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T r e t e n  E n t a r t u n g s -  u n d  K o r r e l a t i o n s a n f s p a l t u n g e n  nebene in -  
a a d e r  ant ,  so zeigt  das  I R - S p e k t r u m  d e m n a c h  A u f s p a l t u n g  u n d  
zus~tzl iche B a n d e n  im Bereich der  vasNO a u n d  B a n d e n v e r d o p p -  
l ung  n i c h t e n t a r t e t e r  Schwingungen .  Diese Ergebn i sse  weisen  
da r au f  hin,  dab  m i t  der  b i she r  n u t  in Kr i s ta l l en  b e o b a c h t e t e n  
K o r r e l a t i o n s a u f s p a l t u n g  s u c h  in konzen t r i e r t en  wgBrigen L6- 
s u n g e n  ge rechne t  werden  muB.  
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Graphi t ic  Acid can  reac t  w i t h  d i a z o m e t h a n e  [1] or  acetic an -  
hyd r ide  [2] loca t ing  m e t h y l  or ace ty l  g roups  on t he  in te r layer  
surfaces .  Th i s  fac t  is ref lected in t he  i n c r e m e n t  of t he  basa l  
spac ing  a n d  in t he  o r i en ta t ion  of t he  sorbed molecules.  

The  in te r l ayer  o r i en ta t ion  of organic  molecules  in m e t h y l -  
a ted  graphi t ic  acid ha s  been s tud ied  b y  ARAG6N and  MAC- 
EWAN [3], ARAG6N and  CASTRO [g]. The  s t u d y  of t he  ace ty la t e  

Table. Basal spacing in A 

Acetyla ted Graphitic 
Complexing sustance graph, acid acid 

None 10.90 7.08 
Methanol 1 t .78 8.04 
Ethanol 12.35 8.63 

{~6.50 
PropanoI 13.59 9.06 

J 14.72 Isopropanol 12.18 [ 8.84 

J'17.66 Butanol 13.59 [ 8.97 
Dimethyl ketone 12.18 9.00 
Ethyl  butyl  ketone 13.80 9.02 
Butyl  propyl ketone t 4.24 8.70 
Acetic acid 14.72 8.58 

Methylated graphitic acid gives 8.84 ,~. 

graphi t ic  acid p r e sen t s  a speciaI  in te res t  due  to the  fac t  t h a t  
t he  ace ty l  g roups  h a v e  a g rea te r  l eng t h  t h a n  t he  m e t h y l  
g roups  and  to t he  more  emphas i zed  relief wh i ch  t h e y  give to 
t h e  surface.  If  we give to t he  graphi t ic  acid ske le ton  a theore-  
t ical  basa l  spac ing  of 4.8 ~ [5], we can  a d m i t  t he  ex i s t ence  of 
ace ty l  g roups  pe rpend icu la r  to t he  layers,  based  on t he  in ter-  
a tomic  d i s t ances  and  on v a n  der  W a a l s  radii ,  quo t ed  b y  
PAULI~G [6]. I n  th i s  w a y  t he  ace tyI  g roups  or ig ina te  a series of 
holes  be tween  t h e  layers  wh ich  can  be occupied by  smal l  or- 
ganic  molecules .  If  t hose  molecuIes  a re  g rea te r  t h a n  t he  holes, 
t h e y  wiI1 s epa ra t e  t he  layers ,  b u t  t he i r  o r ien ta t ion  will be  
d i f fe rent  f rom t h a t  a d o p t e d  in t he  case of g raphi t ic  acid. 

We  prepared  graphi t ic  acid by  t h e  HUMMERS a n d  OFF~A~r 
m e t h o d  [7]. I t  was  ace ty l a t ed  w i t h  acet ic  anhydr ide .  T h e  
spac ing  g iven  by  va r ious  compl ex i ng  su s t ances  are  s h o w n  in  
t he  Table .  

Cons ider ing  these  d a t a  we t h i n k  t h a t :  1. T he  ace ty l  g roups  
h a v e  a l tered  t he  t o p o g r a p h y  of t he  graphi t ic  acid. - -  2. The  
sorbed molecules  are  loca ted  in t he  holes  be tween  t he  ace ty l  
g roups  wh ich  inf luence  grea t ly  the i r  or ien ta t ion .  
Repo r t s  on t he  above  m e n t i o n e d  work  will appea r  in Anal .  
Fis.  Quim.  Madr id .  
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Landing Reaction of Musca Domestica Induced 
by Visual Stimuli 

VALENTINO BRAITENBERG and  CLOE TADDEI FERRETTI 

Labora to r io  di Cibernet ica  del C.N.R. ,  I s t i t u to  di Fis ica Teorica  
dell '  Un ive r s i t~  di Napol i  

W h e n  a fly is kep t  s u s p e n d e d  b y  i ts  t h o r a x  (with t h e  h ead  
f ixed to t h e  thorax)  in t he  m a n n e r  p roposed  b y  REICHARDT 
and  F~RM r [1], i t  will no rma l ly  f ly c o n t i n u o u s l y  and  keep i ts  
legs in a charac te r i s t i c  posi t ion.  I t  is descr ibed a n d  i l lus t ra ted  
in E2]. Essen t i a l ly  p e r h a p s  we m a y  u n d e r s t a n d  i t  on  aero-  
d y n a m i c  g rounds .  

W h e n  an  objec t  is m o v e d  br i sk ly  t oward  such  a f ly ing  f ly 
f rom t h e  front ,  a change  in t he  p o s t u r e  of t he  legs  can  be ob- 
se rved :  t h e  f i rs t  two pai rs  are  s t r e t ched  t oward  t h e  ap-  
p roach ing  object .  Th i s  we will call t h e  l and ing  reac t ion  of 
t he  fly, in  accordance  w i th  t h e  t e rmino logy  of GOOD~AX. 
I t  was  a l r eady  shown  b y  GOODMAN, who  pe r fo rmed  exper i -  
m e n t s  in wh ich  va r ious  objec ts  t r u l y  app roached  or receded 
f rom t h e  an imal ,  t h a t  t he  specific s t i m u l u s  for t h e  reac t ion  is 
a v i sua l  one. 

I n  our  own e x p e r i m e n t s  we used  a r o t a t i ng  d isk  fac ing t h e  
an imal ,  on wh ich  a b lack  (ar i thmet ic)  spiral  on a whi te  back-  
g round  was  pa in ted .  Such  a d isk  to a h u m a n  observer  gives 
an  impress ion  v e r y  m u c h  like a p a t t e r n  e x p a n d i n g  or con t rac t -  
ing, depend ing  on t he  sense  of t he  ro ta t ion .  W e  could t h u s  
isolate,  ou t  of t h e  v i sua l  s t i m u l u s  p rov ided  b y  a n  a p p r o a c h i n g  
(or receding) object,  t h e  c o m p o n e n t  wh ich  is due  pu re ly  to t h e  
e n l a r g e m e n t  (or t he  cont rac t ion)  of t h e  f igure perceived.  I n  
fac t  possible  effects of perspect ive ,  or effects  of t he  va r i a t i on  
of to ta l  l u m i n o u s  f lux  are  comple te ly  e l imina ted  in our  ex-  
pe r iment .  Also, t he  fly was  s epa ra t ed  f rom the  d isk  b y  a p an e  
of ar t i f icial  organic  glass to e l imina te  t he  possible  effects  of 
air m o v e m e n t .  

I t  was  s h o w n  conclus ive ly  t h a t  l 

a) t he  l and ing  reac t ion  occurred only w h e n  t he  d i sk  was  ro ta t -  
ed in t he  sense  wh ich  p roduces  an  expans ion  of t he  image,  
neve r  w i th  c o n t r a r y  ro ta t ion .  

b) t he re  is a th resho ld  to t he  l and ing  react ion,  in t e r m s  of t h e  
angu l a r  ve loc i ty  of t he  expans ion  of t h e  p a t t e r n  as seen b y  t h e  
tly, i. e, t h e  difference of t h e  angles  u n d e r  wh ich  t h e  image  is 
seen  by  t he  f ly a f te r  u n i t a r y  i n c r e m e n t s  of t ime.  I n  fact ,  if t h e  
d i s tance  be tween  t h e  f ly and  t he  d isk  was  increased,  t he  veloc- 
i ty  of t he  ro t a t ion  or t he  w i d t h  of t h e  spiral  h a d  to be in-  
creased to ob ta in  t he  react ion.  Similarly,  na r rower  spirals  m e t  
t he  t h r e sho ld  on ly  if t he  ve loc i ty  of t he  ro t a t ion  was  increased  
or t he  d i s t ance  was  decreased,  etc. 

A dependence  of t he  l and ing  reac t ion  on t he  level of i l lumi-  
n a t i o n  was  also observed,  in t he  sense  t h a t  a decrease  of t h e  
to ta l  l u m i n o u s  f lux  fac i l i ta ted  t he  l and ing  react ion.  

I t  is v e r y  p laus ib le  t h a t  t he  pe rcep t ion  of e n l a r g e m e n t  of  a n  
image  m a k e s  use  of t he  m e c h a n i s m  es tab l i shed  b y  HASSEN- 
STEIN, RmCHARDr and  o thers  [3, g] for t he  pe rcep t ion  of 
m o v e m e n t  in insects .  Therefore ,  i t  will be i n t e r e s t i ng  to see 
w h e t h e r  t he  l and ing  reac t ion  of t he  f ly depends  on va r ious  
p a r a m e t e r s ,  such  as t he  con t r a s t  of  t he  pa t t e rn ,  t he  a n g u l a r  
ve loc i ty  of expans ion ,  t he  i l lumina t ion ,  etc.,  q u a n t i t a t i v e l y  
in t he  s ame  w a y  as descr ibed b y  REICHARDT and  FERMI [1] 
for t he  o p t o m o t o r  reac t ion  of t he  s ame  an imal .  

Th i s  research  ha s  been  sponsored  in p a r t  b y  A F  E O A R  6544. 
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