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F o u r  P a r a m e t e r s  of I n f o r m a t i o n  P r o c e s s i n g  i n  th e  

The  p r e sen t  r e p o r t  is a n  i n v e s t i g a t i o n  of cochlear  
p o t e n t i a l s  us ing  s ignal  t r a n s i e n t s  to  a precise ly  defined,  
i n f o r m a t i o n a l l y  r e l evan t ,  f ou r -d imens iona l  e l e m e n t a r y  
s ignal  or acous t i ca l  wave  packe t .  

M a t e r i a l s  a n d  methods .  The  e l e m e n t a r y  s ignal  ~ of t he  
s t r u c t u r a l  i n f o r m a t i o n  t h e o r y  of sound  g is a t r a n s i e n t  
impulse  or wave  packe t ,  wh ich  is based  on  a specia l  
r e l a t i on  b e t w e e n  4 s ignal  p a r a m e t e r s 3 :  1o, t h e  s ignal  m i d -  
f r equency ;  to, t h e  s ignal  m i d p e r i o d ;  At, t he  s ignal  b a n d -  
w i d t h ;  a n d  At,  t h e  s ignal  du ra t ion .  These  4 s ignal  pa ra -  
me te r s  are cons idered  to  h a v e  4 d i f fe ren t  un i t s  of mea-  
s u r e m e n t  3. The  smal les t  e l e m e n t a r y  s ignal  is def ined b y  
t he  b o u n d i n g  cond i t ions :  A / . d t  = fo �9 to = 1/2, or s(t) = 
e-(t-~o) 2 .  ei2,fo~ and  is shown  in F igure  1. 

Tl~e s ignal  c an  be  g e n e r a t e d  e lec t ron ica l ly  b y  pass ing  
a r e c t a n g u l a r  wave  of d u r a t i o n  Xo t h r o u g h  a b a n d p a s s  
f i l te r  set  a t  one ha l f  oc t ave  a r o u n d  t he  m i d f r e q u e n c y  fo 
such  t h a t  fo �9 to = z/24. The  a p p r o p r i a t e  A / a n d  A t  are also 
o b t a i n e d  the reby ,  i.e., A/ �9 At = 1/2, as t he  a m p l i t u d e  
m o d u l a t i o n  due to  the  non idea l  cutoff  cha rac te r i s t i c s  of 
t he  f i l ter  app roaches  a Gauss i an  w a v e s h a p e  (e-(~-~o)2) a t  a 
one ha l f  oc t ave  s e t t i ng  a r o u n d  t h e  to. T he  Af def ines  2 
s t a n d a r d  dev i a t i ons  in  / uni ts ,  w i t h / o  t he  m i d  or ave rage  
f requency.  Similar ly ,  t he  A t  defines 2 s t a n d a r d  dev i a t i ons  
in t uni ts ,  w i t h  to t h e  mid  or ave rage  period.  A f requency-  
a m p l i t u d e  p lo t  of t he  s ignal  is also of Gauss i an  form.  
E l e m e n t a r y  s ignals  of d i f fe rent /oS def ined b y  t h e  b o u n d -  
ing cond i t ions  s t a t e d  above  a lways  a p p e a r  as in  F igure  1 
g iven  a v a r i a b l e  t i m e  base.  I now  t u r n  to  t he  cochtear  
p o t e n t i a l s  s tudied .  

I t  is be l ieved t h a t  t he  cochlear  m i c r ophon i c  (CM) - 
ana.c ,  p o t e n t i a l  - follows closely t he  w a v e s h a p e  of t h e  
ca r r ie r  of t h e  acous t ica l  s t imu lus  t h r o u g h o u t  t he  l e n g t h  
of t he  cochlea, excep t  when  t he  s t imu lus  is composed  of 
m a n y  frequencies ,  w h e n  a d ispers ion  of t he  f r equency  
c o m p o n e n t s  occurs  accord ing  to  a semi- response  speci f ic i ty  
of t he  4 cochlear  t u r n s  of t he  guinea-pig.  I n  t h e  exper i -  
m e n t s  r epo r t ed  here  us ing  fou r -d imens iona l  signals,  t h e  
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Fig. 1. Elementary signal defined by the bounding conditions 
All .At = /0  "to = 1/2. In the time domain, the signal is s(t) = e-( t - to)  2. 
e*~fot; in the frequency domain, the signal is s(]) = e-~2(s-so) ~. 
e~2~toY. Given a variable time base, the signal is of this form at 
different los. 

C o c h l e a  

CM recorded  follows no t  on ly  t he  shape  of t h e  ca r r ie r  or 
m i d f r e q u e n c y  (/o) of the  signal,  b u t  also t he  b a n d w i d t h  (A/) 
componen t s .  There  is no  d i s to r t i on  of t he  wave  p a c k e t  
shape  r ep re sen t ed  in F igure  1, a n d  the re  is no spa t i a l  
d i spers ion  of t he  A / c o m p o n e n t s .  This  leads us  to  be l ieve  
t h a t  t he  fo a n d  A/ c o m p o n e n t s  of a s ignal  are reg is te red  
d i f fe ren t ly  in  t he  cochlea, p e r m i t t i n g  t h e  w a v e s h a p e  of a n  
e l e m e n t a r y  s ignal  to  r e m a i n  u n a l t e r e d  u n d e r  a spa t i a l  
d i spers ion  of t h e / o  c o m p o n e n t s  of t he  signal.  

The  s u m m a t i n g  p o t e n t i a l  (SP) - a d.c. response  to  a n  
a.c. acous t ica l  s t i m u l u s  - is p r e s e n t l y  cons idered  to  be  t he  
sum of va r ious  componen t s ,  b u t  p r e d o m i n a t e l y  a nega t ive  
and  a pos i t ive  c o m p o n e n t  is emphas ized .  The  po l a r i t y  to  
s t imu l i  of l o n g  (1 msec  + )  d u r a t i o n  and  h i g h  i n t e n s i t y  is 
usua l ly  nega t ive ,  b u t  u n d e r  c e r t a i n  c i rcumstances ,  e.g., 
w i t h  s t imu l i  of low in tens i ty ,  t h e  p o l a r i t y  is pos i t i ve  5. 
The  e x p e r i m e n t s  r epo r t ed  here  use s t i m u l i  of sho r t  
d u r a t i o n  (2 msec (/o = 1 kHz)  a n d  less). The re  is no  
a g r e e m e n t  on  t he  rise t i m e  of t he  S P  6. I t  has  been  e s t ima t -  
ed, for example ,  t h a t  t he  l a t ency  of t he  nega t i ve  S P  is 
less t h a n  1/2 a wave  l e n g t h  a n d  less t h a n  100 ~sec 5. The  
S P  is t h o u g h t  to  follow t h e  enve lope  or a m p l i t u d e  m o d u l a t -  
ing c o m p o n e n t  of a long d u r a t i o n  acous t ica l  s t imulus .  I n  
t he  e x p e r i m e n t s  r epo r t ed  here  w i t h  sho r t  d u r a t i o n  s t imul i ,  
t h e  SP  follows less closely t he  s t imu lus  envelope.  More 
no t i ceab le  is t h a t  t he  SP  c o m p o n e n t s  are of c o n s t a n t  
dura t ion ,  even  w h e n  t he  zlt c o m p o n e n t s  of t he  s ignal  are 
d i m i n i s h e d  a t  h ighe r  f requencies  (because of the  [o �9 to = 
A /  �9 A t  = 1/2 re la t ion) .  

The  e l e m e n t a r y  s ignals  were led t h r o u g h  a p reampl i f i e r  
to  a n  A L T E C  808-8A dr ive r  wh ich  was connec ted  b y  
closed coupl ing  to t h e  a u d i t o r y  cana l  of t h e  sub jec t s  
(guinea-pigs) ane s the t i z ed  w i t h  Dia l  in  U r e t h a n e  (0.25 
cc/kg). Di f fe ren t ia l  e lectrodes  - te f lon  coa ted  n i c h r o m e  
steel of 50 ~ m  o.d. - were d i f fe ren t ia l ly  i m p l a n t e d  in  t he  
SV a n d  ST of t he  f i r s t  t u r n  of t h e  cochlea  a n d  a t  l eas t  one 
o the r  tu rn .  The  s ignal  recorded,  ave raged  a n d  d i sp layed  
was t h u s  t h e  dif ference p o t e n t i a l  SV-ST% The  SP  was 
el ici ted b y  a s ignal  of t h e  a p p r o p r i a t e  Gauss i an  m o d u l a t -  
ing enve lope  us ing  a n o n - p h a s e  locked car r ie r  of t he  
a p p r o p r i a t e  [o. 

R e s u l t s  a n d  d i scuss ion .  The  resu l t  o b t a i n e d  in t he  case 
of t h e  CM (Figure 2) is t h a t :  1. a p a r t  f rom some dis tor -  
t i on  - in t h i s  i n s t ance  a t  low (1-2 kHz)  f requencies  - t he  
CM w a v e s h a p e  el ici ted is p re se rved  a t  d i f fe ren t  los. This  
effect  is no t  due to  t he  midd le  ear  t r ans f e r  cha rac te r i s t i c s  
- t h e  v o l u m e  ve loc i ty  versus  S P L  f u n c t i o n  decreases  a t  a 
r a t e  of on ly  6 db /oc tave ,  a n d  we used s ignals  of on ly  1/2 
oc tave  b a n d w i d t h  a r o u n d  the  cen te r  f requency.  2. The  
d u r a t i o n  of t he  CM is a l m o s t  c o n s t a n t  a t  d i f fe ren t  los, 
whereas  t h e  s ignal  used decreases  p rogress ive ly  in  dura-  
t i on  as t he  fo is increased  (from A t  = 2 msec a t  1 k H z  to  
A t  = 0.2 msec a t  10 kHz,  see wh i t e  l ine m a r k e r  in  Figure) .  
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Fig. 2. Averaged cochlear microphonics (CM) recorded in the 3rd 
turn by the differential electrode (SV-ST) technique. The At of the 
elementary signal used is shown as a white bar in each photograph. 
The los are given in kHz and the sound pressure levels are given in dB 
re 20 [zPa. Notice that  particularly at high frequencies tile CMs are 
of far longer duration than the At of the st imulus indicated by the 
white bar. Average of 60 responses. 

Fig. 3. Averaged summat ing potentials (SP) recorded in the first 
turn by the differential electrode (SV-ST) technique. The At of the 
elementary signal used is shown as a white bar in each photograph. 
The ]o s are given in kHz and the sound pressure levels are given in 
dB re 20 [zPa. The white arrow indicates the negative dip in the SP 
which reaches a max imum at ]0 = 5 kHz. Average of 60 responses. 

I n  t h e  ca se  of  t h e  SP ,  t h e  r e s u l t  ( F i g u r e  3) is t h a t  1. a 
n e g a t i v e  S P  of  v e r y  s h o r t  d u r a t i o n  (see a r r o w  in  F i g u r e )  
is m a x i m u m  for  a n  o p t i m u m  (fo = 5 k H z  in  F i g u r e ) ,  i.e., 
t h e  n e g a t i v e  S P  is d i s t r i b u t e d  in  t h e  c o c h l e a  a c c o r d i n g  to  
t h e  s i g n a l  fo; 2. t h e  d u r a t i o n  of  t h e  p o s i t i v e  a n d  n e g a t i v e  
S P  - l ike  t h e  CM - is c o n s t a n t  e v e n  w h e n  t h e  At c o m p o -  
n e n t s  of  t h e  s i g n a l  a r e  d i m i n i s h e d  a t  h i g h  f r e q u e n c i e s .  

Zusammen/assung. E s  w u r d e n  d ie  m i k r o p h o n i s c h e  Po -  
t e n t i a l e  u n d  S u m m i e r u n g s p o t e n t i a l e  d e r  O h r s c h n e c k e  m i t  
e l e m e n t a r - a k u s t i s c h e n  S i g n a l e n  ( W e l l e n p a k e t e n )  u n t e r -  

s u c h t .  O f f e n b a r  w i r d  zu  e i n e m  G e s a m t b i l d  d e r  O h r -  
s c h n e c k e n p o t e n t i a l e  e i n e  V i e r - P a r a m e t e r - A n a l y s e  d e r  
a k u s t i s c h e n  S i g n a l e  b e n 6 t i g t .  
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