
THE IMPLICATE BRAIN 

I n i t i a t i o n :  

I t  was a t  C h r i s t m a s - t  i m e  1975 t h a t  t h e  issues o f  quantum phys ics  became 

r e l e v a n t  t o  my e x p l o r a t i o n s  o f  how t h e  b r a i n  works. I had come t o  an impasse 

w i t h  r e g a r d  t o  two aspects o f  b r a i n  f u n c t i o n :  One impasse was t h e  dilemma o f  

w h e t h e r  t o  t h i n k  about t h e  events which occur red  a t  t h e  j u n c t i o n  between, and 

i n  t h e  f i n e  b r a n c h e s  o f ,  n e r v e  c e l l s  as  wave  f o r m s  o r  as s t a t i s t i c a l  

a g g r e g a t e s .  T h i s  dilemma appeared t o  me t o  be s i m i l a r  t o  t h a t  faced i n  quantum 

p h y s i c s  w h e r e  e l e c t r o n s  and  p h o t o n s ,  p a r t i c l e s ,  a t  t imes d i sp l ayed  t h e  

c h a r a c t e r i s t i c s  o f  waves. 

T h e  second impasse had t o  do w i t h  percep t ion .  Ev idence was accumulat ing ' t o  

s h o w  t h a t  t h e  n e r v e  c e l l s  o f  t he  p a r t  o f  t h e  c e r e b r a l  c o r t e x  connected t o  t h e  

r e t i n a  responded t o  a  t r ans fo rm  o f  t h e  r e t i n a l  image, a  t r a n s f o r m  which y i e l d e d  

w h a t  F e r g u s  C a m p b e l l  and  John  Robson o f  Cambridge U n i v e r s i t y  (1968) c a l l e d  

" s p a t i a l  f r e q u e n c y . "  S i n c e  t h e  same t r a n s f o r m a t i o n  a l s o  occur red  i n  t h e  

f o r m a t i o n  o f  t h e  r e t i n a l  image b y  t h e  p u p i l  and lens o f  t h e  eye, t h e  ques t i on  

a r o s e  as t o  w h e t h e r  t h e  " s p a t i a l  f r e q u e n c y "  domain a l s o  c h a r a c t e r i z e d  t h e  

p h y s i c s  of t h e  v i s u a l  wor ld  which we perce ive .  

I t o o k  t h e s e  i s s u e s  t o  my o l d e s t  son, a  p h y s i c i s t  and superb teacher ,  who 

g a v e  me a n  i n t e n s i v e  c o u r s e  i n  quantum phys ics  over t h e  Chr istmas ho l i days .  

T o w a r d  t h e  end o f  h i s  r e a l l y  e x c e l l e n t  b r i e f s ,  and hav ing completed some of t h e  

e s s e n t i a l  r e a d i n g s  such as "Phys ics  f o r  Poets"  (March, 1978) and t h e  l i k e ,  I 

r e m a r k e d  how happy  I was t o  be a  n e u r o s c i e n t i s t  and no t  a  p h y s i c i s t :  we have 

o u r  p r o b l e m s  b u t ,  b y  comparison t o  what seems t o  be t he  conceptua l  muddle o f  

quantum phys i cs ,  w e ' r e  do ing a l r i g h t .  



My s o n  r e p 1  i e d ,  as h a v e  many o ther  p h y s i c i s t s  (and a l so  K a r l  Popper t h e  

p h i  l o s o p h e r  when I f a c e d  h im w i t h  t h e  same i s s u e )  t h a t  modern phys i cs  i s  no t  

i n t e r e s t e d  i n  concepts ;  t h e  mathematical  f o r m u l a t i o n s  a re  so p r e c i s e  and have 

h a d  s o  much  p r e d i c t i v e  v a l u e  t h a t  c o n c e p t u a l i z a t i o n  i s  no t  o n l y  no t  necessary  

b u t  ge ts  i n  t h e  way. 

" H o w e v e r , "  h e  added, " t h e r e  a re  a  few p h y s i c i s t s  who d o n ' t  agree t o  t h i s .  

T h e y  a r e  f a r  o u t  t y p e s  who would appeal t o  you." And he gave me some names 

s u c h  as  Max Jammer and D a v i d  Bohm, and  r e f e r e n c e s  t o  t he  books t h e y  had 

w r i t t e n .  

S y n c h r o n i c i t y :  

B a c k  a t  S t a n f o r d ,  no t  a  week had elapsed b e f o r e  I was asked whether I had 

h e a r d  o f  D a v i  d  Bohm. My r e p l y  was p r o f e s s i o n a l .  Had I no t  j u s t  "g radua ted?"  

O f  c o u r s e  I h a d  heard o f  Dav id  Bohm. Desp i te  my hub r i s ,  I was g e n t l y  adv ised 

o f  t w o  p a p e r s  w h i c h  Bohm h a d  w r i t t e n  and  w h i c h  h a d  b e e n  p u b l i s h e d  i n  

Founda t ions  o f  T h e o r e t i c a l  Phys ics  i n  1971 and 1973. 

T h i  s  was o n  F r i d a y  a f te rnoon .  Saturday morning I awoke e a r l y  and read  t h e  

t w o  p a p e r s .  Bohm, i n  s imp le  c l e a r  language, dec la red  t h a t  indeed t h e r e  were 

c o n c e p t u a l  problems i n  b o t h  macro- and mic rophys ics ,  and t h a t  t h e y  were n o t  t o  

b e  s w e p t  u n d e r  t h e  c a r p e t .  The problems were e x a c t l y  those  which my son had 

p o i n t e d  o u t  t o  me. And,  f u r t h e r ,  Bohm s u g g e s t e d  t h a t  t h e  r o o t  o f  those  

p r , o b l  ems was t h e  f a c t  t h a t  c o n c e p t u a l i z a t i o n s  i n  phys ics  had f o r  c e n t u r i e s  been 

b a s e d  on t h e  use of lenses which o b j e c t i f y  ( indeed  t h e  lenses o f  te lesopes  and 

microscopes a re  c a l  l e d  o b j e c t i v e s  1. Lenses make o b j e c t s ,  p a r t i c l e s .  

S h o u l d  o n e  l o o k  t h r o u g h  g r a t i n g s  r a t h e r  than  lenses,  one migh t  see a 

h o l  o g r a p h i c - l i k e  o rder  which Bohm c a l l e d  i m p l i c a t e ,  en fo lded  ( i m - p l i c a r e ,  L a t i n  



t o  f o l d  i n  ) .  He p o i n t e d  o u t  t h a t  i n  a  hologram t h e  whole i s  e n f o l d e d  i n t o  

e v e r y  p o r t  i o n  a n d  t h e r e f o r e  t h e  whole can be r e c o n s t r u c t e d  f rom each and any 

p a r t .  

I was e x u b e r a n t .  Bohm h e l d  t h e  answers which I had been seek ing.  I had 

f o r  y e a r s  ( P r i b r a m ,  1 9 6 6 ;  1971) m a i n t a i n e d  t h a t  p a r t  o f  t h e  p u z z l e  of b r a i n  

f u n c t i o n i n g ,  e s p e c i a l l y  t h e  d i s t r i b u t e d  aspects o f  memory s t o r a g e  and t h e  

t r a n s f o r m a t  i o n  i n t o  t h e  s p a t  i a 1  f r e q u e n c y  domain, resembled t h e  process b y  

w h i c h  h o 1  o g r  ams a r e  c o n s t r u c t e d .  My hunch t h a t  perhaps t h e  p h y s i c a l  i n p u t  t o  

t h e  s e n s e s  shared t h i s  t r a n s f o r m  domain seemed t o  be s u f f i c i e n t l y  r e a l i s t i c  t o  

be shared b y  one o f  t h e  major  c o n t r i b u t o r s  t o  t h e o r e t i c a l  p h y s i c s .  

T h a t  S a t u r d a y  m o r n  i n g  I was p e r f o r m i n g  some s u r g e r y  and my s e c r e t a r y  had 

a s k e d  t o  b e  p r e s e n t  s i n c e  s h e  had never seen me p e r f o r m  a  b r a i n  o p e r a t i o n .  

D u r i n g  t h e  s u r g e r y  (wh ich  went w i t h o u t  d i f f i c u l t y )  I e x p l a i n e d  n o t  o n l y  what I 

w a s  d o i n g  t o  t h e  assembled team, b u t  a l s o  t o l d  them o f  t h e  good news c o n t a i n e d  

i n  D a v i d  Bohmls two t h e o r e t i c a l  a r t i c l e s .  My s e c r e t a r y  asked " I s  t h i s  t h e  same 

D a v i d  Bohm who has i n v i t e d  you t o  a  con fe rence  a t  Brockwood Park t o  meet w i t h  

K r i s h n a m u r t i ? "  

I h a d  n o t  r e g i s t e r e d  t h a t  i n v i t a t i o n  i n  my memory, b u t  we looked  i t  up 

1 a t e r  t h a t  morn ing and indeed t h e r e  was my t h i r d  encounter  w i t h  Dav id  Bohm t h a t  

week! O b v i o u s l y  we were meant t o  meet. 

M e e t  we d  i d, and o f t e n  over  t h e  n e x t  decade. I went t o  London even b e f o r e  

t h e  B r o c k w o o d  Park c o n f e r e n c e  and have r e t u r n e d  t h e r e  many t i m e s  t o  t h r a s h  o u t  

s p e c i f  i c  p r o b l e m s  w i t h  D a v i d  Bohm a n d  h i s  c l o s e  a s s o c i a t e ,  B a s i l  H i l e y .  

A l w a y s ,  b o t h  w e r e  g r a c i o u s  a n d  p a t i e n t  i n  t h e  f a c e  of my ignorance,  and 

e x p l a i n e d  e v e r y t h i n g  t o  me i n  g r e a t  d e t a i l .  



O n l y  o n c e  d i d  Bohm become impa t i en t :  I cha l lenged  h im  when he expressed 

t h e  b e l i e f  t h a t  t h e  un i ve r se  was a l l  " t hough t "  and r e a l i t y  e x i s t e d  o n l y  i n  what 

we t h o u g h t .  I e x p r e s s e d  dismay w i t h  t h i s  pe rspec t i ve .  Why, if t h a t  were so 

w o u l d  I n e e d  t o  p e r f o r m  exper iments  and why would t h e y  so o f t e n  come up w i t h  

r e s u l t s  c o n t r a r y  t o  w h a t  I h a d  been t h i n k i n g .  Bohm answered t h a t  t h a t  was 

b e c a u s e  my though ts  were p robab l y  muddled --- t o  which I u n f o r t u n a t e l y  had t o  

a g r e e .  B u t  then I noted t h a t  t h e  exper imenta l  r e s u l t s  were u s u a l l y  ve r y  c l e a r  

and  n o t  muddled a t  a l l ,  and t h e r e f o r e  r e a l i t y  seemed no t  t o  r e f l e c t  my muddled 

t hough t s .  

T h e  a r  gument  became somewhat heated and I decided t h a t ,  s i n c e  Bohm had n o t  

b e e n  f e e l i n g  t o o  w e l l ,  I had b e t t e r  back down. (Bohm went i n t o  t h e  h o s p i t a l  t o  

h a v e  h e a r t  bypass su rge ry  a  few weeks l a t e r .  S ince I d i d  no t  win t h e  argument, 

I seem n o t  t o  b e a r  r e s p o n s i b i  l i t y  f o r  t h i s  t u r n  o f  events .  A f t e r  a l l ,  my  

t h o u g h t s  c o u l d  no t  have determined Dav id ' s  d i f f i c u l t i e s  w i t h  h i s  h e a r t  s i n c e  I 

was n o t  aware o f  them. Bohm has recovered f u l l y ,  and n e i t h e r  he nor H i l e y  have 

blamed me f o r  t h e  episode.) 

The Plenum: 

A r e  t h e  events o c c u r r i n g  a t  t h e  j u n c t i o n s  between and i n  t h e  f i n e  d e n d r i t i c  

b r a n c h e s  of nerve c e l l s  t o  be cons idered  as waves o r  as s t a t i s t i c a l  aggregates? 

W h a t  makes  e l e c t r o m a g n e t i c  e n e r g y  m a n i f e s t  as p a r t i c l e s  u n d e r  some 

c  i . r c u m s t  a n c e s  and  as waves  u n d e r  o t h e r s ?  I s  N i e l s  B o h r ' s  c o m p l i m e n t a r i t y  

f o r m u l  a t i o n  (1934)  t h e  bes t  we can do? 

An a n s w e r  t o  t h e s e  q u e s t i o n s  took t h e  f o l l o w i n g  f o rm  and was reached i n  

s e v e r a l  s t e p s .  Bohm i n d i c a t e d  t o  me t h a t  i t  was i n a p p r o p r i a t e  t o  ask these  

q u e s t i o n s  i n  t h e  f o rm  t h a t  I d i d .  The ques t ion  cou ld  no t  be framed i n  terms o f  



e i  t h e r / o r ;  r a t h e r ,  waves and par t i c les  ( s t a t i s t i c a l  events)  mutually imply each 

o t h e r .  I n  t h i s  f o r m u l a t i o n ,  B o h r ' s  c o m p l i m e n t a r i t y  was r e p l a c e d  by 

i m p 1  i c a t  i o n ,  an e n t i r e l y  d i f f e r e n t  c o n c e p t i o n .  Bohr had i n v e n t e d  

compl ime ta r i t y  t o  indicate  t ha t  at .any one moment, w i t h  any spec i f i c  technique, 

o n l y  one  aspect  of a t o t a l i t y  could be grasped. Heisenberg (19551, addressing 

t h e  s ame i s sue ,  proposed the uncertainty principle:  we can never be completely 

o b j e c t  i  ve i n  our knowledge because knowing involves the techniques by which we 

make o u r  observations.  As Wigner, Heisenberg's p u p i  1 ,  has pointed out (19691, 

modern physics no longer deals  w i t h  observables b u t  with observations. 

Bohm' s a1 t e r n a t e  c o n c e p t u a l i  z a t  i  on of t h e  wave/par t ic le  implication 

d e m o n s t r a t e d  t h a t  indeed both aspects of the t o t a l i t y  could be grasped i n  one 

s e t  t i  ng.  I n o t e d  that  physics had made conceptual sense in the days of Clerk 

Maxwell when t h e  universe was f i l l e d  w i t h  an ether and par t i cu la r  events made 

waves i n  t h a t  medium. The modern era of conceptual confusion seemed to  a r i s e  

w i t h  t h e  abandonment  of t h e  e t h e r  b y  E i n s t e i n  i n  h i s  special  theory of 

r e l a t i v i t y ,  and by Michaelson and Morley (See Holton, 1973) on the  bas is  of 

t h e i r  f a i  l u r e  t o  demonstrate a d i s t o r t i ng  drag on the  presumed ether produced 

by t he  e a r t h ' s  ro ta t ion .  

So why n o t  r e i n v e n t  t h e  e the r ?  Perhaps give i t  a new name so as not t o  

c o n f u s e  the  concept with the one now discredi ted .  Dirac (1951) and others had 

a l r e a d y  made t h e  same proposal. In f a c t ,  Bohm had suggested t h i s  solut ion t o  

E i n s t e , i n  i n  1 9 5 3  and E i n s t e i n  had repl ied  that  such a solution was a cheap 

s h o t ,  meaning t h a t  i t  s i m p l y  r e p l a c e d  one s e t  of problems with another. 

Nonet  he less ,  Bohm and Hiley pursued the idea, and proposed (1975)  the existence 

of a medium which t h e y  c a l  l e d  the "quantum potent ia l . ' '  Events, p a r t i c l e s ,  



p e r t u r b e d  t h e  med ium i n  s u c h  a  way as t o  account f o r  t h e  wave aspects of 

quantum mechanics. 

H i l e y  a n d  Bohm t h e n  d e m o n s t r a t e d  i n  a  c o m p u t e r  s i m u l a t i o n  how t o  

s  i mu 1 t a n e o u s l y  account f o r  b o t h  t h e  p a r t i c l e  and t h e  wave aspects o f  t h e  s i n g l e  

a n d  d o u b l e  s l i t  e x p e r i m e n t s  ( 1 9 7 6 ) .  These exper iments  had ep i tomized  t h e  

c o n c e p t u a l  d i l e m m a  o f  q u a n t u m  p h y s i c s  as e x p r e s s e d  i n  t h e  i n f a m o u s  

S c h r o e d i n g e r ' s  c a t  (which seemed t o  be both a l i ve /dead )  and t h e  c o l l a p s e  o f  t h e  

w a v e  f u n c t i o n  ( w h i c h  i n d i c a t e d  t h a t  when t h e  c a t  was a c t u a l l y  observed, t h e  

observer  dec ided  t h a t  t h e  c a t  was indeed dead or  a l i v e ) .  

T h e  m u t u a l  i m p 1  i c a t i o n  o f  p a r t i c l e  and wave was thus demonstrated. True,  

t h e  q u a n t u m  p o t e n t i a l  as a  medium had t o  have some s p e c i a l  p r o p e r t i e s .  I t  

c e r t a i n l y  c o u l d  no t  produce drag. I t  had t o  be a  p o t e n t i a l  which was man i f es t  

t o  o b s e r v a t i o n  o n l y  when pe r t u rbed  (by  a  p a r t i c u l a r  even t ) .  But i s  t h i s  any 

w o r s e  t h a n  i g n o r i n g  i n f i n i t i e s  i n  equat ions when i t  i s  necessary  t o  do so i n  

o r d e r  t o  make p r e d i c t i o n s ?  

T h e  concep t  o f  a  quantum p o t e n t i a l  does indeed r a t i o n a l i z e  n o t  o n l y  quantum 

p h y s i c s  b u t  a l s o  cosmology. When a  plenum composed o f  e l ec t r omagne t i c  energy 

a n d  p  1  asma r a t h e r  than  an empty vacuum c h a r a c t e r i z e s  t he  un ive rse ,  ' t h e r e  i s  no 

1  o n g e r  a n y  need fo r  someone w i t h  a  pea shooter  on Andromeda t o  shoot  p a r t i c l e s  

( p h o t o n s  t o w a r d  t h e  e a r t h  so t h a t  we might  see them. Rather ,  a  p e r t u r b a t i o n  

o f  t h e  q u a n t u m  p o t e n t i a l  occurs  on Andromeda, t h e  p e r t u r b a t i o n  i s  t r a n s m i t t e d  

a s  a  wave  f o r m  t o  u s ,  w h e r e  i t  reaches t h e  shores of our v i s u a l  r ecep to r s .  

Here t h e  wave breaks i n t o  p a r t i c l e s  and t he  breakers  are pe rce i ved  as l i g h t .  



Nan-local Processes i n  t h e  B r a i n :  

N o n - 1  o c a l  i t y  was o n e  of t h e  b a s i c  i ssues  which had s t i m u l a t e d  my i n i t i a l  

f o r a y  i n t o  p h y s  i c s  . When p a t i e n t s  s u f f e r  damage t o  t h e i r  f o r e b r a i n s  t h e y  do 

n o t  l o s e  p a r t i c u l a r  m e m o r y  t r a c e s .  T h e y  may n o t  be a b l e  t o  speak o r  t o  

i d e n t i f y  o b j e c t s  v i s u a l l y  o r  t a c t i l y .  They may even l o s e  t h e  a b i l i t y  t o  r e c a l l  

a  w h o l e  mnemi  c  c a t e g o r y  (War r ing ton ,  1983), b u t  i n d i v i d u a l  s p e c i f i c  memories 

s e e m  t o  b e  s u f f i c i e n t l y  d i s t r i b u t e d  s o  t h a t  t h e y  may be r e c a l l e d  d e s p i t e  

e x t e n s i v e  damage. The memory t r a c e s  may, o f  course,  be  l o c a t e d  e lsewhere i n  t h e  

b r a i n  t h a n  i n  t h e  damaged p a r t ,  b u t  t h e n  t h e  mechanism b y  which t h e  t r a c e s  a r e  

r e c a l  l e d  mus t  t o  some e x t e n t  be d i s t r i b u t e d  o r  e l s e  t h e r e  would be a t  l e a s t  an 

o c c a s i o n a l  i n s t a n c e  where some s i n g 1  e  i s 0 1  a t e d  memory l o s s  would be  produced. 

T h e  i n v e n t i o n  o f  h o l o g r a p h y  seemed t o  h o l d  t h e  k e y  t o  u n d e r s t a n d i n g  t h i s  

d i  s t r  i b u t e d ,  n o n - l o c a l  aspect  o f  memory s t o r a g e  and r e t r i e v a l ,  as w e l l  as t h e  

c o n s t r u c t i v e  aspects  o f  p e r c e p t i o n .  I f ,  indeed, t h e  i n p u t  t o  t h e  p u p i l  o f  t h e  

e y e  c a m e  i n  t h e  f o r m  o f  w a v e f r o n t s  o f  e l e c t r o m a g n e t i c  p o t e n t i a l s ,  such 

p o t e n t i a l  o r d e r s  had t h e  d i s t r i b u t e d ,  n o n - l o c a l ,  e n f o l d e d  c h a r a c t e r i s t i c s  which 

w e r e  a l s o  c a p t u r e d  i n  t h e  process o f  ho lography.  As w e l l ,  c e r t a i n  aspects  o f  

b r a i n  p h y s i o l o g y ,  such as t h e  f a c t  t h a t  s i n g l e  c e l l s  i n  a u d i t o r y  somatosensory 

a n d  v i s u a l  c o r t i c e s  r e s o n a t e  t o  l i m i t e d  bandwidths  of t h e  energy spectrum, 

a p p e a r e d  t o  s h a r e  t h e  a t t r i b u t e s  o f  t h e  h o l o g r a p h i c  p rocess  (Pr ibram,  Nuwer & 

B a r o n ,  1 9 7 4 ) .  T h e s e  t u n i n g  cu rves  r e f l e c t  t h e  d e n d r i t i c  non-propagated s l o w  

p o t e n t i a l s  - - -  t h e  h y p e r -  a n d  d e p o l  a r  i z a t i o n s  --- which c h a r a c t e r i z e  t h e  

d e n d r i t i c  p a t t e r n s  i n  r e c e p t o r  s u r f a c e  and c o r t e x  which a re  c o n s t i t u t e d  i n  

r e s p o n s e  t o  t h e  sensory  i n p u t .  

On t h e  b a s i s  o f  B o h m ' s  c o n c e p t i o n ,  i t  i s  n o t  t h e  r i g h t  q u e s t i o n  t o  ask 

w h e t h e r  t h e s e  s l o w  p o t e n t i a l s  ( h y p e r p o l a r i z a t i o n s  and d e p o l a r i z a t i o n s )  

o  c c u r r i n  9  i n  t h  e  



r e c e p t o r s  and i n  t h e  nerve c e l l  s t r u c t u r e s  o f  the  b r a i n  a re  t o  be conceived as 

s t a t i s t i c a l  e v e n t s  o r  as waves. P o l a r i z a t i o n s  occur i n  a  medium p rov i ded  b y  

s u c h  c e l  1  s  as t h e  M u e l l e r  i n  t h e  r e t i n a  and t h e  o l i g o d e n d r o g l i a  c e l l s  i n  t h e  

b r a i n ,  c e l  1  s  w h i c h  envelope t h e  f i n e  branches o f  neurons. T h i s  medium can be 

conceived as a  m a n i f o l d  w i t h i n  which t h e  p o l a r i z i n g  events a re  produced. 

M u t u a l  i m p l  i c a t  i on ,  r a t h e r  than e i t h e r l o r ,  bes t  desc r ibes  t h e  m i c roneu ra l  

r e l a t i o n s h i p .  T h u s ,  t h e  mathemat ica l  f o rmu la t i ons  which have been developed 

f o r  q u a n t u m  f i e l d  t h e o r y  shou ld  go a  long way toward e x p l a i n i n g  such phenomena 

as t h e  s a l  t i t o r y  e f f e c t s  which occur i n  d e n d r i t i c  networks and a re  r e s p o n s i b l e  

f o r  i n f l u e n c i n g  nerve c e l l  ou tpu t  i n  an appa ren t l y  non- loca l  f ash ion .  

Spacetime and t h e  I m p l i c a t e  Order:  

An e q u a l l y  i m p o r t a n t  s t e p  i n  u n d e r s t a n d i n g  came a t  a meet ing a t  t h e  

U n i  v e r s  i t y  o f  C a l i f o r n i a  i n  Be rk l ey ,  i n  which Henry Stapp and G e o f f r e y  Chew o f  

t h e  D e p a r t m e n t  o f  Phys ics  p o i n t e d  out  t h a t  most o f  quantum phys ics ,  i n c l u d i n g  

t h e i r  b o o t s t r a p  f o r m u l  a t  i ons based on He isenberg 's  s c a t t e r  ma t r i ces  (Stapp, 

1 9 7 1  ; Chew, 1971), were descr ibed  i n  a  domain which i s  t h e  F o u r i e r  t r a n s f o r m  o f  

t h e  space t  i me domai n. 

T h i s  was o f  g r e a t  i n t e r e s t  t o  me because Russe l l  and Karen DeValois o f  t h e  

same u n i v e r s i t y  h a d  shown t h a t  t h e  s p a t i a l  f r equency  encoding d i sp l ayed  b y  

c e l l s  o f  t h e  v i s u a l  c o r t e x  was bes t  desc r ibed  as a  F o u r i e r  t r a n s f o r m  o f  t h e  

i n p u t  p a t t e r n  (1980) .  The F o u r i e r  theorem s t a t e s  t h a t  any p a t t e r n ,  no ma t t e r  

how c o m p l e x ,  c a n  b e  a n a l y z e d  i n t o  r e g u l a r  waveform components of d i f f e r e n t  

f r e q u e n c i e s ,  a m p l i t u d e s ,  and (phase) r e l a t i o n s  among f requenc ies .  F u r t h e r ,  

g i  v e n  such components, t h e  o r i g i n a l  p a t t e r n  can be recons t ruc ted .  T h i s  theorem 

was t h e  b a s i s  f o r  Gabor 's  i n v e n t i o n  of ho lography (1946).  



A t  a  s u b s e q u e n t  m e e t i n g  Bohm agreed t h a t  i n  h i s  concept o f  an i m p l i c a t e  

o r d e r  ( a t  l e a s t  a t  a  f i r s t  l e v e l )  t h e  en fo l d i ng  was of space and t ime,  and t h a t  

a t  t h i s  l e v e l  t h e  i m p l i c a t e  and t h e  e x p l i c a t e  (spacet ime)  domains were r e l a t e d  

by  a  F o u r i e r  t r ans fo rm .  

S e n s o r y  exper ience  i s  i n  spacetime. When we say t h a t  we wish t o  make sense 

o f  s o m e t h i n g  we mean t o  p u t  i t  i n t o  spacetime terms, t h e  terms of Euc l i dean  

g e o m e t r y ,  c l o c k  t ime,  e tc .  The F o u r i e r  t rans fo rm domain i s  p o t e n t i a l  t o  t h i s  

s e n s o r y  d o m a i n .  T h e  w a v e f o r m s  w h i c h  compose  t h e  o r d e r  p r e s e n t  i n  t h e  

e l e c t r o m a g n e t i c  s e a  w h i c h  f i l l s  t h e  u n i v e r s e  make up an i n t e r p e n e t r a t i n g  

o r g a n i z a t i o n  s i m i l a r  t o  t h a t  which c h a r a c t e r i z e s  t he  waveforms "b road l y  c a s t "  

b y  o u r  r a d i o  a n d  t e l e v i s i o n  s t a t i o n s .  Cap tu r ing  a  momentary c u t  across these  

a i  r w a v e s  would c o n s t i t u t e  t h e i r  hologram. The .b roadcas ts  a re  d i s t r i b u t e d  and . a t  

any l o c a t i o n  t h e y  a re  en fo lded  among one another.  

I n  o r d e r  t o  make s e n s e  o f  t h i s  cacophany of s i g h t s  and sounds, one must 

t u n e  i n  o n  o n e  a n d  t u n e  o u t  t h e  o thers .  Radios and t e l e v i s i o n  se t s  p r o v i d e  

s u c h  t u n e r s .  Sense organs p r o v i d e  t h e  mechanisms b y  which organisms t une  i n t o  

t h e  c a c o p h a n y  w h i c h  c o n s t  i t u t e s  t h e  quantum p o t e n t i a l  o r g a n i z a t i o n  of t h e  

e lec romagnet i c  energy which f i l l s  t h e  un ive rse .  

Coda: 

T h  i s  i s  my unders tanding,  thanks t o  my son John; t o  Henry Stapp and G e o f f r y  

Chew; and  t o  Bas  i 1  H i l e y  and t o  E l o i s e  Ca r l t on ,  who o f t en  served as c r e a t i v e  

i n t e r p r e t e r  f o r  our  d e l i b e r a t i o n s .  But above a l l ,  I am i ndeb ted  t o  you, Dav id  

Bohm, f o r  p r o v i d i n g  t h e  i n s p i r a t i o n  t o  pursue these  rum ina t i ons  and t o  g i v e  

substance t o  them. 
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