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s ta lks  to  exceed 40% a n d  was the re fore  u n a b l e  to  con-  
f i rm th i s  f inding.  Th e  c o n t r a c t e d  s p a s m o n e m e  d isp lays  
t he  mechan ica l  p roper t i e s  of a swollen r u b b e r  2, t he re fo re  
i ts vo lume  m a y  v a r y  w i t h  s t re tch ing ,  increas ing  r o u g h l y  
as t he  square  roo t  of t he  ex tens ion  ra t io  15. B y  r e s t r a i n ing  
the  c o n t r a c t e d  s p a s m o n e m e  a t  t he  re laxed  s t a lk  length ,  
i t  is he ld  a t  a n  ex tens ion  r a t i o  close to  three ,  a n d  the re -  
fore t he  decrease  in s p a s m o n e m a l  v o l u m e  m a y  be  even 
g rea te r  d u r i n g  isotonic  con t r ac t ion .  

Th re sho ld  d i v a l e n t  ca t ion  concen t r a t i ons  for glycer-  
o la ted  Carehesium s p a s m o n e m a l  con t r ac t i on  are l is ted 
in t h e  Table.  The  t h r e sho ld  ca lc ium ion c o n c e n t r a t i o n  is 
s imi lar  to  t h a t  r epo r t ed  for Vorticella ~ ( included in t he  
Tab le  for compar ison) .  Th re sho ld  is i n d e p e n d e n t  of b o t h  
10 -" g ion/1 m a g n e s i u m  ion and  2 • 10 -8 M ATP,  a n d  is 
on ly  s l igh t ly  sens i t ive  to  p H  b e t w e e n  6.0 a n d  7.5. W i t h i n  
a m a t u r e  colony, no difference in t h r e s h o l d  was ever  ob-  
se rved  b e t w e e n  t he  s p a s m o n e m e s  of older  a n d  of younge r  
s talks,  no r  was a n y  difference in t h r e s h o l d  revea led  be-  
tween  y o u n g  and  m a t u r e  colonies. I n  m a t u r e  colonies, 
t he  f r a g m e n t s  of s p a s m o n e m e  in t he  m a i n  s t a lk  con- 
t r a c t e d  a t  t h e  same t h r e s h o l d  as for  t h e  i n t a c t  spas-  
moneme .  The  same  was  found  in  y o u n g  colonies in  wh ich  
t he  s p a s m o n e m e  h a d  been  d i s rup t ed  b y  pro longed  in- 
c u b a t i o n  in 10- s g ion/1 ca lc ium ion. T he  s p a s m o n e m e  was 
less sens i t ive  to  s t r o n t i u m  a n d  b a r i u m  ions t h a n  to  cal- 
c ium,  and  m u c h  h igher  free ion concen t r a t i ons  were re- 
qu i red  to induce  con t r ac t ion .  I n  o the r  respects ,  s t a lk  
coil ing and  isometr ic  s p a s m o n e m a l  c o n t r a c t i o n  induced  
b y  s t r o n t i u m  or b a r i u m  ions was ind i s t ingu i shab le  f rom 
those  induced  b y  calc ium.  Con t r ac t i on  was no t  induced  
b y  m a g n e s i u m  ion buffers  w i t h  a free ion c o n c e n t r a t i o n  

of 10 .3 g ion/l,  even  in t he  presence  of A T E  S p a s m o n e m e  
re -ex tens ion  fol lowed p r o m p t l y  on  ca t ion  che l a t i on  b y  
EGTA.  I n  al l  cases, c o n t r a c t i o n  r e -ex tens ion  cycles could  
be  r epea t ed  m a n y  t imes .  

The  effect iveness  re la t ive  to  ca lc ium of a lkal i  e a r t h  
me ta l s  in  i nduc ing  c o n t r a c t i o n  is 

Ca(1.0) > Sr(0.006) > Ba(0.003) > lVfg(0). 

S imi lar  sequences  are  typ ica l  of t he  equ i l i b r ium b i n d i n g  
c o n s t a n t s  to  ac id i c  si tes on  pro te ins ,  for  examp le  t h e  
ske le ta l  musc le  t r o p o n i n  C ca lc ium b i n d i n g  s i te  ~, a n d  
of b ind ing  to  organic  po lyac ids  such  as c~ poly-L-glu tamic  
acid ~7. I t  h a s  been  sugges ted  t h a t  s p a s m o n e m a l  e x t e n -  
sion resul t s  f rom repuls ion  b e t w e e n  f ixed n e g a t i v e  
charges,  c o n t r a c t i o n  fol lowing charge  neu t r a l i z a t i on  
t h r o u g h  ca lc ium b i n d i n g  2,4. I t  is i n t e r e s t i ng  t h a t  large  
d imens iona l  changes  in cross l inked polyacid  f ibres  m a y  
resu l t  f rom a s imple  change  in t he  degree of f ibre  ioniza-  
t ion.  The  h i g h  re la t ive  s ens i t i v i t y  to  calc ium,  t o g e t h e r  
w i t h  t he  p H  and  m a g n e s i u m  insens i t iv i ty ,  i nd ica te  some 
ion -b ind ing  specificity.  I t  m a y  be  t h a t  s p a s m o n e m a l  
m e c h a n o c h e m i s t r y  resembles  those  po lyac id  f ibre  con-  
t r a c t i ons  t h a t  a c c o m p a n y  ion exchange  be tween  sod ium 
and  calc ium,  where  s h o r t e n i n g  occurs  a b r u p t l y  a t  a 
cr i t ica l  m o n o v a l e n t / d i v a l e n t  ca t ion  ra t io  is. 
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Summary. Elec t ron  microscopy  of uns t a ined ,  f resh a i r -dr ied  spreads  of t he  s u b c u t a n e o u s  connec t ive  t issue disclosed 
dense  par t ic les  (6-20 n m  in d iameter )  a t  t h e  d a r k  b a n d s  of col lagen f ibri ls  w i t h  67 n m  per iodic i ty .  T h e  par t ic les  a p p e a r  
to  cons is t  of chlor ides  f rom t he  X - r a y  mic roana lys i s  of collagen fibres. 

E l ec t ron  mic roscopy  of f resh  frozen dr ied u l t r a t h i n  
sect ions  a n d  f resh a i r -dr ied  t i ssue  spreads  h a s  disclosed, 
w i t h o u t  a n y  t r e a t m e n t  (i.e. f ixa t ion,  e m b e d d i n g  or s t a in -  
ing), va r ious  f ine s t r u c t u r e s  e-~. Escape  f rom a n y  c o n t a c t  
w i t h  l iquid  t h r o u g h o u t  t h e  spec imen  p r e p a r a t i o n  is 
essent ia l  to  s t u d y  t h e  d i s t r i bu t i on  of diffusible subs t ances  
in  t i ssues  a t  t he  e lec t ron  microscopic  level.  T he  spec imens  
t h u s  p r e p a r e d  are appl icable  to  e lec t ron  p robe  X - r a y  
microana lys i s  a n d  d r y  m o u n t  a u t o r a d i o g r a p h y .  

E n e r g y  dispers ive  X - r a y  mic roana lys i s  affords a good 
q u a l i t a t i v e  s u r v e y  of e lements ,  t h o u g h  n o t  q u a n t i t a t i v e ,  
in  sma l l  ar6as of t h e  e lec t ron  microscopic  level.  I t  gives 
i n f o r m a t i o n  on  t h e  d i s t r i b u t i o n  of m i ne r a l  e lements ,  w i t h  
a n  a t o m i c  n u m b e r  of more  t h a n  11 (Na), wh ich  is n o t  
ava i l ab le  w i t h  t he  mie ro inc ine ra t ion  procedure .  I n  th i s  
t echn ique ,  i t  is v e r y  diff icul t  to  ove rcome  t h e  loss a n d  
d is loca t ion  of t he  e l ement s  d u r i n g  t h e  spec imen  p repa ra -  
t ion ,  and  to i den t i fy  t he  e l emen t s  of t h e  a s h  a f t e r  t he  
i nc ine ra t i on  5, 6 

Dense  s t r u c t u r e s  in fresh a i r -dr ied  t i ssue  spreads ,  
w h i c h  were revea led  b y  a c o n v e n t i o n a l  e lec t ron  micro-  
scope, were obse rved  f i rs t  w i t h  a s cann ing  t r a n s m i s s i o n  
a t t a c h m e n t  and  t h e n  ana lyzed  for t h e i r  e l emen ta l  c o n t e n  t 

w i t h  a n  ene rgy  d ispers ive  X - r a y  microana lyzer .  T h e  
p la t e l e t  dense  bodies  7, zymogen  granu les  of t he  p a n c r e a t i c  
ac ina r  cellS, neu rosec r e to ry  granules  of t h e  mouse  
p i t u i t a r y  ~, t h e  nuc leus  of a s u b c u t a n e o u s  c o n n e c t i v e  
t i ssue  cell 1~ a n d  m i t o c h o n d r i a l  g ranules  1~ were  e x a m i n e d  
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and  have  a l ready  been repor ted .  In  th is  paper ,  a s t u d y  of 
.dense par t ic les  of subcu taneous  collagen fibrils will be 
p resen ted .  

Three  adul t  mice (male and  female) weighing abou t  
25 g were decap i t a t ed  and pieces of subcu taneous  con- 
nect ive  t issues were r emoved  f rom the  dorsal  skin. Pieces 
of  the  t issue were spread  wi th  a pai r  of needles over  copper  
grids (400 mesh) which were covered in advance  wi th  a 
t h i n  collodion (1.5% isoamyl  acetate)  and  evapo ra t ed  
wi th  a ca rbon  coat ing  on the  slide glass. The spreads  were 
immed ia t e ly  dr ied in air a t  room t empera tu re .  They  were 
c u t  a t  the  edge of t he  grids and  removed.  The grids wi th  
t h e  spread  were t h e n  observed  under  an e lec t ron micro- 
scope (Hi tachi  HS-7) a t  an accelerat ion vol tage of 50 kV. 
E lec t ron  probe  X - r a y  microanalys is  was pe r fo rmed  wi th  
a n  energy  dispers ive  s p e c t r o m e t e r  (Nuclear Diodes,  
E D A X )  wi th  a scanning  t ransmiss ion  appa ra tu s  (JEM- 
ASID)  f i t ted  on an electron microscope (JEM-100 C). The 
accelera t ion vol tage was 60 kV. The subcu taneous  con- 

]Fig. 1. CoiIagen fibrils in the fresh air-dried spread of the sub- 
cutaneous connective tissue of a mouse dorsal skin, showing about 
67 nm periodicity. The specimen was observed without fixation or 
staining under the electron microscope. Particles of various density, 
ranging h'nm 5 to 20 nra in diameter, were co,fined to the dark bands, 
which were about 32 nm in width. The bands probably corresponded 
to 'holes' of the collagen fibrils. Note the periodicity of light and 
dark bands. • 32,000. 

Fig. 2 a) Spectrogram of a spot on a collagen fibril in the fresh air- 
dried spread of the subcutaneous connective tissue, which was 
spread on the copper grid without any supporting film and examined 
by an energy dispersive X-ray microanatyzer. The acceleration voI- 
tage, 60 kV, and the integrated pulse counting was made for 300 see. 
Note only a peak for chlorine, b) Spectrogram of a spot on one of the 
nuclei in the same spread as in a), shown as a eontroI. Lines charac- 
teristic of silicon, phosphorus, sulfur, chlorine, potassium and calcium 
are revealed. 

nec t ive  t issue spread  for the  e lectron probe  X - r a y  micro- 
analysis  was  p repa red  by  spread ing  small  pieces of the  
t issue wi th  a pai r  of needles  over  a clean plast ic  plate .  
Copper  grids which  were washed  in ace tone  were inser ted  
be tween  the  plas t ic  p la te  and  the  t issue spread.  The 
specimens  were f irs t  ex ami n ed  wi th  t he  A S I D  and  the  
fine s t ruc tu re  was observed on the  screen. The electron 
b e a m  was t h e n  d i rec ted  on the  spots  where  the  micro- 
analysis  was to  be per formed.  The  size of t he  beam spo t  
was  abou t  10 n m  in d iameter .  The X - r a y  coun t ing  t ime 
was  300 see. Spo t s  on collagen fibres were analyzed.  Spots  
in a re la t ively  lucent  area be tween  fibres, as well as nuclei  
of connec t ive  t issue cells, were used as controls ,  the  results  
of which  have  a l ready  been  repor ted  10. The spots  on the  
spreads  of blood p lasma 7 and pancrea t i c  ac inar  cells s 
were  also used  as controls .  

The conven t iona l  e lectron microscopy  of t he  fresh air- 
dr ied spread  of the  subcu taneous  connect ive  t issue 
d e m o n s t r a t e d  various subs t ruc tures ,  as was the  case w i th  
spreads  of o the r  t issues 7-1~ and  wi th  f r e s h  frozen dried 
u l t r a th in  sect ions 4. Dense f ibrous s t ruc tures  of various 
th icknesses  were spread  over  the  re la t ive ly  lucent  area. 
They  showed var ious  sizes, in ter lac ing over  the  spread.  
Broad  and th in  fibres as well as ve ry  fine fibrils were 
found.  The broad  fibres were f rom 1.5 to 2 a m  wide and  
showed a to r tuous  course. The th in  f ibres were abou t  
200 n m  wide and  had  a s t r a igh t  course. The ve ry  fine 
fibrils were also found down to  abou t  60 n m  wide. The 
fine fibrils were f r equen t ly  connec ted  wi th  the  above two 
t y p e s  of fibres. The b road  f ibres cor responded  to  collagen 
f ibres and  the  th in  ones to elastic fibres. A h igher  magnif i -  
ca t ion  of the  b road  f ibres and  the  fine fibrils disclosed 
d is t inc t  da rk  and l ight  bands  charac ter i s t ic  of collagen 
fibrils wi th  the  per iodic i ty  of abou t  67 n m  (Figure 1). 
Dark  bands  ranged f rom 25 to 38 n m  in wid th ;  the  mean  
being abou t  32 rim. Light  bands  ranged  f rom 16 to  48 n m  
in w i d t h ;  t he  m e a n  being abou t  35 nm.  The b road  f ibres 
were found  to  be an assemblage of fine fibrils which  were 
abou t  60 n m  across. No per iodic i ty  could be found in 
s t r a igh t  elastic fibres. Dense par t ic les  in collagen fibres 
were conspicuous,  appear ing  globular  in shape  of var ious  
sizes ranging  f rom 6 to  20 n m  in d iameter .  They  filled the  
da rk  bands  and  each of t h e m  exh ib i t ed  qui te  d i f ferent  
densit ies.  Denser  par t ic les  were m o s t  l ikely to  be found  
along the  edge of the  da rk  bands .  The dense par t ic les  
were  clearly seen on the  re la t ive ly  th ick  collagen fibrils 
b u t  few could be found on the  ve ry  fine fibrils (less t h a n  
200 n m  in width) .  Nuclei of connec t ive  t issue cells were 
seen as large dense oval  s t ruc tures ,  adher ing  to  dense  
fibres or d ispersed in re la t ive ly  lucent  areas. The t y p e  of 
ceils was  no t  ident i f ied  in th is  s tudy .  W i t h i n  the  cy to -  
p lasm showing an unclear  boundary ,  the re  were round,  
oval  or e longated  bodies  w i th  homogeneous- looking,  me-  
d ium-dense  mater ia l s  conta in ing  a b u n d a n t  round  dense 
granules of 20-100 n m  in d iameter .  They  seemed to  
cor respond to  mi tochondr ia .  W h e n  the  spreads  were ob- 
served wi th  the  ASID,  a lmost  the  same u l t ras t ruc ture ,  as 
was seen wi th  a convent iona l  e lec t ron microscope, was  
recognized. However ,  ne i the r  t he  dense part icles  nor  the  
per iodic i ty  of collagen fibrils were discernible.  

E n e rg y  dispersive X - r a y  microanalys is  of spots  on 
several  collagen fibres disclosed a h igh  peak  for chlorine 
(Figure 2 a). The microanalys is  of a spot  in a dense  region 
of a nucleus in t he  same spread,  as in t he  above,  de tec ted  
lines charac ter i s t ic  of silicon, phosphorus ,  sulfur, chlorine,  
po t a s s ium and  calcium, (Figure 2b) which  was  previous ly  
r epor ted  1~ This also indicates  t h a t  t he  spec t rome te r  is 
useful to  de t ec t  these  elements .  Analysis  of a spo t  in t he  
lucent  area be tween  f ibres as a cont ro l  showed a d i s t inc t  
b u t  ve ry  low peak  for chlorine. The contro l  spo ts  in t he  
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p rev ious  r epor t s  ~, s gave  no  peaks  for specific d e m e n t s .  
I t  m a y  be conc luded  t h a t  t he re  is a h i g h  a m o u n t  of 
chlor ine  in col lagen f ibres a n d  chlor ides  a p p e a r  concen-  
t r a t e d  in t he  dense  par t ic les  of t h e  col lagen fibrils.  

R o u n d  dense  par t ic les  assoc ia ted  w i t h  col lagen f ibri ls  
h a v e  been  r e p o r t e d  a t  t h e  ea r ly  s tages  of cMcif icat ion in  
t he  per ios tea l  bolle a n d  bone  car t i l age  of t he  ch ick  em-  
b ryo  b y  F i t t o n - J a c k s o n ~ ;  in minera l i zed  t u r k e y  t en -  
dons  l~; ill t h e  r e c o n s t i t u t e d  col lagen f ibr i ls  in v i t ro  la; 
a n d  r ecen t ly  in  t he  calc i fying t e n d o n  m a t r i x  it. GLIM- 
CHaR a n d  KRAN~ ~ h a v e  exp la ined  t h a t  dense  par t ic les  
are  depos i t ed  w i t h i n  'holes '  in  t he  col lagen fibri ls  w h i c h  
are  i n h e r e n t  in  t h e  mode l  of col lagen fibri ls  ~.  T h e y  
ascr ibed  t he  par t ic les  to  t h e  a m o r p h o u s  phase  of ca lc ium 
p h o s p h a t e  p rec ip i t a t i on  a l t h o u g h  t he  exac t  fo rmula  of 
t h e  c o m p o u n d  is u n k n o w n  ~. 

On ly  a h i g h  p e a k  for  ch lor ine  could be  de t ec t ed  ill t h e  
col lagen f ibres in t h e  f resh a i r -dr ied  sp read  of t h e  sub-  
c u t a n e o u s  connec t ive  t i ssue  b y  t he  p r e s en t  e lec t ron  
p robe  X - r a y  microanalys is ,  in  sp i te  of t h e  expec t a t i on  of 
a h igh  a m o u n t  of ca lc ium a n d  phosphorus .  I t  h a s  been  
cons idered  t h a t  t he  chlor ide  ion is m o s t l y  ex t r ace l l u l a r  
a n d  on ly  a smal l  p r o p o r t i o n  of cells, such  as those  of t h e  
m e s e n c h y m a l  origin,  were k n o w n  to  con t a i n  large  a m o u n t s  
of chlor ide  ~s. However ,  as MANERY 1~ descr ibed,  t h e  ex t r a -  
cel lular  space of t h e  connec t ive  t i ssue  con ta ins  a b u n d a n t  
chloride.  C o m p a r i n g  t he  sod ium space w i t h  t h e  chlor ide  
space,  h e  conc luded  t h a t  chlor ide  exis ts  as ' d ry '  f o rm  in  
t he  connec t ive  t i ssue  especial ly  in  t e n d o n s  a n d  s u b c u t a n e -  
ous t i ssues  ~s. H e  a n d  his  associates  also sugges ted  t h a t  
t he  chlor ide  ion is ill col lagen fibri ls  ~.  

Dense  par t ic les  a t  t h e  d a r k  b a n d s  of col lagen f ibri ls  ill 
t h e  s u b c u t a n e o u s  connec t ive  t i ssue  in t h e  f resh  a i r -dr ied  
sp read  appea r s  to  c o n t a i n  a h i g h  a m o u n t  of chlor ide,  to  
wh ich  t he  d e n s i t y  of t he  par t ic les  is p r o b a b l y  due.  T h e i r  
exact ,  biological  s ignif icance is s t i l l  to  be  de t e rmined .  
Chlor ides  m a y  ac t  as i n h i b i t i n g  t h e  depos i t ing  of phos -  
p h a t e s  or ca lc ium a t  p r ec ip i t a t i on  si tes in  t h e  col lagen 
f ibri ls  of t he  s u b c u t a n e o u s  connec t ive  t issue.  A f u r t h e r  
s t u d y  is needed  to  k n o w  t h e  exac t  loca t ion  of t h e  d e n s e  
par t ic les ,  a n d  t h e i r  chemica l  composi t ion .  Moreover ,  a 
s t u d y  is needed  conce rn ing  t h e  fac tors  w h i c h  d i f f e ren t i a t e  
t h e  col lagen fibri ls  of t he  bone  and  t h e  car t i l age  w h i c h  
calcify, f rom those  of o t h e r  connec t ive  t i s sues  wh ich  do  
n o t  calcify. 
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Summary. Laser  d i f f rac t ion  p a t t e r n s  f rom crayf i sh  a b d o m i n a l  m e c h a n o r e c e p t o r s  h a v e  been  obse rved  and  t he  corre- 
spond ing  sa rcomere  l eng ths  ca lcu la ted  a n d  t h e n  cor re la ted  w i t h  sensory  ne rve  d ischarge  frequencies .  

Mechanorecep to r s  were f i rs t  r epo r t ed  b y  ALEXANDRO- 
WlCZ * in t he  lobs te r s  Homarus vulgaris a n d  Palinurus 
vulgaris. These  o rgans  are p r e s e n t  in o the r  c rus t acea  such  
as t he  m a r i n e  crayf ish ,  Jasus verreauxi, which  we use in 
ou r  expe r imen t s .  E v e r y  a b d o m i n a l  s e g m e n t  of a c rayf i sh  
ha s  2 such  organs,  s i t u a t e d  w i t h  l a te ra l  s y m m e t r y ,  each  
cons i s t ing  of 2 muscles  of u n e q u a l  size, wh ich  h a v e  
assoc ia ted  sensory  a n d  m o t o r  nerves .  T he  muscu l a r  p a r t s  
of t he  o rgans  were n a m e d  R M  1 a n d  RM2, R M  1 r e spond ing  
to slow s t r e t ches  w i t h  sus t a ined  d ischarges  t h a t  l a s t  for 
hours ,  a n d  RM~ r e spond ing  to  on ly  r ap id  s t re tches ,  t h e  
response  l a s t ing  for a b o u t  30 sec. Th i s  suggests  t h a t  RM ,  
m a y  be  concerned  w i t h  slow postural ,  changes  a n d  RM~ 
w i t h  phas ic  changes .  I n / ? M 1  l e n g t h  ha s  been  found  to  be  
r e l a t ed  to  t h e  f r equency  of f i r ing of t h e  assoc ia ted  n e r v e  
SN18, 4. 

Whi le  i t  is be l ieved  t h a t  these  recep tors  serve an  overa l l  
f unc t i on  s imi la r  to  t h a t  of muscle  spindles  in  t he  m a m -  
m a l i a n  sys tem,  a n u m b e r  of a l t e r n a t i v e s  h a v e  been  sug- 
ges ted  as to  t he  role p l a y e d  b y  t he  m e c h a n o r e c e p t o r s  a n d  
to  t he  exac t  n a t u r e  of t h e  f eedback  sys tem.  One of these  
a l t e r n a t i v e s  is t h e  p o s t u l a t e  of F lez l~s  a n d  I4~ENNEDY ~ 
wh ich  is ' t h a t  t h e  slow s t r e t c h  r ecep to r  func t ions  as p a r t  
of a nega t i ve  f eedback  servo s y s t e m  ...  Tai l  pos i t ion  

(OUtput) r ep resen t s  t he  ba l ance  be tween  t he  a c t i v i t y  of 
slow ex tenso r  mo toneu rones ,  wh ich  t e n d  to  s h o r t e n  t h e  
segment ,  a n d  t h e  oppos ing  forces of g rav i ty ,  f lexor  t one  
a n d  c o n t r a c t i o n  of ex tensors  in  a d j a c e n t  s egmen t s  w h i c h  
t e n d  to  l e n g t h e n  t h e  segment .  T h e  s t r e t c h  r ecep to r  de t ec t s  
differences b e t w e e n  t he  set  p o i n t  (at  wh ich  i ts  d ischarge  
f r equency  is zero) a n d  t he  a c t u a l  t a i l  pos i t ion .  This  dif- 
ference m a y  be t h o u g h t  of as t he  e r ro r ;  i ts  m a g n i t u d e  is 
coded b y  t h e  f r e q u e n c y  of impulses  in  t h e  s t r e t c h  r ecep to r  
neu rone ' .  

1 Our thanks are due to the Australian Research Grants Committee 
for provision of the lasers and camera, to Dr. K. S. IMRIE for the 
design of the interfacing cards, to Professor P. MASON and Profes- 
sor R. E. AITCHISON for their encouragement and advice, and to 
I. PATERSON and C. MARCH for constructing the equipement. 

2 j .  S. ALEXANDROWlCZ, Q. J1. mierosc. Sci. 92, 163 (1951). 
s C. A. TERZUOLO and Y. WAsmz~J, J. Neurophysiol. 25, 56 (1962). 

M. C. BROWN and R. B. STEIN, Kybernetik 3, 175 (1966). 
5 H. L. FIELDS and D. tZENNEDY, Nature, Lond. 206, 1235 (1965). 


