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Zoom Neurons in Visual Cortex: Receptive Field Enlargements with Near Fixation in Monkeys 

The nervous  sys t em exhib i t s  size cons tancy ;  t h a t  is, i t  
is capable  of compu t ing  a cons t an t  size for objects  in 
visual space despi te  the i r  angular  size changes  as a 
func t ion  of dis tance.  Psychophys ica l  s tudies  have  es tab-  
l ished t h a t  size cons t ancy  exists  in animals  including 
monkeys  ~ as well as m a n  The neural  ac t iv i ty  a t  t he  basis 
of th is  pe rcep tua l  p h e n o m e n o n  migh t  be expec ted  to be 
ev iden t  in recept ive  fields in the  visual  sys tem.  SHER- 
RINGTON 2 in i t ia ted  the  recep t ive  field concept  in s tudies  of 
the  somatosensory  sys t em and HARTLINE ~ first  def ined 
and s tudied  recept ive  fields in the  visual  sys tem.  A n a t o m-  
ically the  concep t  m a y  be descr ibed as a subse t  of f irst  
order  neurons  m a p p i n g  a par t icu lar  sensory  space wi th  
convergen t  connec t ions  to  subsequent ,  h igher  order  
neurons.  The ac t iv i ty  of these h igher  level neurons  maps  
the  events  in t h a t  par t i cu la r  sensory space. Recep t ive  
fields in t he  m a m m a l i a n  visual  sys t em have  been de- 
scr ibed in t he  monkey  a t  the  level of the  re t ina l  gangl ion 
cells a, la teral  genicnla te  b o d y  4, visual  cor tex  5 and  in o ther  
cortical  areas 6, v. A visual  recept ive  field w i thou t  a neural  
scal ing mechanism,  l imi ted  by ana tomica l  res t ra in t s  a t  
t he  level of rods and cones, migh t  be expec ted  to ma i n t a i n  
a cons t an t  angular  size a t  all f ixa t ion  dis tances.  The size 
re la t ionship  be tween  a recep t ive  field and  the  image of an 
approach ing  objec t  would be expec ted  to  cons t an t l y  
change.  If  such a recept ive  field were to concomi tan t ly  
enlarge in size dur ing  the  en la rgemen t  of the  re t ina l  
image of an approach ing  object ,  t hen  a cons t an t  rela- 
t ionsh ip  could be ma in t a ined  be tween  recept ive  field and  
object  image size. Size cons tancy  migh t  t h e n  be neural ly  
encoded as a cons t an t  f ir ing ra te  in a cell moni to r ing  
th is  cons t an t  s t imula t ion  of the  recep t ive  field. Such a 
neurological  zoom sys tem was  proposed  by  MARS and  
ADAMS s af ter  init ial  resul ts  f rom l imi ted  cort ical  single 
neuron  recordings  in h u m a n  pa t i en t  volunteers .  Those 
resul ts  ind ica ted  a recept ive  field en la rgement  a t  the  near  
f ixat ion po in t  in some cort ical  units.  This  zoom model  
also p red ic ted  eccentr ic  d i sp lacement  of recept ive  fields 
as a func t ion  of decreasing f ixa t ion  dis tance.  Our s tudy  
or ig ina ted  to  inves t iga te  th i s  k ind of p roposed  recep t ive  
field plas t ic i ty .  

Two adolescent  female Rhesus  monkeys  were t ra ined,  
using ope ran t  techniques ,  to  f ixa te  on a l ight  emi t t i ng  
diode (0.7 ~ of arc a t  0.33 m) ; the i r  heads  were res t ra ined  
dur ing  th is  t a sk  b y  a t echn ique  following t h a t  of W'URTZ 
Craniotomies  over  the  p r i m a r y  visual cor tex  were 
ma in t a ined  and a small  mechanica l  mic roman ipu la to r  ~0 
was used to  posi t ion t ungs t en  recording microelec t rodes  n. 
All pene t r a t i ons  were in t he  p r i m a r y  visual  cor tex  and all 
recep t ive  fields were wi th in  13 ~ of t he  visual  axis. There  
were no ab rup t  t rans i t ions  in recorded recep t ive  field 
sizes and  pos i t ions  f rom one cell to  another .  Therefore  i t  is 
unl ikely  t h a t  any  uni t s  were recorded f rom o the r  t h a n  
area 17. YVater dep r iva t ion  was used to mo t iva t e  the  
monkeys  to  f ixa te  on the  light.  The body  weight  of the  
animals  was t aken  before and  af ter  recording sessions and  

supp lemen ta l  wa te r  was given as necessary.  A t a n g e n t  
screen was posi t ioned at  a near  and a far d i s tance  
wi th in  the  range of 0.33 to 3.12 m (3.00 D to 0.32 D) 
f rom the  eye. The background  luminance  of t he  screen 
was 0.4 cd/m~; slit  and spot  s t imul i  of 300 cd /m 2 were 
moved  across the  screen by  a h an d h e l d  pro jec tor  and  by  
mir ror  ga lvanometers .  Luminance  of the  screen and 
s t imuli  were control led to  be the  same a t  all dis tances,  
the  phys ica l  size of the  screen and  f ixa t ion  spot  were 
cons tant ,  and the  angular  size of the  s t imul i  was held 
cons t an t  to  wi th in  15%. Cell ac t iv i ty  was moni to red  by  
l o u d s p e a k e r  and ca thode- ray  oscilloscope. Dur ing  the  
expe r imen t  the  mo n k ey  sat  in its p r i ma t e  chair  in an 
electr ical ly shielded cage facing a square  t r ans lucen t  
t a n g e n t  screen 1.6 m 2 in area. The mo n k ey  pressed a 
b u t t o n  ac t iva t ing  the  f ixa t ion  l ight  for an unpred ic tab le  
length  of t ime  ranging  t rom 3 to 10 sec. If the  m o n k e y  
ac t iva ted  a second lever dur ing  a per iod of 1.0 sec af ter  
t he  l ight  was ext inguished,  the  mo n k ey  received a reward 
of 1/4 to 1/2 cm 3 of water .  Successful tr ials were ad jus ted  to  
occur 75% of the  t ime  by d i m m i n g  the  f ixa t ion  light. 
Hor izonta l  e lectro-oculographic  recordings  were ob ta ined  
f rom each eye separa te ly  and  s imul taneous ly  wi th  a 
resolut ion of a qua r t e r  of a degree. These signals were 
recorded wi th  a de ampl i f ier  f rom stainless steel  screws 
a t t a ch ed  to  the  bony  orbit .  Dur ing  f ixa t ion  and recept ive  
field p lo t t ing  the  recording indica ted  t h a t  the  eye posi t ion 
var ied no more  t h a n  =k 1.0 ~ All eye m o v e m e n t s  w i th  
s ignif icant  hor izonta l  componen t s  are de tec ted  in th is  
system.  W h e n  the  monkeys  were not  f ixa t ing  on the  t a rge t  
l ight,  t h e y  exhib i ted  a p a t t e r n  of consecut ive  saccadic eye 
m o v e m e n t s  f ixa t ing  var ious  po in t s  for no longer t h a n  
1 to 3 sec. This eye m o v e m e n t  p a t t e r n  was  clearly 
d is t inguishable  f rom f ixa t ions  on the  t a rge t  light. 
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The recept ive  fields were p lo t t ed  and  t h e n  r ede te rmined  
a t  the  same dis tance  in 13% of t he  cases. Linear  d imens ion  
differences of up to  •  were found wi th  the  same 
exper imenter .  W h e n  there  were differences, the  measure-  
men t s  in the  direct ion of the  geometr ic  expec ta t ions  were 
always chosen to  bias t he  da t a  against  the  zoom model.  
All cells t e s t ed  had a binocular  response in t h a t  each eye, 
when  separa te ly  s t imula ted ,  would give a response.  
All recept ive  fields were demons t r a t i ve ly  rectangular .  
The microelectrodes  were ~/4 m m  d iamete r  t ungs t en  wire 
sharpened  to an ab rup t  t ape r  wi th  a 1 ~m tip.  I t  is likely 
t h a t  we recorded f rom cells r a the r  t h a n  fibres. This 
coupled wi th  the  rec tangular  shape and the  b inocular i ty  of 
the  recep t ive  fields makes  it unlikely t h a t  we recorded 
f rom optic  rad ia t ion  fibres. 

Cells were fully inves t iga ted  in 1 to 2 h of recording,  
A th i rd  of the  uni ts  encoun te red  were lost before a com- 
plete s tudy  could be made.  Only da t a  f rom cells comple te ly  
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Fig. 1. A typical example of receptive field enlargement at near point 
fixation. The dark lines indicate actual receptive fields plotted at the 
near and far fixation planes. Geometric projection of the far receptive 
field to the near plane gives an expected receptive field sketched in 
dotted lines. There is a separate scale for each fixation distance. The 
two scales cross at the monkey's fixation point. These are the re- 
ceptive fields of entry No. 4 in the Table. 
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Comparative scale factor 

Fig. 2, The histogram shows the distribution of the comparative 
scale factor, for both the height and width of each cell recorded. The 
comparative scale factor (CSF) is a single number which incorporates 
the measured scale factor (MSF) (near angular size/far angular size) 
and the predicted scale factor (PSF) (far fixation distance/near 
fixation distance): CSF = (MSF)/PSF-1), and has been computed 
for both dimensions of each receptive field. 

s tudied  are included here. All ceils were p lo t t ed  for b o t h  
eyes s imul taneous ly  under  b inocular  viewing condit ions.  
A recept ive  field was first  p lo t t ed  in 3 to  5 rain by  using a 
slit  of l ight  p ro jec ted  f rom a h an d h e l d  lamp.  N e x t  the  
borders  of the  field were carefully verif ied in 15 to 20 min.  
At  th is  t ime  the  corners of t he  field were s t imula ted  wi th  a 
spot  of l ight  to  es tabl ish  w h e t h e r  a rec tangula r  or circular 
field was present .  All borders  of t he  recept ive  field were 
again checked and  the  screen was moved  to  the  second 
f ixat ion distance.  Recep t ive  fields were es tabl ished where  
repea ted  s t imulus  m o v e m e n t  regular ly  resul ted  in a burs t  
of spike ac t iv i ty  in the  recorded cell. The  same field was 
again p lo t t ed  as descr ibed above b u t  a t  the  new f ixa t ion  
distance.  90% of the  fields were classified as complex  
according to  the  HIJBEL and  WI~SXn s nomencla ture .  We 
did no t  t e s t  for h y p e r c o m p l e x  proper t ies .  75% of the  
recept ive  fields were def ined wi th  hor izonta l  and  vert ical  
borders ;  the  remainder  of the  recept ive  fields, also 
rectangular ,  had various angular  or ienta t ions .  An example  
of our recept ive  field plots  is shown in Figure 1. 

Recep t ive  fields for 32 cells were p lo t t ed  a t  t he  2 
d is tances ;  4 cells f rom one animal  and  28 f rom the  other.  
The rat ios  of the  angular  size of a near  f ixa t ion  field 
d imens ion  f rom its  expec ted  size (the angular  size a t  the  
d i s t an t  f ixa t ion  plane) are l is ted as the  measured  scale 
factors  in the  Table. 

We have  used a compara t i ve  scale factor  (CSF) to  
compare  the  size scaling wi th  geometr ic  expec ta t ion  and  
the  zoom model  predic t ion.  For  mos t  of the  recept ive  
field dimensions,  the  CSF ranges  be tween  zero and  one. 
A one indicates  perfec t  cor respondence  wi th  our zoom 
model  and a zero indica tes  no size scaling of the  recept ive  
field for a d i f ferent  f ixa t ion  distance,  t he  geometr ic  
expec ta t ion .  In  a few cases, nega t ive  scMing occurs;  t h a t  
is, a recept ive  Iield d imens ion  is reduced  in angular  size 
a t  t he  near  f ixa t ion  dis tance.  I t  is in te res t ing  t h a t  a 
var iab i l i ty  is seen in size cons tancy  es t imat ions  in the  
psychophys ica l  results  r epor ted  by  L~IBOWlTZ 12. This  
may  correspond to our neurona l  range of size scaling. 

Only one cell exh ib i t ed  no s ignif icant  di f ference in  
scaling proper t ies  f rom geometr ic  expecta t ions ,  i.e., the  
measured  scale fac tor  was essent ia l ly  one (No. 5, Table). 
The o ther  31 cells exh ib i t ed  recept ive  field size changes  in 
he igh t  and /or  w i d t h  t h a t  were d i f ferent  f rom those  
pred ic ted  by  the  geometr ic  project ion.  In  Figure  2 the  
compara t ive  scale factor  for b o t h  the  he igh t  and  wid th  of 
each cell has  been p lo t t ed  as a h i s togram.  The average  
compara t ive  scale factor  for recep t ive  fields was for 
height ,  0.40 • 0.11 s.c., and  for width ,  0.50 • 0.09 s.c. 

Three cells m a t c h e d  out  theore t ica l  p red ic t ions  closely. 
The en la rgement  of bo th  d imens ions  of these  cells a t  the  
near  plane app roached  or exceeded the  predic t ions  of a 
zoom model  of recep t ive  field p las t ic i ty  which  would enable  
a single cort ical  neuron  to t r ack  the  a p p a r e n t  size changes  
of an objec t  a t  d i f ferent  d is tances  s. En t r i e s  2, 10 and  15 
in t he  Table  are examples .  

The compara t ive  scale factors  of t he  heights ,  w id ths  
and posi t ions  of the  recept ive  fields were s ignif icant ly  
d i f fe rent  f rom zero (the geometr ic  expecta t ions)  by the  
t- test :  height ,  N = 32, t = 3.56, p = 0.002; wid th ,  
N = 32, t = 5.72, p < 0.001 and posi t ion,  N = 12, 
t = 6.28, p < 0.001. 

The en la rgement  of re t ina l  images of approach ing  objects  
is accompanied  by  an angular  eccentr ic  d i sp lacement  unless 
the  image is centered  on the  visual  axis. Therefore  our 
model  p red ic t s  a c o m p e n s a t o r y  eccent r ic  d i sp lacemen t  of 
recept ive  fields. This p red ic ted  d i sp lacement  was not  

12 H. W. LEIBOWITZ, Ann. N.Y. Acad. Sci. 188, 47 (1971). 
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Represen ta t ive  recept ive  fields plot ted 

CelI Distance (m) Recept ive  field (degrees) 

Height  Wid th  

Measured Predic ted Compara t ive  
scale factor  scale factor  scale factor  
(Near size/far size) (Far  dis tance/  (Near size/ 

near  distance) far size) - - 1 /  
Distance Height  Width  (Far  dis tance/  
f rom visual  near  distance) - -1  
axis Height  Wid th  

1. 0.95 4.09 0.66 11.52 1.99 1.14 1.55 1.80 0.25 
1.47 2.06 0.58 12.86 

2. 0.94 2.86 6.68 2.13 2.67 3.34 2.70 0.98 1.38 
2.54 1.07 2.00 0.94 

3. 0.78 1.61 0.88 0.88 1.56 0.78 3.00 0.28 -0.11 
2.34 1.03 1.13 0.95 

4. 0.78 2.49 3.01 1.03 1.78 2.74 3.00 0.39 0.87 
2.34 1.40 1.10 1.59 

5. 0.78 0.95 1.69 1.83 0.88 1.13 3.00 -0.06 0.06 
2.34 1.08 1.49 2.15 

6. 0.78 2.42 2.64 2.57 1..39 2.90 3.00 0.20 0.95 
2.34 1.74 0.91 2.08 

7. 0.78 0.88 0.88 0.80 0.92 1.28 3.00 -0 .04 0.14 
2.34 1.74 0.91 2.08 

8. 0.78 3.45 1.91 5.72 '1.56 1.30 3.00 0.28 0.15 
2.34 2.21 1.47 5.38 

9. 0.78 5.35 2.79 3.96 1.90 1.41 3.00 0.45 0.21 
2.34 2.82 1.98 6.87 

10. 0.33 5.21 14.48 11.28 2.57 1.84 2.00 1.57 0.84 
0.67 2.03 7.89 5.72 

11. 1.00 1.66 0.92 5.33 1.61 1.18 1.33 1.85 0.55 
1.33 1.03 0.78 5.13 

12. 1.00 6.25 3.50 11.17 0.44 1.48 1.33 -1.69 1.46 
1.33 14.18 2.37 13.57 

13. 0.92 1.62 1.19 3.69 1.07 1.49 1.09 0.06 0.45 
1.92 1.i2 0.80 3.50 

14. 0.94 5.41 4.92 1.82 2.14 2.67 2.7 0.67 0.98 
2.54 2.53 1.84 0.72 

15. 0.94 3.77 6.62 3.52 2.67 2.42 2.7 0.98 0.84 
2.54 1.41 2.73 1.42 

16. 0.94 3.10 7.66 1.76 2.67 1.52 2.7 0.98 0.31 
2.54 1.16 5.05 1.28 

17. 0.78 1.61 4.69 1.47 1.87 2.52 3.0 0.44 0.76 
2.34 0.86 1.86 0.64 

18. 0.78 3.45 5.06 0.59 2.35 1.71 3.0 0.68 0.36 
2.34 1.47 2.96 0.86 

19. 0.78 3.67 3.00 1.32 1.83 ] .46 3.0 0.42 0.23 
2.34 2.01 2.06 1.00 

20. 0.78 2.77 1.76 1.25 1.80 1.49 3.0 0.40 0.25 
2.34 1.54 1.18 1.05 

21. 0.78 1.69 2.05 0.44 1.15 1.33 3.0 0.08 0.17 
2.34 1.47 1,54 0.73 

22. 0.78 2.42 2.64 2.49 1.34 1.93 3.0 0.17 0.47 
2.34 1.81 1.37 1.81 

23. 0.78 2.05 2.27 0.66 1.53 1.47 4.0 0.18 0.16 
3.12 1.34 1.54 0.81 

24. 0.78 1.76 1.54 1.61 1.89 1.23 3.0 0.45 0.12 
2.34 0.93 1.25 2.40 

25. 0.78 1.54 1.69 2.79 1.75 0.99 4.0 0.25 -0.003 
3.12 0.88 1.70 2.42 

26. 0.78 1.21 2.35 1.03 1.26 1.65 3.0 0.13 0.33 
2.34 0.96 1.42 2.20 

27. 0.78 1.47 2.57 1.69 1.18 2.14 3.0 0.09 0.57 
2.34 1.25 1.20 2.42 

28. 0.78 1.10 2.49 1.98 1.59 1.64 3.0 0.30 0.32 
2.34 0.69 1.52 2.27 

29. 0.78 0.88 1.07 1.61 0.77 1.24 3.0 -0.12 0.12 
2.34 1.15 0.86 2.05 

30. 0.33 3.65 3.65 6.94 1.12 2.03 2.0 0.12 0.52 
0.67 3.26 1.80 5.99 

31. 0.33 2.60 3.65 6.42 1.66 3.15 2.0 0.66 2.15 
0.67 1.57 1.16 7.01 

32. 0.33 3.05 10.07 6.77 0.83 1.10 3.0 -0.09 0.05 
1.00 3.67 9.17 8.94 

All recept ive  field heights,  widths  and  positions are in degrees. Measured scale factors indicate  the  decimal  fract ion of the near  field 
angular  size as compared  wi th  the size at  far fixation. The  c o mp ara t i v e  scale factor  normal izes  all size scaling for compar ison with geometr ic  
expecta t ions  and the zoom modei  prediction. A c ompa ra t i v e  scale factor  of zero indicates cons tant  angular  size of the recept ive  field at  
both  fixation distances. A c ompa ra t i ve  scale factor  of un i ty  indicates  size scaling in perfect  accordance wi th  the zoom model.  
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observed in an average of all 32 cells. The d i sp lacement  was 
ev iden t  wi th in  a subgroup of the  12 bes t  zoom cells�9 
These cells were chosen based on the  average near  field 
en la rgement  of the  two dimensions,  wi th  each cell hav ing  
more  t h a n  70% of the  en la rgement  p red ic ted  by  the  zoom 
model.  The eccentr ic  d i sp lacement  of the  near  recept ive  
fields of these  cells was about  i t/2 t imes  the  d i sp lacement  
of the  far p lane  recept ive  field. The compara t ive  scale 
factor  averaged 0.36 -4- 0.13 s.e. 

The zoom effects we measured  could not  be a t t r i bu t ed  
to opt ical  accomodat ion.  In  the  f i rs t  place, accomodat ion  
could not  account  for a s imul taneous  magni f ica t ion  and 
minif ieat ion of t he  two dimensions  of a recept ive  field. 
Fur the rmore ,  using the  Gul ls t rand schemat ic  eye one can 
calculate  t h a t  3 d iopters  of a ccommoda t i on  resul t  in 
only about  1% magnif ica t ion  ~3 All of our recording was 
done in Iesponse  to  b inocular  s t imula t ion .  I t  is reason-  
able to  suggest  t h a t  near  field en la rgemen t  m a y  resul t  f rom 
f ixat ion d i spar i ty  and  the  shif t ing of two monocula r  re- 
cept ive  fields. This  is ruled out  as t he  sole exp lana t ion  
since the  m a jo r i t y  of recep t ive  fields have  changes  in the  
ver t ical  d imension.  

I t  appears  t h a t  in con t rad ic t ion  to indirect  evidence,  
m a n y  cells in t he  p r imary  visual  cor tex of the  monkey  
exhib i t  zoom scaling t h a t  m a y  subserve  size cons tancy  14. 
Our results  suppor t  the  zoom model  predic t ions  for near  

field en la rgement  of visual recept ive  fields. This recept ive  
field zoom mechan i sm can provide  a subs t ra te  for size con- 
s t ancy  in the  visual  sys t em ~. 

Zusammen[assung. Rezep t ive  Felder  von 32 Zellen im 
prim/irvisuel len ~usseren Tell des Grosshirns  unbe-  
t / iubter,  abger ich te te r  Affen  wurden  abges teckt .  D a v o n  
zeigten 97~o der  Zellen VergrSsserung der  eckigen 
Abmessungen  auf der  nahen  Fl~tche. Diese Gr6sse- 
Eins te l lung  un te r s t t i t z t  unsere  Vors te l lung eines <~Zoom- 
5lodells~> der Gr6ssen-Kons tanz .  
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Influence of Superior Cervical Ganglion on Electroretinogram of the Rabbit 

The presen t  inves t iga t ion  was made  to analyze the  
influence of the  super ior  cervical  ganglion on the  E R G  
(electroret inogram) of tile rabbi t .  Only a repor t  deals wi th  
such a p rob lem 1, while the  effects of electrical s t imula t ion  
of superior  cervical  s y m p a t h e t i c  t r u n k  or ganglion on the  
blood circulat ion in the  eye 2, a, on the  in t raocular  pressure,  
on the  intr insic  eye muscu la tu re  and the  re la t ion be tween  
au tonomic  nervous  sys t em and  re t ina  were  inves t iga ted  
in previous  works 4,5 On the  o ther  hand ,  some au thors  
analyzed the  influences of var ia t ion  of the  blood circula- 
t ion,  pupi l la ry  d iamete r  and in t raocular  pressure  on the  
E R G  6-11. 

A " 

~"=~"~. -~ .~ t  ~'. . 

B 

Effect of the electrical stimulation of right superior cervical ganglion 
on the ipsilateral 2RG. Each trace represents the average of 16 
responses�9 A) normal ERG. B) 2RG after sympathetic stimulation 
(10 V; 25/see; 1 msee; train of 30 sec). Parameters: darkness adapta- 
tion, 30 rain; light stimulation: 200 lux, 50 [zsee, 1/sec. Time: 100 
msec. Amplitude: 100 [xV. 

Thi r ty- f ive  r abb i t s  under  N e m b u t a l  anaes thes ia  (33 mg/  
kg) were pu t  in a s te reotaxic  a p p a r a t u s  in dorsal  posi t ion,  
t hen  were curarized and  art i f icial ly vent i la ted .  Sub- 
sequent ly  the  super ior  cervical  ganglion was isolated. 
The ipsi la teral  eye was a t ropinized,  the  n ic t i t a t ing  mem-  
brane  was cut,  an art i f icial  pupi l  on the  cornea l imi ted  
the  l ight  input ;  however ,  5 r abb i t s  u n d e r w e n t  i r idec tomy 
in order  to  e l iminate  any  possible var ia t ion  of the  pupi l  
d iameter .  

The EIRG was elicited wi th  a DC Galileo electronic 
flash. Each  single f lash las ted 50 asec, t he  l ight  in t ens i ty  
ranged f rom 20 to 800 lux and  the  f lash f requency  was  
1/sec. The animals  were ma in t a ined  30 rain in darkness  
before beginning  the  pho tos t imula t ion .  The E R G  was 
recorded by  a H e w l e t t - P a c k a r d  5480 two channel  i npu t  
analyzer,  which  averaged usual ly 16 single responses.  
Af ter  numerous  normal  E R G s  were recorded f rom the  
r igh t  eye, the  ipsi la teral  superior  cervical  gangl ion or 
the  t r u n k  (after p rox imal  section) was electr ical ly 
s t imula ted  for 30 sec by  means  Of si lver b ipolar  electrodes 
wi th  the  following p a r a m e t e r s :  25- t00/sec ,  8-15 V, 
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