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Electroencephalogram Potentials Evoked by Hemi-Retinal  Stimulation 

Elec t rophys io log ica l  loca l i za t ion  for v i sua l  s t i m u l a t i o n  
has  been  s t ud i ed  in t h e  n o r m a l  h u m a n  cor t ex  b y  m e a n s  
of a v e r a g e d  evoked  po ten t i a l s .  These  were  r eco rded  a t  
t h e  scalp in  r e sponse  to  ha l f - f ie ld  v i sua l  s t i m u l a t i on .  

Apparatus. A one  m e t e r  d i a m e t e r  h e m i s p h e r e  p r o v i d e d  
h i g h  l u m i n a n c e  w h i t e  l i gh t  a d a p t a t i o n  a t  a level  of 
100 f t - L  to  r educe  t h e  effects  of s t r a y  l i gh t  exc i t ing  non -  
a d a p t e d  r e t i n a  or  cor tex .  A n  a p e r t u r e  a t  t h e  c e n t e r  of 
t h e  h e m i s p h e r e  a d m i t t e d  l igh t  f rom a x e n o n  f lash  l a m p  
a n d  re f lec tor  (Grass  p h o t i c  s t imu la to r ) .  B a c k  of t he  
a p e r t u r e  was  a red  glass f i l t e r  (Coming  2412) a n d  a 
d i f fus ing  g r o u n d  glass b o t h  in f r o n t  of t h e  f l ash  l amp .  
The  sub j ec t  was  pos i t i oned  a t  t h e  c e n t e r  of t h e  h e m i s p h e r e  
w i t h  a h e a d  a n d  ch in  r e s t  50 c m  f r o m  t h e  s t imu lus  l ight .  

S t a n d a r d  E E G  e lec t rodes  (5 m m  d iame te r )  of t h e  
ch lo r ided  s i lver  t y p e  were  a t t a c h e d  to  t h e  sca lp  w i t h  
e lec t rode  c r e a m  fo l lowing t h e  I n t e r n a t i o n a l  10-20 E E G  
s y s t e m  w i t h  a d d i t i o n s L  M o n o p o l a r  r eco rd ing  was  used  
w i t h  l inked  ear  lobes as t h e  c o m m o n  reference.  Ampl i f i ca -  
t i o n  was  b y  d i f f e ren t i a l  a--c ampl i f ie r s  feeding i n to  a 
d ig i t a l  s igna l  a v e r a g e r  (Fabr i -Tek) .  

Procedures. F o r  al i  d a t a  collection,  one  ha l f  of t h e  
a p e r t u r e  in  t h e  a d a p t a t i o n  h e m i s p h e r e  was  occ luded  w i t h  
a w h i t e  c a r d b o a r d  mask .  T h u s  t he  x e n o n  f lash  s t imu lus  
was p r e s e n t e d  to  t h e  s ub j ec t  as a ha l f  disc 15 ° ve r t i c a l  
b y  7.5 ° h o r i z o n t a l  e x t e n d i n g  to  t h e  r i g h t  or  le f t  in  his  
v i sua l  field. S t i m u l a t i o n  cons i s ted  of t h e  r ed  s t i m u l u s  
l i gh t  f l a sh ing  a t  a r a t e  of 3.3 H~ for a s u m m a t i o n  of 
256 f lashes.  Pho~ic s t i m u l a t o r  i n t e n s i t y  was  m a i n t a i n e d  
a t  a c o n s t a n t  level  (1-4). M o n o c u l a r  s t i m u l a t i o n  was used 
w i t h  t h e  o t h e r  eye covered  b y  a n  o p a q u e  b l a c k  eye p a t c h .  
The  sub j ec t  was  d i rec ted  to  f i xa t e  t h e  c e n t e r  of t h e  ver -  
t ica l  edge of t h e  s t imulus .  

F o r  a n  eye m o v e m e n t  cont ro l ,  e l e c t r ocu l og r am  (EOG) 
e lec t rodes  were  a t t a c h e d  to  t h e  sk in  nea r  t h e  nasa l  a n d  
t e m p o r a l  corners  of t h e  s t i m u l a t e d  eye. T h e  r e su l t i ng  
E O G  p o t e n t i a l s  were  a v e r a g e d  a t  t h e  s ame  t i m e  as t h e  
cor t ica l  p o t e n t i a l s  were  recorded.  F o r  a n  E E G  refe rence  
con t ro l ,  some e x p e r i m e n t a l  sessions were  c o n d u c t e d  w i t h  
t h e  ac t ive  m o n o p o l a r  e lec t rodes  pos i t i oned  as usual ,  b u t  
w i t h  t h e  reference e lec t rode  pos i t i oned  on  t h e  m i d l i n e  
e i t h e r  a t  t h e  ch in  or  forehead .  

Results and discussion. F i g u r e  1 i l l u s t r a t e s  e lec t ro-  
phys io log ica l  loca l iza t ion  ach i eved  u n d e r  these  condi-  
t ions .  E l e c t r o d e  pos i t ions  Pz a n d  T5 were  loca ted  ove r  
t h e  lef t  cor t ica l  h e m i s p h e r e  whi le  P4 a n d  T 6 were  ove r  
t h e  r ight .  T h e  solid l ine  r ep re sen t s  t h e  evoked  p o t e n t i a l  
r e su l t i ng  f r o m  s t i m u l a t i o n  of t h e  r i g h t  v i sua l  field. T h e  
c o m p o n e n t  labe led  P la  is la rger  ove r  t h e  lef t  h e m i s p h e r e  
t h a n  ove r  t h e  r i g h t .  T h e  evoked  p o t e n t i a l  r e s u l t i n g  
f r o m  s t i m u l a t i o n  of t h e  lef t  v i sua l  field is r e p r e s e n t e d  
b y  t h e  d o t t e d  line. I n  t h i s  case,  t h e  Pa, c o m p o n e n t  
is l a rger  ove r  t h e  r i g h t  h e m i s p h e r e  t h a n  ove r  t h e  lef t  
( c o m p o n e n t  labe ls  s imi l a r  t o  VAUG~A~)2. Th i s  c o n t r a s t  
b e t w e e n  t h e  responses  of t h e  2 ce reb ra l  h e m i s p h e r e s  to  
s t i m u l a t i o n  of t h e  2 h a l v e s  of t h e  v i s u a l  f ield is con-  
s i s t en t  w i t h  t he  a n a t o m y  of t h e  v i sua l  p a t h w a y s .  T h e  
l a t e ra l  ha l f  of e ach  v i sua l  f ield p ro j ec t s  to  t h e  con- 
t r a l a t e r a l  ce reb ra l  hemisphe re .  

E v o k e d  p o t e n t i a l s  h a v e  b e e n  recorded  in r e sponse  to  
eye m o v e m e n t s  w i t h  a non- f l i cke r ing  s t i m u l u s  3, The  
resu l t s  of t h e  con t ro l  p rocedures  in  t h e  p r e s e n t  exper i -  
men t ,  however ,  showed  t h a t  l a t e r a l  eye m o v e m e n t s  were  
no t  t h e  cause  of these  d i f fe r ing  cor t ica l  po ten t i a l s .  E O G  
record ings  were  e s sen t i a l ly  f lat ,  i n d i c a t i n g  no  eye move -  
m e n t s  were  s y n c h r o n i z e d  w i t h  t h e  f l i cker ing  s t i m u l u s  
l ight .  The  resu l t s  of t h e  con t r o l  p rocedures  also showed  
t h a t  t h e  d i f fe r ing  evoked  p o t e n t i a l s  were n o t  a r t i f ac t s  

of re ference  e lec t rode  posi t ion .  I n  sp i te  of inc reased  
biological  noise f rom t h e  m i d l i n e  pos i t ions ,  essen t ia l ly  
t h e  s a m e  resu l t s  were  f o u n d  in  r e sponse  to  ha l f - f ie ld  
s t i m u l a t i o n  as w h e n  us ing  l inked  ear lobes  as t h e  reference.  

More  de t a i l ed  r e p r e s e n t a t i o n  of t h e  locus of these  
evoked  p o t e n t i a l s  was  p r o v i d e d  f rom 17 e lec t rode  posi-  
t ions .  9 c h a n n e l s  were  r ecorded  s i m u l t a n e o u s l y  (4 on  
line, 5 on  F M  tape) ,  a n d  a second  9 were  r ecorded  sub-  
sequen t ly .  The  r e su l t i ng  p o t e n t i a l  d i s t r i b u t i o n s  a re  s h o w n  
in F i g u r e  2 on  a pos t e r io r  v iew of t h e  scalp.  S t i m u l a t i n g  
t h e  r i g h t  ha l f - f ie ld  p roduced  a pos i t ive  P la  p e a k  over  t h e  
lef t  h e m i s p h e r e  n e a r  P3 w i t h  a n  a p p a r e n t  n e g a t i v e  m a x i -  
m u m  a t  a lower  pos i t i on  over  t h e  r i g h t  hemi sphe re .  
Converse ly ,  s t i m u l a t i n g  t h e  lef t  ha l f - f ie ld  p r o d u c e d  a 
pos i t ive  P la  p e a k  over  t h e  r i g h t  h e m i s p h e r e  nea r  P4 
w i t h  a sma l l  n e g a t i v e  p e a k  over  t h e  lef t  hemi sphe re .  
T h e  axis  of t h e  vo l t age  d i s t r i b u t i o n  is n o t  genera l ly  
ho r i zon ta l ,  b u t  m a y  show d i f fe ren t  angles  of t i l t  for  
d i f f e ren t  sub jec t s .  S imi la r  p o t e n t i a l  d i s t r i b u t i o n s  are  
found  for e i t h e r  r i g h t  or  le f t  eyes in  t h e  s a m e  sub jec t .  

Th i s  d i f f e r en t i a t i on  of Pxa a m p l i t u d e  b e t w e e n  t h e  2 
h e m i s p h e r e s  as a f u n c t i o n  of w h i c h  l a t e r a l  hal f - f ie ld  was  
s t i m u l a t e d  h a s  b e e n  f o u n d  in 6 sub j ec t s  t e s ted .  F o r  1 
sub jec t ,  P~a cons i s ted  of 2 sub-peaks ,  b u t  i ts  a m p l i t u d e  
showed  t h e  s a m e  loca l iza t ion  over  t h e  2 h e m i s p h e r e s  as 
was  f o u n d  for  t h e  o t h e r  sub jec t s .  La t enc i e s  for  t h e  Px~ 
p e a k  va r i ed  a m o n g  sub j ec t s  f rom 63 to  74 msec  w i t h  a 
m e a n  of 68 msec.  I n  some subjec t s ,  o t h e r  ear ly  E P  com-  
p o n e n t s  h a v e  also s h o w n  h e m i s p h e r e  d i f ferences  r e l a t ed  
to  l a t e r a l  v i sua l  s t i m u l a t i o n ,  such  as t h e  n e g a t i v e  corn- 
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Fig. l.  Evoked potentials from stimulation of right visual field 
(solid line) and left visual field (dotted line). P3, P4, Ts, T8 are elec- 
trode positions. A positive potential at the labeled electrode is 
upward. Amplitudes of component Px~ were measured vertically 
between the latencies marked by the arrows. 
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Fig. 2. Posterior scalp view of the Px, potential distributions from 
stimulation of the right visual field (upper plot) or left visual field 
(lower). Electrode location at the bottom midline is the inion. 
Moving forward are electrodes at 10% distance (O2) , 20%, 30% 
(Pz), and 50% (Cz). Moving left horizontally from O z are electrodes 
at 15% distance, 30% (Ts) , and 50% (T3). Also shown in the upper 
left quadrants are electrodes Ps and C v Directly below the first 
electrode to the left of Oz is one on line horizontally with the inion. 
Similar positions are recorded on the fight hemisphere (even- 
numbered). Potentials are mierovolts × 10. 

p o n e n t  p reced ing  PI~ or t h e  n e g a t i v e  c o m p o n e n t  fo l lowing 
Pla. T h e  p r e c e d i n g  n e g a t i v e  c o m p o n e n t  is v e r y  small ,  
however ,  a n d  d i f f icu l t  to  m e a s u r e  r e l i ab ly  in  t h e  p r e s e n t  
averages. 

Clinical studies on hemianopic patients support the 
i n t e r p r e t a t i o n  t h a t  t he se  local ized evoked  p o t e n t i a l s  
r e su l t  f r om s t i m u l a t i o n  of v i sua l  hal f - f ie lds  2,4,5. R e s e a r c h  
is c o n t i n u i n g  on  t h e  c o n t o u r  m a p p i n g  of t he se  p o t e n t i a l  
d i s t r ibu t ions ,  and  to  d e t e r m i n e  t he  poss ib le  cor t ica l  
sources  for these  po t en t i a l s .  

Conclusions. W e  conc lude  t h a t  u n d e r  p h o t o p i c  exper i -  
m e n t a l  cond i t ions  i t  is poss ib le  in  n o r m a l  sub jec t s  to  
ach ieve  s h a r p l y  d i f f e r en t i a t ed  e v o k e d  p o t e n t i a l s  ove r  t h e  
2 ce rebra l  hemi sphe re s  w i t h  l a t e r a l  half - f ie ld  s t imu la t i on .  
Th i s  f ind ing  ha s  imp l i ca t i ons  b o t h  for  t h e  u n d e r s t a n d i n g  
of n o r m a l  v i sua l  b r a i n  f u n c t i o n i n g  a n d  for  t h e  cl inical  
p r o b l e m  of h e m i a n o p i a  6. 

Zusammen/assung. Als R e a k t i o n  au f  R e i z u n g  der  la te -  
r a l en  Gesichts fe ldhAlf te  w u r d e n  evoz ie r t e  P o t e n t i a l e  de r  
H i r n r i n d e  des M e n s c h e n  reg is t r ie r t .  R e i z u n g  de r  e inen  
Ges ichtshAlf te  e rzeug te  f r i ihzei t ig  e in  M a x i m u m  de r  Po-  
t en t i a l e  de r  gegense i t igen  FlemisphXre sowie P h a s e n -  
u m k e h r  de r  P o t e n t i a l e  der  g le ichse i t igen  Hemisphi i re .  
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Photolysis and Birefringence of Frog Rods 

W h e n  a n  a c t i o n  p o t e n t i a l  is t r a n s m i t t e d  t h r o u g h  n e r v e  
f ibres  t h e y  e x h i b i t  a n  a l m o s t  s y n c h r o n o u s  c h a n g e  in 
b i r e f r ingence  1. I t  is, the re fore ,  of i n t e r e s t  to  i nqu i r e  
w h e t h e r  p h o t o r e c e p t o r s  m a y  n o t  also m a n i f e s t  changes  
in b i r e f r ingence  fo l lowing t h e  a b s o r p t i o n  of l ight .  

T h e  ef fec t  of l i g h t  on  t h e  p r o p e r t i e s  of f rog rods  2 c an  
be  s t u d i e d  in  more  de t a i l  w i t h  spec t r a l  l i gh t s  if t h e  
t ime -cou r se  of even t s  is t r a c k e d  t h a n  was  done  in 
SCH~IDT'S p ionee r ing  s t u d y  3. 3 d i s t i n c t  processes  c a n  
b e  d i s t i n g u i s h e d  a n d  r e l a t ed  t o  t h e  p h o t o l y s i s  of r h o d o p s i n  
if t h e  p h o t o m e t r i c  d e n s i t y  of t h e  m a t e r i a l  is s t ud i ed  
u n d e r  s imi l a r  cond i t ions .  

Single d a r k - a d a p t e d  frog rods  were  e x a m i n e d  w i t h  a 
po la r i z ing  microscope.  T h e i r  n o m i n a l  r e t a r d a n c e  was  
m e a s u r e d  w i t h  a B r a c e - K 6 h l e r  c o m p e n s a t o r  b y  t h e  
m e t h o d  of BEAR a n d  SCHMITT 4. T he  d e n s i t o m e t r i c  d a t a  
were o b t a i n e d  b y  pass ing  l i g h t  t h r o u g h  a sma l l  n u m b e r  
of r a n d o m l y  o r i e n t a t e d  rods,  co l lec t ing  i t  on  a p h o t o -  
e l ec t ron  m u l t i p l i e r  a n d  d i sp l ay ing  t h e  r e s u l t a n t  p h o t o -  
c u r r e n t  on  a c a t h o d e - r a y  osc i l lograph.  D a t a  f rom 3 
e x p e r i m e n t s  are  s h o w n  b y  t h e  open  s ym bo l s  in  t h e  
Figure .  T h e  m e a s u r i n g  a n d  b l e a c h i n g  l igh t s  were  t he  
same,  ;% = 506r im,  a n d  t h e  i n t e n s i t y  equa l led  3 . 0 3 x  
1018 qsoJm2/s. These  d a t a  fol low a n  e x p o n e n t i a l  (half-  
t i m e  = 16 sec). 

I f  t h e  m o n o c h r o m a t i c  l i gh t  used  in  t h e  po la r i z ing  
mic roscope  is a b s o r b e d  b y  r h o d o p s i n  t h e n  t he  n o m i n a l  
r e t a r d a n c e  measu re s  essen t i a l ly  t h e  d i ch ro i sm due  to  
t he  o r i e n t a t i o n  of t h e  u n b l e a c h e d  rhodops in  molecules  3,5. 
B u t  t h i s  is imposs ib l e  w i t h  l i gh t  of long  w a v e l e n g t h s ,  
w h i c h  a re  n o t  a p p r e c i a b l y  a b s o r b e d  b y  rhodops in .  T h e  
fil led circles in  t h e  F igure  show a v e r a g e  r e su l t s  for  t h e  
r e t a r d a n c e  (per u n i t  p a t h - l e n g t h )  m e a s u r e d  w i t h  ;%---- 
589 n m  a n d  ;% = 620 nm.  The  ac t ive  l i gh t  was  t h e  s ame  
as t h a t  used  in t h e  d e n s i t o m e t r i c  da t a ,  n a m e l y  )~ = 506 rim. 
S imi la r  sets  of d a t a  c an  be  o b t a i n e d  w i t h  m e a s u r i n g  
l igh t s  of t = 567 n m  a n d  e v e n  t ~- 506 n m  if a cor rec t ion  
is app l i ed  for the  c o n t r i b u t i o n  due  to  d ichro i sm.  

The  resu l t s  s h o w n  w i t h  t h e  f i l led circles m a y  hence  
r e p r e s e n t  a c h a n g e  in  t h e  b i r e f r ingence  of t h e  rod :  t h e y  
fol low a n  e x p o n e n t i a l  ( ha l f - t ime- - - -46  sec);  t h e  f ina l  
v a l u e  (Bw) for  t h e  b l e a c h e d  m a t e r i a l  lies w i t h i n  t h e  
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