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I. I n t r o d u c t i o n .

I t  h a s  b e e n  s h o w n  b y  s e v e r a l  p r e v i o u s  o b s e r v e r s  (H o l m g r e n , D e w a r  a n d  

M ‘K e n d r i c k , K u h n e  a n d  S t e i n e r ) t h a t  t h e  e x c i s e d  e y e b a l l  g i v e s  a n  e l e c t r i c a l  

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

c u r r e n t  a r e  d u e  s o l e l y  t o  c h a n g e s  o c c u r r i n g  i n  t h e  r e t i n a .

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

m e n c e m e n t  a n d  a t  t h e  e n d  o f  i l l u m i n a t i o n .  H o l m g r e n  m a k e s  n o  d i s t i n c t  s t a t e m e n t

r  2 1 4 .1 1 .1 9 0 0
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1 2 4 D R . W A L L E R  ON T H E  R E T IN A L  C U R R E N T S  O F T H E  F R O G ’S E Y E ,

w i th  r e g a r d  to  th e  s t a t e  d u r in g  i l lu m in a t io n . D e w a r  a n d  M‘K e n d r ic k  se em  to  

im p ly  t h a t  th e  s t a t e  d u r in g  i l lu m in a t io n  is n e g a t iv e . K u h n e  a n d  S t e in e r  d is t in c t ly  

a s s e r t  t h a t  th e  s t a t e  is p o s it iv e  d u r in g  i l lu m in a t io n ,  a n d  t h a t  v a r ia t io n s  o f  th e  ty p e  

d e sc r ib e d  b y  D e w a r  a n d  M ‘K e n d r ic k  a re  c h a ra c te r is t ic  o f  a n  in ju re d , f a t ig u e d , o r  

d y in g  e y eb a ll.

K u h n e  a n d  S t e in e r  o b s e r v e  f u r t h e r  t h a t  t h e  v a r i a t i o n  d u r i n g  i l l u m i n a t i o n  is  q u i t e  

i n d e p e n d e n t  o f  t h e  d i r e c t i o n  o f  t h e  c u r r e n t  o f  r e s t .

W it h  r e g a r d  to  th e  t im e  e la p s in g  b e tw e e n  i l lu m in a t io n  a n d  e le c tr ic a l  re sp o n se , 

D e w a r  a n d  M‘K e n d r ic k  o b se rv e d  t h a t  i t  w a s  le ss  th a n  - ^ t h  se co n d  ; F u c h s , b y  

m e a n s  o f  t h e  rh e o to m e , t h a t  i t  w a s ’0 0 0 4  to  '0 0 6  seco n d . D e w a r  a n d  M‘K e n d r ic k  

s t a t e  f u r th e r  t h a t  f a t ig u e  a n d  re c o v e ry  o c c u r d u r in g  i l lu m in a t io n  a n d  d a r k n e s s ; 

t h a t  c o lo u re d  l ig h ts  a c t  in  t h e  o r d e r — y e llo w , g r e e n ,  r e d ,  b l u e ; t h a t  w i th  g e o m e tr ic  

in c re a se  o f  l ig h t - in te n s i ty  th e r e  is a n  a r i th m e t ic  in c re a s e  o f  d e fle c tio n  ; a n d  t h a t  th e  

e ffe c t o n  o n e  e y e  m a y  be  t r a c e d  to  t h e  o p p o s ite  o p tic  lobe.

I I .  P l a n  o f  E x p e r im e n t .

M y  p u rp o se  w as  to  re -e x a m in e  m o re  c lo se ly , a n d  w ith  th e  h e lp  o f  p h o to g ra p h ic  

re c o rd s , th e  p h e n o m e n a  a s  p re s e n te d  b y  th e  f ro g ’s e y e b a ll , w h ic h  K u h n e  a n d  S t e in e r  

(w i th  w h o m  I  a g re e )  c o n s id e r  to  b e  th e  m o s t n o rm a l o b je c t  u p o n  w h ic h  to  s tu d y  r e t in a l  

e ffects. T h e  e ffe c ts  m a n ife s te d  b y  th e  p o s te r io r  h a l f  o f  th e  e y e b a ll  o r  b y  t h e  iso la te d  

r e t in a  a re , I  fin d , p re c ise ly  w h a t  is o b ta in e d  o n  th e  in ju re d  e y e b a ll , a n d  I  th e re fo re  

c o n s id e r  a s  ty p ic a l  th e  e ffec t o b ta in e d  on  th e  u n in ju r e d  e y e b a ll . M o re o v e r  t h e  l a t t e r  

h a s  in  m y  h a n d s  p ro v e d  to , be fa r  m o re  s e n s i t iv e  a n d  fa r  m o re  e n d u r in g  t h a n  p re v io u s  

a c c o u n ts  h a d  le d  m e  to  e x p e c t—  e .g .,a “ g o o d ” e y e  w ill g iv

re sp o n se  to  i l lu m in a tio n  b y  a  flash  o f  m o o n lig h t  la s t in g  y ^ t h  se co n d , a n d  w ill 

re s p o n d  d i s t in c t ly  to  e x p o su re  to  l ig h t  r e f le c te d  fro m  a  w h i te  c a rd  10 fe e t  d i s t a n t  

l ig h te d  b y  a  s t a n d a r d  c a n d le  10 fe e t fro m  th e  c a rd , w h ile  th e  p e r io d  d u r in g  w h ic h  

re sp o n se  m a y  b e  w itn e s s e d  e x te n d s  to  m o re  th a n  48 h o u rs .

T h a t  h e a t - r a y s  d o  n o t  c o n tr ib u te  to  th e  e ffec t is  a t  o n c e  sh o w n  b y  m e a n s  o f  a n  

a lu m  cell o r  a  b la c k -h o t  p o k e r. A n d  th e  “ p h y s io lo g ic a l  ” n a tu r e  o f  t h e  e le c tr ic a l  

re sp o n se  is p ro v e d  b y  th e  fa c t  t h a t  i t  is  s u b je c t  to  th e  in flu e n c e s o f  a n a e s th e tic s  a n d  

o f  ra is e d  o r  lo w e re d  te m p e ra tu re .

T h e  e y e b a ll  is c a re fu lly  e x c ise d , p r e s s u re  o f  th e  g lo b e  b e in g  p a r t i c u la r ly  a v o id e d , 

a n d  p la c e d  b e tw e e n  th e  so f t  c la y  e n d s  o f  a n  o rd in a ry  p a ir  o f  u n p o la r is a b le  e le c tro d e s . 

A  b la c k  b o x  w i th  a  h o le  a n d  tu b e  o p p o s ite  th e  ey e , a  c a n d le  in  a  s p r in g  s ta n d ,  w ire s  

th r o u g h  th e  b o x  to  a  g a lv a n o m e te r ,  a n d  a  s e n s it iv e  p la te  to  re c o rd  t h e  m o v e m e n ts  o f  

t h e  g a lv a n o m e tr ic  s p o t  c o m p le te  th e  a p p a ra tu s .

T h e  c o n n e c tio n s  b e tw e e n  e y e b a ll  a n d  g a lv a n o m e te r  a r e  a lw a y s  su c h  t h a t  th e  n e rv e  

s tu m p  is to  th e  N . te rm in a l  a n d  t h e  c o rn e a  to  th e  S. te rm in a l .  N o rm a l c u r r e n t  in  

th e  e y e b a ll  is th u s  a lw a y s  u p w a rd s  fro m  n e rv e  to  c o rn e a , n o r th w a r d s  th r o u g h  th e
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E X C IT E D  BY  L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y . 1 2 5

g a lv a n o m e te r .  D e f le c t io n s  in  t h i s  u p w a r d  d i r e c t io n  in  t h e  e y e b a ll  a re  g iv e n  a s  

u p w a r d  m o v e m e n t  in  t h e  p h o to g r a m s ,  a n d  a r e  t e r m e d  “ p o s i t iv e .” D e f le c tio n s  d o w n 

w a r d s  a r e  t e r m e d  “  n e g a t iv e .” “ U p  ” a n d  “  d o w n  ” o n  t h e  re c o rd  s ig n ify  t h u s  

c u r r e n t  “ u p ” a n d  “ d o w n ” th r o u g h  t h e  e y e b a ll ,  “ u p ” fro m  c h o ro id a l to

v i t r e o u s  s u r fa c e  o f  t h e  r e t in a ,  “ d o w n  ” fro m  v i t r e o u s  to  c h o ro id a l  su rfa c e .

T h e  g a lv a n o m e te r ,  w h ic h  is n e a r ly ,  b u t  n o t  q u i te ,  d e a d - b e a t ,  is u s u a l ly  a d ju s te d  b y  

a  s h u n t  to  g iv e  a  d e f le c t io n  a c ro ss  t h e  p la te  w i th  a  s t a n d a r d  c u r r e n t  fro m  v ° l t  

t h r o u g h  e y e b a ll ,  e le c tro d e s , a n d  g a lv a n o m e te r .  I t s  s e n s i t iv e n e s s ,  u n s h u n te d ,  w a s  

a p p r o x im a te ly  15 m illim s. d e f le c t io n  fo r  1 T O -9 a m p e re  o n  p h o to g ra m s , a n d  30  m illim s. 

o n  a  t r a n s p a r e n t  sc a le  u s e d  to  t a k e  re a d in g s .

I  a ls o  u s e d  fo r  r e c o rd in g  p u rp o s e s  w h e re  les s  s e n s i t iv e n e s s  w a s  su ff ic ie n t a  fu l ly  

d e a d - b e a t  in s t r u m e n t  g iv in g  o n  t h e  p h o to g ra p h ic  p la te  a  d e f le c tio n  o f  1 m illim . fo r 

1 T 0 ~ 9 a m p e re .

F ig . 1.

Normal, response

D ia g ra m  to  sh o w  d ire c tio n  of n o rm a l c u r r e n t  a n d  d ire c tio n  of n o rm a l resp on se.

T h e  re c o rd in g  p la te  w a s  le t  d o w n  b y  c lo c k w o rk  a t  sp e e d s  v a r y in g  w i th  p a r t ic u la r  

r e q u i r e m e n ts  b e tw e e n  5 m illim s. p e r  m in u te  to  15 m illim s. p e r  seco n d . I n te r m e d ia te  

sp e e d s  f r e q u e n t ly  u s e d  w e re  25 a n d  150 m illim s. p e r  m in u te .

E x c i ta t io n  w a s  m a d e  b y  b r ie f  o r  p ro lo n g e d  e x p o s u re  to  t h e  l ig h t  o f  a  s t a n d a r d  

c a n d le , s l id in g  a lo n g  a  sc a le  20 fe e t  lo n g , f ix e d  to  a  s h e l f  in  a  d a rk e n e d  room . T h e  

e x p o s u re  s h u t t e r  w a s a n  o r d in a r y  T h o r n to n - P ic k a r d  c a m e ra  s h u t t e r  re le a s e d  b y  a ir -  

p re s su re . T o  s ig n a l  t h e  in s t a n t  o f  flash  o r th e  d u r a t io n  o f  e x p o su re , t h e  r e le a s in g  

b e llo w s (a  sm a ll  b ic y c le -p u m p )  w a s c o n n e c te d  b y  T -p ie c e  w i th  t h e  re le a s in g  n ip p le , 

a n d  w i th  a  se co n d  n ip p le  t h a t  s ig n a lle d  th e  re le a s in g  s t r o k e  u p o n  t h e  t r a v e l l in g  

p la te . I n  t h e  s lo w e r  re c o rd s  th is  c o m p lic a tio n  w a s, h o w e v e r , o m it te d ,  a n d  th e  s ig n a l 

w a s m a d e  b y  h a n d .

U n i t s  o f  e x c i ta t io n  m a rk e d  a lo n g  th e  c a n d le  sc a le  w e re  t a k e n  in  h u n d r e d th s  o f  a 

fo o t-c a n d le , v iz ., th e  l ig h t  o f  a  s ta n d a r d  c a n d le  a t  a  d is ta n c e  o f  1 foot. T h u s  a t  

10 fe e t  d is ta n c e  th e  s t im u lu s  w a s 1 u n i t ,  a t  20 fe e t  '25  u n i t ,  a t  2 fe e t 25 u n i ts ,  & c.# 

T h e  e y e b a ll  r e s t s  u p o n  o n e  e le c tro d e  w ith  th e  c o rn e a  u p w a rd s . L ig h t  re a c h e s  i t  *

*  I  h a v e  s in c e  a d o p t e d  t h e  m e t r e - c a n d le  a s  u n i t  t o  f a c i l i t a t e  c a lc u la t io n .  1 m e tr e -c a n d le  e q u a ls  0 9 2 9  

f o o t - c a n d le ,  o r  a p p r o x im a t e ly  xq t h .
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I)R . W A L L E R  ON T H E  R E T IN A L  C U R R E N T S  O F  T H E  F R O G ’S E Y E ,1 2 ( i

th r o u g h  a  h o r iz o n ta l  tu b e ,  a n d  th e r e  is th u s  no  fo c u ss in g  a c tio n  b y  th e  c o rn ea  u p o n  

th e  r e t in a .

1 h a v e  a lso  o c c a s io n a lly  t e s te d  th e  e ffe c ts  a n d  th e  a f te r -e f fe c ts  o f  e le c tr ic a l  e x c i ta 

tio n , v iz ., o f  in d u c t io n  sh o c k s  a n d  o f  c o n d e n se r  d is c h a rg e s . I n  t h e  l a t t e r  case  i t  w a s  

o f  c o u rse  n e c e ssa ry  to  e x a c t ly  c o m p e n sa te  th r o u g h  th e  g a lv a n o m e te r  a n y  c u r r e n t  t h a t  

m ig h t  b e  p r e s e n t ,  a n d  to  a r r a n g e  th e  c ir c u i t  in  a  sp ec ia l m a n n e r , d e sc r ib e d  b e lo w  

(p. 155).

I I I .  R e s u l t s .

T h e  r e s u l ts  o f  t h e  p r e s e n t  in v e s t ig a t io n  co n firm  a n d  e x te n d  th e  r e s u l ts  o f  p re v io u s  

o b se rv e rs , a n d  a re  su m m a r is e d  u n d e r  t h e  fo llo w in g  h e a d s  :—

F r e s h  N o r m a l  E y e b a l l ,  s e t  u p  a s  f i g u r e d ,  m a n i f e s t s  P o s i t i v e  C u r r e n t

g r a d u a l l y  d e c l in e s  to  Z e r o ,  a n d  b e c o m e s  R e v e r s e d .

T h is  n o rm a l c u r r e n t  ( c u r r e n t  o f  d a rk n e s s )  is d u e  p a r t ly  to  c u r r e n t  o f  in ju ry ,  o f  

w h ic h  th e  e le c tro m o tiv e  s p o t  is th e  c u t  e n d  o f  t h e  o p tic  n e rv e , p a r t ly  to  t h e  r e t in a  

its e lf , w h ic h  h a s  n e c e s sa r ily  b e en  to  so m e  e x te n t  a ro u s e d  b y  th e  d is tu r b a n c e  o f  

re m o v in g  th e  e y eb a ll. A s w ill b e  sh o w n , a n y  a n d  e v e ry  d is tu rb a n c e  o f  t h e  r e t in a  

a ro u s e s  p o s itiv e  c u r r e n t .  T h e  n o rm a l  c u r r e n t ,  w h ic h  is t h e  su m  o f  th e s e  tw o  c o m 

p o n e n ts ,  su b s id e s  w i th  su c h  r a p id i ty  t h a t  th e  z e ro -p o in t  is re a c h e d  in  15 m in u te s  

o r  le s s ;  e .g . , in  o n e  case  w h e re  1 m e a s u re d  a n d  t im e d  th e  fa ll, i t  fe ll fro m  - f - '0 0 5  v o lt  

to  z e ro  in  th e  f i r s t  15 m in u te s ,  a n d  in  th e  n e x t  15 m in u te s  re a c h e d  a  v a lu e  o f  

— •002 v o lt.  N o t  in f r e q u e n tly ,  w h e n  a n  e y e b a ll  h a s  b e en  m o s t  c a re fu lly  re m o v e d  

a n d  k e p t  fo r  a  few  m in u te s  in  t h e  d a rk ,  t h e  n o rm a l  c u r r e n t  is n e g a t iv e  fro m  th e  

o u ts e t  o f  o b se rv a tio n . T h e  fa ll o f  a  s u b s id in g  c u r r e n t ,  w h e th e r  d im in is h in g  fro m  - f  

to  0 o r  in c re a s in g  fro m  0 to w a rd s  — , is d e la y e d  b y  l ig h t  a n d  a c c e le ra te d  b y  d a rk n e s s

F ig . 2.

Tooo L i g h b  D a r k  f a #

L, L0 1 * ,

1 7 1 4 .  T h e  n o r m a l  c u r r e n t  ( c o n n e c t io n s  a s  in  f ig .  1 )  is  p o s i t iv e ,  d e c l i n in g  r a p id l y  d u r in g  d a r k n e s s ,  

l e s s  r a p id ly  d u r in g  i l lu m in a t io n .  P o s i t i v e  v a r i a t i o n s  d u r in g  i l lu m in a t i o n ,  L ] ,  L 2, L 3. S l i g h t  

f a t ig u e  a f t e r  l i g h t  fo r  5  m in u t e s ,  L 2 <  L i .  S l i g h t  r e c o v e r y  a f t e r  o b s c u r i t y  5  m i n u t e s ,  

L 2 <  L 3.

 D
o
w

n
lo

ad
ed

 f
ro

m
 h

tt
p
s:

//
ro

y
al

so
ci

et
y
p
u
b
li

sh
in

g
.o

rg
/ 

o
n
 0

9
 A

u
g
u
st

 2
0
2
2
 



E X C IT E D  B Y  L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y . 1 2 7

T h e  a b s o lu te  v a lu e  o f  i t s  E .M .F .  is to o  v a r ia b le  to  b e  o f  m u c h  s ig n if ic a n c e  : + '0 0 6 ,  

- f - '0 0 4 , -} - '0 1 2 , -}-‘0 0 5 , -T "0006, *006, ‘0 0 3 , — ‘0 0 4 , — ‘001 a r e  v a lu e s  re c o rd e d  in

n o te s  o f  m y  e a r l ie r  e x p e r im e n ts ,  w h e n  I  m e a s u re d  t h e  c u r r e n t  b y  c o m p e n s a tio n  a t  

t h e  o u ts e t .  I  h a v e  s e e n  i t  r e a c h  to  t h e  v a lu e  o f  — ‘0 1 2  a f t e r  t h e  re v e rsa l.

§ 2. O n  E x p o s u r e  to  L i g h t  t h e  Current, w h e th e r  U p w a r d  o r  

a n  U p w a r d  V a r i a t i o n .

T h e  s t a t e m e n t s  c o n ta in e d  in  §§ 1 a n d  2 h a v e  b e e n  p re v io u s ly  m a d e  in  o th e r  w o rd s  

b y  K u h n e  a n d  S t e i n e r , t h e  se c o n d  b e in g  d e s ig n a te d  b y  th e m  a s  t h e  “  la w  o f  

c o n s t a n t  a l t e r a t io n  o f  te n s io n ,” a n d  e x p re s s e d  a s  fo llo w s : “ R e v e r s e d  d i r e c t io n  o f  t h e  

c u r r e n t  o f  d a rk n e s s  is w i th o u t  in f lu e n c e  u p o n  t h e  m a g n i tu d e  a n d  c h a r a c te r  o f  t h e  

p h o to - e le c t r ic a l  v a r ia t io n s  w h ic h  r e v e r s e  t h e i r  s ig n s .”

T h e  m a in  e ffe c t d u r in g  i l lu m in a t io n  is a  p o s i t iv e  e ffec t, b y  u p w a r d  c u r r e n t  t h r o u g h  

t h e  r e t in a ,  w h e th e r  t h e  c u r r e n t  o f  r e s t  b e  a t  t h e  t im e  u p w a rd  o r  d o w n w a rd . A n  

u p w a r d  v a r ia t io n  o f  a  d o w n w a rd  c u r r e n t  h a s  b e e n  d e s c r ib e d  a s  b e in g  a  n e g a t iv e  

v a r i a t io n  o f  a  c u r r e n t  o f  in ju r y  : i t  is th e r e fo re  d e s ira b le  to  c le a r ly  u n d e r s ta n d  t h a t  

t h e  m a in  e le c t r ic a l  e ffe c t o f  i l lu m in a t io n  o f  a  fre sh  e y e b a ll  is a lw a y s  d i r e c te d  th r o u g h  

t h e  r e t i n a  fro m  ro d  a n d  co n e la y e r  to  n e rv e  fib re  la y e r  ( r e p r e s e n te d  b y  a n  a r ro w  fro m  

fu n d u s  to  c o rn e a ) .

T h e  d i r e c t io n  o f  d e fle c tio n  w i th  i l lu m in a t io n ,  w h e n  w a tc h e d  on  th e  g a lv a n o m e te r  

sc a le , u s u a l ly  a p p e a rs  to  b e  p o s i t iv e  a t  t h e  c o m m e n c e m e n t o f  i l lu m in a t io n  a n d  

p o s i t iv e  a t  t h e  e n d  o f  i l lu m in a t io n . I t  h a s  b e e n  v a r io u s ly  d e sc r ib e d  a s  b e in g  p o s it iv e  

o r  a s  b e in g  n e g a t iv e  d u r in g  i l lu m in a tio n .

T h u s  D e w a r  a n d  M ‘K e n d r io k # s a y : “ T h e  a c t io n  o f  l ig h t  o n  th e  e y e  o f  a  fro g  

m a y  b e  b r ie f ly  s t a t e d  a s  fo llo w s : W h e n  d iffu se  l ig h t  is a llo w e d  to  im p in g e  on  th e  e y e  

o f  t h e  fro g  a f t e r  i t  h a s  a r r iv e d  a t  a  to le r a b ly  s ta b le  c o n d itio n , th e  n a tu r a l  e le c tro 

m o tiv e  fo rce  is in  t h e  f i r s t  p la c e  in c re a s e d , t h e n  d im in ish e d  ; d u r in g  th e  c o n tin u a n c e  

o f  l ig h t  i t  is  s t i l l  s lo w ly  d im in is h e d  to  a  p o in t  w h e re  i t  r e m a in s  to le r a b ly  c o n s ta n t ,  

a n d  o n  th e  re m o v a l o f  l ig h t  th e r e  is a  s u d d e n  in c re a se  o f  th e  e le c tro m o tiv e  p o w e r  

n e a r ly  u p  to  i t s  o r ig in a l  p o s i t io n .”

K u h n e  an d  St e in e r f  consider th is  course o f ev e n ts  to  be ch ara c te ris tic  o f abnorm al 

eyeballs, an d  s ta te  th a t  th e  in itia l a u g m en ta tio n  o f c u rre n t suffers no d im inu tion  

d u r in g  illu m ina tio n  la s tin g  for som e m in u te s .

A ll m y  o b s e rv a tio n s  a n d  re c o rd s  co n firm  th is  v iew , a n d  sh o w  t h a t  th e  e ffect o f  

e x p o s u re  to  l i g h t  a re  a s  d e sc r ib e d  b y  K u h n e  a n d  S t e in e r . T h e  p u z z l in g  f e a tu re  

t h a t  w e  s h o u ld  h a v e  a t  c o m m e n c e m e n t a n d  a t  e n d  o f  i l lu m in a tio n , i . e . ,  w ith  th e  . 

a d v e n t  o f  l ig h t  a n d  w i th  th e  a d v e n t  o f  d a rk n e s s , a  d e fle c tio n  o f  th e  sa m e  s ig n , is 

to  so m e e x te n t  c le a re d  u p  b y  p h o to g ra p h ic  re c o rd s, w h ic h  sh o w  t h a t  th e  final

* De w a r  a n d  M‘Ke n d r ic k , ‘ T ra n s. R o y . Soc. E d i n . , ’ 1873, p. 153. 

t  Ku h n e  a n d  St e in e r , ‘ S e h o rg an e ,’ p. 30.
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1 2 8 D R . W A L L E R  O N  T H E  R E T IN A L  C U R R E N T S  O F T H E  F R O G ’S E Y E ,

d e fle c tio n  is a  s u b o rd in a te  f e a tu r e  o f  t h e  m a in  c h a n g e , a n d  j u s t i f y  th e  s im p le  

s t a te m e n t  t h a t  th e r e  is p o s it iv e  (u p w a rd )  c u r r e n t  d u r in g  i l lu m in a t io n  a n d  n o  su c h  

c u r r e n t  d u r in g  d a rk n e s s . F ig s . 3 a n d  11 ty p ic a l ly  i l lu s t r a te  t h is  f u n d a m e n ta l  fac t. 

T h e  a c c e ss o ry  to  th e  fa c t, i . e . ,  t h e  te rm in a l  p o s it iv e  d e fle c tio n , w ill h e  b e s t  c o n 

s id e re d  la te r ,  vide infra , p. 140.

F i g .  3 .

0002

OOOI

1 6 6 1 .  S e r ie s  o f  f iv e  n o r m a l r e s p o n s e s .  C a n d le  a t  2  f e e t  ( 2 5  u n i t s ) .  I l lu m in a t i o n  fo r  1 m in u t e  ;

o b s c u r i t y  f o r  2  m in u t e s .

A n y  d is tu rb a n c e  o f th e  r e t in a — w h e th e r  b y  i t s  n o rm a l s t im u la n t ,  l ig h t ,  o r  b y  

m e c h a n ic a l p re s su re , o r b y  e le c tr ic a l  s t im u la t io n ,  a ro u s e s  a  m o re  o r  less  c o n s id e ra b le  

a n d  m o re  o r  less  e n d u r in g  p o s it iv e  c u r r e n t .  T h e  o r ig in a l p o s it iv e  c u r r e n t  o f  a  f re s h ly  

e x c ise d  e y e b a ll  h a s  tw o  fa c to rs  : e le c t ro m o tiv i ty  o f  th e  c u t  e n d  of t h e  o p tic  n e rv e  a n d  

e le c t ro m o tiv i ty  o f  th e  d is tu r b e d  re t in a , F a ll  o f  c u r r e n t  b y  su b s id e n c e  o f  su c h  d is 

tu rb a n c e  is th e re fo re  d e la y e d  b y  l ig h t ,  o r  h a v in g  fa lle n  is m a d e  to  r ise  a g a in  b y  l ig h t ,  

o r  b y  te ta n is a t io n ,  o r  b y  m e c h a n ic a l p re s su re . T h e  g e n e ra l  r ise  o f  b a se  lin e  in  

fig. 3 i l lu s t r a te s  t h is  g ra d u a l ly  r is in g  a f te r -e f fe c t  a c c o m p a n y in g  t h e  su c ce ss io n  o f  

p o s it iv e  e ffe c ts  d i r e c t ly  c a u se d  b y  i l lu m in a tio n .

T h e  e le c t r o m o t i v e  f o r c e  o f  th e  re sp o n se  to  l ig h t  v a r ie s  u s u a l ly  b e tw e e n  '0 0 01  a n d  

•0010 v o lt.  T h e  fo llo w in g  v a lu e s  a re  t a k e n  fro m  m y  n o te -b o o k  :—

+  -00013, - f  -0002, - f  -0001, r is in g  to  - f  '0 0 0 1 5 ,

+  -0005, +  -0003, - f  -0013, +  '0 0 0 3  v o lt.

F o r  th e  t h i r d  s ta g e  (videinfra) I  fin d  th e  v a lu e s —

-  -0002, — '0 0 0 0 5 , — *0001, — '0 0 0 3  v o lt.

T h e se  v a lu e s  re fe r  to  re sp o n se s  o b ta in e d  by e x p o su re  fo r 1 m in u te  to  th e  l ig h t  of 

a  s t a n d a r d  c a n d le  a t  2 fe e t  ( = 2 5  u n its ) .
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§ 3. T h e  M a g n i t u d e  o f  R e s p o n s e  i n c r e a s e s  th e  D u r a t i o n  o f  I l l u m i n a t i o n .

W i t h  t h e  s t r e n g t h  of l i g h t  a s  b e fo re  (2 5  u n i t s ) ,  t h e  r e s p o n s e  to  a  b r i e f  e x p o s u re  b y  

m e a n s  of a  f la sh  s h u t t e r  ( t im e d  a t  y ^ g th  s e c o n d ) , 'th e  d e f le c t io n  is g e n e r a l ly  o n e - t e n th  

to  o n e - q u a r te r  o f  t h a t  p ro v o k e d  b y  e x p o s u re  fo r  a  p e r io d  o f  1 m in u te — a  t im e  t h a t  

is  su f f ic ie n t  to  b r in g  o u t  t h e  m a x im u m  effec t. T h e  fo llo w in g  a re  v a lu e s  t h a t  w e re  

n o te d  :—

f F la s h  o f  x ^ o th  se c o n d  I[ +  '0 0 0 1 [ + • 0 0 0 1 2  f

[ E x p o s u r e  fo r  60  se c o n d s !1 +  '0 0 0 5 1 +  -00048  1

[ F l a s h ...........................# i [ + ' 0 0 0 1 5  # j[ +  -00 00 75  f

1 E x p o s u r e ......................I l +  -00 020 [ + • 0 0 0 1 5 0  |

[ F l a s h ........................... f -j- *0001 l

[ E x p o s u r e ......................i +  '0 0 0 8  1

’ +  -0003 3 r

. +  •001 30  1

+  '0 0 0 0 3  v o lt. 

+  '0 0 0 3 8

- f  '0 0 0 2 5

'0 0 0 0 4

•0 0 0 2 0

T h e  l a s t  tw o  p a ir s  o f  n u m b e r s  a r e  c a lc u la te d  fro m  t h e  re c o rd s  o f  figs. 11 a n d  13. 

T h e  tw o  s t a r r e d  p a ir s  w e re  o b s e rv e d  w i th  e y e s  o f  t h e  se c o n d  s ta g e  i n f r a ) .

I  h a v e  le a r n e d  to  a s s o c ia te  a  r e la t iv e ly  la r g e  e ffe c t o f  b r i e f  i l lu m in a t io n  w i th  a  

r e la t iv e ly  c o n sp ic u o u s  b r e a k  d e f le c tio n  a t  t h e  e n d  o f  p ro lo n g e d  i l lu m in a tio n . A  

c o n sp ic u o u s  b r e a k  e ffe c t is c h a r a c te r i s t ic  o f  w h a t  w ill b e  d e s c r ib e d  b e lo w  a s  th e  

se c o n d  s ta g e . T h e  p o in t  is i l l u s t r a t e d  in  fig. 12.

1 6 8 9 .

F i g .

•OO/O

■0005

L  D

K

1 6 8 9 .  S e r i e s  o f  f iv e  n o r m a l  r e s p o n s e s  t a k e n  a s  in  f ig . 3 , a n d  e x h i b i t in g  d im in u t io n  (? f a t ig u e ) .

T h e  fo llo w in g  o b s e rv a t io n s  g iv e  v a lu e s  o f  d e fle c tio n  fo r  p e r io d s  o f  in te rm e d ia te  

le n g th ,  a n d  sh o w  t h a t  t h e  e ffe c t in c re a se s  less  a n d  less  r a p id ly  w i th  a r i th m e t ic  

in c re a se  o f  tim e .

sv o l . c x c m . — n .
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1 3 0 D R. W A L L E R  O N  T H E  R E T IN A L  C U R R E N T S  O F  T H E  F R O G ’S E Y E ,

D u r a t io n  o f  l i g h t  a t  

2 5  u n i t s .
M a g n it u d e  o f  d e f le c t io n .

E x p .  I . . . . . . . . . . . . . . . . . . . . . . . •01 s e c o n d +  3  c m . s c a le

f  h o u r  la t e r  

+  5  c m .

•1 0  „ 7 „ +  1 0  „

•6 0  „ 1 4  „ +  1 5  „

4 - 2 0  „ 2 5  „ +  2 2  ,,

6 0 - 0 0  „ 3 0  „ +  2 7  „

E x p .  I I . . . . . . . . . . . . . . . . . . . . . •01  s e c o n d +  9 c m . s c a le =  '0 0 0 1 1  v o l t .

• i o  „ +  1 6  „ • 0 0 0 2 0  „

•6 0  „ +  3 0  „ • 0 0 0 3 7  „

4 -2 0  „ +  4 2  „ • 0 0 0 5 2  „

6 0 * 0 0  „ +  off' s c a le

§ 4. T h e  M a g n i t u d e  o f  R e s p o n s e  i n c r e a s e s  th e  S t r e n g t h  o f  I l l u m

T h is  re la t io n  h a s  h e e n  c o m m e n te d  u p o n  b y  a ll  p re v io u s  o b se rv e rs . D e a v a r  a n d  

M ‘K e n d r ic k  in  p a r t ic u la r ,  r e g a r d  th e  d a ta  th e y  o b se rv e d  a s  b e in g  in  c o n fo rm ity  w i th  

F e c h n e r ’s  lo g a r i th m ic  law . T h e y  g iv e , e .g . ,  t h e  e ffe c ts  o f  a  g iv e n  l ig h t  a t  1, 4, a n d  

8 fe e t  fro m  t h e  e y e b a ll  s t r e n g th s  a s  64 , 4, a n d  1)—

f a t  m a k e  J +  8 + 5  + 1  

1 a t  b re a k  1 + 1 .2  + 5  + 5 .

F o r  m o d e ra te  s t r e n g th s  o f  i l lu m in a t io n  (i. be tw e e n  1 a

c a n d le  10 to  1 fo o t fro m  th e  e y e b a ll) , I  fin d  t h a t  th e  r e g u la r  r e s u l t  o f  e x p e r im e n t  is 

a n  in c re a s in g  d e fle c tio n  w i th  in c re a se  o f  l ig h t ,  t h e  r a t e  o f  in c re a s in g  e ffe c t d im in is h in g  

w i th  t h e  in c re a s in g  s t im u lu s . T h e  c u rv e  p lo t t e d  fro m  th e  d a t a  ( s t im u la t io n  a lo n g  

t h e  X  a x is , d e f le c tio n s  a lo n g  th e  Y  a x is )  com es o u t  c o n ca v e  to w a rd s  t h e  a b sc issa , a n d  

n o t  u n lik e  a n  o r d in a ry  lo g a r i th m ic  c u rv e . B e y o n d  a  c e r ta in  m a x im u m  effect, th e  

re sp o n se , e v e n  to  in c re a s in g  s t im u li ,  e x h ib i ts  n o  f u r th e r  in c re a se , o r  i t  m a y  be  a n  

a c tu a l  d e c re a se , p re s u m a b ly  b y  re a so n  o f  f a t ig u e . F o r  w e a k  i l lu m in a t io n  ( i . e . ,  b e lo w  

1 u n i t ,  b y  a  c a n d le  m o re  th a n  10 fe e t  d i s t a n t  fro m  th e  e y e )  th e  c u rv e , p lo t te d  in  th e  

sa m e  m a n n e r , g e n e ra l ly  com es o u t  a s  c o n v e x  to w a rd s  th e  ab sc is sa . T h e  e n t i r e  c u rv e  

o f  re sp o n se  fro m  m in im a l to  m a x im a l is th u s  an  S -s h a p e d  c u rv e , r is in g  b y  in c re m e n ts  

a t  f i r s t  in c re a s in g  th e n  d im in ish in g . I t  is in  a ll  cases  a d v isa b le  to  t a k e  t h e  m ea n  v a lu e  

o f  a  d o u b le  se r ie s  o f  o b se rv a tio n s  in  th e  sc a le  o f  in c re a s in g  a n d  o f  d im in is h in g  

in te n s i ty  o f  s t im u la tio n .

T h e se  se v e ra l  p o in ts  a re  i l lu s t r a te d  in  th e  fo llo w in g  o b s e rv a t io n s — t h e  f i r s t  g iv in g  

a  s im p le  se rie s  o f  r e a d in g s  o f  re sp o n se s  to  s t im u la tio n  in  th e  a sc e n d in g  sc a le  o f  

in te n s i ty  ; th e  seco n d  a  m o re  c a re fu lly  t a k e n  se rie s  u p  a n d  d o w n  a  sc a le  o f  u n its .  

T h e  l a t t e r  a re  p h o to g ra p ic a l ly  re c o rd e d  in  figs. 4 a n d  5, on  in sp e c tio n  o f  w h ich  i t  m a y  be
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E X C IT E D  BY  L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y . 1 3 1

1701. Fig. 4.

1702. Fig. 5.

Z 4  6 8  10 10 6 4  u n i t s .

A lt e r a t io n s  in  m a g n i t u d e  o f  r e s p o n s e  b y  a l t e r a t i o n s  in  s t r e n g t h  o f  i l lu m in a t i o n ,  f r o m  j  t o  1 0  u n i t s  o n

r i s in g  a n d  f a l l in g  s c a le .

n o tic e d  t h a t  t h e  d e c lin e  of' r e sp o n se  in  th e  g ro u p  o f  d im in is h in g  s t im u li  is m o re  

s t r i k in g  th a n  t h e  in c re a s e  o f  re s p o n se  in  th e  g ro u p  o f  in c re a s in g  s t im u li .

S t i m u lu s . D e f le c t io n .

•25  u n i t +  5  c m .

•5 0  „ +  7 „

•75 +  i o  „

1 - 0 0  „ +  1 4  „

1 :2 5  „ +  1 8  „

O b s e rv a tio n  1.

S t im u lu s . D e f le c t io n .

2  u n i t s +  2 4  c m .

4  „ +  2 8  ,,

6  „ +  3 2  „

8  „ +  3 4  „

1 0  „ +  3 6  ,,

s  2

S t im u lu s . D e f le c t io n .

2 0  u n i t s +  4 2  c m .

4 0  „ +  5 0  „

6 0  „ +  5 0  „

8 0  „ +  4 8  „

1 0 0  „ +  4 9  „

 D
o
w

n
lo

ad
ed

 f
ro

m
 h

tt
p
s:

//
ro

y
al

so
ci

et
y
p
u
b
li

sh
in

g
.o

rg
/ 

o
n
 0

9
 A

u
g
u
st

 2
0
2
2
 



1 3 2 D R. W A L L E R  O N  T H E  R E T IN A L  C U R R E N T S  O F  T H E  F R O G ’S E Y E ,

O b s e rv a tio n  2. (M e a s u re m e n ts  t a k e n  s im u lta n e o u s ly  w it! 1 t h e  re c o rd s  F ig s . 4 a n d  5.)

S t i m u lu s . D e f le c t io n . M e a n . V o l t a g e .

G o V o  v o l t  = 4 9  m m .)  

0 2 5  u n i t +  2 0  1 A + 1 8 1 9 • 0 0 0 0 7 8

0 - 5 0  „ +  2 5 i 1 + 2 1 2 3 • 0 0 0 0 9 4

0-78 „ + 3 3 + 2 8 3 0 -5 • 0 0 0 1 2 4

1 - 0 0  „ + 4 4 i +  4 0 4 2 • 0 0 0 1 7 2

1 -2 5  „ + 47 \l' +  5 0 4 8 - 5 • 0 0 0 1 9 8

Gnujo  v o l t  = 2 3  m m .)

2  u n i t +  2 8  \\ +  2 0 2 4 • 0 0 0 2 0 8

4  „ +  3 2 i1 +  2 5 2 8 -5 • 0 0 0 2 4 8

6 ,, + 3 3 i + 3 0 3 1 -5 • 0 0 0 2 7 4

8 „ 4- 3 5 + 3 3 3 4 • 0 0 0 2 9 6

1 0  „ + 4 3 hi| + 41 3 7 -5 ■0 0 0 3 2 6

(aoV rr v o l t  = 2 2  m m .)  

2 0  u n i t + 4 2 !H + 3 0 3 6 • 0 0 0 3 2 8

4 0  ,, + 3 8 + 3 2 3 5 • 0 0 0 3 1 8

6 0  „ + 3 7 + 3 3 3 5 • 0 0 0 3 1 8

8 0  „ + 3 7 + 3 3 3 5 • 0 0 0 3 1 8

1 0 0  „ +  3 6  |\ +  4 2 3 9 •000354

• 0 0 ,0 3 0

• 0 0 ,0 2 0

• 0 0 ,0 1 0

q to  units.

F ir s t  tw o  g ro u p s  of th e  ab o v e  m e a su re m e n ts  p lo tte d  to  scale.

§ 5. F a t i g u e .

F a t ig u e — i . e . ,  a  d im in u t io n  in  p o w e r  c o n se q u e n t u p o n  p re v io u s  a c t io n — is a p p a r e n t  

in  a ll  e x p e r im e n ts  w h e re  t h e  re sp o n se  to  l ig h t  is o b se rv e d  fo r a n y  l e n g th  o f  tim e . 

B u t  th e  a m o u n t  o f  f a t ig u e  b r o u g h t  in to  e v id e n c e  b y  il lu m in a tio n  is m u c h  le ss  t h a n  

m ig h t  h a v e  b e e n  e x p e c te d . T h e  r e t in a ,  a l th o u g h  to  so m e e x te n t  lia b le  to  b e  fa t ig u e d  

b y  e x p e r im e n ta l  i llu m in a tio n , is m u c h  less  f a t ig u e d  th a n  is o rd in a ry  m u sc le  b y  e le c tr ic a l  

te ta n is a t io n .  A n d  w h e re a s  i t  is a n  e a sy  m a t t e r  to  c o m p le te ly  e x h a u s t  a  m u sc le  b y  

r e p e a te d  te ta n is a t io n ,  th e  r e t in a  c a n n o t  b e  e x h a u s te d  b y  r e p e a te d  i l lu m in a tio n  a t
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E X C IT E D  B Y  L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y . 1 3 3

l e a s t ,  w i th in  t h e  r a n g e  o f  i n t e n s i t y  t h a t  1 h a v e  e m p lo y e d . E v e n  w i th  e le c tr ic a l  

t e t a n i s a t i o n — b y  w h ic h , a s  w il l  b e  sh o w n  in  § 12, t r u e  r e t i n a l  r e s p o n s e  is e lic i te d , t h e  

s ig n s  o f  f a t ig u e  a re  n o  m o re  p ro n o u n c e d  t h a n  w i th  lu m in o u s  s t im u la t io n .  O n  t h e  

o th e r  h a n d ,  t h e  r e c o v e ry  fro m  f a t ig u e  is p r o m p t  a n d  c o m p le te .

T h u s  in  a n  e x p e r im e n t  m a d e  to  t e s t  t h i s  p o in t ,  t h e  fo llo w in g  v a lu e s  w e re  o b s e rv e d  

( i l lu m in a t io n  a t  25  u n i t s ) :—

N o rm a l  r e s p o n s e ...........................

A f t e r  i l lu m in a t io n  fo r  5 m in u te s  

o b s c u r i ty  fo r  5 m in u te s  . 

,, i l lu m in a t io n  fo r  5 m in u te s  

,, o b s c u r i ty  fo r  5 m in u te s  .

+  •00 0 3 4  v o lt, 

+  •0 0 0 2 0  „

+  •0 00 30  ,,

+  -0001G „

+  •00038  „

I n  a n o th e r  e x p e r im e n t  in  w h ic h  t h e  e y e b a ll  w a s  s u b m i t t e d  to  d i r e c t  s u n l ig h t  t h e  

re s p o n s e s  w e re

C a n d le  a t  2 f e e t  (2 5  u n i t s )  . . . + * 0 0 0 3  v o lt

S u n l i g h t ...........................................+  *0007 ,,

C a n d le  a t  2 f e e t ................................ + ‘000 1  ,,

2 m in u te s  l a t e r  . + ‘0 0 0 2  „

+  •00031 

+  *00073 

+  •00016 

+  •00025

I n  su m , th e n ,  t h e  r e t in a  a s  r e g a r d s  a p p a r e n t  e x h a u s t io n  b y  s t r o n g  s t im u la t io n  

h o ld s  a  p o s i t io n  in  t h e  sc a le  in te r m e d ia te  b e tw e e n  n e rv e -f ib re , t h e  m o s t  r e s i s t a n t ,  a n d  

n e rv e - te r m in a ls  ( in c lu d in g  m u sc le ), t h e  le a s t  r e s i s t a n t .  A  c h a r a c te r  t h a t  is in  a ll  

p r o b a b i l i ty  d u e  to  t h e  e ffic ien cy  o f  r e s to r a t iv e  c h a n g e  b y  w h ic h  e x p e n d i tu r e  o f  

s u b s ta n c e  is m a d e  g o o d . *

T h e  c o m p a ra t iv e  c o n d it io n s  o f  t h e  th r e e  c ases  w ill  b e  b e s t  i l lu s t r a te d  b y  a n  

e x a m p le —

N e r v e - f ib r e . R e t in a . M u s c le .

F i v e  e x c i t a t i o n s ,  e a c h  l a s t i n g  ^

fo r  1 m in u t e  a n d  s e p a r a t e d  j 7 ,, , 

b y  i n t e r v a l s  o f  r e s t  f o r  2  1 

m in u t e s  [ 6 t h  ]

-  ‘0 0 2 0 0  v o l t  

- • 0 0 2 1 5  „  

- • 0 0 2 2 5  „  

- • 0 0 2 3 5  „  

- • 0 0 2 3 5  „

+ ‘0 0 0 5 1  v o l t  

+  • 0 0 0 4 3  „

+  • 0 0 0 4 0  „

+  - 0 0 0 3 5  „

+  • 0 0 0 3 2  „

-  * 0 1 1 0 0  v o l t  

- • 0 0 7 0 0  „  

- • 0 0 4 5 0  „

-  - 0 0 3 8 0  „  

- • 0 0 2 5 0  „

T h e  re tin se , l ik e  th e  m u sc le s  o f  d if fe re n t  fro g s, m o re  o r  less  v ig o ro u s , e x h ib i t  in  m o re  

o r  less  p ro n o u n c e d  d e g re e  th e  s ig n s  o f  f a t ig u e . I n  g e n e ra l ,  th e  r e t in a  of a  “ p o o r  ’ 

f ro g  g iv e s  th e  b e s t  m a rk e d  d e c lin e  in  se r ie s  o f  n o rm a l p o s it iv e  re sp o n se s. N e v e r 

th e le s s  th e  re sp o n se  o f  t h e  th i r d  s ta g e  ( v i d e  i n f r a )  h a s , so 

b e  r e m a rk a b ly  p e r s i s te n t .  A n d  so m e tim e s , p a r t ic u la r ly  w i th  b r ie f  s t im u la t io n  (fo r 

6 se co n d s a t  1 m in u te  in te rv a ls ) ,  a n  in c re a s in g  d e fle c tio n  h a s  com e u n d e r  o b se rv a tio n ,
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1 3 4 D R. W A L L E R  O N  T H E  R E T IN A L  C U R R E N T S  O F T H E  F R O G ’S E Y E ,

g iv in g  a  se r ie s  w it li  “  s ta ir c a s e  ” in c re a se , l ik e  t h a t  o b ta in e d  on  c a rd ia c  a n d  o th e r  

m u sc le  a n d  o n  n e rv e . B u t  w h e re a s  in  t h e  l a t t e r  case  w e  m a y  fee l a s s u ra n c e  t h a t  t h e  

e ffe c t is v e r i ta b ly  th e  r e s u l t  o f  t h e  s t im u la t io n ,  in  th e  case  o f  th e  r e t in a  th is  c e r ta in ty  

is o b sc u re d  b y  th e  fa c t t h a t  s p o n ta n e o u s  g r a d u a l  in c re a se  a n d  d im in u t io n  o f  re sp o n se  

a re  a p t  to  b e  p r e s e n t ,  in  c o n se q u e n c e , I  b e liev e , o f  t h e  s t a te  o f  e y e b a ll  a s  r e g a rd s  th e  

in te r n a l  p ro d u c t io n  o f  c a rb o n ic  ac id . F o r  t h is  re a so n  I  h a v e  a t t a c h e d  l i t t l e  im p o r t 

a n c e  to  th e  d e ta i le d  e x a m in a t io n  o f  f a t ig u e  e ffe c ts  a n d  o f  s ta ir c a s e  p h e n o m e n o n ; a  

g e n e ra l  v ie w  o f  th e  fa c ts , a s  th e y  h a v e  com e u n d e r  o b se rv a tio n , m a y b e  g a th e r e d  from  

t h e  fo llo w in g  s u m m a ry  ta b le ,  a n d  fro m  t h e  re c o rd s  g iv e n  in  figs. 3, 3 a , 0, 7, a n d  8.

F i g .  6 .

toooo

_ _ _ _ _ _ L

L. I).

1 6 4 7 .  S e r ie s  o f  p o s i t iv e  r e s p o n s e s  in  a n  e y e b a l l  6 h o u r s  a f t e r  e x c is i o n .  N o  a p p r e c ia b le  f a t ig u e .  L a t e  

f ir s t  s t a g e .  I l lu m in a t i o n  L fo r  1 m i n u t e ; o b s c u r i t y  I )  f o r

F ig .  7 .

1 6 5 0 .  S im i la r  s e r ie s ,  2  h o u r s  a f t e r  e x c is i o n .  ? F a t i g u e  o r  1 n a tu r a l  d e c lin e .  L a t e  f ir s t  s t a g e .
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E X C IT E D  B Y  L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y . 1 3 5

F i g  8 .

10000

1 7 0 4 .  S e r i e s  o f  n e g a t i v e  r e s p o n s e s  o f  t h e  t h i r d  s t a g e .  E y e b a l l  1 8  h o u r s  a f t e r  e x c i s i o n .  N o

a p p r e c ia b le  f a t ig u e .

l

N o .  o f  

p e r im e n t .

T im e

a f t e r

S t r e n g t h

o f

I l lu m in a t i o n  f o r  1 m in u t e .  O b s c u r i t y  f o r  2  m in u t e s .  

V o l t a g e  o f  s u c c e s s i v e  r e s p o n s e s .

e x
e x c is i o n . l i g h t .

1 s t . 2 n d . 3 r d . 4 t h . 5 t h .

i ( 1 6 4 7 )

H o u r s .

6

U n i t s .

4 +  - 0 0 0 1 6 + - 0 0 0 1 8 +  - 0 0 0 1 6 + - 0 0 0 1 5 + - 0 0 0 1 5

2 ( 1 6 5 0 ) 2 2 5 +  •0 0 0 5 1 +  - 0 0 0 4 3 +  - 0 0 0 4 0 +  - 0 0 0 3 5 +  - 0 0 0 3 2

3 1 ( 1 6 5 3 ) 6 2 5 i  + - 0 0 1 2 0 +  - 0 0 0 9 5 +  - 0 0 0 7 0 +  - 0 0 0 5 5 +  - 0 0 0 4 5

4 ( 1 6 5 6 )

( 1 6 6 0 )

( 1 6 7 4 )

( 1 6 8 9 )

( 1 7 0 4 )

6 2 5 - • 0 0 0 9 0 -  - 0 0 0 9 5 -  - 0 0 0 9 5 -  - 0 0 0 9 5 - • 0 0 0 9 0

5 1 2 5 + - 0 0 1 1 0 +  - o o i o o +  - 0 0 1 0 0 + - 0 0 1 0 0 + - 0 0 1 0 0

6 2 2 5 + - 0 0 1 0 0 + - 0 0 1 1 0 + - 0 0 1 1 0 + - 0 0 1 1 0 + - 0 0 1 0 0

7 2 2 5 + - 0 0 0 8 5 +  - 0 0 0 7 5 +  - 0 0 0 6 5 +  - 0 0 0 6 5 I + - 0 0 0 6 5

8 1 8

I

2 5

1 “
-  - 0 0 0 3 2 -  - 0 0 0 3 1 -  - 0 0 0 3 3 - • 0 0 0 3 3

F r o m  t h e s e  n u m b e r s ,  a n d  s t i l l  m o r e  e v i d e n t l y  f r o m  t h e  a c t u a l  r e c o r d s  ( f ig s . 3 , 6 ,  7 , 8 ) ,  i t  i s  c le a r  t h a t  t h e  

r e t in a ,  a s  c o m p a r e d  w it h  m u s c le ,  i s  a  v e r y  in e x h a u s t i b l e  o r g a n . E x p e r im e n t s  5  a n d  8  ( f ig s .  3  a n d  8 )  

e x h i b i t  h a r d ly  a n y  “  f a t ig u e .” E x p e r im e n t s  2 ,  3 , a n d  7 ( f ig .  8 )  a r e  in s t a n c e s  in  w h ic h  “  f a t ig u e  ” is  

m o s t  a p p a r e n t .  B u t  i t  is  p o s s ib le  t h a t  e v e n  in  t h e s e  c a s e s  t h e r e  m a y  h a v e  b e e n  a  n a t u r a l  d e c l in e  

m o r e  p r o n o u n c e d  t h a n  u s u a l . S im i la r  c o n s i d e r a t io n s  a p p l y  t o  t h e  m a m m a lia n  e y e ,  w h e r e  t h e  p o s i t iv e  

r e s p o n s e  r a p id ly  d im in is h e s ,  w h i le  t h e  la t e r  n e g a t i v e  r e s p o n s e  p e r s is t s  o f  u n d im in is h in g  m a g n it u d e  

(videinfra, f ig .  3 7 ) .
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1 3 6 D R . W A L L E R  O N  T H E  R E T IN A L  C U R R E N T S  O F T H E  F R O G ’S E Y E

§ 5 a .  C o l o u r e d  L i g h t .

A s p re v io u s ly  sh o w n  b y  H o l m g r e n  a n d  b y  D e w a r  a n d  M ‘K e n d r i c k , c h ro m a tic  

l ig h t  o f  d if fe re n t  re g io n s  o f  t h e  s p e c tru m , a n d  w h i te  l ig h t  f i l te re d  th r o u g h  d if fe re n t  

c o lo u re d  m e d ia , g iv e , cceterisparibus, u n e q u a l  e le c tr ic a l  re sp o n se s  o f  th e  r

H o l m g r e n  fo u n d  t h e  e ffe c ts  to  b e  t h e  g r e a t e s t  fro m  m id -s p e c tra l  co lo u rs , y e llo w  a n d  

g re e n , a n d  le a s t  fro m  c o lo u rs  a t  t h e  tw o  e n d s  o f  t h e  s p e c t ru m , re d  a n d  b lu e . 

D e w a r  a n d  M ‘K e n d r i c k  in  t h e i r  f i r s t  p u b l ic a t io n  g iv e  t h e  r e la t iv e  efficacy a s  

b e in g  : r e d  =  10 ; y e llo w  =  10 ; g r e e n  =  8 ; b lu e  =  4. I n  a  s u b s e q u e n t  p u b l ic a 

t io n  th e y  g iv e  t h e  r e la t iv e  e fficacy  o f  c o lo u rs  a s  b e in g  g o v e rn e d  b y  lu m in o s i ty .

P a r t l y  fo r i ts  o w n  sa k e , p a r t l y  in  o rd e r  to  see  w h e th e r  a n y  f u n d a m e n ta l  a n ta g o n is m  

o r e v e n  d iffe re n c e  c o u ld  b e  d e te c te d  b e tw e e n  t h e  f a t ig u in g  (k a ta b o lic )  co lo u rs , re d  

a n d  y e llo w , a n d  t h e  r e s t fu l  (a n a b o lic )  co lo u rs , g re e n  a n d  b lu e , I  m a d e  a  se r ie s  o f  

e x p e r im e n ts  w i th  c a n d le - l ig h t  f i l te re d  t h r o u g h  c o lo u re d  g la s se s , c h o se n  o f  su c h  

n a tu r e  a s  to  b e  as  n e a r ly  as  p o ss ib le  c o m p le m e n ta ry , i . e . ,  to  c u t  o u t  a ll  c a n d le - l ig h t  

w h e n  t a k e n  in  su p e rp o se d  p a irs , r e d  +  g re e n  ; y e llo w  -j- b lu e .

T h e  re la t iv e  o rd e r  of efficacy  a t  25 u n i t s  cam e o u t—

R e d ..........................................  -{- 4

B l u e ..................................................... +  9

G r e e n .....................................................+ 1 2

Y e l l o w ..................................................... + 1 6

“ W h i t e  ” ( c a n d l e ) ...........................+ 3 3

I  n e x t  m a d e  a  se r ie s  o f  t r ia l s  to  see  w h e th e r  th e  j o i n t  e ffe c t o f  tw o  c o m p le m e n ta ry  

(o r  o p p o se d ) c o lo u rs  is g r e a t e r  o r  sm a lle r  t h a n  th e i r  s e p a r a te  e ffec ts , a s  i l lu s t r a te d  b y  

th e  fo llo w in g  e x p e r i m e n t :—

C a n d le  a t  20 fee t. \  u n i t .

R e d  a l o n e ............................................... + 5

G re e n  a l o n e .......................................... + 1 0

R e d  +  g r e e n .......................................... + 1 4

“ W h i t e  ” ( c a n d l e ) ............................... + 4 0

F in a l ly  I  m a d e  a  se r ie s  o f  t r ia l s  to  see  w h e th e r  p ro lo n g e d  s t im u la t io n  b y  a  g iv e n  

c o lo u r p ro d u c e s  e q u a l  o r u n e q u a l  f a t ig u e  to  t h a t  c o lo u r a n d  to  i ts  c o m p le m e n ta ry . 

I  ch o se  re d  a n d  g re e n  fo r t h is  p u rp o se , a n d  a f te r  each  p ro lo n g e d  e x p o su re  re v e rse d  

th e  o rd e r  o f  te s t in g .
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E X C IT E D  B Y  L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y . 1 3 7

C a n d le  a t  1 fo o t. (1 0 0  u n i t s . )  S t im u lu s  l a s ts  10 se co n d s.

R e d ........................................................... + 2 1

G re e n  . . ; ...................................... + 2 8

E x p o s u r e  to  g r e e n  fo r  10 m in u te s .

R e d ........................................................... + 1 G

G r e e n ...................................................... + 2 4

E x p o s u r e  to  g r e e n  fo r  10 m in u te s .

G r e e n ...................................................... + 2 2

R e d ........................................................... + 1 5

E x p o s u r e  to  r e d  fo r  10 m in u te s .

G r e e n ...................................................... + 2 0

R e d ........................................................... + 1 2

E x p o s u r e  to  r e d  fo r 10 m in u te s .

R e d ........................................................... + 8

G r e e n ..................................................... + 1 8

N o  c o m p le m e n ta ry  o r  a n ta g o n is t ic  in tiu e n c e  a s  r e g a r d s  r e t in a l  re s p o n s e  is to  be  

d e te c te d  in  a n y  o f  th e s e  e x p e r im e n ts .  A ll c o lo u rs  se e m  to  a c t  in  t h e  sa m e  d ir e c t io n ,  

m o re  o r  le s s  p o w e r fu lly  a c c o rd in g  a s  t h e y  a re  m o re  o r  le s s  lu m in o u s .

§ 6. E f f e c t  o f  T e m p e r a t u r e .

L ik e  p re v io u s  o b se rv e rs , I  fin d  t h a t  t h e  n o rm a l re s p o n se  a t  f i r s t  in c re a s e s  w ith  

r i s in g  t e m p e r a t u r e  a n d  th e n  d is a p p e a rs . T o  w h ic h  1 h a v e  o n ly  to  a d d  t h a t  th e  a b o li

t io n  m a y  b e  o n ly  t e m p o r a r y  i f  t h e  t e m p e r a tu r e  h a s  n o t  b e e n  ra is e d  to o  h ig h  fo r  to o  lo n g  

a  p e r io d . F o r  e x a m p le , in  a n  e x p e r im e n t  d i r e c te d  to  t h i s  p o in t ,  w i th  t h e  t e m p e r a tu r e

F i g .  9 .

1 6 7 0 .  1 6 7 6 .

P o s i t i v e  r e s p o n s e s  o f  t w o  e y e b a l l s  a t  2 2 ° ,  p r e v io u s l y  h e a t e d  t o  42", w i t h  t e m p o r a r y  a b o l i t io n  o f  t h e

r e s p o n s e .

TV O L . C X C I I I . — B ,
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1 3 8 D R . W A L L E R  O N  T H E  R E T IN A L  C U R R E N T S  O F T H E  F R O G ’S E Y E ,

o f  a  b o x  e n c lo s in g  t h e  e y e b a ll  a n d  e le c tro d e s  s t a n d in g  a t  16°, th e  re sp o n se  to  l ig h t  

(c a n d le  a t  2 fe e t)  w as  +  *00020. A t  3 0 c i t  w a s a t  i t s  m a x im u m , -f- '0 0 0 3 0 , fro m  

w h ic h  i t  g r a d u a l ly  d e c lin e d  to  -f- *00001 a t  42°. O n  c o o lin g  to  20° t h e  re sp o n se  

r e a p p e a re d  o f  i t s  o r ig in a l  c h a r a c te r  a n d  m a g n i tu d e  a s  +  *00020.

T h e  re s p o n se  is im m e d ia te ly  a b o lish e d  b y  f re e z in g  t h e  e y e b a ll , a n d  I  h a v e  n o t  se en  

i t  re c o v e r  o n  s u b s e q u e n t  th a w in g .

§ 7 , E f f e c t s  o f

I  h a v e  p re v io u s ly  sh o w n , in  c o n n e c tio n  w i th  a  s tu d y  o f  e th e r  a n d  c h lo ro fo rm , t h a t  

th e s e  v a p o u rs  m o re  o r  less p e rm a n e n t ly  a b o lish  t h e  re s p o n s e — c h lo ro fo rm  m o re

F ig .  1 0 .

C h lo r o fo r m .

E th e r .

A c t io n  o f  e t h e r  a n d  o f  c h lo r o f o r m  u p o n  r e t in a l  e x c i t a b i l i t y  b y  l i g h t .  ( F r o m  ‘ B r a in ,’ 1 8 9 6 .)

p e rm a n e n t ly ,  e th e r  less  p e rm a n e n t ly .*  R e c o rd s  o f  th e  e ffe c ts  a re  g iv e n  in  th e  p u b l i 

c a tio n  to  w h ic h  I  h a v e  re fe r re d , a n d  th e  fa c t  i t s e l f  is m e n tio n e d  h e re  so le ly  in  o rd e r  

to  e m p h a s ise  th e  p h y s io lo g ic a l n a tu r e  o f  t h e  p h e n o m e n a  u n d e r  s tu d y .

§ 8. T h e  T h r e e  S t a g e s .

W ith  lap se  o f  t im e , o r  im m e d ia te ly  in  c o n se q u e n ce  o f  p a r t i a l  in ju r y  ( i . e . ,  o f  a  m o re 

o r  less  v io le n t  d is tu rb a n c e ) , th e  c h a r a c te r  o f  th e  re sp o n se  a l te r s  i ts  ty p e .

C o n fo rm a b ly  w i th  th e  c la ss ifica tio n  o f  n e rv e -e ffe c ts  in  t h r e e  s ta g e s , 1 d is t in g u is h  

fo r th e  e y e b a ll  ( i . e . ,  t h e  r e t in a )  th r e e  s t a te s  o r  s ta g e s — ( l )  fre sh , (2 )  t r a n s i t io n a l ,  

(3 ) s ta le . A n d  w h e re a s  in  th e  case  o f  n e rv e  a ro u s e d  to  a c t io n  b y  e le c tr ic a l  s t im u 

la t io n  th e  d is t in g u is h in g  fe a tu re  o f  th e  f ir s t  s t a t e  is a  n e g a t iv e  re sp o n se , a n d  in 

th e  th i r d  s t a te  a  p o s it iv e  resp o n se , in  th e  case  o f  th e  r e t in a  a ro u se d  to  a c tio n  b y

*  A ,  D .  W .,  ‘ B r a in ,’ 1 8 9 6 , p . 5 7 1 ,
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E X C IT E D  BY L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y . 1 3 9

F i g .  1 1 .— S t a g e  I . P o s i t i v e  r e s p o n s e .

1 6 6 0 .

cC co

l o o o

)r ) min.

F i g .  1 2 .— S t a g e  I I .  P o s i t i v e  in t e r r u p t e d  b y  n e g a t i v e  r e s p o n s e .

1 6 5 1 .

1 6 5 7 .

F i g .  1 3 .— S t a g e  I I I .  N e g a t i v e  r e s p o n s e .

m  b

/ o o o o

E x p o s u r e

T  2

F L& sh
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1 4 0 1)1 i. W A L L E R  ON  T H E  R E T IN A L  C U R R E N T S  O E T H E  F R O G ’S E Y E

lu m in o u s  s t im u la tio n ,  th e  re sp o n se  o f  t h e  f i r s t  s t a t e  is p o s it iv e , o f  th e  t h i r d  s t a t e  

n e g a t iv e .#

T h e  p r in c ip a l  f e a tu re s  o f  t h e  r e t in a l  re sp o n se  to  l ig h t  in  t h e  th r e e  s ta g e s  a re  a s  

fo l lo w s :—

F i r s t  S t a g e  ( F r e s h ) .—-A fre s h , c a re fu lly  e x c ise d  e y e b a ll  g iv e s  :

A t  m a k e  o f  l ig h t  a  p o s it iv e  c u r r e n t  g r a d u a l ly  in c re a s in g  (o r, a t  le a s t ,  n o t  d im in is h 

in g )  d u r in g  e x p o su re , a n d  a t  b r e a k  o f  l ig h t  a  sm a ll  p o s i t iv e  e ffec t, fo llo w ed  

b y  g r a d u a l  su b s id e n c e  to  th e  n o rm a l.

A n  e y e b a ll  t h a t  d o e s n o t  g iv e  a  v a r ia t io n  o f  th is  t y p e  h a s  p ro b a b ly  b e e n  u n d u ly  

c o m p re sse d  o r  o th e rw is e  in ju re d  in  t h e  p ro c e ss  o f  ex c is io n .

S e c o n d  S t a g e  ( T r a n s i t i o n a l ) .— S e v e ra l  v a r ie t ie s  o f  “ T ra n s i t io n a l  ” re sp o n se s  p r e s e n t  

th e m se lv e s , w h ic h  sh a d e  in to  e a c h  o th e r ,  a n d  a re  o b v io u s ly  c o n n e c tin g  fo rm s b e tw e e n  

th e  f i r s t  a n d  th e  th i r d  ty p e s , ( a )  T h e  e a r l ie s t  t r a n s i t io n a l  fo rm  e x h ib i t s  a t  m a k e  o f  

l ig h t  a  p o s it iv e  c u r r e n t  r a p id ly  d e c lin in g  d u r in g  e x p o su re , a n d  a t  b r e a k  o f  l ig h t  a  

la rg e  p o s it iv e  e ffect, fo llo w ed  b y  g r a d u a l  su b s id e n c e  to  th e  n o rm a l. ( V i d e  fig. 16 .) 

( b )  A t  a  m o re  a d v a n c e d  s ta g e  o f  a l t e r a t io n  t h e  m a k e  e ffe c t is p o s it iv e , b u t  t h e  e le c tr ic a l  

s t a t e  d u r in g  e x p o su re  is n o rm a l o r  n e g a tiv e . figs. 12, 1 a n d  1

T h i r d  S t a g e  ( S t a l e ) .— T h e  f in a l re sp o n se  to  l ig h t  is a  p u re  n e g a t iv e  re sp o n se , 

th e  n e g a t iv e  c u r r e n t  (d o w n w a rd s )  b e in g  e s ta b l is h e d  a t  m a k e  o f  l ig h t ,  e n d u r in g  

th r o u g h o u t  e x p o su re  a n d  c e a s in g  w i th  b re a k  o f  l ig h t .  ( V i d e  figs. 13, 35 , 36 , a n d  3 7 .)

§ (J. D o u b l e  N a t u r e  th e  R e s p o n s e .

T h e  e n t i r e  se r ie s  o f  e ffe c ts  is c le a r ly  c o m p a tib le  w i th  t h e  h y p o th e s is  t h a t  i l lu m in a 

t io n  a ro u se s  in  th e  r e t in a  tw o  o p p o s ite  e ffe c ts—-p o sitiv e  a n d  n e g a t iv e ,  a n d  t h a t  t h e  

fo rm e r  d ie s  o u t  m o re  r a p id ly  th a n  th e  l a t t e r .

T h is  v ie w  is co n firm ed  b y  th e  c lo se r c o n s id e ra tio n  ( l )  o f  th e  te rm in a l  p o s it iv e  

d e fle c tio n  a t  b r e a k  o f  l ig h t ,  a n d  (2 ) o f  th e  t im e  lo s t  b e tw e e n  i l lu m in a t io n  a n d  

re sp o n se  a t  m a k e  o f  l ig h t .

(1 .) T h e  p o s it iv e  m o v e m e n t a t  b r e a k  o f  l ig h t  m ig h t  be  d u e  to  t h e  s u d d e n  

in c re a se  o f  a  p l u s  s ta te ,  o r  to  th e  s u d d e n  d e c re a se  o f  a  m i n u s  s ta te .  O r  i f  tw o  

o p p o s ite  s t a te s  cease  s im u lta n e o u s ly  b u t  w i th  u n e q u a l  r a p id i ty ,  i t  m ig h t  b e  d u e  to  t h e  

g r e a t e r  s h a rp n e s s  o f  c e s sa tio n  o f  th e  n e g a t iv e  s ta te .  T h e  c a re fu l in sp e c tio n  o f  a  

la rg e  n u m b e r  o f  p h o to g ra p h ic  re c o rd s  h a s  le d  m e  to  a d o p t  th is  l a s t  e x p la n a t io n , b y  

re a so n  o f  th e  fa c t t h a t  I  fin d  th e  r e tu r n  fro m  p o s it iv e  to  n o rm a l to  be  a lw a y s  less  

r a p id  th a n  th e  r e t u r n  fro m  n e g a t iv e  to  n o rm al.

T h is  re f le c tio n  le d  m e  to  e x a m in e  m o re  c lo se ly  in to  th e  s t a t e  o f  m a t t e r s  a t  th e  

m a k e  o f  l ig h t .  If, n a m e ly , tw o  o p p o s ite  s t a te s  a re  s im u lta n e o u s ly  a ro u s e d , b u t  w ith

*  A . D .  W .,  ‘ P h i l .  T r a n s . , ’ B ,  1 8 9 7 ,  p p . 2 3  a n d  4 8 .  T h e  s ig n i f ic a n c e  o f  p o s i t iv e  a n d  n e g a t iv e  e f fe c ts  is  

d is c u s s e d  in  s e c t io n  5 ,  p . 6 2 ,  o f  t h a t  p a p e r .
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E X C IT E D  B Y  L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y . 141

F i g .  1 4 .

/o o o

1 7 2 G . F i r s t  s t a g e .  S t a n d a r d i s i n g  d e f l e c t i o n  b y  1 / 1 0 0 0  v o l t ,  f o l l o w e d  b y  r e t i n a l  r e s p o n s e  t o  l i g h t  fr o m

a  t o  o j . U n u s u a l l y  s m a l l  t e r m in a l  e f f e c t .

F i g .  1 5 . F ig .  1 7 .

/OOO
IOOOO

E a r ly  s e c o n d  s t a g e .  N e g a t i v e  r e s t r a in t  a t  j o f  

in i t i a l  p o s i t iv e  d e f le c t io n .

S e c o n d  s t a g e .  I n i t i a l  n e g a t i v e  e f f e c t ,  f o l l o w e d  b y  

d e c l in in g  p o s i t iv e  e f fe c t  d u r in g  e x p o s u r e .

1 6 4 6 .  F ig .  1 6 .

CC (a)

IOOOO

E x p o s u r e .

E a r ly  s e c o n d  s t a g e  o r  l a t e  f ir s t  s t a g e .  P o s i t i v e  

e f fe c t  b e g in n in g  t o  g i v e  w a y  t o  n e g a t i v e  e f fe c t .

1 6 5 4 .  F ig .  17  a .

m  b

S e c o n d  s t a g e  e f fe c t .  C o m p a r e d  w it h  f ig . 1 o f  Ku h n e  

a n d  St e in e r ’s  s e c o n d  p a p e r  ( ‘ S e h o r g a n e ,’ p . 9).
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1 42 I)R . W A L L E R  ON T H E  R E T IN A L  C U R R E N T S  O F  T H E  F R O G ’S EY E

n o t  q u i te  e q u a l r a p id i ty ,  a n d  i f  t h e  n e g a t iv e  c ea se s  m o re  r a p id ly ,  g iv in g  a  s h o r t  

p o s it iv e  sw in g , w e  s h o u ld  e x p e c t  to  f in d  i t  a lso  c o m m e n c in g  m o re  r a p id ly ,  a n d  to  

g iv e  th e re fo re  a  s h o r t  n e g a t iv e  sw in g  a t  t h e  c o m m e n c e m e n t o f  i llu m in a tio n .

1 6 5 4 .  F ig .  17/>.

C o pied  fro m  Ku h n e  a n d  St e in e r , 
f ig . 1, ‘ S e h o rg a n e ,’ p. 9.

A  . D .  AY. R e s p o n s e  o f  

s e c o n d  s ta g e .

A s a  m a t t e r  o f  fa c t, i t  f r e q u e n t ly  d o e s so d u r in g  w h a t  1 h a v e  te rm e d  th e  se co n d  

s ta g e . T h a t  i t  d o es n o t  d o  so in  th e  f i r s t  s ta g e  d e p e n d s  u p o n  th e  fa c t, a s c e r ta in e d  by  

in sp e c tio n  o f  re c o rd s , t h a t  th e  e s ta b l is h m e n t  o f  p o s it iv e  a n d  n e g a t iv e  s t a t e  p r e s e n ts  

n o  su c h  d iffe ren c e  o f  sp e e d  as  t h e i r  su b s id e n c e . T h e  n e g a t iv e  s t a te  is in d e e d  

e s ta b l is h e d  m o re  r a p id ly  th a n  th e  p o s it iv e  s ta te ,  b u t  t h e  d iffe re n c e  is n o t  su ff ic ie n t 

to  a ffe c t a  g a lv a n o m e te r  t h a t  sh o w s  q u i te  d is t in c t ly  th e  d if fe ren c e  in  th e i r  r a t e  o f  

su b s id e n c e . If , h o w e v e r— a n d  th e  case  p r e s e n ts  i t s e l f  f r e q u e n t ly  in  th e  se co n d  s ta g e  

— a  su ff ic ie n tly  w e ll-m a rk e d  d if fe ren c e  s h o u ld  e x is t ,  th e n  w e  sh a ll  h a v e  a  s h o r t  

n e g a t iv e  sw in g  p re c e d in g  th e  m a in  p o s it iv e  e ffect. T h e  r e la t io n s  j u s t  c o n s id e re d  a re  

r e p re s e n te d  in th e  d ia g ra m  (fig. 18), in  w h ic h  th e  t im e  r e la t io n s  o f  p o s i t iv e  a n d

F ig .  1 8 .

D ia g r a m  t o  i l lu s t r a t e  t h e  e f fe c t  u p o n  a  g a lv a n o 

m e t e r  (b r o k e n  l i n e )  o f  a  s im u lt a n e o u s  la r g e r  

p o s i t iv e  c u r r e n t  a n d  s m a l le r  n e g a t i v e  c u r r e n t ,  

c o m m e n c in g  a n d  e n d in g  m o r e  r a p id ly .

C l  ^  (£)

R e t in a l  r e s p o n s e  o f  t h e  s e c o n d  s t a g e ,  i l lu s t r a t i n g  

t h e  d o u b le  e f fe c t  o f  fig.. 1 8 .
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E X C IT E D  BY  L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y . 1 4 3

n e g a t iv e  e ffe c ts  a r e  r e p r e s e n te d  b y  l in e s  a b o v e  a n d  b e lo w  zero , w h ile  t h e  b ro k e n  lin e  

r e p r e s e n ts  t h e i r  r e s u l t a n t .  F ig s .  19, 15, 17 a n d  23 to  a r e  r e p r o d u c t io n s  o f  

in s ta n c e s  in  w h ic h  t h e  s t r u g g le  b e tw e e n  -f- a n d  — , a t  m a k e  o f  l ig h t ,  is e v id e n t .

L o s t  T i m e .— Q u i te  e a r ly  in  t h i s  in v e s t ig a t io n ,  o b s e rv in g  o n  t h e  g a lv a n o m e te r  sc a le  

t h e  e ffe c t o f  a  flash  o f  l i g h t  u p o n  e y e b a lls  o f  t h e  se c o n d  s ta g e ,  I  w a s  s u r p r i s e d  to  

n o tic e  t h e  e x t r a o r d in a r y  l e n g th  o f  t im e  e la p s in g  b e tw e e n  f lash  a n d  d e f le c tio n , e x t r a 

o r d in a r y  in  r e la t io n  to  t h e  v a lu e s  g iv e n  b y  p re v io u s  o b se rv e rs , v iz .,  le s s  t h a n  -y^th  

se c o n d  (D e w a r  a n d  M ‘K e n d r i c k ), le s s  t h a n  y ^ t h  se c o n d  (S . F u c h s ). T h e  t im e s  

u n d e r  m y  o b s e rv a t io n  c o u ld  b e  n o te d  b y  s to p -w a tc h , a n d  w e re  3 to  5, a n d  in  o n e  

c a se  a s  h ig h  a s  7 se co n d s. S u c h  a n  in te r v a l  is a l t o g e th e r  in  e x c e ss  o f  a n y  p o ss ib le  

p h y s io lo g ic a l  lo s t  t im e , a n d  h ig h ly  s u g g e s t iv e  o f  a  p e r io d  o f  h e s i ta t io n ,  d u r in g  w h ic h  

tw o  o p p o se d  c u r r e n t s  w e re  d e v e lo p e d  fro m  th e  r e t in a  a t  n e a r ly  e q u a l  r a te s .  

G r a p h ic a l ly  re c o rd e d , t h i s  fa lse  p e r io d  o f  la te n c y  o r  “ p e r io d  o f  h e s i t a t i o n ;; is r e m a r k 

a b ly  d i s t in c t ,  a l t o g e th e r  d e c e p tiv e  a n d  u n in te l l ig ib le  o th e rw is e  t h a n  on  th e  th e o r y  o f  

o p p o s it io n  w h ic h  w a s  f i r s t  s u g g e s te d  b y  t h e  r e g u la r  te r m in a l  a n d  co n firm ed

b y  t h e  o c c a s io n a l in i t i a l  m in u s .

F ig . 2 0  is a  w e l l-m a rk e d  in s ta n c e  o f  i t ,  e x h ib i t in g  l i t t l e  o r  n o  v is ib le  s ig n  o f  

p re d o m in a n c e  in  e i th e r  d ir e c t io n  d u r in g  a  p e r io d  o f  h e s i ta t io n  l a s t in g  5 se co n d s.

1 6 4 1 .

Exc.

Seconcteb js' ‘ * ' / b  <2*5

P e r io d  o f  h e s i t a t io n  o r  f a ls e  l a t e n t  p e r io d  o f  r e t in a l  r e s p o n s e  t o  l i g h t  ( 2 5  u n i t s ) .  P r e s u m a b l y  d u e  t o  

in i t ia l  c o n g r u i t y  o f  p o s i t iv e  a n d  n e g a t iv e  e f fe c ts . S e c o n d  s t a g e .

F ig . 21 g iv e s  lo s t  t im e s  o f  in i t ia l  a n d  te r m in a l  effects.

F ig . 22  g iv e s  lo s t  t im e  o f  g a lv a n o m e te r  its e lf.

T h e  m e th o d  I  a d o p te d , a l th o u g h  a m p ly  su ffic in g  fo r m y  p r e s e n t  p u rp o se , v iz ., to  

sh o w  th e  e x tr a o r d in a r y  l e n g th  o f  th e  p e rio d  o f  h e s i ta t io n ,  w a s o b v io u sly  u n a d a p te d  

to  a  d e te rm in a t io n  o f  a  t r u e  l a t e n t  p e rio d  o f  r e t in a l  re sp o n se  b y  re a so n  o f  th e  in e r t ia  

o f  th e  m a g n e t  itse lf , a n d  1 a c c o rd in g ly  d id  n o t  a t t e m p t  to  u se  i t  for th e  l a t t e r

P ig .  2 0 .

/
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1 4 4 D R. W A L L E R  ON T H E  R E T IN A L  C U R R E N T S  O F T H E  F R O G ’S E Y E ,

1 6 9 7 .
F ig .  2 1 .

Break
o f Light.

i
o

' ' i i i i
S

1 1 1 i i i i i i i i i i . . . .. . .. . .. . .. . .. . .. . .. . .. . ..

' 5  20 25 50 SeCS.

A p p a r e n t  l a t e n c y  o f  r e t in a l  r e s p o n s e  a t  b e g in n in g  a n d  e n d  o f  i l lu m i n a t i o n  ( 2 5  u n i t s ) .  F i r s t  s t a g e .

1 6 1 4 .

io o oo

i i i i i i i i i i i i l i i i i

F ig . 22.

1 6 1 5 .

B r e a k  S h o c k .

i i i i i i i i i i i i i i i i i i i i i i
o S e c s .  s

L o s t  t im e  o f  t h e  g a lv a n o m e t e r  t o  a  c u r r e n t  o f  -0 0 0 1  v o l t ,  a n d  t o  a  w e a k  b r e a k  in d u c t io n  s h o c k .

p u rp o se . A t  m o s t I  h a v e  v e n tu r e d  to  c o m p a re  b y  th is  m e a n s  th e  lo s t  t im e s  o f  m a k e  

a n d  o f  b re a k  o f  l ig h t ,  a n d  h a v e  fo u n d  t h a t  w h e re a s  in  th e  f ir s t  s ta g e  no  g ro ss  

d iffe ren ce  is to  b e  d e te c te d ,  in  th e  seco n d  s ta g e  th e  lo s t  t im e  o f  m a k e  c o n s id e ra b ly  

e x c e e d s  th e  lo s t  t im e  o f  b re a k — b y  a  g ro s s  d iffe ren c e  t h a t  is to  be m e a su re d  in 

seco n d s, a n d  t h a t  I  h a v e  sp o k e n  o f  a s  th e  p e rio d  o f  h e s i ta tio n .

O n ce  re c o g n ise d , th e  fa c t  o f  a  s t r u g g le  o f  o p p o s ite  e ffec ts  t a k in g  p lac e  a t  th e  m a k e  

o f  l ig h t  is re c o g n isa b le  in  a n o th e r  fo rm  t h a t  o c c a sio n a lly  p r e s e n ts  its e lf , v iz ., a s  a n  

in i t ia l  +  in te r r u p te d  b y  a  b r ie f  — , a n d  th e n  p a s s in g  in to  th e  la rg e  -f- o f  m ak e .

V id e  figs. 23 , 24 , 25 , 2 6 .)
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E X C IT E D  B Y  L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y . 1 4 5

F i g .  2 3 .

1 6 2 5 .

F i g .  2 4 .

1 6 2 6 .

I n i t i a l  e f f e c t s  a t  t h e  c o m m e n c e m e n t  o f  i l lu m in a t i o n ,  s h o w in g  e v id e n c e  o f  a  s t r u g g l e  b e t w e e n  p o s i t iv e  a n d  

n e g a t i v e  c u r r e n t s .  T h e  f ir s t  p o s i t iv e  m o v e m e n t  i s  in t e r r u p t e d  b y  a  n e g a t i v e  m o v e m e n t .

1 6 2 3 .

F i g .  2 5 .

S e r i e s  o f  r e t i n a l  r e s p o n s e s  t o  l i g h t .  T h e  a p p a r e n t  r e d u p l ic a t io n  o f  e f fe c t  i s  d u e  t o  a  p o s i t iv e ,  in t e r r u p t e d

b y  a  n e g a t i v e ,  m o v e m e n t .

F ig .  2 6 .

1 6 1 0 .

A n o t h e r  v a r i e t y  o f  r e c o r d , s im u la t in g  a n  a u r ic u lo -  

v e n t r ic u la r  r h y t h m ,  b u t  d u e  t o  t h e  s a m e  c a u s e ,  

v iz . ,  a n  in i t ia l  p o s i t iv e  e f f e c t  c h e c k e d  b y  a  n e g a 

t i v e  e f fe c t .  ( S e e  a ls o  f ig .  1 5 . )

Y O L .  C X C I I I . — B ,

1 7 2 9 .

F ig .  26<f.

O 5 min.

S e r ie s  o f  r e t in a l  r e s p o n s e s  o n  t h e  s a m e  t y p e  a s  

t h a t  o f  f ig .  1 9 . S t a n d a r d  d e f le c t io n  b y  '0 0 1  

v o l t  a t  b e g in n in g  a n d  e n d  o f  o b s e r v a t io n .

U
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b i t .  W A L L E R  O N  T H E  R E T IN A L  C U R R E N T S  O E T H E  F R O G ’S E V E ,1 4 1)

§ 10. A c t i o n  o f  C a r b o n i c  A c i d .

K u h n e  n o tic e d  t h a t  t h e  f ro g ’s e y e b a ll  g a v e  l i t t l e  o r  n o  re s p o n se  to  l ig h t  h a l f  

to  o n e  h o u r  a f t e r  e x c is io n , b u t  t h a t  i t  b e c a m e  a c t iv e  th r e e  o r  fo u r  h o u rs  l a t e r .# 

H e  a t t r i b u t e d  th is  te m p o r a r y  a b o li t io n  to  lo ca l a s p h y x ia .  I  h a v e  sh o w n  t h a t  a s  

r e g a r d s  n e rv e  t h e  p r im a r y  e ffe c ts  o f  C 0 2 a re  to  d im in is h  t h e  p o s it iv e  re sp o n se  a n d  to  

in c re a se  t h e  n e g a t iv e  re sp o n se .! ' I n  v ie w  o f  th e s e  fa c ts  1 h a v e  m a d e  a  few  e x p e r i 

m e n ts  to  see  w h e th e r  t h e  p r e s u m a b ly  n e g a t iv e -c u m -p o s i t iv e  re s p o n se  o f  th e  r e t in a  

c o u ld  b e  m o d ified  in  th e  se n se  o f  a  fa v o u r in g  o f  n e g a t iv e  a n d  d is fa v o u r in g  o f  p o sitiv e . 

I  h a d  p re v io u s ly  se e n  in  so m e e x p e r im e n ts  m a d e  fo r  a n o th e r  p u rp o s e  t h a t  t h e  r e t in a l  

re sp o n se  (p o s itiv e )  w a s a b o lish e d  b y  C 0 2, b y  E t 20 ,  a n d  b y  C H C 1 3, b u t  h a d  n o t  

e x a m in e d  c lo se ly  th e  a c t io n  o f  C 0 2 u p o n  t h e  r e t in a  a s  I  h a d  t h a t  o f  n e rv e .

I  c a n n o t  s a y  t h a t  I  h a v e  e v e r  se en  th e  e y e b a ll  e ffe c t p re c is e ly  a s  d e sc r ib e d  b y  

K u h n e . I  h a v e  n e v e r  a t  a n y  p e r io d  d u r in g  th e  f i r s t  few  h o u rs  a f t e r  e x c is io n  fa ile d  to  

o b ta in  t h e  re sp o n se  to  l ig h t .  T h e  re sp o n se  h a s  a t  f i r s t  d im in is h e d  w i th  la p se  o f  

t im e , a n d  s u b s e q u e n t ly  in c re a se d . S o m e tim e s  i t  h a s  s t a r t e d  sm a ll  a n d  h a s  su b s e 

q u e n t ly  b eco m e c o n s id e ra b le . T h e  e v e n t  a p p a r e n t ly  d e p e n d s  u p o n  t h e  s t a t e  o f  t h e  

e y e b a ll  a t  t h e  t im e  o f  ex c is io n . L ik e  K u h n e  I  f in d  t h a t  c a rb o n ic  a c id  c a n  a b o lish  

t h e  re sp o n se , b u t  I  a lso  f in d  t h a t  i t s  m a rk e d  e ffe c t u p o n  th e  r e t in a  a s  u p o n  n e rv e  is 

to  g iv e  r ise  to  s u b s e q u e n t  a u g m e n ta t io n  o f  th e  re sp o n se . A n  e y e b a ll  p la c e d  o n  th e  

e le c tro d e s  m a y  h a p p e n  to  b e  in  a  s t a te  o f  d e p re s s io n  o r  o f  e x c i ta t io n  b y  C 0 2 a n d  g iv e  

a  se rie s  o f  d im in is h in g  o r  in c re a s in g  resp o n se s. T h e  e ffec t o f  C 0 2 e x p e r im e n ta l ly

F ig .  2 7 .

r JUlAii7U A A A A M
/ooo , . /O O P

3 0  m i n .

I n f lu e n c e  o f  c a r b o n  d io x id e  u p o n  t h e  n o r m a l  r e t in a l  r e s p o n s e  t o  l i g h t .  D im in u t io n  f o l l o w e d  b y  

a u g m e n t a t io n .  T h e  t e r m in a l  p o s i t iv e  e f f e c t  a t  b r e a k  o f  l i g h t  is  p e r m a n e n t ly  d im in is h e d .

a d d e d  to  th e  a tm o s p h e re  s u r ro u n d in g  a n  e y e b a ll , o r  b e t t e r  a  p o s te r io r  h a l f  o f  t h e  

e y e b a ll , g iv e s  d im in u t io n  o r  a b o li t io n  fo llo w ed  b y  s e c o n d a ry  in c re a se  o f  th e  re sp o n se . 

M o re o v er , i t  s h o u ld  b e  n o te d  t h a t  th e  r e t in a l  e ffec ts  a re  f u r th e r  c o m p lic a te d  b y  th e  

a c t io n  o f  th e  s t im u lu s  itse lf . P ro lo n g e d  i l lu m in a tio n  n e a r ly  a lw a y s  c a u se s  d im in u 

t io n  o f  re sp o n se  to  a  flash , b u t  m o re  m o d e ra te  i l lu m in a tio n  g iv e s  a u g m e n ta t io n  o f

* K u h n e  a n d  S t e i n e r  ( 1 s t ) ,  * N e t z h a u t /  p . 3 5 9 ;  ( 2 n d ) ,  ‘ S e h o r g a n e /  p . 2 4 .  

t  A .  D .  W . .  ‘ P h i l .  T r a n s . /  B ,  v o l .  1 8 8 ,  1 8 9 7 ,  p . 2 1 .
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E X C IT E D  B Y  L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y . 1 4 7

re s p o n se . A  r h y th m ic a l  s e r ie s  o f  m o d e r a te ly  b r i e f  s t im u l i  e x h ib i t s  g e n e r a l ly  l i t t l e  o r  

n o  d im in u t io n ,  b u t  i t  m a y  b e  re in fo rc e d , a n d  t h e n  g iv e  e v id e n c e  o f  f a t ig u e  o r  r e d u c e d  

a n d  t h e n  e x h ib i t  s ta i r c a s e  in c re a s e .

O n e  r e m a r k a b le  p o in t  o f  c o n t r a s t  b e tw e e n  n e rv e  a n d  r e t in a  a s  r e g a r d s  t h e  a c t io n  

o l C 0 2 is  t h e  f o l lo w in g : I n  t h e  ca se  o f  n e rv e  t h e  p r im a r y  e ffe c t o f  C 0 2 is to

a u g m e n t  t h e  n e g a t iv e  re s p o n s e  o f  f r e s h  n e rv e  a n d  to  d im in is h  t h e  p o s i t iv e  r e s p o n se  o f  

s t a le  n e rv e ,  a n d  in  t h e  l a t t e r  ca se  t h e  ty p ic a l  a n d  s t r i k in g  e ffe c t is a  r e v e r s a l  o f  

r e s p o n s e  b y  C 0 2 fro m  p o s i t iv e  to  n e g a t iv e .*  I n  t h e  ca se  o f  t h e  r e t i n a  t h e  p r im a r y  

e f f e c t  o f  C 0 2 is  to  a u g m e n t  t h e  p o s i t iv e  re s p o n s e  o f  a  f re s h  r e t in a ,  a n d  to  d im in is h  

t h e  n e g a t iv e  re s p o n se  o f  a  s ta le  r e t in a .  H i t h e r t o ,  h o w e v e r , I  h a v e  n o t  w i tn e s s e d  a  

c o n v e rs io n  o f  r e t i n a l  — to  r e t in a l  -j- a n a lo g o u s  w i th  t h e  c o n v e rs io n  o f  n e rv e  4* to  

n e rv e  — .

A n o th e r  d if fe re n c e  b e tw e e n  n e rv e  a n d  r e t i n a  a s  r e g a r d s  t h e  a c t io n  o f  C 0 2 is 

o b v io u s ly  d e p e n d e n t  u p o n  a  d if fe re n c e  in  t h e  p h y s ic a l  c o n d it io n s  o f  t h e  tw o  

e x p e r im e n ts .  I t  is  r e la t iv e ly  e a s ie r  to  o b ta in  t h e  p r im a r y  a u g m e n ta t io n  o f  re sp o n se  

in  t h e  c a se  o f  t h e  r e t in a  a n d  t h e  fu ll  d e p r e s s a n t  e ffe c t in  t h e  case  o f  t h e  n e rv e . 

P r i m a r y  a u g m e n ta t io n  is a n  e ffec t o f  l i t t l e  C 0 3, t h e  fu ll  d e p re s s a n t  e ffe c t is  p ro d u c e d  

b y  m u c h  C 0 2, a n d  i t  is o b v io u s ly  e a s ie r  to  g e t  t h e  fu ll  e ffe c t u p o n  t h e  n a k e d  n e rv e  

o f  sm a ll  m a ss  t h a n  in  a  r e t in a  d e e p ly  im b e d d e d  in  t h e  e y e b a ll . T h e  fu ll  e ffe c t is  

a c c o rd in g ly  m o re  e a s i ly  o b ta in e d  o n  a  f u n d u s  t h a n  on  t h e  i n t a c t  e y e b a ll , a n d  s t i l l  

m o re  e a s i ly  o b ta in e d  o n  a n  is o la te d  r e t in a  t h a n  o n  t h e  fu n d u s .

T h e  r e g u la r  e ffe c t o f  c a rb o n  d io x id e  u p o n  n e rv e  in  t h e  t h i r d  s ta g e  is to  d im in ish  

t h e  p o s i t iv e  re sp o n se . I  th e r e fo re  e x p e c te d  t h a t  t h e  n e g a t iv e  re s p o n se  o f  r e t in a  in  

t h e  t h i r d  s ta g e  w o u ld  b e  fo u n d  to  b e  d im in is h e d  b y  C O £. A n d  th is  w a s fo u n d  to  b e  

t h e  c ase  in  t h e  few  t r i a l s  I  h a v e  m a d e  o f  t h e  p o in t.  M o re o v e r, a  v e ry  c o n s ta n t  

f e a tu r e  in  a ll  t h e  p h o to g ra p h ic  re c o rd s  t h a t  I  p o sses s  o f  t h e  a c t io n  o f  C 0 2 u p o n  th e  

p o s i t iv e  d e f le c tio n  is t h e  su p p re s s io n  o f  t h e  te r m in a l  p o s it iv e  k ic k , w h ic h  I  a t t r i b u t e  

to  t h e  s u d d e n  c e s s a tio n  o f  a  m a s k e d  n e g a t iv e  d e fle c tio n . ( fig. 2 7 .)

§ 11. E f f e c t s  a f t e r

I  h a v e  in  a  p re v io u s  p a p e r  o ffe re d  e v id e n c e  t h a t  te t a n i s e d  n e rv e  e x h ib i ts  s ig n s  o f  

m e ta b o lism , a n d  t h a t  su c h  s ig n s  a re  th r o u g h o u t  s im ila r  to  th e  s ig n s  c h a ra c te r is t ic  o f  

t h e  a c t io n  o f  c a rb o n  d io x id e . G u id e d  b y  t h e  r e s u l ts  o b ta in e d  o n  n e rv e  b y  p ro 

lo n g e d  te ta n is a t io n ,  I  p ro c e e d e d  to  t e s t  t h e  e ffec t o f  p ro lo n g e d  te ta n i s a t io n  u p o n  th e  

r e t in a l  re sp o n se  to  l ig h t ,  in  t h e  e x p e c ta t io n  t h a t  a  r e t in a  p ro v o k e d  to  a c t iv i ty  in  th is  

m a n n e r  s h o u ld  e x h ib i t  s ig n s  o f  in c re a s e d  m o le c u la r  m o b ility .

A n d  in  p o in t  o f  fa c t  su c h  s ig n s  a p p e a r  in  t h e  case  o f  th e  r e t in a  in  e v e n  m o re  

s t r ik in g  d e g re e  th a n  in  t h a t  o f  n e rv e . M o re o v e r th e y  offer a  d is t in c t  a d v a n ta g e  in

*  L o r . c it ., p . 3 0 .
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1 4 8 D R  W A L L E R  O N  T H E  R E T IN A L  C U R R E N T S  O F  T H E  F R O G ’S E Y E ,

t h a t  t h e  s t im u lu s  is b y  l ig h t .  T h e  ty p ic a l  a f te r -e f fe c t  o f  t e t a n i s a t io n  a s  r e g a r d s  

n e rv e  is a n  a u g m e n ta t io n  o f  t h e  n e g a t iv e  re sp o n se  to  e le c tr ic a l  s t im u la tio n .  T h e  

ty p ic a l  a f te r -e f fe c t  o f  t e t a n i s a t io n  a s  r e g a r d s  th e  r e t in a  is a n  a u g m e n ta t io n  o f  t h e  

p o s it iv e  re sp o n se  to  lu m in o u s  s t im u la tio n .

T h e  e x p e r im e n t  is  e x tr e m e ly  s im p le , a n d  I  h a v e  n o t  y e t  se e n  i t  fail.

W i t h  c o n n e c tio n s  a s  in  fig. 33 , t h e  re sp o n se  to  l ig h t  is o b se rv e d  (o r  re c o rd e d ) , t h e n

F i g .  3 3 .

G<a,uv<a,nometer.

D ia g r a m  o f  c o n n e c t io n s .

t h e  e y e b a ll  is te ta n is e d  b y  a l t e r n a t in g  m a k e  a n d  b re a k  in d u c t io n -c u r r e n ts  s e n t  

th r o u g h  th e  e y e b a ll  in  b o th  p a ir s  o f  d ire c tio n s , th e  g a lv a n o m e te r  b e in g  c u t  o u t  o f  

c ir c u it  a t  p lu g  5. A t  t h e  e n d  o f  a  m in u te , m o re  o r  less, t h e  g a lv a n o m e te r  is u n 

p lu g g e d , c u r r e n t  a ro u s e d  b y  th e  d is tu rb a n c e  o f  t e ta n i s a t io n  is  c o m p e n sa te d , a n d  a s  

so o n  a s  t h e  s p o t  is s te a d y , t h e  re sp o n se  to  l ig h t  is a g a in  o b se rv e d . T h e  a u g m e n ta 

t io n , w h ic h  m a y  a m o u n t  to  X  2 o r  X  3, la s ts  fo r a  c o n s id e ra b le  t im e — h a l f  a n  h o u r  o r 

a n  h o u r  o r  m o re — t h e  e ffec t b e in g  in d e e d  e v e n  m o re  m a rk e d  a n d  s t r ik in g  th a n  in  th e  

case  o f  n e rv e . T h e  r e t in a  is q u i te  s u rp r is in g ly  r e s i s t a n t ,  e v e n  to  s t r o n g  e le c tr ic a l 

c u r r e n ts ,  f a r  in  ex ce ss  o f  su c h  a s  a re  su ff ic ie n t to  d im in ish  o r  p e rm a n e n t ly  a b o lish  th e  

n e g a t iv e  re sp o n se  o f  n e rv e . T h e  p h y s ic a l  c o n d itio n s  a p p e a r  to  b e  m o re  fa v o u ra b le  in  

th e  case  o f  e m b e d d e d  r e t in a  t h a n  in  t h a t  o f  n a k e d  n e rv e  to  th e  m a n ife s ta t io n  o f  

e ffec ts  c a u se d  b y  in te r n a l  p ro d u c ts  o f  a c t iv i ty .  I n  m y  h a n d s  th e  s t r o n g e s t  c u r r e n ts  

h a v e  fa iled  to  p e rm a n e n t ly  a b o lish  th e  r e t in a l  re sp o n se  to  l ig h t ,  w h ic h  h a s  a t  m o s t 

b e e n  te m p o ra r i ly  d im in ish e d  e v e n  b y  c u r r e n ts  w i th  w h ic h  I  s o u g h t  to  e ffec t i t s  

a b o litio n .

T h e  fo llo w in g  n u m b e rs , a n d  th e  figs. 28 a n d  31, w ill  su ff ic ie n tly  i l lu s t r a te  th e  

f a c t s :—
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E X C IT E D  B Y  L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y .
1 4 9

D e f l e c t io n  b y  l i g h t  a t  

2 5  u n i t s  f o r  1 m in u t e .

E x p .  1. T e ta n is a t io n  a t  5 0 0 0  u n i t s  (B e rn e co il) f o r  1 m in u te  . <
f  b e fo re  . .

I  a f t e r  . .

+  1 4  

+  19 +  2 5

+  3 0 +  2 8

55 2. ” 5 5 5 5 5 m in u te s  . <
f  b e fo re  . .

I  a f t e r  . .

+  2 3  

+  8 +  21

+  2 5

55 '5. ”  55 J 5 1 m in u te  . <j
( b e f o r e  . .

[ a f te r  . .

+  15 

+  3 0 +  4 0

5 5 4. j( b e f o r e  . . +  3
55 5) 55

»» iL a f t e r  . . +  35

55 5 . j’ b e fo re  . +  5 •0 0 0 1 0  v o l t .
55 55 55

”  i _ a f te r  . . +  9 •0 0 0 1 8  „

„  6. ’ b e fo re  . . +  11 •00 011  „
5 5 w * 55 5 * 55

”  i a f te r  . . +  37 •0 0 0 3 7 „

„  7. j’ b e fo re  . . +  11 • 0 0 0 1 1  „
55 5) 55

i La f te r  . . +  3 0 • 0 0 0 3 0  „

1 7 1 1 — 1 7 1 2 .

/o o o '

7J  (5000)

I

F i g .  2 8 .

i

Ta (5000)

/ OOO

I n f lu e n c e  o f  t e t a n i s a t i o n  u p o n  t h e  n o r m a l  r e t i n a l  r e s p o n s e  t o  l i g h t .  O r d in a r y  a r r a n g e m e n t  o f  in d u c t io n  

c o il ,  f e d  b y  t w o  L e c la n c h e  c e ll s .  S e c o n d a r y  c o il  a t  9  c e n t im s .  ( 5 0 0 0  u n i t s  o n  B e r n e  s c a le ) .  T w o  p e r i o d s  

o f  t e t a n i s a t io n ,  T i  a n d  T 2, e a c h  l a s t i n g  1 m in u t e .  A f t e r  t h e  f ir s t  t e t a n is a t io n  t h e  p o s i t iv e  r e s p o n s e  

i s  c o n s id e r a b ly  a u g m e n t e d ,  a n d  f a l l s  d u r in g  i l lu m in a t io n .  T h e  t e r m i n a l  p o s i t iv e  d e f le c t io n  a t  b r e a k  

o f  l i g h t  is  a b o l i s h e d .  A f t e r  t h e  s e c o n d  t e t a n is a t io n  t h e  p o s i t iv e  r e s p o n s e  i s  f u r t h e r  a u g m e n t e d .

A u g m e n ta t io n  o f  th e  p o s it iv e  re sp o n se  to  l ig h t  is th e  p r in c ip a l  a n d  ty p ic a l  a f t e r 

e ffe c t o f  te t a n i s a t io n  o f  t h e  r e t in a .  M a n y  p o in ts  o f  in q u ir y  a r is e  fro m  th is  p r in c ip a l  

fa c t . W h a t  a re  t h e  e ffe c ts  u p o n  t h e  re sp o n se  to  l ig h t  d u r in g  t e ta n i s a t io n  ? W h a t  

a r e  th e  e ffe c ts  d u r in g  a n d  a f t e r  t e t a n i s a t io n  u p o n  a  r e t in a l  re sp o n se  o f  t h e  t h i r d  

s ta g e  ? I s  t h e  a l t e r a t io n  d u e  to  a n  a u g m e n ta t io n  o f  e le c tro m o tiv e  fo rce  o r  to  a  d im i

n u t io n  o f  re s is ta n c e , o r  to  b o th  fa c to rs  c o n c u r r e n t ly  ?

I  h a v e  to  so m e e x te n t  in v e s t ig a te d  a ll th e s e  se v e ra l  p o in ts ,  b u t  in  so d o in g  h a v e  

b eco m e in v o lv e d  in  a  g ro u p  o f  c o n s id e ra tio n s  t h a t  a re , in  m y  o p in io n , im p o r ta n t  to  

f u r th e r  s tu d y  o f  t h e  e le c tr ic a l  a c t iv i ty  o f  th e  r e t in a ,  b u t  t h a t  c a n n o t  b e  fu lly  d is e n g a g e d  

fro m  th e i r  n o n -p h y s io lo g ic a l  c o n c o m ita n ts  w i th o u t  c o n s id e ra b le  c a re  a n d  la b o u r.

T h e  case  s ta n d s  th u s  :— I n  a d d i t io n  to  th e  a l te r a t io n s  o f  re sp o n se  to  l ig h t ,  th e r e  

a re  p ro d u c e d  in  t h e  l iv in g  e y e b a ll  in  co n seq u e n ce  o f  e le c tr ic a l e x c i ta t io n — (1) A n
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1 5 0 D R. W A L L E R  O N  T H E  R E T IN A L  C U R R E N T S  O F T H E  F R O G ’S E Y E ,

a l t e r a t io n  o f t h e  n o rm a l c u r r e n t  in  a  p o s it iv e  d ire c tio n , i . e . ,  in  th e  sa m e  d ire c tio n  

a s  i t s  e x c i t in g  c u r r e n t ;  a n d  (2 ) a n  a l t e r a t io n  in  a  n e g a t iv e  d ire c tio n , in  t h e  

o p p o s ite  d ire c tio n  to  i t s  e x c i t in g  c u r r e n t .  T h e  f i r s t  o f  th e s e  c u r r e n ts  is p h y s io 

lo g ic a l a n d  o c cu rs  o n ly  o n  t h e  l iv in g  ey e , t h e  se co n d  is p h y s ic a l  a n d  o c cu rs  w i th  o r 

a g a in s t  th e  f i r s t  o n  th e  l iv in g  ey e , a n d  a lo n e  o n  t h e  d e a d  e y e ; i t  is th e  o r d in a ry  

c o u n te r - c u r r e n t  o f  e le c t ro ly t ic  p o la r is a tio n .

T e ta n is a t io n  b y  a l t e r n a t in g  m a k e s  a n d  b re a k s  is a  p a r t i c u la r ly  c o m p lic a te d  case , 

in a s m u c h  a s  w e  h a v e  u n e q u a l ly  e x c i t in g  c u r r e n ts  t h a t  e lic it  u n e q u a l  p o la r is a t io n  

c u r re n ts .  O n c e  o u ts id e  t h e  c le a r  case  o f  a  la rg e  p o s it iv e  e ffe c t o r  a f te r -e f fe c t  c a u se d  

b y  b o th  d ire c tio n s  o f  te ta n is a t io n ,  m a t te r s  b eco m e e x c e e d in g ly  c o m p lic a te d . W e  

sh a ll  fin d  i t  n e c e s sa ry  fo r  f u r th e r  in te l l ig e n c e  o f  th e  fa c ts  to  s tu d y  th e  e ffec ts  o f  

s in g le  in d u c t io n  sh o c k s a n d  o f  s in g le  c o n d e n se r  d isc h a rg e s . W e  sh a ll  a lso  d o  w e ll to  

a v o id  fo r  t h e  p r e s e n t  f u r th e r  c o m p lic a tio n  b y  c o n s id e r in g  th e  e ffe c ts  u p o n  r e t in a l  

re sp o n se s  o f  o th e r  t h a n  th e  f i r s t  s ta g e .

F o r  th e s e  re a so n s  I  sh a ll  a t  p r e s e n t  l im it  m y s e lf  to  th e  s t a te m e n t  t h a t  th e  n o rm a l 

l iv in g  e y e b a ll  d u r in g  th e  f i r s t  few  h o u rs  a f te r  e x c is io n  is p re d is p o se d  to w a rd s  th e  

m a n ife s ta t io n  o f  p o s it iv e  c u r r e n t  w h e n  e x c i te d  b y  t e ta n i s in g  c u r r e n ts  o f  a n y  d ire c tio n .

W i t h  r e g a r d  to  th e  s u b s id ia ry  q u e s tio n  p u t  a t  th e  o u ts e t  o f  th i s  p a ra g r a p h ,  t h e  

p r e l im in a ry  a n d  q u a l i ta t iv e  a n s w e rs  a re  t h a t  th e  a u g m e n te d  p o s it iv e  re sp o n se  to  

l ig h t  is in  c h ie f  p a r t  d u e  to  a u g m e n te d  e le c tro m o tiv e  force, in  sm a ll  p a r t  d u e  to  

d im in u t io n  o f  re s is ta n c e . A s  r e g a rd s  th e  n e g a t iv e  re sp o n se  to  l ig h t  o f  t h e  t h i r d  

s ta g e , I  h a v e  o b se rv e d  i t  to  b e  in c re a se d  a n d  to  b e  d im in is h e d  in  c o n se q u e n c e  o f  

te ta n is a t io n ,  d im in u t io n  b e in g  m o re  e a s ily  a n d  a u g m e n ta t io n  less  e a s ily  o b ta in e d  o f  

t h e  n e g a t iv e  th a n  o f  t h e  p o s it iv e  re sp o n se . T h e  e ffe c t d u r i n g  t e t a n i s a t io n  u p o n  

p o s it iv e  re sp o n se  o f  t h e  f ir s t  s ta g e  w ill  b e  d e sc r ib e d  in  th e  n e x t  p a ra g ra p h . A s 

r e g a rd s  th e  p o in ts  o f  th e  p r e s e n t  p a ra g r a p h  I  r e p e a t  a s  d e f in i te ly  a c q u ire d  :—

1. T h a t  s u b s e q u e n t  to  te ta n i s a t io n  th e  p o s it iv e  re s p o n se  to  l ig h t  is a u g m e n te d .

2. T h a t  th e  e y e b a ll  d u r in g  th e  f i r s t  few  h o u rs  a f t e r  e x c is io n  g iv e s  a f t e r  te t a n i s a t io n

o f  a n y  d ire c tio n  a  la rg e  a f te r -e f fe c t , c a u s in g  th e  s p o t  to  fly  o ff th e  sc a le  in  th e  

p o s it iv e  d ire c tio n . I t s  o rd in a ry  d e s ig n a t io n  in  m y  la b o ra to ry  is th e  “ r e t in a l  

b la z e ,” a n d  i t  c a n  b e  q u i te  e a s ily  d is t in g u is h e d  fro m

3. A n  a f te r  e ffec t in  th e  d ire c tio n  o f  th e  b re a k -sh o c k , w itn e s s e d  o n  th e  d e a d  a n d

m o r ib u n d  e y e b a ll , r e v e r s e d  b y  re v e r s a l  o f  te ta n is a t io n ,  d u e  to  s u p e r io r i ty  o f  

p o la r is a tio n  b y  m a k e  in d u c t io n  sh o c k s  o v e r  p o la r is a tio n  b y  b re a k  in d u c tio n  

sh o c k s .#

T h e  a f te r -e f fe c ts  o f  te t a n i s a t io n  as  r e g a rd s  re tin ae  in  th e  t h i r d  a n d  secon d  s ta g e s  

a re , b y  re a so n  o f  t h is  la s t  c o m p lic a tio n , r e s e rv e d  fo r  f u tu r e  c o n s id e ra tio n . *

*  A .  D .  W .,  ‘ P r o c .  P h y s io l .  S o c . , ’ N o v e m b e r  1 2 , 1 8 9 8 .
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E X C IT E D  B Y  L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y . 1 5 1

§ 12. E f f e c t s  d u r i n g

I n  t h e  c o u rs e  o f  p r e l im in a r y  t r i a l s  o f  t h e  a f te r -e f f e c ts  o f  t e t a n i s a t io n ,  i t  w a s  e v id e n t  

t h a t  t h e  p o s i t iv e  r e t i n a l  a f te r -e f f e c t  w a s  t h e  p ro lo n g a t io n  o f  a  p o s i t iv e  e ffe c t o c c u r r in g  

d u r i n g  t h e  p a s s a g e  o f  t h e  t e t a n i s i n g  c u r r e n ts .

T h e  p r a c t ic a l  d if f ic u lty  in  t h e  w a y  o f  a  c lose  e x a m in a t io n  o f  t h e  e ffe c ts  p ro d u c e d  

d u r i n g  t e t a n i s a t io n  c o n s is ts  in  t h e  n e c e s s i ty  o f  c o n jo in in g  in  o n e  c ir c u i t  t h e  e y e b a ll , 

in d u c to r iu m , a n d  g a lv a n o m e te r  (fig . 33 , h y  re m o v a l o f  p lu g s  2, 4, a n d  5), so  t h a t  a n y  

in e q u a l i t ie s  o f  i n t e r r u p t o r  g iv e  a n  u n s t e a d y  s p o t ; a n d  in  m o s t  c a se s  t h e  c u r r e n t s  

h a v e  to  b e  t a k e n  o f  s u c h  s t r e n g t h  t h a t  t h e  g a lv a n o m e te r  is in f lu e n c e d  b y  t h e  f i r s t  

m a k e  a n d  l a s t  b r e a k  o f  e a c h  s e r ie s  o f  c u r r e n ts .  N e v e r th e le s s ,  w i th  a  r e g u la r  i n t e r 

r u p t o r  a n d  b y  g r a d u a l  a p p r o x im a t io n  o f  t h e  s e c o n d a ry  to  t h e  p r im a r y  coil a f t e r  t h e  

c u r r e n t  h a s  b e e n  s t a r t e d ,  i t  is  g e n e r a l ly  p o ss ib le  to  g e t  p o s i t iv e  re s p o n se  to  b o th  p a ir s  

o f  d i r e c t io n  o f  t h e  s e r ie s  o f  a l t e r n a t in g  c u r r e n ts .  I  h a v e  n e v e r  w itn e s s e d  a  te rm in a l  

p o s i t iv e  d e fle c t io n  a t  t h e  e n d  o f  t e t a n i s a t io n  a n a lo g o u s  w i th  t h e  t e r m in a l  e ffe c t a t  t h e  

e n d  o f  i l lu m in a t io n ,  a l th o u g h  o f  c o u rse  w i th  f a i r ly  s t r o n g  c u r r e n t s  w i th  b r e a k  in  th e  

p o s i t iv e  d i r e c t io n  a  fa lse  p o s i t iv e  k ic k  is e lic ite d .

B y  re a s o n  o f  t h e  d e fle c t io n  in  t h e  d i r e c tio n  o f  t h e  b r e a k  c u r r e n t  , § 1 1 ) ,

d u e  to  p r e d o m in a n t  p o la r is a t io n  b y  m a k e , i t  is p re fe ra b le  to  u se  t h e  co il w i th  H e lm 

h o l tz  s id e  w ire . W i t h  u n m o d if ie d  in d u c t io n  sh o c k s , t h e  d i r e c tio n  s h o u ld  b e  t a k e n

m a k e  -\-----b r e a k  — — , in  w h ic h  case  a  p o s i t iv e  d e fle c tio n  — > d u r in g  t e ta n is a t io n ,

i .e . , in  t h e  d i r e c t io n  o f  m a k e , is a  t r u e  r e t in a l  re s p o n se  t h a t  o v e rc o m es  t h e  p h y s ic a l

e ffe c t in  t h e  d i r e c t io n  o f  b re a k . W i t h  t h e  d i r e c tio n  m a k e  — ■*— , b r e a k  -J-----w e

o b ta in ,  i t  is t r u e ,  a  la rg e  p o s it iv e  d e fle c tio n , co m p o sed  in  t h e  case  o f  a  l iv in g  e y e b a ll  

o f  r e t in a l  r e s p o n se  a n d  o f  p h y s ic a l  p o la r is a t io n  in  t h e  sa m e  d ire c tio n ,  b u t  a lso  o b ta in 

a b le  o n  t h e  d e a d  e y e b a ll  b y  re a so n  o f  p o la r is a t io n  a lo n e . A  d e a d  e y e b a ll  d u r in g  

t e ta n i s a t io n  g iv e s  d e fle c tio n  in  t h e  d i r e c tio n  o f  b r e a k  ; r e v e r s e d  d i r e c tio n  o f  t e t a n i s a 

t io n  g iv e s  th e re fo re  re v e r s e d  d i r e c tio n  o f  d e fle c tio n . A  n o rm a l l iv in g  e y e b a ll , in  s p i te  

o f  t h is  e ffec t, g iv e s  p o s it iv e  d e fle c tio n  to  b o th  p a ir s  o f  d i r e c t io n  o f  te ta n is a t io n .  

I n t e r m e d ia t e  a n d  o f te n  c o m p lic a te d  e ffec ts  p r e s e n t  th e m s e lv e s  in  t h e  case  o f  m o r ib u n d  

e y e b a lls , a n d  I  h a v e  th e re fo re  co n fin ed  m y  o b s e rv a tio n s  to  th e  c le a r  case  o f  p o s it iv e  

re s p o n se  to  b o th  d i re c tio n s  o f  te ta n is a t io n .

T h e  c h ie f  p o in t  o f  i n te r e s t  in  c o n n e c tio n  w i th  th is  t r u e  p o s it iv e  re sp o n se  to  

t e ta n i s a t io n  is  t h e  f o l lo w in g : C o m p a r in g  t h e  f a t ig u e  e ffec ts  o f  r e t in a  a n d  o f  

m u sc le  ( v i d e  supra, § 5), i t  is p e rh a p s  n o t  s t r i c t ly  a llo w a b le  to  t a k e  e ffe c ts

o f  e le c tr ic a l  e x c i ta t io n  in  t h e  case  o f  m u sc le  a n d  e ffec ts  o f  lu m in o u s  e x c i ta t io n  

in  th e  case  o f  r e t in a .  N e v e r th e le s s  I  r e g a r d  th e  c o m p a ris o n  a s  a  le g i t im a te  c o n 

f r o n ta t io n  o f  tw o  d e f in i te  p h y s io lo g ic a l p ro c e sse s— on e  in  m u sc le  a ro u s e d  fro m  

n e rv e  v i a  t h e  e n d -o rg a n  o f  n e rv e  in  m u sc le , t h e  o th e r  in  th e  r e t in a  d i r e c t ly  e x c i te d  

b y  i t s  n a tu r a l  p h y s io lo g ic a l e x c i ta n t  l ig h t .  T h e  a p p a r e n t  f a t ig u e  in  m u sc le  e x c i te d
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1 5 2 D R . W A L L E R  ON T H E  R E T IN A L  C U R R E N T S  O F  T H E  F R O G ’S E Y E ,

t h r o u g h  i t s  n e rv e  is in  r e a l i ty ,  a s  I  h a v e  u rg e d  e ls e w h e re ,*  f a t ig u e  o f  t h e  m o to r -e n d  

p la te . T h e  f a t ig u e  o f  m u sc le  d i r e c t ly  e x c i te d  e le c tr ic a l ly  is n o t ,  h o w e v e r , m a r k e d l y  

d if fe re n t  a s  r e g a r d s  i t s  r a t e  o f  d e v e lo p m e n t  fro m  t h e  f a t ig u e  o f  m u sc le  e x c i te d  

b y  e le c tr ic a l  s t im u la t io n .  T h e  f a t ig u e  in  e i th e r  case  is t h e  e x p re s s io n  o f  

p h y s io lo g ic a l c h a n g e . T h e  f a t ig u e  o f  t h e  r e t in a  b y  l ig h t  is e q u a l ly  c e r ta in ly  th e  

e x p re s s io n  o f  a  p h y s io lo g ic a l c h a n g e . A n d  n o w  I  fin d  t h a t  f a t ig u e  o f  t h e  r e t in a  b y  

t e ta n i s a t io n  r u n s  a  n e a r ly  p a ra l le l  c o u rse  w i th  f a t ig u e  o f  th e  r e t in a  b y  lu m in o u s  

s t im u la tio n .  T h is  l a s t  c o m p a ris o n  ju s t i f ie s  th e n  a  s tu d y  o f  f a t ig u e  o f  th e  r e t in a  b y  

te ta n is a t io n ,  w h ic h  h a s  a s  i ts  c lo se s t c o u n te r p a r t  f a t ig u e  o f  m u sc le  b y  te ta n is a t io n .  

A n d  fro m  t h e  w h o le  o f  t h e  p re c e d in g  a rg u m e n t  i t  fo llow s t h a t  w e  m a y  le g i t im a te ly  

c o m p a re , o n  t h e  o n e  h a n d , th e  a p p a r e n t  f a t ig u e  o f  m u sc le , w h e th e r  d i r e c t ly  t e ta n i s e d  

o r  p h y s io lo g ic a lly  e x c i te d  th r o u g h  i t s  n e rv e , a n d , o n  t h e  o th e r  h a n d , f a t ig u e  o f  t h e  

r e t in a  d i r e c t ly  t e t a n i s e d  o r p h y s io lo g ic a lly  e x c ite d .

1 7 1 3 .

F ig .  2 9 .

J j - L  T
tOOO IOOO

S e r ie s  o f  n o r m a l  p o s i t iv e  r e s p o n s e s  t o  l i g h t  a n d  t o  t e t a n is a t io n ,  a l t e r n a t in g .  L ig h t  a t  2 5  u n i t s .  C o i l a t

7 5  u n i t s  o f  B e r n e  s c a le .

F ig .  3 0 .

L TL TL TL TL T

S im ila r  e x p e r i m e n t ; c o i l  a t  4 0  u n i t s .  T h e  n u m e r ic a l  m e a s u r e m e n t s  o f  t h e s e  t w o  r e c o r d s  a r e  g i v e n  in

t h e  t e x t .

I n  a n y  case , h o w e v e r , a n d  q u i te  a p a r t  fro m  a n y  c o m p a ris o n  w i th  s ig n s  o f  e x p e n 

d i tu r e  in  o th e r  t is s u e , th e  b a re  fa c t  a s  r e g a r d s  t h e  r e t in a  c o n s id e re d  a lo n e  p re s e rv e s  

a ll  i t s  in te r e s t ,  v iz ., t h a t  t e t a n i s a t io n  l ik e  l ig h t  p ro v o k e s  p o s it iv e  re sp o n se , a n d  t h a t  

t h e  tw o  k in d s  o f  re sp o n se  w e a r  o u t  in  a  p a ra l le l  m a n n e r . I  sh o u ld  a d d  t h a t  th e  

p a ra l le l is m  is n o t  a lw a y s  a b so lu te , t h a t  so m e tim e s  I  h a v e  fo u n d  la rg e  re sp o n se  to  

l ig h t  w i th  sm a ll  re sp o n se  to  te ta n is a t io n ,  a n d  a t  o th e r  t im e s  a  re v e rs e d  re la tio n . 

T h e se  e x c e p tio n s  d o  n o t ,  h o w e v e r , d i s tu r b  th e  e v id e n tia l  v a lu e  o f  in s ta n c e s  in  w h ic h  

p a ra l le l is m  h a s  b e e n  c le a r. T h e y  h a v e  p ro b a b ly  h a d  th e i r  o r ig in  in  p o la r is a tio n , w h ic h  

h a d  m o re  o r  le ss  a d d e d  to  o r  s u b t r a c te d  fro m  t h e  p h y s io lo g ic a l re sp o n se .

*  R e p o r t s  t o  t h e  S c ie n t i f ic  G r a n t s  C o m m it t e e  o f  t h e  B r i t i s h  M e d ic a l  A s s o c i a t io n ,  ‘ B . M . J . ,  J u l y  1 8 8 5  

a n d  J u l y  1 8 8 6 .
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E X C IT E D  B Y  L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y . 1 5 3

( 1 7 1 3 . ) ( 1 7 2 8 . ) ( 1 7 3 0 . )

D e l l . V o l t . D efl. V o l t . D efl. V o l t .

L i g h t  . . +  1 5 -5 • 0 0 1 1 5 +  7 -5 • 0 0 0 5 3 +  8 • 0 0 0 8 9

j r e ta n . +  1 3 - 0 0 0 9 6 +  1 6 - 0 0 1 1 5 +  2 5 •0 0 2 7 8

L i g h t  . . +  1 5 • 0 0 1 1 2 +  7 • 0 0 0 5 0 +  1 1 -5 • 0 0 1 2 8

T e ta n .  . . +  1 T 5 - 0 0 0 8 5 + U -0 0 1 1 0 +  2 1 - 5 -0 0 2 3 9

L i g h t  . . + 1 5 5 • 0 0 1 1 5 +  6 -5 • 0 0 0 4 6 +  1 0 • 0 0 1 1 0

Tetan.. . +  1 1 - 0 0 0 8 2 +  1 3 - 0 0 0 9 3 +  2 1 - 5 - 0 0 2 3 9

L i g h t  . . +  1 5 • 0 0 1 1 2 +  6 • 0 0 0 4 3 +  1 0 • 0 0 1 1 0

T e ta n .  . . +  1 0 - 5 •0 0 0 7 8 +  1 2 - 5 • 0 0 0 9 0 +  2 1 -0 0 2 3 5

L i g h t  . . +  1 5 • 0 0 1 1 2 4- 6 • 0 0 0 4 3 +  1 0 • 0 0 1 1 0

T e ta n .  . . +  1 0 - 0 0 0 7 5 +  1 2 - 0 0 0 8 6 +  2 0 - 5 -0 0 2 2 9

T h r e e  o b s e r v a t io n s  o f  r e t i n a l  r e s p o n s e  t o  a l t e r n a t e  i l lu m in a t io n  a n d  t e t a n i s a t io n  f o r  p e r io d s  o f  1 m in u t e  

e a c h  a t  2 - m in u t e  i n t e r v a l s .  B r e a k  in d u c t i o n  c u r r e n t  i n  p o s i t i v e  d ir e c t io n .  B e r n e  c o i l  f e d  b y  t w o  

L e c la n c h e  c e l l s .  S e c o n d a r y  c o i l  2 4 5  m i l l im s .  d i s t a n t  f r o m  p r i m a r y  ( = 4 0  u n i t s ) .  I l lu m in a t io n  b y  

s t a n d a r d  c a n d le  a t  2  f e e t  ( =  2 5  u n i t s ) .

U p  to  th i s  p o in t  I  h a v e  d e s c r ib e d  t h e  r e t in a l  re s p o n se s  to  e le c tr ic a l  e x c i ta t io n s . 

W e  h a v e  n e x t  to  c o n s id e r  t h e  in f lu e n c e  o f  t e t a n i s a t io n  u p o n  t h e  r e t in a l  re s p o n se  to  

i l lu m in a t io n .  T h e  r e s u l t s  o f  t h i s  k in d  o f  e x p e r im e n t  q u i te  c le a r ly  d e m o n s tr a te  t h e  

“ m o b i l i s a t io n ” o f  r e t in a l  m a t t e r  b y  te ta n i s a t io n ,  a n d  a re  o b v io u s ly  f re e  fro m  c o m 

p l ic a t io n  o r  fa lla c y . W i t h  e y e b a ll , g a lv a n o m e te r ,  a n d  s e c o n d a ry  co il in  s e r ie s  (fig. 33 , 

p. 1 4 8 , k e y b o a r d  u n p lu g g e d  a t  2, 4, a n d  5) t h e  e ffe c ts  o f  l i g h t  a re  o b se rv e d  (o r  re c o rd e d )  

b e fo re , d u r in g ,  a n d  a f t e r  t h e  p a s s a g e  o f  t e t a n i s in g  c u r r e n ts .  T h e  l a t t e r  a ro u s e  in  th e  

r e t i n a  a  la r g e  a n d  s te a d y  p o s i t iv e  c u r r e n t .  I l lu m in a t io n  o f  t h e  r e t in a  d u r in g  th is  

c o n d it io n  g iv e s  a  la r g e ly  a u g m e n te d  p o s i t iv e  re sp o n se . S u b s e q u e n t ly  to  te ta n i s a t io n  

t h e  re s p o n se  to  l i g h t  r e m a in s  c o n s id e ra b ly  a u g m e n te d  a s  a  ru le ,  o r, i f  th e  t e t a n i s a t io n  

h a s  b e e n  lo n g  a n d  s t ro n g , a n d  th e  e y e  p o o r, i t  is te m p o r a r i ly  d im in ish e d .

1 7 2 7 .

/
/ooo

before

F ig .  3 1 .

d u r i n g

TeC& n :
c i f>te r  Too o

A u g m e n t a t io n  o f  t h e  n o r m a l  p o s i t i v e  r e s p o n s e  t o  l i g h t  d u r in g  ( a n d  a f t e r )  te ta n is a t io n *  ( 1 0 0 0  u n it s ) .

(N o t e .— T h e  r e c o r d  i n c i d e n t a l l y  i l lu s t r a t e s  a  f e a t u r e  t h a t  I  h a v e  n o t  y e t  i n v e s t i g a t e d .  T h e  s ta n d a r d  

d e f le c t io n  o f  TTrV (j v o l t  a t  o u t s e t  o f  e x p e r im e n t  =  1 7 ,  a t  e n d  o f  e x p e r im e n t  =  2 7 - 5 ;  t h is  im p l ie s ,  i f  

r e fe r r e d  t o  d im in u t i o n  o f  r e s is t a n c e  a lo n e ,  a n  a l t e r a t i o n  o f  m o r e  t h a n  5 0  p e r  c e n t .  T h e  t o t a l  r e s is t 

a n c e  in  c ir c u i t  is  a p p r o x im a t e ly  2 5 ,0 0 0 ,  o f  w h ic h  t h e  e y e b a l l  c o n s t i t u t e s  l e s s  t h a n  o n e - t e n t h .  T h e  

a l t e r a t io n  c a n n o t  t h e r e f o r e  b e  r e f e r r e d  t o  a l t e r e d  r e s is t a n c e .  I t  is  p r o b a b ly  d u e  t o  a n  e l e c t r o m o t i v e  

e f fe c t  in  t h e  s a m e  d ir e c t io n  a s  t h e  s t a n d a r d is in g  c u r r e n t .)

XV O L . C X C 1 1 I .  —  B .
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1 5 4 I)R . W A L L E R  OX T H E  R E T IN A L  C U R R E N T S  O F T H E  F R O G ’S E Y E ,

'b e f o r e  .

E .g . ,  t e t a n i s a t io n  a t  10 00  u n i t s  fo r s e v e ra l  m in u te s  < d u r in g  .

w a f te r  

'b e f o r e  .

„ „ „ < d u r in g  .

w a f te r

I l lu m in .  fo r  1 m in .  

b y  c a n d le  a t  2  f e e t .

. + 2 0

. + 5 8

. + 1 5

. + 1 2

. + 3 G

. + 2 7

T h e  e ffe c t p ro d u c e d  d u r in g  t e ta n i s a t io n  b y  a l t e r n a t in g  in d u c t io n  sh o c k s  m ig h t  b e  

c h a ra c te r is e d  b y  s a y in g  t h a t  t h e  r e t in a  is m o b ilise d  in  th e  p o s it iv e  d ire c tio n , a n d  a t  

th e  sa m e  t im e  r e n d e r e d  m o re  m o b ile  in  t h e  sa m e  d ir e c tio n  to  t h e  s t im u lu s  o f  l ig h t .

§ 1 3 .  A f t e r - e f f e c t s  o f  S i n g l e  I n d u c t i o n  S h o c k s .

C o n n e c tio n s  a re  e s ta b l is h e d  a s  sh o w n  in  fig. 33  (see  b a c k , p. 148). T h e  g a lv a n o 

m e te r  s p o t  is b r o u g h t  e x a c t ly  u p o n  i t s  ze ro  m a r k  b y  a d ju s t in g  t h e  c o m p e n sa to r  

c u r r e n t ,  so t h a t  p lu g g in g  a n d  u n p lu g g in g  a t  5 c au se  n o  d e fle c tio n . A  s in g le  in d u c t io n  

sh o c k  is s e n t  t h r o u g h  th e  e y e b a ll  w h ile  t h e  g a lv a n o m e te r  is p lu g g e d  o u t  o f  c irc u it ,  

a n d  im m e d ia te ly  a f te r w a r d s  t h e  g a lv a n o m e te r  is u n p lu g g e d .

W i t h  a  d e a d  e y e b a ll  th e  d e fle c tio n  on u n p lu g g in g  th e  g a lv a n o m e te r ,  a f t e r  a  s t r o n g  

in d u c t io n  c u r r e n t ,  is o f  c o n tr a r y  d ire c tio n  to  th e  d ire c tio n  o f  e x c i t in g  c u r r e n t ,  

in d ic a t in g  a n  o rd in a ry  p o la r is a tio n  c o u n te r - c u r r e n t .  B u t  w i th  a  l iv in g  n o rm a l 

e y e b a ll  s im ila r ly  t r e a t e d  t h e  d e fle c tio n  is p o s it iv e  ( i . e . ,  fro m  fu n d u s  to  c o rn e a )  

w h a te v e r  th e  d i r e c tio n  o f  th e  e x c i t in g  c u r re n t .  A n  in d u c t io n  c u r r e n t  s e n t  th r o u g h  

a n  e y e , w h e th e r  l iv in g  o r  d e a d , in  t h e  d o w n w a rd  o r  n e g a t iv e  d i r e c tio n  c a u se s  

c o u n te r - c u r r e n t  in  t h e  o p p o s ite  (u p w a rd )  d ire c tio n , a n d  th e r e  is in  th is  r e a c t io n  n o  

a b s o lu te  to k e n  b y  w h ic li  to  d is t in g u is h  b e tw e e n  p o la r is a t io n  a n d  p h y s io lo g ic a l 

re sp o n se . B u t  w h e re a s  a n  in d u c t io n  c u r r e n t  th r o u g h  a  d e a d  e y e  in  t h e  u p w a rd  

d ire c tio n  c a u se s  a  d o w n w a rd  c o u n te r - c u r r e n t ,  i t  c a u se s  a n  u p w a r d  a f t e r - c u r r e n t  in  

th e  sa m e  (u p w a rd  o r  p o s it iv e )  d ire c t io n  in  a  n o rm a l l iv in g  ey e. I n  th is  case  th e r e  

is a f te r -e f fe c t  in  t h e  p o s it iv e  d ire c tio n , i . e . ,  a  r e t in a l  d is c h a rg e  in  th e  sa m e  d ire c tio n  

a s  t h e  e x c i t in g  c u r r e n t .

W i t h  a  n o rm a l fresh  e y e b a ll  g iv in g  th e  r e g u la r  p o s it iv e  re sp o n se  to  i l lu m in a t io n  

th is  r e t in a l  d is c h a rg e  is in  t h e  p o s it iv e  o r  u p w a rd  d ire c tio n , w h e th e r  th e  e x c i t in g  

c u r r e n t  b e d ir e c te d  u p w a rd s  o r  d o w n w a rd s . T h is  is th e  p r in c ip a l  a n d  m o s t  c e r ta in ly  

d e m o n s tra b le  fac t. A t  l a t e r  s ta g e s  a n d  w i th  m o r ib u n d  e y e -b a lls  th e  e ffec ts  b eco m e 

v a r ia b le . W e ’ m a y  th e n  w itn e s s  r e t in a l  d is c h a rg e  u p w a rd  in  re sp o n se  to  u p w a rd  

e x c i ta t io n ,  a n d  d o w n w a rd  in  re sp o n se  to  d o w n w a rd  e x c i ta t io n ,  a n d  f in a lly  1 h a v e  

o nce o r  tw ic e  o b ta in e d  a  d o w n w a rd  r e t in a l  d is c h a rg e  in  re sp o n se  to  b o th  

d ire c tio n s  o f  e x c i ta t io n . B u t  I  h a v e  b e s to w e d  l i t t l e  a t t e n t io n  a s  y e t  u p o n  th e s e  

v a r ie tie s ,  a n d  I  d o  n o t  a s so c ia te  th e m  w ith  th e  th r e e  ty p e s  o f  re sp o n se  to  l ig h t .
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E X C IT E D  B Y  L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y . 1 5 5

T h e y  a r e  in  a n y  c a se  le s s  s t r i k i n g  a n d  in v a r ia b le  t h a n  t h e  n o rm a l  p o s i t iv e  re s p o n se  

w h ic h  I  h a v e  d e s c r ib e d  a s  t h e  p r in c ip a l  e ffe c t, a n d  w h ic h  is  o f  s u c h  r e g u la r i t y ,  

m a g n i tu d e ,  a n d  d u r a t io n  a s  t o  s u g g e s t  c o m p a r is o n  w i th  t h e  d is c h a rg e  o f  a n  e le c tr ic a l  

o rg a n . I  d e s ig n a te  i t  a s  t h e  “ r e t i n a l  b la z e  ” o r  t h e  “  r e t i n a l  d is c h a r g e ,” a n d  fin d  

t h a t  t h e  n o rm a l  r e t i n a l  d is c h a r g e  in  r e s p o n s e  to  a n  in d u c t io n  c u r r e n t  is p o s it iv e .

F i g .  3 1 a .

Excitation—((^ j  >  

/ .  Polarisation. - * —

2. Retina l blaze*--------- }

P o s i t i v e  r e t i n a l  r e s p o n s e  t o  a  s i n g l e  in d u c t io n  s h o c k  s e n t  t h r o u g h  t h e  e y e b a l l  in  t h e  p o s i t iv e  ( u p w a r d )

d ir e c t io n .

E x p e r im e n t .— E y e b a l l  G h o u r s  a f t e r  E x c is io n , g iv in g  R e s p o n s e  to  L ig h t  o f  E a r ly  

S e c o n d  S ta g e .  B re a k  in d u c t io n  sh o c k s  fro m  a  B e rn e  C oil, fe d  b y  tw o  

L e c la n c h e  C e lls.

D ir e c t io n  a n d  

s t r e n g t h  o f  

e x c i t in g  c u r r e n t ,  i

D e f le c tio n  

2 s e c o n d s  

la te r .

V o lta g e .

1 0 0 0  + +  7 +  -000050

1 0 0 0 - +  9 +  -0000G4

2 0 0 0  + +  2 8 +  -0 0 0 2 0 0

2 0 0 0 - +  25 + -0 0 0 1 7 9

5 0 0 0  + +  3G x 10 +  -002575

5 0 00  - +  2 3 x  10 +  -001G50

§ 1 4 .  A f t e r - e f f e c t s  o f  C o n d e n s e r  D i s c h a r g e s .

P re c is e ly  s im ila r  a f te r -e f fe c ts  a re  p ro d u c e d  b y  c o n d e n se r  d isc h a rg e s . P o s itiv  e oi 

u p w a rd  r e t in a l  re sp o n se  is p ro v o k e d  in  a  n o rm a l l iv in g  e y e b a ll  b y  c o n d e n se r  d is c h a rg e s , 

d i r e c te d  e i th e r  u p w a rd s  o r  d o w n w a rd s . P o la r is a t io n  c u r r e n ts  of c o n tr a ry  d ire c tio n  

to  e x c i t in g  d is c h a rg e s  a re  a lo n e  e lic i te d  in  th e  case  o f  a  d e a d  e y eb a ll, t h e  e x p e r i

m e n t  is m o s t s im p ly  re a lis e d  b y  c o n n e c tin g  e le c tro d e s  fro m  a  c o n d e n se r  w ith  th e  k e y 

b o a rd  o f  fig. 33. T h e  c o n d e n se r , b a t t e r y ,  a n d  M o rse  k e y  a re  s e t  u p  to  d e liv e r

x  2

 D
o
w

n
lo

ad
ed

 f
ro

m
 h

tt
p
s:

//
ro

y
al

so
ci

et
y
p
u
b
li

sh
in

g
.o

rg
/ 

o
n
 0

9
 A

u
g
u
st

 2
0
2
2
 



1 5 6 D R . W A L L E R  O N  T H E  R E T IN A L  C U R R E N T S  O F T H E  F R O G ’S E Y E ,

d is c h a rg e  a lo n e  in to  th e  k e y -b o a rd  c irc u it ,  t h e  p lu g s  o f  w h ic h  a re  m a n ip u la te d  so a s  

to  e x c i te  t h e  r e t in a  w i th  t h e  g a lv a n o m e te r  c u t  o u t  o f  th e  c irc u it ,  a n d  s u b s e q u e n t ly  

c o m p le te  th e  c ir c u it  o f  c o m p e n sa to r , r e t in a ,  a n d  g a lv a n o m e te r  to  w itn e s s  t h e  r e t in a l  

d is c h a rg e  t h a t  h a s  b e e n  p ro v o k e d  b y  a  p re v io u s  c o n d e n se r  d isc h a rg e . T h e  c h ie f  case  

is o f  c o u rse  p o s it iv e  r e t in a l  c u r r e n t  c o n s e q u e n t  u p o n  p o s it iv e  c o n d e n se r  c u r r e n t .  

P r e v io u s  to  e a c h  t e s t  a n y  c u r r e n t  in  c ir c u it  m u s t  b e  e x a c t ly  n e u tr a l i s e d  b y  c o m p e n sa 

t io n , so a s  to  p e rm i t  t h e  g a lv a n o m e te r  to  b e  p lu g g e d  a n d  u n p lu g g e d  w i th o u t  d is 

tu rb a n c e .  I t  is t h e  lo n g  d u r a t io n  o f  r e t in a l  re s p o n se  t h a t  r e n d e r s  t h e  e x p e r im e n t  

p r a c t ic a b le  in  th is  m a n n e r  ; a s  n e a r ly  a s  p o ss ib le  I  p re s e rv e d  a  c o n s ta n t  in te r v a l  o f  

2 se c o n d s b e tw e e n  e x c i ta t io n  o f  t h e  e y e b a ll  a n d  u n p lu g g in g  o f  t h e  g a lv a n o m e te r .  

I  h a v e  t a k e n  so m e m e a s u re m e n ts  o n  th is  p la n  o f  p ro c e d u re  w h ic h , h o w e v e r , b y  re a so n  

o f  th e  in te r v a l  o f  2 se co n d s  b e tw e e n  e x c i ta t io n  a n d  o b s e rv a tio n , c a n n o t  h a v e  

b r o u g h t  in to  e v id e n c e  e i th e r  a  m a x im a l v a lu e  o f  re s p o n se  o r  a  m in im u m  v a lu e  o f  

s t im u lu s . N e v e r th e le s s ,  su c h  m e a s u re m e n ts  g iv e  a  p r e l im in a ry  id e a  o f  t h e  v e ry  c o n 

s id e ra b le  d u r a t io n  a n d  m a g n i tu d e  o f  r e t in a l  re sp o n se .

T h e y  h a v e  m o re o v e r  p e r m i t t e d  m e  to  re c o g n ise  o n  th e  r e t in a  w h a t  I  h a d  a ssu m e d , 

b u t  n o t  p ro v e d , to  b e  th e  case  in  th e  e le c tr ic a l  s t im u la t io n  o f  n e rv e .*  M y  a s s u m p tio n  

w a s  to  t h e  e ffec t t h a t  e n e rg y , n o t  q u a n t i ty ,  is  t h e  im p o r ta n t  f a c to r  in  e le c tr ic a l  

s t im u la tio n . I  h a v e  n o w  m a d e  th e  fo llo w in g  e x p e r im e n t  u p o n  th e  r e t i n a — d e liv e r in g  

to  i t  tw o  se r ie s  o f  s t im u li  b y  d is c h a rg e s  th r o u g h  th e  e y e b a ll  a s  f i r s t  d e s c r ib e d :—  

(A ) o f  a r i th m e t ic a l ly  in c re a s in g  q u a n t i ty  a n d  e n e r g y ; a n d  (B ) o f  th e  sa m e  a r i t h 

m e tic a l ly  in c re a s in g  q u a n t i ty ,  b u t  w i th  g e o m e tr ic a l ly  in c re a s in g  e n e rg y . T h e  f i r s t  

s e r ie s  o f  s t im u li  is s u p p lie d  fro m  a  c o n d e n se r  o f  2, 4, 6, 8, 10 m ic ro -fa ra d s  c h a rg e d  a t  

t h e  c o n s ta n t  p re s s u re  o f  1 L e c la n c h e  cell. T h e  se c o n d  se r ie s  o f  s t im u li  b y  a  c o n 

d e n s e r  o f  2 m ic ro -fa ra d s  c h a rg e d  a t  th e  r is in g  sc a le  o f  1, 2, 3, 4, 5 L e c la n c h e s . T h e  

r e s u l ts  w e re  a s  fo llo w s :—

C a p a c i ty ,  F . P re s s u re ,  Y . Q u a n t i ty ,  F V . E n e r g y ,  5 F V '2. D e fle c tio n .

M F . v o lt . M O . e r g s . f v o lt .

2 1 -4 2 - 8 2 0 +  5 +  • 0 0 1 0

4 1 -4 5 6 4 0 +  1 0 +  - 0 0 2 0

6 1 - 4 8 - 4 6 0 +  8 - 5 +  - 0 0 1 7

8 1 -4 1 1 - 2 8 0 +  9 +  • 0 0 1 8

1 0 1 -4 1 4 1 0 0 +  1 1 +  - 0 0 2 2

2 1 - 4 2 - 8 2 0 +  4 *5 +  - 0 0 0 9

2 2 - 8 5 - 6 8 0 +  2 2 +  - 0 0 4 4

2 4 - 2 8 - 4 1 8 0 +  3 3 - 5 +  - 0 0 6 7

2 5 -6 1 1 - 2 3 2 0 +  4 0 +  - 0 0 8 0

2 7 - 0 1 4 5 0 0 +  4 5 +  - 0 0 9 0

*  A . D .  W .,  “ T h e  C h a r a c t e r i s t i c  o f  N e r v e ,” ‘ R o y .  S o c .  P r o c . , ’ 1 8 9 9 ,  p . 2 0 7 .  

t  T a k in g  t h e  v o l t a g e  o f  a  L e c la n c h e  =  v o l t .
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E X C IT E D  B Y  L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y . 1 5 7

F i e .  3 2 .

1 6 8 6 .

Capacity - 1, Capac: 6.4.32.1.
Piress ure =6.4.3.2. /. Pressure  -  / .

^  S  ( b  O i  f t )

ft) 4  6  Q)

Oi Cn
O  ft) Q) Q) ft)
o  o  o  o  o

R etin a .

^  v  Qj Oi ft)
K) &_ o> do

O 0) 0> ^ ft)
o  o  o  <5 o

Retina.

A  b e t t e r  m e th o d  o f  s tu d y in g  t h e  p o s i t iv e  e ffe c t o f  in d u c t io n  c u r r e n t s  a n d  o f  c o n 

d e n s e r  d is c h a rg e s  is, h o w e v e r , t h a t  w h ic h  I  f i r s t  a d o p te d  to  d e m o n s tr a te  t h e  u n e q u a l  

p o la r is a t io n  c o u n te r - c u r r e n t s  o f  m a k e  a n d  b r e a k  in d u c e d  c u r r e n ts  s e n t  th r o u g h  n e rv e ,# 

h u t  w h ic h  is  g e n e r a l ly  a p p lic a b le  to  a n y  case  w h e re  w e  d e s ire  to  b r in g  in to  e v id e n c e  

t h e  e le c tr ic a l  s t a t e  im m e d ia te ly  a f t e r  a  s in g le  s h o r t  e le c tr ic a l  s t im u lu s . T h e  e y e b a ll  

is p la c e d  in  t h e  x  a rm  o f  a  W h e a ts to n e  b r id g e . T h e  b a la n c in g  re s is ta n c e , I t ,  is 

a d ju s te d  a s  i f  fo r  a  m e a s u re m e n t  o f  r e s is ta n c e , u n t i l  t h e  e x c i t in g  in d u c t io n  sh o c k  o r  

c o n d e n s e r  d is c h a rg e  g iv e s  l i t t l e  o r  n o  d e fle c tio n  o f  t h e  g a lv a n o m e te r .  T h e  a d ju s tm e n t  

is r o u g h ly  m a d e  w i th  w e a k  c u r r e n ts ,  a n d  m o re  a n d  m o re  e x a c t ly  w i th  s t r o n g e r  a n d  

s t r o n g e r  c u r r e n ts .

A n d  a s  t h e  l a t t e r  a re  in c re a se d , t h e r e  is n o  d if f ic u lty  in  d is t in g u is h in g  a  sm a ll  

s h a r p  “  in e q u a l i ty  k ic k  ” fro m  a  c o m p a ra t iv e ly  la rg e  a n d  p ro lo n g e d  d e fle c tio n  b y  a  

p o la r is a t io n  c u r r e n t  o r  b y  a  r e t in a l  d isc h a rg e . T h e  v a ry in g  m a g n i tu d e s  a n d  t im e -  

r e la t io n s  o f  t h e  th r e e  k in d s  o f  c h a n g e  a re  su c h  t h a t  a ll  t h r e e  m a y  a t  c e r ta in  

c u r r e n t - s t r e n g th s  h e  m a d e  a p p a re n t .  T h e  in e q u a l i ty  k ic k  b y  t h e  s t im u la t in g  c u r r e n t  

is s h a rp ,  a n d  c a n  b e  t a k e n  a s  sm a ll  a s  w e  w ish , a n d  in  a n y  d e s ire d  d ire c tio n , b y  s l ig h t  

v a r ia t io n s  in  “ to o  m u c h  ” a n d  “ to o  l i t t l e  ” a t  th e  b a la n c in g  re s is ta n c e . A  c o n s id e r

a b le  a d v a n ta g e  o f  t h is  m e th o d  is t h a t  i t  p e rm its  u s  to  d isp e n se  w i th  c o m p e n sa tio n . 

I n  m y  f i r s t  t r ia ls  o f  th e  m e th o d  I  u s e d  c a rb o n  re s is ta n c e s  to  fo rm  th e  b r id g e , fo r fe a r  

o f  se lf - in d u c tio n .

B u t  I  fin d  t h a t  th e  P o s t-O ffic e  p a t t e r n  o f  b r id g e  a n sw e rs  v e ry  w ell fo r th e  p u rp o se , 

b e in g  ( a t  le a s t  in  t h e  tw o  in s t r u m e n ts  I  p o ssess) a p p a r e n t ly  free  fro m  se lf - in d u c tio n . 

P o la r is a t io n  c o u n te r - c u r r e n ts  in  a  n o rm a l l iv in g  e y e b a ll  a re  m a s k e d  b y  th e  t r u e

*  A .  D .  W .,  ‘ P r o c .  P h y s io l .  S o c . , ’ N o v e m b e r  1 2 ,  1 8 9 8 .
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1 5 8

F i g .  3 4 .

D R . W A L L E R  O N  T H E  R E T IN A L  C U R R E N T S  O E T H E  F R O G ’S E Y E ,

D ia g r a m  o f  c o n n e c t io n s .

r e t in a l  c u r r e n t  in  re sp o n se  to  s t im u la tio n .  W i t h  v e ry  s t r o n g  s t im u li , o r  w i th  p ro 

g re s s iv e  d e a th  o f  th e  e y e b a ll , p o la r is a t io n  c u r r e n ts  m a y  m a k e  th e i r  a p p e a ra n c e . O f  

th e  p o la r is a t io n  c u r r e n t  a n d  t h e  r e t in a l  d is c h a rg e  t h a t  m a y  th e n  h e  p ro v o k e d  b y  a  

g iv e n  s t im u lu s , th e  fo rm e r  is m o re  e v a n e s c e n t  t h a n  t h e  l a t t e r ,  a n d  m a k e s  i t s  a p p e a r 

a n c e  f ir s t ,  so t h a t  w e  m a y  th e n  w itn e s s  a  d o u b le  d e fle c tio n — a  f ir s t  b r i e f  m o v e m e n t 

c o n tr a r y  to  th e  d ire c tio n  o f  s t im u la tio n ,  a  se co n d  p ro lo n g e d  m o v e m e n t in  th e  d ire c tio n  

o f  r e t in a l  d isc h a rg e .

A n o th e r  a d v a n ta g e  o f  th is  m e th o d  is t h a t  w e  a re  a b le  a t  t h e  sa m e  t im e  to  t a k e  

o b se rv a tio n s  o f  re s is ta n c e  u n d e r  v a r io u s  c irc u m s ta n c e s , a n d  to  v a r io u s  fo rm s o f  

c u r r e n t .  W i t h o u t  h a v in g  s y s te m a t ic a l ly  e x a m in e d  in to  th is  m a t te r ,  I  h a v e  in c i

d e n ta l ly  o b se rv e d  t h a t  t h e  a p p a r e n t  r e s is ta n c e  (e y e b a ll  -f- e le c tro d e s )  is h ig h e r  to  a  

m a k e  th a n  to  t h e  c o rre sp o n d in g  b re a k  sh o c k  , 1 9 3 0 0  v e r s u s  1 8 0 0 0  w), a n d  t h a t  

i t  is d im in ish e d  b y  te ta n is a t io n .  T h e  d im in u t io n  ( ., 1 8 5 0 0  v e r s u s  1 8 0 00  co) is,

h o w e v e r , in su ff ic ie n t to  a c c o u n t fo r  th e  a u g m e n te d  e ffec t o f  l ig h t  d u r in g  a n d  a f te r  

te ta n i s a t io n  ( v i d e  s u p r a ,  p. 148).

§ 15. E f f e c t  o f  M a s s a g e .

A t  a n  e a r ly  s ta g e  o f  t h is  in v e s tig a t io n , a n d  f r e q u e n t ly  d u r in g  i t s  co u rse , I  s o u g h t  

to  o b ta in  e x p e r im e n ta l  c o n tro l  o v e r  th e  r e t in a l  re sp o n se  to  l ig h t ,  a n d  e sp e c ia lly  to  

f in d  m e a n s  o f  u n m a s k in g  th e  n e g a t iv e  e ffect w h ic h  I  re c o g n ise d  to  h e  l a t e n t  in  th e  

a p p a r e n t  p o s it iv e  resp o n se . I  t r ie d  v a rio u s  d r u g s  a n d  r e a g e n ts  w i th o u t  success . 1 

t r ie d  r ise  o f  te m p e r a tu re ,  a n d  fo u n d  t h a t  a  p o s it iv e  re sp o n se  w a s e i th e r  a b o lish e d  

p e rm a n e n t ly ,  o r  i f  te m p o ra r i ly  a b o lish e d , t h a t  i t  r e a p p e a re d  o f  s im ila r  c h a ra c te r .  I  

t r ie d  te ta n is a t io n ,  a n d  fo u n d  t h a t  th e  p o s it iv e  re sp o n se  w a s th e r e b y  a u g m e n te d . 

F in a lly ,  I  t r ie d  m a ssa g e , a n d  fo u n d  in  th is  s im p le  a n d  a p p a r e n t ly  ro u g h  p ro c e e d in g  a n  

u n fa il in g  m e a n s  o f  e ffe c tin g  th e  d e s ire d  c h a n g e .

A  fre sh  e y e b a ll  g iv in g  th e  ty p ic a l  p o s it iv e  re sp o n se  to  l ig h t ,  i f  re m o v e d  fro m  th e  

e le c tro d e s , g e n t ly  ro lle d  a n d  p re s se d  b e tw e e n  th e  f in g e r  a n d  th u m b , a n d  re p la c e d  

u p o n  th e  e le c tro d e s , w ill  g iv e  a  p u re  n e g a t iv e  effect. P o s i t iv e  re sp o n se  o f  th e  f ir s t
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E X C IT E D  BY L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y . 1 5 9

s ta g e  h a s  b e e n  a b o lis h e d  ; n e g a t iv e  re s p o n s e  o f  t h e  t h i r d  s t a g e  h a s  b e e n  e s ta b l is h e d , 

o r  r a t h e r ,  u n m a s k e d .

T h e  r e s u l t ,  a s  f a r  a s  I  h a v e  y e t  se e n , is  in v a r ia b ly  t h e  sa m e , a n d  o n  o n e  o cca sio n  

I  c a r r ie d  i t  o u t  w i t h o u t  a  f a i lu re  u p o n  a  su c c e ss io n  o f  s ix  f re s h  e y e b a lls ,  t h e  

r e g u la r  e ffe c t o f  m a s s a g e  b e in g  a  la r g e  a n d  g r a d u a l ly  d im in is h in g  p o s i t iv e  c u r r e n t  

d u e  to  d i s tu r b a n c e  o f  t h e  r e t in a ,  w i th  a  p u r e  n e g a t iv e  v a r ia t io n  o n  e x jjo su re  to  l ig h t .  

I f  a n  e y e b a ll  b e  m a s s a g e d  a f t e r  i t s  n o rm a l  c u r r e n t  h a s  b e co m e  n e g a t iv e ,  th e  l a t t e r  is

F i g .  3 5 .

1 6 9 3 .  1 6 9 4 .

d*------

P o s i t i v e — b e f o r e  m a s s a g e . N e g a t i v e — a f t e r  m a s s a g e .

R e s p o n s e  t o  l i g h t  ( 2 5  u n i t s ) .  T h e  h o r i z o n t a l  l in e s  in  b o t h  t h e s e  r e c o r d s  d e n o t e  a  s c a l e  in  y  y <jy y t h s  o f  a  

v o l t ; i .e . ,  t h e  r e s is t a n c e  o f  t h e  e y e b a l l  h a s  b e e n  m u c h  d im in i s h e d  b y  m a s s a g e .

g r e a t ly  d im in is h e d  o r  r e v e rs e d , i . e . ,  t h e  r e t in a  is a lw a y s  a ro u s e d  in  t h e  d ire c tio n  o f  a  

p o s i t iv e  c u r r e n t  b y  m a s sa g e  a s  b y  te ta n i s a t io n .  T h e  re s is ta n c e  o f  a n  e y e b a ll  a f t e r  

m a s sa g e  is a lw a y s  m u c h  d im in ish e d . M u c h  s t r e s s  m a y  n o t  b e  la id  u p o n  th i s  d im in u 

t io n  o f  r e s is ta n c e , s in c e  t h e  e y e b a ll  h a s  b e e n  re m o v e d  fro m  a n d  re p la c e d  u p o n  th e  

e le c tro d e s . N e v e r th e le s s ,  t h e  a l t e r a t io n  is so  m a rk e d  a n d  u n fa il in g , t h a t  i t  c a n  h a r d ly  

h e  a n  a c c id e n t  o f  i r r e g u la r  c o n ta c t .  I  r e g a r d  i t  a s  b e in g  d u e  to  th e  sa m e  c a u se  a s  th e  

d im in u t io n  o f  re s is ta n c e  b y  te ta n i s a t io n ,  v iz ., to  a  d is so c ia t io n  o f  r e t in a l  m a t te r .

I t  is p o ss ib le , h u t  d iff ic u lt , to  m a s sa g e  t h e  e y e b a ll  “ to o  m u c h ,” a n d  to  c o m p le te ly  

a b o lish  n o t  o n ly  t h e  p o s itiv e , h u t  a lso  th e  n e g a t iv e , re sp o n se . I t  is d if f ic u lt, b u t  

p o ss ib le , to  m a s sa g e  t h e  e y e b a ll  to o  l i t t l e ,  a n d  to  im p e r fe c tly  c o n v e r t  t h e  p o s itiv e  

in to  a  n e g a t iv e  resp o n se . I t  is v e ry  e a sy  to  c o n v e r t  a  p o s it iv e  in to  a  n e g a t iv e  b y  

m o d e ra te ly  ro u g h  m a n ip u la t io n .

§ 16. R e s p o n s e  o f  t h e  M a m m a l i a n  R e t i n a .

H o l m g r e n * fo u n d  th e  re sp o n se  o f  t h e  m a m m a lia n  e y e b a ll  ( r a b b i t ,  d o g , c a t)  to  be  

n e g a t iv e  a t  t h e  c o m m e n c e m e n t o f  i l lu m in a tio n , a n d  p o s itiv e  a t  th e  e n d  o f  i l lu m in a 

t io n , w h e re a s  in  th e  f ro g ’s e y e b a ll  h e  h a d  fo u n d  th e  re sp o n se  to  h e  jDositive a t  

b e g in n in g  a u d  e n d  o f  i l lu m in a tio n . D e w a r  a n d  M‘K e n d r ic k , in  t h e i r  f i r s t  o b se r-

* Ho l mg u e n , ‘ U n t e r s .  H e id e l b e r g ,’ v o l .  3 , p . 3 1 4 .

 D
o
w

n
lo

ad
ed

 f
ro

m
 h

tt
p
s:

//
ro

y
al

so
ci

et
y
p
u
b
li

sh
in

g
.o

rg
/ 

o
n
 0

9
 A

u
g
u
st

 2
0
2
2
 



1 6 0 D R. W A L L E R  ON T H E  R E T IN A L  C U R R E N T S  OE T H E  F R O G 'S  E Y E ,

F ig .  3 6 .

1 7 2 0 .

/oooo

R e t i n a l  r e s p o n s e  o f  m a m m a lia n  e y e b a l l ,  a t  f ir s t  p o s i t iv e ,  s u b s e q u e n t l y  n e g a t i v e .

F ig .  3 7 .

/ o o o o

S e r ie s  o f  n e g a t iv e  r e s p o n s e s  t o  l i g h t  ( 1 0 0  u n i t s )  o f  m a m m a lia n  e y e b a l l  9 |  h o u r s  a f t e r  e x c is io n .

1 m in u t e  i l lu m i n a t i o n ; 2  m in u t e s  d a r k n e s s . N o  s i g n  o f  f a t ig u e .

v a t ions,* o b ta in ed  th e  sam e effects, b u t in a  su bsequ en t publication  t  s ta te  th a t  

th e  action  o f lig h t is th e  sam e in w arm -blooded and  in cold-blooded anim als, viz., th a t

* Dewa r  a n d  M‘Kendr ick, ‘ T r a n s . R o y .  S o c .  E d in . , ’ 1 8 7 3 ,  p . 1 4 9 .  

t  Dewa r , ‘ P r o c .  R o y .  I n s t . , ’ M a r c h  3 1 ,  1 8 7 6 .
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E X C IT E D  B Y  L IG H T  A N D  E X C IT E D  E L E C T R IC A L L Y . 1 6 1

i n  a l l  c a s e s  t h e  r e s p o n s e  is  p o s i t i v e  o n  i m p a c t  a n d  p o s i t i v e  o n  r e m o v a l .  K u h n e  a n d  

S t e i n e r ^ c o n f i r m  H o l m g r e n ’s  s t a t e m e n t  t h a t  t h e  r e s p o n s e  o f  t h e  f r o g ’s  e y e  is  

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

o f  a n y  f u n d a m e n t a l  d i f f e r e n c e  o f  c h a r a c t e r  i n  t h e  r e t i n a l  e x c i t a t i o n  a r o u s e d  in  t h e  

t w o  c a s e s ,  a r e  o f  o p in io n  t h a t  t h e  s im p le  n e g a t i v e  r e s p o n s e  o f  a  m a m m a l i a n  e y e  

s ig n i f i e s  t h a t  t h e  o r g a n  is  m o r i b u n d .

T h e  few  o b s e rv a t io n s  I  h a v e  m a d e  u p o n  m a m m a lia n  e y e s  ( c a t)  q u i te  b e a r  o u t  t h i s  

v ie w , a n d  a t  t h e  sa m e  t im e  re c o n c ile  t h e  a p p a r e n t  d is c re p a n c ie s  in  t h e  s t a te m e n t s  

q u o te d  a b o v e . I  f in d  t h a t  t h e  re s p o n s e  o f  a  f r e s h  e y e  (c a t) ,  c a r e fu l ly  re m o v e d  fro m  

t h e  o r b i t  w i th  l e a s t  p o ss ib le  c o m p re ss io n , is  p o s it iv e , a n d  t h a t  t h i s  p o s i t iv e  re s p o n se  

r a p id ly  d is a p p e a rs ,  a n d  g iv e s  w a y  to  a  n e g a t iv e  re s p o n se  t h a t  is  c o m p a ra t iv e ly  

p r o m in e n t  a n d  e n d u r in g .  T h e  c ase  o f  t h e  c a t ’s e y e  is t h u s  s im ila r  to  t h a t  o f  t h e  

f ro g , i . e . ,  t h e  re s p o n se , a t  f i r s t  p o s i t iv e , is a t  l a s t  n e g a t iv e .

T h e  e n d u ra n c e  o f  t h e  m a m m a lia n  r e t in a  is  c o n s id e ra b ly  g r e a t e r  t h a n  m ig h t  h a v e  

b e e n  e x p e c te d ,  a l th o u g h  le s s  t h a n  t h a t  o f  a  f ro g ’s r e t in a .  F ig . 37 (1 7 2 4 )  g iv e s  th e  

s e r ie s  o f  re s p o n se s  to  l ig h t ,  o b ta in e d  u p w a rd s  o f  9 h o u r s  a f t e r  ex c is io n . T h e  sa m e  

e y e b a l l  e x h ib i t e d  a  t r a c e  o f  r e s p o n se  ( n e g a t iv e )  24  h o u rs  a f t e r  ex c is io n .

T h e  a b s o lu te  v a lu e  o f  t h e  e le c tro m o tiv e  fo rce  o f  re s p o n se  is  c o n s id e ra b ly  lo w e r  o n  

t h e  m a m m a lia n  e y e  t h a n  o n  t h e  f ro g ’s ey e . I  h a v e  n o t  se e n  i t  e x c e e d  *0001 v o l t  

in  t h e  fo rm e r , w h e re a s  in  t h e  l a t t e r  I  h a v e  f r e q u e n t ly  fo u n d  i t  to  b e  a b o v e  *0010 v o lt. 

I  a t t r i b u t e  t h e  d if fe re n c e  to  t h e  g r e a t e r  s ize  o f  t h e  m a m m a lia n  e y e b a ll , a n d  c o n s e q u e n t 

s h u n t in g  o f  th e  g a lv a n o m e te r .

IV . Co n c l u s io n s .

A s  r e g a r d s  t h e  fa c ts  th e m s e lv e s , t h e  p r in c ip a l  c o n c lu sio n s a r e  s e t  fo r th  in  th e  p a r a 

g r a p h  h e a d in g s  w h ic h  p re c e d e , a n d  w h ic h  m a y  b e  r e c a p i tu la te d  a s  fo llow s ;—

A  fre s h  n o rm a l e y e b a ll  m a n ife s ts  p o s it iv e  c u r r e n t ,  w h ic h  g r a d u a l ly  d e c lin e s  to  ze ro , 

a n d  b e co m es  r e v e r s e d  (p. 126).

O n  e x p o su re  to  l i g h t  t h e  n o rm a l c u r r e n t ,  w h e th e r  p o s it iv e  o r  n e g a t iv e , u n d e rg o e s  a  

p o s it iv e  v a r ia t io n  (p. 127).

T h e  m a g n i tu d e  o f  t h e  re sp o n se  to  l ig h t  in c re a se s  w i th  t h e  d u r a t io n  o t i l lu m in a tio n  

( p .  1 2 9 ) .

T h e  m a g n i tu d e  o f  t h e  re sp o n se  to  l ig h t  in c re a se s  w i th  th e  s t r e n g th  o f  i l lu m in a tio n  

( p .  1 3 0 ) .

F a t ig u e —  i . e .,d im inution  o f  re sp o n se  b y  re a so n  o f  p re v io u s  a c t iv i ty — is less  p ro

n o u n c e d  in  t h e  case  o f  t h e  r e t in a  t h a n  in  t h a t  o f  m u sc le . I t  is m a n ife s te d  in  n e a r ly  

t h e  sam e d e g re e  to  s t im u la t io n  b y  l ig h t ,  a n d  to  s t im u la t io n  b y  t e ta n is in g  c u r r e n ts  

(pp . 1 3 2  a n d  1 5 1 ) .

V O L. C X C III .— B.

* Ku h n e  a n d  St e in e r , ‘ I .  N e t z h a u t , ’ p . 3 5 7 ,  

Y
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1 6 2 D R . W A L L E R  O N  T H E  R E T IN A L  C U R R E N T S  O F T H E  F R O G ’S E Y E ,

C o lo u re d  l ig h t s  a c t  in  t h e  sa m e  d ire c tio n , a n d  in  a c c o rd a n c e  w i th  th e i r  lu m in o s ity . 

N o  e le c tr ic a l  e v id e n c e  is o b ta in e d  o f  a n ta g o n is t ic  in f lu e n c e  (p. 136).

T h e  re sp o n se  is te m p o ra r i ly  a b o lish e d  a t  m o d e ra te ly  h ig h  t e m p e r a tu re ,  a n d  p e r 

m a n e n tly  a b o lish e d  b y  f re e z in g  (p. 137).

T h e  re sp o n se  is te m p o ra r i ly  a b o lish e d  b y  a n a e s th e tic s  (p . 138).

W i t h  la p se  o f  t im e — o r im m e d ia te ly  in  c o n se q u e n c e  o f  p a r t i a l  in ju ry ,  t h e  c h a r a c te r  

o f  t h e  re sp o n se  to  l ig h t  a l t e r s  i ts  ty p e . T h re e  s ta g e s  a re  to  b e  re c o g n ise d  in  

a c c o rd a n c e  w i th  th e  s t a t e  o f  t h e  r e t in a ,  a s  ( a )  f re s h  ; t r a n s i t i o n a l ; (c) s ta le  (p. 140).

I n  t h e  f i r s t  s ta g e  t h e  re sp o n se  is p o s itiv e .

I n  t h e  se c o n d  s ta g e  th e  re sp o n se  is m ix e d .

I n  t h e  t h i r d  s ta g e  th e  re sp o n se  is n e g a tiv e .

T h e  in te r v a l  o f  t im e  b e tw e e n  s t im u lu s  a n d  re sp o n se  is m u c h  in  e x c e ss  o f  a  p h y s io 

lo g ic a l l a t e n t  p e rio d . I n  t h e  se co n d  s ta g e  th is  “  p e r io d  o f  h e s i ta t io n  ” m a y  a m o u n t  

to  5 se co n d s  (p. 143).

U n d e r  t h e  in flu e n ce  o f  c a rb o n ic  a c id  t h e  re sp o n se  to  l ig h t  u n d e rg o e s  d im in u t io n  o r  

a b o li t io n  fo llo w ed  b y  se c o n d a ry  a u g m e n ta t io n  (p. 146).

S u b s e q u e n t  to  te ta n i s a t io n  in  e i th e r  d ire c t io n  th e  n o rm a l c u r r e n t  b eco m es s t r o n g ly  

p o s it iv e  (o r  le ss  n e g a tiv e ) . T h is  p o s i t i v e  c h a n g e  g r a d u a l ly  su b s id e s  (p. 147).

T h e  p o s it iv e  re sp o n se  to  l ig h t  s u b s e q u e n t  to  su c h  t e ta n i s a t io n  is m u c h  a u g m e n te d  

(p . 147).

D u r in g  te ta n i s a t io n  o f  m o d e ra te  s t r e n g th  a n d  o f  w h a te v e r  d ire c tio n  t h e  n o rm a l 

c u r r e n t  b eco m es p o s it iv e  (o r less  n e g a tiv e ) . T h is  p o s it iv e  c h a n g e  g r a d u a l ly  su b s id e s  

(p. 151).

S t r o n g  s in g le  in d u c t io n  sh o c k s  o f  w h a te v e r  d ire c tio n  a ro u se  p ro lo n g e d  p o s itiv e  

a f te r -e f fe c ts , t h a t  g r a d u a l ly  su b s id e  (p. 154).

S in g le  c o n d e n se r  d is c h a rg e s  (2 to  10 M .F ., 1 to  7 v o lts ) , o f  w h a te v e r  d ire c tio n , 

a ro u s e  p ro lo n g e d  p o s itiv e  a f te r -e f fe c ts  (p. 155).

I n  c o n se q u e n c e  o f  g e n t le  m a ssa g e  o f  t h e  e y e b a ll , th e  n o rm a l c u r r e n t  b eco m es 

s t r o n g ly  p o s it iv e  (o r le ss  n e g a tiv e ) .  T h is  p o s it iv e  c h a n g e  g r a d u a l ly  su b s id e s  

( p .  1 5 8 ) .

I n  c o n se q u e n c e  o f  g e n t le  m a ssa g e  o f  th e  e y e b a ll , t h e  p o s it iv e  re sp o n se  g iv e s  p la c e  

to  a  n e g a t iv e  re s p o n se  (p. 158).

T h e  re sp o n se  o f  m a m m a lia n  ( c a t ’s) r e t in a  to  l ig h t  is s im ila r  in  ty p e  w ith  t h a t  o i 

f ro g ’s r e t in a — v iz ., p o s it iv e  a t  f ir s t , s u b s e q u e n t ly  n e g a t iv e  (p. 159).

T h e  p o s it iv e  re sp o n se  to  l ig h t ,  th e  p o s itiv e  e ffec t o f  te ta n is a t io n ,  a n d  th e  p o s itiv e  

a f te r -e f fe c t  o f  c o n d e n se r  d is c h a rg e s  a re  su p p re s s e d  b y  a n a e s th e tic s  ( e th e r  a n d  c h lo ro 

fo rm ) a n d  b y  r ise  o f  t e m p e r a tu re  ( to  4 0 -4 5 ° ) . T h e  su p p re ss io n  m a y  be p e rm a n e n t  

o r  te m p o ra ry . A n  a n a e s th e tis e d  l ik e  a  d e a d  e y eb a ll  t e s te d  b y  s in g le  c u r r e n ts  m a n ife s ts  

o n ly  p o la r is a tio n  e ffe c ts  n e g a t iv e  in  d ire c tio n  to  th e  e x c i t in g  c u r re n ts .  T e ta n is a t io n  

th e n  g iv e s  o n ly  p o la r is a tio n  e ffec t in  th e  d ire c tio n  o f  th e  b re a k  sh o ck s, n e g a t iv e  to  th e  

d ire c tio n  o f  th e  m a k e  sho ck s.
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E X C I T E D  B Y  L I G H T  A N D  E X C I T E D  E L E C T R I C A L L Y .  H i  3

A s  r e g a r d s  in fe re n c e s  f ro m  t h e  fa c ts ,  a n d  t h e  th e o r e t i c a l  s ig n if ic a t io n  o f  t h e  l a t t e r ,  

I  a m  v e r y  u n w i l l in g  to  c o m m it m y s e lf  to o  a b s o lu te ly  to  a n y  th e o r e t i c a l  c o n c lu sio n s. 

I  b e lie v e  i t  to  b e  p ro v e d  b y  th e s e  o b s e rv a t io n s  t h a t  t h e  r e t i n a  is t h e  s e a t  o f  a  d o u b le  

e le c t r ic a l  m o v e m e n t , a  s im u lta n e o u s  p o s i t iv e  a n d  n e g a t iv e  e f ie c t, b u t  w h e th e r  t h i s  

d o u b le  e f ie c t  is  t h e  e x p re s s io n  o f  d u p le x  c h a n g e  in  o n e  s u b s ta n c e ,  o r  o f  tw o  c h a n g e s  

in  tw o  d i f f e r e n t  c o m p o n e n ts ,  c a n n o t  b e  s t r i c t l y  d e m o n s tr a te d ,  a n d  m u s t  r e m a in  m a t t e r  

o f  o p in io n . I  a m  o f  t h e  o p in io n  t h a t  w e  h a v e  to  d o  w i th  a  d u p le x  c h a n g e , c o n s t r u c 

t iv e  a n d  d is r u p t iv e ,  in  o n e  s u b s ta n c e . T h e  f u r t h e r  q u e s t io n  a s  to  t h e  c o rre sp o n d e n c e  

o f  t h e  tw o  h y p o th e t i c a l  m o v e m e n ts  w i th  t h e  tw o  o b v io u s  e le c t r ic a l  m o v e m e n ts  

a p p e a r s  t o  m e  to  b e  a n  o p e n  q u e s t io n . K u h n e  a n d  S t e i n e r , w i th o u t  c o m m itt in g  

th e m s e lv e s  v e ry  a b s o lu te ly ,  in d ic a te  a s  t h e i r  o p in io n  t h a t  a  p o s i t iv e  e le c t r ic a l  e ffec t 

is  t h e  to k e n  o f  r e g e n e r a t io n ,  a n d  a  n e g a t iv e  e le c t r ic a l  e f ie c t th e  to k e n  o f  d e c o m 

p o s it io n . I  h a v e  n o  se r io u s  o b je c tio n  to  t h i s  v ie w , n e v e r th e le s s  I  h e s i t a te  to  a d o p t  i t ,  

b y  r e a s o n  o f  t h e  e ffe c ts  o f  c a rb o n  d io x id e  a n d  o f  t e t a n i s a t io n  u p o n  t h e  e le c tr ic a l  

s ig n s . T h e se , a s  f a r  a s  I  h a v e  y e t  s e e n , a r e  in  t h e  se n se  o f  a n  a n a lo g y  b e tw e e n  p o s i

t iv e  v a r ia t io n s  in  r e t i n a  w i th  n e g a t iv e  v a r ia t io n s  in  n e rv e , a n d  b e tw e e n  n e g a t iv e  

e ffe c ts  in  r e t i n a  w i th  p o s i t iv e  e ffe c ts  in  n e rv e . P o s i t iv e  a n d  n e g a t iv e  a re , h o w e v e r , 

p u r e ly  r e la t iv e  a n d  c o n v e n t io n a l  q u a lif ic a tio n s , o f  n o  e s s e n t ia l  s ig n if ic an c e .
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