t e d b u i l d i n g s 110 

t i l t i n g p l a t f o r m s 3 5 7 

— r e f l e x e s , l a b y r i n t h i n e 5 8 4 , 5 8 5 

of l i m b s 194 

, v e s t i b u l a r 5 8 4 

— s e n s a t i o n s 8 7 , 3 9 2 

— o n t h e t i l t c h a i r 8 3 , 169 

t i m e c o n s t a n t 2 8 5 , 2 9 4 , 2 9 5 , 2 9 6 , 2 9 7 , 3 1 5 

v a r y i n g l i n e a r a c c e l e r a t i o n s 3 0 8 , 3 1 2 

t i n n i t u s 195 , 196 

t i p p i n g r e a c t i o n s 2 6 9 , 2 7 7 

— t a b l e 277 

t o n e , v e s t i b u l a r 4 5 2 

t o n i c a c t i o n s o f l a b y r i n t h i n e o r g a n s 4 5 2 

— a c t i v i t y o f v e s t i b u l a r n e u r o n s 4 5 2 

— c o n t r o l o f o c u l o m o t o r e f f e c to rs 4 5 4 

— e y e fits 2 1 5 

— i n n e r v a t i o n o f s k e l e t a l m u s c u l a t u r e 163 

— n e c k r e f l e x e s 2 7 1 , 4 3 7 

— n e u r o n s 5 8 6 

, t y p e I , v e s t i b u l a r 4 5 7 

t o n u s , a r m - 2 2 7 , 2 7 0 

— , b o d y - 163 

— , e x t e n s o r - 2 6 8 

— , flexor- 2 6 8 

— a s y m m e t r i e s i n t h e v e s t i b u l a r s y s t e m 

4 8 4 

T o n u s - L a b y r i n t h 4 6 4 

t o p i c a l d i a g n o s i s , k e y s y m p t o m s f o r 2 2 7 

t o r s i o n d y s t o n i a 6 0 8 

— p e n d u l u m 4 1 5 , 4 2 0 , 5 0 2 



6 7 6 S u b j e c t I n d e x 

t o r s i o n p e n d u l u m m o d e l ( t h e o r y ) 19 , 2 4 , 2 8 , 

3 0 , 3 1 , 3 3 , 3 7 , 4 0 , 4 1 , 5 6 

— s w i n g 2 2 3 , 4 2 5 , 4 2 7 , 4 2 9 

t o u c h , r e c e p t o r s y s t e m 2 3 7 , 2 6 2 , 2 8 2 

T P K r e c e p t o r s y s t e m 2 3 4 , 2 3 5 , 2 3 7 , 2 4 4 , 

2 4 5 , 2 4 9 , 2 5 1 , 2 6 1 , 2 6 2 

— s e n s o r y i n p u t , a s t r o n a u t s 2 4 4 

t r a c t , v e s t i b u l o - s p i n a l 4 7 9 

t r a n s d u c e r s , a n g u l a r v e l o c i t y 2 0 

t r a n s f e r f r o m c a l o r i c t o r o t a t i o n a l s t i m u l a t i o n 

381 

— f u n c t i o n o f o t o l i t h o r g a n s 5 3 1 

t r a n s f o r m a t i o n o f s p a t i a l i n t o t e m p o r a l p a t -

t e r n s 6 0 4 

t r a n s i e n t a c c e l e r a t i o n 5 4 0 

t r a u m a , a c o u s t i c 3 3 6 

t r a u m a t i c l e s i o n s o f l a b y r i n t h s 2 0 3 , 2 0 6 

o f s t a t o a c o u s t i c n e r v e 195 

t r e a d i n g t e s t 2 7 2 

t r e a d m i l l 3 5 9 

t r e a t m e n t o f m o t i o n s i c k n e s s 4 0 2 , 4 1 0 

t r e m o r 2 2 7 , 6 0 5 , 6 0 6 , 6 0 8 , 6 0 9 

T r e t v e r s u c h 2 7 2 

t r u n k , v e s t i b u l a r r e f l e x e s 2 7 1 

— , v e s t i b u l o s p i n a l r e a c t i o n s i n 2 6 9 , 2 7 1 

t u b e r c u l o m a , p o n t i n e 5 9 0 

t u b e r c u l o u s m e n i n g i t i s a n d v e r t i g o 4 4 3 

T u l l i o e f fec t 4 2 6 

t u m b l i n g s e n s a t i o n s 119 

t u m o r a n d p o s i t i o n a l n y s t a g m u s 2 0 3 , 2 0 5 , 

2 0 7 , 2 1 3 , 2 1 4 

— a n d v e r t i g o 4 3 8 , 4 3 9 , 4 4 0 , 4 4 1 , 4 4 2 

t u r n i n g , s p e e d o f 2 1 , 2 2 

— s e n s a t i o n 1 1 5 , 2 9 9 

, a c c o m m o d a t i o n o f 134 

, a d a p t a t i o n o f 134 , 2 9 6 

, a d j u s t m e n t o f 134 

, a n d a n g u l a r a c c e l e r a t i o n 2 9 1 

, d e f i n i t i o n o f t h e s t i m u l u s 4 0 

, e f fec t o f v i s i o n o n 116 

, h a b i t u a t i o n o f 134 , 3 7 9 

, s u p p r e s s i o n o f 2 9 5 , 2 9 6 

t u r n t a b l e , s e c o n d a r y 3 9 0 

t y p h u s a n d v e r t i g o 4 3 8 

U d e g , p o s t u r a l v e r t i c a l 8 4 , 8 5 

— , v i s u a l v e r t i c a l 8 6 

U m k e h r p h ä n o m e n 4 7 7 

u n c e r t a i n t y , a r c o f , see a r c o f u n c e r t a i n t y , 

U d e g 

— , e l l i p s e o f , see e l l i p s e o f u n c e r t a i n t y 

u n d e r - c o m p e n s a t i o n 241 

u n d e r e s t i m a t i o n o f a n g u l a r d i s p l a c e m e n t 4 9 

— of t i l t 106 

u n d e r w a t e r t w o - a x i s g i m b a l s s y s t e m 8 9 

u n i l a t e r a l l a b y r i n t h e c t o m i z e d p a t i e n t s 2 3 5 

u n i l a t e r i a l l a b y r i n t h i n e d e f e c t i v e ( U L - D s ) 

3 2 4 , 3 3 3 , 3 3 5 , 3 3 6 

u n i t s , c a n a l - d e p e n d e n t 1 1 2 

— , c h a n g e i n p o s i t i o n - 7 2 

— , p o s i t i o n s e n s i n g 7 1 

u n i t y o f p e r s o n a l i t y 6 1 4 

u p h i l l i n c l i n a t i o n o f t h e l i n e o f r e g a r d 9 7 

u p r i g h t , g r a v i t a t i o n a l 2 3 9 

— , g r a v i t o i n e r t i a l 2 3 9 , 2 4 7 , 2 5 5 

— , p o s t u r a l 2 4 9 

— , p e r c e p t i o n o f 1 0 4 , 2 3 8 

— , r e t u r n t o 8 5 

u r e m i a a n d v e r t i g o 4 3 8 

u r i n e d u r i n g m o t i o n s i c k n e s s 4 0 1 

u t r i c l e 14 , 16 

— , e s t i m a t e d p l a n e o f 9 8 

— , f r e q u e n c y r e s p o n s e 71 

— , h a i r c e l l s i n 6 9 

— , k i n o c i l i a 17 

— , s t a t i c f u n c t i o n 1 6 4 , 1 6 5 

— s h e a r p l a n e 8 5 

u t r i c u l a r i n f l u e n c e o n o c u l a r d i s p l a c e m e n t 

102 

— m a c u l a 17 , 8 0 , 2 6 8 , 2 8 2 , 5 1 8 , 5 4 3 

— o t o l i t h s , a n g u l a r v e l o c i t y i n f o r m a t i o n 

112 

— s a c 5 1 7 

— s h e a r , l a t e r a l 1 0 0 

c o m p o n e n t 8 2 , 8 5 , 8 7 , 8 9 , 9 8 , 9 9 

, p h y s i o l o g i c a l l i m i t s o f 1 0 2 

h y p o t h e s i s 9 9 , 1 0 2 

— s i g n a l s , t e m p o r a l p a t t e r n i n g o f 112 

— u n i t s , r e s p o n s e s f r o m 5 3 3 

u t r i c u l o f u g a l d e f l e c t i o n 15 

— e n d o l y m p h flow 4 5 3 

u t r i c u l o p e t a l d e f l e c t i o n 1 5 

— e n d o l y m p h flow 4 5 3 

u t r i c u l u s , see u t r i c l e 

v a r i a b l e , c o m p e n s a t o r y 1 7 3 , 177 

— , i n t e r f e r i n g 1 5 8 , 177 

— , i n t e r v e n i n g 1 5 8 , 1 6 0 

— , p s y c h o p h y s i c a l 1 5 8 , 1 5 9 

v a s c u l a r c h a n g e s , m o t i o n s i c k n e s s 3 9 3 

— c o l l a p s e 195 

— d i s t u r b a n c e s a n d v e r t i g o 4 3 8 

— l e s i o n s 1 9 5 , 2 1 4 , 4 8 4 

v a s o c o n s t r i c t i o n a n d m o t i o n s i c k n e s s 3 9 8 

v a s o v a g a l s y n d r o m e , v e s t i b u l a r s t i m u l a t i o n 

3 9 8 

v e c t o r , i n e r t i a l 5 6 2 

— a n a l y s i s a n d s t a t i c r e s p o n s e o f o t o l i t h i c 

u n i t s 5 3 2 

— , a c c e l e r a t i o n - 1 2 , 1 5 , 7 9 

— , s h e a r - 8 7 , 8 8 

v e g e t a t i v e s y m p t o m s 1 9 5 
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v e l o c i t y , a n g u l a r 1 8 , 2 0 , 2 1 , 1 1 2 , 1 1 3 , 1 2 2 , 

1 2 5 , 5 1 5 

— , c o n s t a n t , a d a p t a t i o n f o r 5 1 5 

— , l i n e a r 18 , 6 8 , 1 0 6 , 1 1 2 , 5 4 6 

— , — , p e r c e p t i o n o f 7 2 , 7 7 , 8 2 , 8 7 , 1 0 6 

— , s l o w - p h a s e , n y s t a g m u s 62 

— , d e t e r m i n a t i o n o f 4 9 7 f 

— , m e a s u r e m e n t o f 5 0 2 , 5 1 4 

— e s t i m a t e s , s u b j e c t i v e 3 7 9 

— i n f o r m a t i o n , b y c a n a l - d e p e n d e n t u n i t s 

112 

m a t c h i n g p r o c e d u r e s 4 3 , 4 4 

— p e r c e p t i o n s 2 1 , 77 

— r a m p s 2 0 , 2 1 , 2 4 

— s t e p 21 

— t r i a n g l e 21 

v e n t r i c l e , f o u r t h , l e s i o n s i n 2 2 1 

V e r h ä l t n i s z a h l , s t a t i s c h - o p t i s c h e 1 8 0 

v e r i d i c a l i t y , i d e a l , d e v i a t i o n s f r o m 161 

v e r m i s a n d m o t i o n s i c k n e s s 6 0 7 

— a n d s a c c a d e s 5 9 8 , 5 9 9 

v e r t e b r a l a r t e r y , c o m p r e s s i o n o f 1 9 6 

v e r t e b r o b a s i l l a r y c i r c u l a t i o n a n d v e r t i g o 

4 4 0 

— i n s u f f i c i e n c y 1 9 5 , 1 9 6 , 2 0 7 , 2 2 8 

v e r t i c a l , a p p a r e n t 8 6 , 1 6 0 , 1 6 2 , 1 6 9 , 1 7 0 , 

174 , 1 7 6 , 1 7 8 , 179 , 1 8 0 , 1 8 1 , 1 8 2 , 2 4 1 , 2 4 2 

— , — , as a f u n c t i o n o f l a t e r a l b o d y t i l t 161 

— , — , i n o r o u t o f w a t e r 2 4 8 , 2 4 9 

— , g r a v i t a t i o n a l 2 6 1 , 2 8 3 

— , g r a v i t o i n e r t i a l 2 4 5 , 2 5 2 

— , o b j e c t i v e 2 4 2 

— , p o s t u r a l 8 2 , 8 3 , 8 4 , 9 0 , 1 0 9 , 1 2 5 , 2 4 9 

— , s u b j e c t i v e 100 

— , t r u e 84 

— , v e s t i b u l a r 174 

— , v i s u a l 7 2 , 8 2 , 8 5 , 9 2 , 9 3 , 9 5 , 9 7 , 1 0 0 , 1 0 1 , 

107 , 108 , 109 , 125 

— , d e t e r m i n a t i o n o f 5 3 4 ff 

— , i l l u s o r y d i r e c t i o n o f 5 5 6 

— , o p t i c - v e s t i b u l a r o r i e n t a t i o n t o 1 5 5 f f 

— , sense o f 5 4 0 , 5 4 2 , 5 6 2 

— c a n a l s , p a t h o l o g y o f 4 3 2 

— c o n s t a n c y 157 , 166 , 172 

— g a z e p a r a l y s i s 2 1 7 

— i n d i c a t i o n , a b i l i t y o f 91 

— l i n e a r o s c i l l a t i o n s 77 

— n y s t a g m u s 1 1 3 , 127 , 5 9 0 

— w r i t i n g t e s t 2 7 0 

v e r t i c a l i t y , d i r e c t i o n a l cues f o r 1 6 9 

— , e s t i m a t e o f 8 3 , 84 

— , j u d g e m e n t of 84 

— , p e r c e p t i o n o f 6 8 , 7 5 , 8 2 , 9 0 , 9 1 , 1 0 3 , 1 0 8 , 

109 , 1 6 3 , 1 6 4 , 1 7 7 , 1 8 5 

v e r t i g e d e l ' e n f a n c e 4 4 0 

v e r t i g i n o u s s e n s a t i o n s 1 3 3 , 3 8 0 

v e r t i g o 1 7 9 , 1 9 4 , 1 9 7 , 2 0 5 , 2 0 6 , 2 2 7 , 3 2 4 , 

3 3 6 , 3 3 7 , 3 9 2 , 3 9 6 , 4 1 4 , 4 3 8 

— , a c u t e 4 3 9 

— , c e r v i c a l 4 3 6 

— , c h i l d h o o d - 4 4 0 

— , c h r o n i c 4 3 9 , 4 4 2 

— , c o n c e n t r a t i o n - c a m p - 4 3 8 

— , c o n t i n u o u s 1 9 5 

— , e p i l e p t i c 1 9 6 , 4 3 9 , 4 4 1 

— , h e a d - t u r n i n g 196 

— , l o n g - l a s t i n g 195 

— , n o n v e s t i b u l a r 4 3 8 

— , o r t h o s t a t i c 4 3 9 , 4 4 1 

— , p a r o x y s m a l 4 3 9 , 4 4 0 

— , p o s i t i o n a l 1 9 6 , 2 0 6 , 4 3 7 , 4 4 1 

— , p o s i t i o n i n g 1 9 6 , 4 3 7 , 4 4 1 

— , p o s t t r a u m a t i c 4 4 2 

— , p o s t u r a l 3 3 6 

— , r o t a t o r y 4 3 7 

— , s p o n t a n e o u s 4 3 7 

— , a t t a c k s o f 1 9 5 f f 

— a n d b l o o d p r e s s u r e 1 9 6 , 4 3 8 

— , c l i n i c a l h i s t o r y o f 1 9 4 , 197 

— d u e t o d i s o r d e r s o f t h e v e s t i b u l a r s y s t e m 

4 3 8 

— , g e n e r a l c r i t e r i a 1 9 6 

— d u e t o g e n e r a l d i s o r d e r s 4 3 8 

— w i t h o u t h e a r i n g d i s o r d e r s 4 4 1 , 4 4 2 

— w i t h h e a r i n g i m p a i r m e n t 4 4 1 

— o f l a b y r i n t h i n e o r i g i n 1 9 6 , 4 3 8 

— , n o s o l o g y o f 4 3 9 

v e s t i b u l a r a d a p t a t i o n 3 6 9 , 5 6 7 

— a f f é rents , p r o j e c t i o n t o m o t o r c o r t e x 8 

— a p p a r a t u s , p h y l o g e n e t i c c o n n e c t i o n s w i t h 

c e r e b e l l u m 4 7 7 

— a t a x i a , m e a s u r e m e n t i n m a n 3 2 1 ff 

— c o m p e n s a t i o n 1 7 7 , 4 5 1 

— C o r i o l i s c r o s s - c o u p l i n g e f fec ts 119 , 120 , 

1 2 1 , 1 2 5 , 131 

— C o r i o l i s c r o s s - c o u p l e d r e a c t i o n 133 

— C o r i o l i s c r o s s - c o u p l i n g s t i m u l i 124 , 125 

— c o r t i c a l a c t i v i t y 8 

p r o j e c t i o n s 6 1 0 

— c u e s a n d o t o l i t h f u n c t i o n 8 6 

, r e d u c e d , a n d p o s t u r a l p o s i t i o n s 9 0 

d e f e c t i v e s u b j e c t 2 3 4 , 2 5 2 , 2 5 3 

— d e f e c t s , o t o l i t h f u n c t i o n 2 3 4 

— d i r e c t i o n c u e s 1 6 3 , 164 

— e x c i t a b i l i t y , d i m i n i s h e d 2 1 2 

— e y e m o v e m e n t s , v i s u a l i n h i b i t i o n o f 

2 0 1 

— f r e q u e n c y r e s p o n s e t o a n g u l a r a c c e l e r a t i o n 

2 2 3 

— f u n c t i o n , c o m p e n s a t i o n o f 4 6 0 

, e f fec t o f p o i s o n s 4 8 1 
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v e s t i b u l a r f u n c t i o n , loss o f 3 3 2 , 4 3 0 

, m e n w i t h o u t 9 5 , 3 3 2 

, s y s t e m s a p p r o a c h t o 5 6 5 f f 

— g r a v i r e c e p t o r s 2 8 2 

— h a b i t u a t i o n 1 3 4 , 3 6 1 f f 

, m e c h a n i s m s o f 1 3 4 f f 

i n m a n 3 7 4 

, s e n s o r y i n t e r a c t i o n s o n 1 3 0 , 1 3 4 

— h e t e r o c o m p e n s a t i o n 1 6 5 , 166 

— i n f l u e n c e s o n o c u l o m o t o r n u c l e i 4 5 5 

o n l a t e r a l g e n i c u l a t e n e u r o n s 1 3 0 

— i n f o r m a t i o n , c o g n i t i v e a w a r e n e s s o f 135 

— i n n e r v a t i o n o f l i m b s 2 6 8 

— i n p u t - o u t p u t r e l a t i o n s 2 5 4 

— l e s i o n s , c o m p e n s a t i o n o f 4 6 3 ff 

a n d l a t e r o t o r s i o n 2 6 9 

— m o d e l 541 

— n e r v e , see a l s o n e r v e , e i g h t h 

, d i s e a s e s o f 2 7 5 

, f u n c t i o n a l l o ss o f 4 8 2 

, r e c o r d i n g s f r o m 2 8 5 

, t h r e s h o l d o f e l e c t r i c a l s t i m u l a t i o n 4 5 9 

a n d v e r t i g o 4 3 8 

, v i r a l n e u r i t i s 1 9 5 , 2 0 3 

d e s t r u c t i o n 2 0 3 

fibers, s p o n t a n e o u s a c t i v i t y i n 4 6 4 

l e s i o n s 196 

— n e u r o n i t i s 1 9 5 , 3 3 6 , 4 4 2 

— n e u r o n s , a c t i v i t y d u r i n g r e c o v e r y 4 5 4 

a f t e r l a b y r i n t h i n e d e s t r u c t i o n 4 5 1 ff 

, r e s p o n s e s t o a c c e l e r a t i o n s t i m u l i 2 8 5 , 

2 9 0 

, t o n i c a c t i v i t y 4 5 1 

, s e c o n d o r d e r 4 5 4 

, t y p e I 4 5 4 , 4 5 6 , 4 5 7 , 4 5 8 , 4 5 9 

, t y p e I I 4 5 3 , 4 5 4 , 4 5 7 

— n u c l e i 2 6 1 , 2 8 5 , 5 8 4 , 5 8 7 , 5 8 9 

, m e d i a l 2 6 8 , 2 8 7 , 2 9 0 , 4 5 3 , 4 7 9 

, a n a l o g y i n f u n c t i o n w i t h c e r e b e l l a r 

n u c l e i 607 

, field p o t e n t i a l s i n 4 5 9 

, l e s i o n s o f 1 9 5 , 2 0 3 , 2 0 5 , 2 1 5 , 221 

, n e g a t i v e w a v e s i n 4 5 9 

a n d o p t o k i n e t i c s t i m u l a t i o n 116 

, r e s p o n s e s t o a c c e l e r a t i o n s t i m u l i 2 8 5 

, s p o n t a n e o u s a c t i v i t y i n 4 6 4 

— n y s t a g m u s 1 1 6 , 1 1 8 , 1 2 7 , 1 2 8 , 1 2 9 , 1 3 1 , 

1 9 4 , 197 , 1 9 8 , 1 9 9 , 2 1 2 , 2 1 6 , 2 2 0 , 2 7 2 , 4 7 7 , 

5 8 6 , 5 9 0 

— - o c u l o m o t o r p a t h o l o g y 126 

r e f l e x s y s t e m 130 

— o r g a n s as a n i n e r t i a l s y s t e m 5 0 1 

a n d m o t i o n s i c k n e s s 3 9 0 , 4 0 8 

, o v e r s t i m u l a t i o n o f 5 6 8 

, s e l f - a d a p t i n g s y s t e m 4 2 6 

, s p e c i f i c s t i m u l i o f 4 1 4 

, s y s t e m s c o n c e p t o f 4 9 3 ff 

v e s t i b u l a r p a r a l y s i s b y s t r e p t o m y c i n 4 8 2 

— p r o j e c t i o n a r e a 8 

— r e c e p t o r s i n e l a s m o b r a n c h s 2 8 4 

— r e f l e x e s i n t h e t r u n k 2 7 1 

— r e g u l a t i o n o f e y e p o s i t i o n 197 

— r e l e a s e t o u n i d i r e c t i o n a l a n g u l a r a c c e l e r a -

t i o n 2 2 3 

— r e p r e s e n t a t i o n , c o r t i c a l 7 

— r e s p o n s e r e d u c t i o n 3 6 1 

—• r e s p o n s e s , c o m p e n s a t o r y 2 9 5 

, i n d u c e d 2 2 0 

, h a b i t u a t i o n o f - a n d v i s u a l s t i m u l a t i o n 

3 6 9 ff, 3 7 3 , 3 7 7 

, m o d u l a t i o n b y i n t r a v e s t i b u l a r a n d v i -

s u a l - v e s t i b u l a r i n t e r a c t i o n s 1 0 4 

— r e s t o r a t i o n 4 5 1 

— r i g h t i n g r e s p o n s e s 1 5 6 , 1 8 0 

— s e n s a t i o n s 7 f f 

, d i r e c t a n d i n d i r e c t 7 

, a t t e n t i o n t o 6 7 

, p a t h o l o g y o f 4 1 3 ff 

— s e n s o r s , r e s o l u t i o n o f a c c e l e r a t o r y s t i m u l i 

13 

s o m e s t h e t i c i n f l u e n c e s 181 

— s t a b i l i z a t i o n o f b o d y p o s t u r e 1 9 4 , 5 8 3 

o f e y e p o s i t i o n 1 9 4 , 5 8 3 , 5 8 5 , 5 8 7 , 5 8 8 
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