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O u t l i n e  of  a C y b e r n e t i c  W o r k i n g  H y p o t h e s i s  of  C o c h l e a  B a s e d  o n  E x p e r i m e n t s  

A r e v i e w  of  t h e o r i e s  o f - h e a r i n g  a v a i l a b l e  so  f a r  s h o w s  
t h a t  t h e y  do  n o t  e x p l a i n  a c o n s i d e r a b l e  n u m b e r  of  p h y s i -  
ca l  p r o p e r t i e s  o f  t h e  ear .  S o m e  of  t h e  i m p o r t a n t  u n -  
a n s w e r e d  q u e s t i o n s  a r e :  L o g i c  of  d e s i g n  o f  a l l  p a r t s  o f  
t h e  c o c h l e a r  p a r t i t i o n  a n d  t h e i r  p e r f o r m a n c e ,  d i f f e r e n c e  
in  r e l a t i v e  e l a s t i c i t y  of  t h e  p a r t s  of  t h e  c o c h l e a r  p a r t i t i o n ,  
f r e q u e n c y  s e l e c t i v i t y ,  s e n s i t i v i t y  to  f r e q u e n c y  sh i f t ,  s i m i -  
l a r i t i e s  in  a u d i o g r a m s  of  r e l a t e d  p e r s o n s ,  d i p l a c u s i s  b i n -  
a u r a l i s ,  i n t e n s i t y  s e n s i t i v i t y  as  f u n c t i o n  of  f r e q u e n c y ,  
e f f e c t s  of  a l oca l i z ed  l e s i o n  o f  t h e  b a s i l a r  m e m b r a n e ,  
i n f l u e n c e  of  age  o n  u p p e r  f r e q u e n c y  l i m i t  a n d  o n  s ens i -  
t i v i t y ,  s u f f i c i e n c y  o f  d e f l e c t i o n s  t o  c a u s e  a s e n s a t i o n ,  
m a s k i n g ,  c r i t i c a l  b a n d  of  m a s k i n g  a n d  of  b e a t s ,  q u a n t i z a -  
t i o n  o f  a u d i t o r y  s e n s a t i o n s ,  a c o u s t i c  t r a u m a  r e g a r d i n g  
w i d t h  o f  d a m a g e d  b a n d  a s  we l l  a s  t r a n s v e r s a l  a n d  long i -  
t u d i n a l  l o c a l i z a t i o n .  

T h e  k n o w l e d g e  a n d  u n d e r s t a n d i n g  o f  t h e  e x a c t  d e s i g n  
a n d  p e r f o r m a n c e  of  t h e  h e a r i n g  i n s t r u m e n t  is  a p r e c o n -  
d i t i o n  to  a wel l  f o u n d e d  t h e o r y  of h e a r i n g .  As ,  h o w e v e r ,  
i n t e r a c t i o n  a n d  f u n c t i o n  o f  t h e  m a n y  d i f f e r e n t  p a r t s  o f  
t h e  i n n e r  ear ,  w h i c h  i n s t r u m e n t  c o n s t i t u t e s  t h e  m o s t  
i m p o r t a n t  a n d  v e r y  c o m p l e x  p o r t i o n  o f  t h e  h e a r i n g  o r g a n ,  
is  s t i l l  r a t h e r  o b s c u r e ,  d e t a i l e d  i n v e s t i g a t i o n s  o n  t h e  i n n e r  
e a r  o f  w a t e r  b u f f a l o  w e r e  c a r r i e d  ou t .  T h e  i n n e r  e a r  of  
Anoc~ bubcdis is v e r y  s i m i l a r  t o  t h a t  o f  m a n .  T h e  e x p e r i -  
m e n t s  e s t a b l i s h e d  t h e  e x a c t  i n t e r a c t i o n  of  a l l  p a r t s ,  a n d  
p h y s i c a l  d a t a  w h i c h  p e r m i t  a n  e x p l a n a t i o n  o f  t h e  p e r -  
f o r m a n c e  o f  t h e  i n n e r  ear ,  a s  wel l  a s  o f  t h e  p h e n o m e n a  
c i t e d  a b o v e  a n d  of  f u r t h e r  ones ,  w i t h o u t  f a r - f e t c h e d  
a r g u m e n t s  o r  p o s t u l a t i o n  of  o b s c u r e  a n a l i z i n g  m e c h a n i s m s .  

T h e  e x p e r i m e n t s  s h o w  t h e  i n n e r  ear ,  a n d  in  p a r t i c u l a r  
t h e  c o c h l e a r  p a r t i t i o n  as  c y b e r n e t i c  m o d e l ,  t h e  d e s i g n  
a n d  p e r f o r m a n c e  o f  w h i c h  m a y  be  b r i e f l y  d e s c r i b e d  as  
f o l l ows  ( F i g u r e  1). 

T h e  o s c i l l a t i o n s  of  t h e  e n d o l y m p h  a r e  p i c k e d  u p  b y  
t h o s e  n a r r o w ,  o b l i q u e  s e g m e n t s  of  t h e  r e c t o r i a l  m e m b r a n e  
w h i c h  p o s s e s s  c o r r e s p o n d i n g  n a t u r a l  f r e q u e n c i e s .  D u e  t o  
t h e  m a n y  o r i e n t e d  r e i n f o r c i n g  f ibr i l s ,  t h e  t e c t o r i a  h a s  
a n i s o t r o p i c  m e c h a n i c a l  p r o p e r t i e s  a n d  i t s  s e g m e n t s  b e h a v e  
s i m i l a r  to  t h e  r e e d s  of  a r e e d - t y p e  f r e q u e n c y  m e t e r .  T h e  
n a t u r a l  f r e q u e n c i e s  of  t h e  n a r r o w  s e g m e n t s  o f  t h e  t e c t o r i a  
as  d e r i v e d  f r o m  t h e  e x p e r i m e n t s  a r e  in  k e e p i n g  w i t h  
o b s e r v a t i o n s  o n  t h e  p r o p e r t i e s  o f  t h e  ear .  A n  e v a l u a t i o n  
o f  t h e  r e s u l t s  o f  t h e  e x p e r i m e n t s  w i t h  t h e  h e l p  o f  t h e o r y  
o f  o s c i l l a t i o n s  e x p l a i n s  i n t e r  a l i a  p h e n o m e n a ,  t h e  o r ig in  
o f  w h i c h  w a s  so  f a r  o b s c u r e .  
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Fig. 1. Schematic drawing of a cybernetic model of the ins t rument  
in the cochlear partition of the inner ear (excluding Reissner's 
membrane), which has been developed with the help of the results 
of the experiments. Deflection of membrana  teetoria has been shown, 
and follows the direction of the reinforcing fibers in the tectoria, 
which are inclined at about 20 ~ , as well as the shifted arrangement 
of the transducers (cf. lower part  of drawing). The foundation of 
the system (basilar membrane) has been drawn quasi clamped on 
the side of the limbus spiralis and at the spiral ligament on the other 
side. It  is seen that  the deflection of the basilar membrane,  which 
has been shown in an exaggerated way, increases with the width 
of the basilar membrane.  The span of the basilar membrane (C), 
and of t h e  membrana  tectoria from its place of a t tachment  to the 
limbus spiralis to the point where the pillars meet (A) and its total 
span (B) increase continuously from stapes to helieotrema. Vice versa 
the thickness (h) of the tectoria decreases in the same direction 
(of. also curves for A, B, C, h, and w in Figure 2). 
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Fig. 2. Dimensional changes of some important  parts of the instrument  
within the cochlear partition as a function of the distance of the place 
of measurement  from the stapes. 

The abscissa indicates the distance from the stapes. On the left 
ordinate dimensions are shown in micra for the thickness of the 
teetoria at its place of a t tachment  (h), for its thickness above the 
junction of the pillars (w), and for the thickness of the basilar 
membrane between the feet of the pillars (u). The second ordinate 
on the left gives dimensions in millimeter for the span of the tectoria 
between limbus and junction of pillars (A), total span of the tectoria 
(B), and span of the basilar membrane (C). The continuous curves 
demonstrate the gradual change of dimensions between the stapes 
and the apex of the cochlea. 

The ordinate on the right side gives the frequency in cps for 
natural  frequencies of the rectorial membrane of the water buffalo, 
which have been determined during the investigation. For comparison 
the frequency curve for the human  ear has been shown. It  is seen 
that  the curve agrees well with that  of the human  ear. I t  is noted 
tha t  the ear of water buffalo favours frequency selectivity in the 
lower frequency range. This property of the inner ear of Anon bubalis 
agrees well with findings during the experiments regarding its 
outer ear. 
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The tec tor ia  is connec ted  to  the  s tereoci l ia  which  br idge  
the  gap to t he  re t icular  lamina.  These t r a n s m i t t e r  p ins  
act  on the  cu t icu lar  p la te  which  closes t he  uppe r  side of 
the  hai r  cells, and  th is  d i a p h r a g m  p i s ton  displaces the  
cy top la sm of the  t r ansducers  and s t ra ins  the  t ine nerve  
endings  a t  the i r  lower side. 

The t r ansducers  are m o u n t e d  in a la t t ice  girder  which 
consists  of lower and  upper  rigid p la te  (basilar m e m b r a n e  
and  ret icular  lamina),  the  f i rs t  one suppor t ing  the  lower 
side of the  t r ansducers  by  means  of the  pha langea l  cells, 
and the  second one holding the  upper  r im of the  t rans-  
ducers.  These pla tes  are connec ted  by  the  rows of pillars 
towards  the i r  center ,  and at  the  edges by  border  cells 
and  cells of Hensen.  The 2 ou t e rmos t  t r ansduce r  rows 
are shif ted re la t ive to the  first  and to t he  second t rans-  
ducer  row, and  th is  angle of shif t  cor responds  to  the  
oblique a r r angemen t  of the  reinforcing fibers wi th in  the  
tector ia l  membrane .  This con t r ibu tes  to  the  precision 
of the  ins t rument .  Tuning  of f i rs t  and  of second order  
neurons  and behav iour  of synap t ic  connect ions  fu r the r  
enhance  the  anal is ing proper t ies  of t he  i n s t r u m e n t  de- 
scribed. 

The expe r imen t s  es tab l i shed  132 essent ia l  d imens ions  
of pa r t s  as tunc t ion  of t he  d is tance  of t he  place of meas-  
u r emen t  f rom the  s tapes,  and  some of the  mos t  i m p o r t a n t  
d imens iona l  changes  of t he  i n s t r u m e n t  along the  cochlear  
par t i t ion ,  as well as na tu ra l  f requencies  of the  tec tor ia  
of Anoa bubalis d e t e r m i n e d  dur ing the  inves t iga t ions  and  
compared  to  t he  f requency  func t ion  of the  h u m a n  ear, 
are shown in Figure  2. 

Zusammen/assung.  Basierend auf  e ingehenden  Ver-  
suchs-  und  Messreihen am H6rorgan  des Wasserbt i f fe ls  
(A noa bubalis), dessen I n n e n o h r  dem mensch l ichen  nahezu  
gleicht,  wird ein kyberne t i sches  Modell  des H6r ins t ru -  
men t s  geschildert ,  das eine einfache und widerspruchs lose  
Erkl/~rung der  E igenschaf t en  des Ohres ges ta t t e t .  

H.  TIEDEMANN 

Ste/an-Rotlaler-Strasse 5, 8052 Moosburg (Germany), 
5 October 7968. 

Changes in the Lumen of Coronary Vessels under 

A num ber  of papers  describe the  s tudy  of myocard ia l  
blood supply  under  oligemic hypo tens ion  1 8. Never the less  
da t a  available are not  sufficient  to reveal  whe the r  act ive  
react ions  of cardiac vessels con t r ibu te  to changes  of 
coronary  blood flow in this  case. F u r t h e r m o r e  one canno t  
judge f rom these  da ta  of the  shif ts  in the  coronary  
vascular  bed, arising immedia te ly  af ter  s t a r t  of hermor-  
rhage, since coronary  blood flow has no t  been recorded 
unt i l  the  wi thdrawa l  of blood had been comple ted .  

The presen t  s tudy  was in tended  to reveal  whe the r  the  
act ive  changes  of coronary  vessel lumen were possible 
under  hypo tens ion  resul t ing f rom decrease in the  circu- 
la t ing blood volume in cats. 

Method. E x p e r i m e n t s  were carried out  on cats  (33) 
anaes the t i zed  wi th  u re thane  (1 g/kg), wi th  the  t h o rax  
open, under  artificial  brea th ing .  Perfus ion pressure  in 
the  left c o m m o n  coronary  ar tery,  into which  blood was 
impel led by  a cons t an t  blood flow perfus ion p u m p  from 
the  same an imal ' s  femoral  or carot id  ar tery,  revealed 
changes  in the  lumen of the  coronary  arteries.  The 
ca the t e r  for perfus ion was inser ted  via the  left subclavian  
a r te ry  and the  aortic arch into the  left c o m m o n  coronary  
a r te ry  and f ixed there in  by  ligature.  Contract i le  force 
of the  left ventr ic le  was recorded wi th  a min ia ture  s t ra in  
gauge similiar  to  one descr ibed elsewhere 9. The s t ra in  
gauge was su tured  to the  left ventr ic le  surface. Pressure  
in the  r ight  a t r ium was recorded wi th  a simil iar  s t ra in  
gauge a t t ached  to the  Marey t ambour .  Sys temic  blood 
pressure  (in axillaris ar tery)  and the  coronary  perfus ion 
pressure  were measured  wi th  mercury  manomete r s .  A 
decrease in the  c i rcula t ing blood vo lume was gained by  
wi thd rawa l  wi th  a syringe of some blood f rom the  animal  
t h rough  ca the te r s  inser ted  e i ther  into t he  inferior  vena  
cava or left a t r ium,  or femoral  ar tery.  Af te r  the  sys temic  
blood pressure  had  been  reduced to  40-50 m m  Hg  (it 
would take  15 sec on the  average) the  blood r emoved  
was re tu rned  to  the  animal.  The ma jo r i t y  of expe r imen t s  
were pe r fo rmed  on animals  wi th  dene rva t ed  carot id  
sinuses. 

Oligemic Hypotension 

Results. The decrease of c i rculat ing blood vo lume 
�9 L 

caused a fall of sys temic  blood pressure  in all expef lments ,  
and  in 19 exper imen t s  ou t  of a to ta l  of 33 the  increase of 
coronary  perfus ion pressure  also occurred (Figure 1A), the  
l a t t e r  hav ing  the  la tency  of 4 sec on the  average.  Coronary  
vessel responses  were accompanied  wi th  unal te red  hea r t  
rate.  The cardiac cont rac t i le  force e i ther  increased or 
decreased,  or did not  change  at  all. The r ight  atr ial  pres- 
sure fell in all animals.  

The d iminu t ion  of circulat ing blood vo lume in 7 o ther  
expe r imen t s  out  of a to ta l  of 33 b ro u g h t  abou t  an in- 
crease of the  coronary  perfus ion pressure  w i th  a l a tency  
of 45.3 sec on the  average (Figure 1B). Coronary  responses  
of th is  t ype  were accompanied  wi th  una l te red  hea r t  ra te  
and  occurred wi th  the  shif ts  of sys temic  ar ter ia l  and  
cent ra l  venous  pressure  being very small  or absent .  

In  4 expe r imen t s  out  of a to ta l  of 33, the  responses  of 
b o t h  types  were observed,  one following the  o the r  
(Figure 2). 

The coronary  responses  of bo th  types  were observed  
in animals  wi th  bi la teral  cervical  vago tomy.  Atropiniza-  
t ion did not  exclude them.  
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