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is followed by II in rvhich some modified superficial pyramids of small size

appear. III is the layer of superficial pyramids; the Geunari line appears

at this level. IY is the layer of star, or stellate cells. Ram6n y Cajal pointed
out that stellate cells are characteristic for afferent projections, and into this
layer, which in the striate area is very richly provided with cells, the termirals
of the axols from the radiation fibres are actually projected. Y is the layer

Ite. 7. Contour diagram, shou'ing the r1umbers of ce]ls ofdifielcnt types contaired in a
cortical volumc of 106p3 in ljhc dificlcnt cortical zones. Contour lines arc iharvn for
deDsities of 5, 10, 15, 20, 25 and 30 neurons per loe 4.3 of cortex. (Sholl, 1056)

of small pl.ramids, and VI that of large ppamids. trYhile subdivisions of this
type can be carried further aud the cells specified in different ways, the
future microphysiology of the expanding cones of a radiation fibre will
require some knowledge of how cclls of different type are distributed quan-
titatively with regard to cell size, cell number, axonal ancl dendritic fle1ds,

or other significant properties, such as, for instance, presence or absence of
recurrent collaterals. Sholl found it convenient to use for quantification a cell
typology worked out by }Iitra (1955). IIorv cell numbers of 7 types are
distributed in the laminae is illustrated in nig. 7.
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reasonable notions categorizing neurophysiological observations, and many
more could be given. These may or may not be useful categories in whioh to
thinl<. This, however, is not the point. By the example it is intendcd to

I,'rc. 8. I)i:r,gflrrnmrtic tlrarvirrg of n ntmbcl of coltiic&l neurcns l'ith thcir ,r,rurrs,

denrltitic lields and axoral branchcs drar,-n 1,o scale. (Sholl, lil;6)

emphasize that the categories mentioned have been clerived by neurophysio-
logical experimentation at the cellular lcve1. There seems to be no short-
cut to generalization in cortical physiology rvithout experimentation with
indiviclual cortical cells acting as components of a functional organization
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difiuse light, Hubel concluded that those of his "cortical" spikes of the early
paper (Hubel, 1958), that did respond to diffuse light, were radiation spikes.
In order to decide whether the spiles studied by Jung and his collaborators
belong to the cortical or to the geniculate group, it will be necessary to com-
pare their resr ts with those of Hubel, and Hubel and Wiesel (1959) who
separated the groups after attempting identification which, they admit, in
spite of all precautions, may not always have been infallible.

a. Faihtre oJ Cortice,l, Cell,s to Respond, to Diffuse lll,umi,ncttio?L

It was pointed out above (Chapter 24, p. 715) that occasionally, in the
retina, there are seen elements which do not discharge to diffuse illumination
and that Lennox (1959) had discovered them also in the optic nerve of the
cat. Such elements were very common in the rabbit's LGN and had previous-
ly been found to be equally common in the cortex by Jwg et al. (1952) aud
Jung and Baumgartner (1955); in fact, some 50o/o in their samples were
what they called A-units. The question now arises as to whether this interest-
ing flnding is determined chiefly (i) by the LGN refusing to pass on idor-
mation received, (ii) by corresponding cortical processes of blocking (in
both these cases the records are assumed to be cortical) or whether (iii) it
merely expresses direct recording of a large number of geniculate spikes
from the radiation flbres, It is not easy to reply to this question on the basis
of the data suppliecl by the X'reiburg group alone.

Trying to use the data of Ilubel and Wiesel for this purpose, we recall
that llubel (1960) had found that spikes in the LGN of the unrestrained cat
responded well to diffuse illumination, unless the cat were asleep. This was
done with the unrestrained animal and implanted elechodes. The Treiburg
workers used the enuphale isol,C ttttheir early reports. If one noxr may assume
that this preparation corresponds to the unrestraineil animal, it is clear that
the A units of Jung and his co-workers actually were cortical cells, but
Arden and Liu, 1960a, b) and Arden and Stiderberg (1960) found with the
encCphale isold rubbit a very large number of spontaneously active cells in the
LGN which did not responil to diffuse illumination. n'or this reason percen-
tages and estimates of the number of light-insensitive cortical neruones
(t1ae A of Jung el ol.) carry little weight, but we may conclude from the work
of Hubel on unrestrained cats (1959, 1960) that changes in the level of
difluse (or background) illumination are but feebly reflected in the activity
of truly cortical units. Hubel and Wiesel confirmed this observation also on
cats under mild barbiturate anaesthesia. Thus, we may take it as established
that flashing diffuse light into the eye of a normal animal is an insignificant
stimulus for recordable cells in tbe coftex, although (as we have seen in
Chapter 22, Section Y) it has a powerful influence on the non-specific route
through the braia stem (n'ig. 6, p. 562).
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tltat r.reurones oI this type (A, C) c1o not occur in tLe retina; however, as yet
notiring has been dcmonstrated in the striltc area th&t has not, bcen seen
at the level of the retinal ganglior cells, so that, fumlarnentally, the retina
can do what cortex and LGN do. The difference is one of emphasis rather
than of principle.

tr'rc. 9. tr'reqller1cy of discharge of two u ts, -t and B, before and after (from zero
onvards) onset of stinulation of non,slecilic thalamic nuclei.

A. This unit did not respond to ditTuse light. Stimulation of n, cantr. kr. &ral ,?,.

palnl:utt. .pt1\t.

1). This unil, rcspondecl to onsct oflight. Stinlulatior of?r. durir. DLei. alrd. n,, patul)ent.
(Creutzfeldt rund ALimoto, 1958)

e. Non-SpeciJic Effects on Cortical Area
Part of this diflerence of emphasis may be due to the choice of an animal

which, in spite of its cones, is lvell organized for twilight vision, because
cortical yrorli is done at the level where the net result of all biological adap-
tations of input is delivered up for use. Clearly one major differencc between
retina aIrd cortex lies in the amount and organization of extra-striate
mechanisms of confuol. In Fig. 9 non-specific thalamic control is demonstra-
ted also for an on-neurone (genicr ate or cortical?). Since we have, in the
preyious chapter, devoted much space to varieties of control of the LGN,
there is little need to add to this subject. A very extensive fiterature deals
with non-specific effects on yarious cortical areas; ir point of fact, this for

&
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level of illumiuation, led to a systematic study of cortical receptive fields
(I{ube1 and Wiesel, 1959). These results should be studied against the back-
ground of what we know about receptive fields in the retina of the cat
(Chapter 23, Section YI), and the results on cortical magnification basecl on
expanding and overlapping cones ("sectors," in Ram6n y Cajal's worcls),

rvhich were revielv'ed in the previous section. They sLould also bc vieu'ecl

in the light of Chapter 23, Section YII, dealing with the role of eye rrrove-

ments in vision.
tr'igure 10 illustrates the behaviour of three cortical rrits. The cortiel

fields tended to be elongated and they consisted of arr excitatory (defined by
increase of frequency of discharge) and an inhibitory (definecl by supprcssion
of maintained discharge and off-response) zone, one alongsicle or surrouuding
the other. 'I'hese terms are descriptive oriy, since actually exciiation anrl
inhibition could be demonstrated in both zones. Unit 1 iu Fig. 10 shows a
receptive field of this type. Stimulation r.ith the small spot' of light (1, B)
gave a response according to locus in the field, With the large spot covering
the entire field (C) there was mutual canccllation of all e1I'ects artd nothing
happenecl upon illumination. If the large spot of B' was supplanted by diffuse
Iight, the fleld likewise proved unresponsive. Thus it, was important for the
recording of a response to restrict the stimulus to the correct portion oI t}c
receptive field and the best responses were obtained rvheu the stimulus also

imitated the shape of the field, because sumnation of excitation or of iit-
hibition occurred witliin the appropriate portion of the zone. These portiols
were organized for mutual antagonisu.t with respect to each other.

a. Variab'il,ity

The impressic,n obtained is t)rat the shape and size oI the receptive fields

varied a great deal and the three instances (1, 2, 3) of Fig. 10 have been

chosen to bring this out. Thus unit 2 is extremely asymmetrical with a small

but power{ul inhibitory region in tlie centre and an extensive excitatory
area around it which gives a strong on response, wholly inhibited as soon as

the small central portion is included in the stin.rulus. As to size, fields varied
between 4o and 8' but boundades werc often not u'ell definecl aud, as in the
retina (Chapter 23, Section YI), configuration depended upon illumination of
surrounds aod ltate ol adcptarion.

b. Besponse to Mouernent

Movement, \rhich both ir the retina and at the genictlate level is a power-

ful stimulus, produces still more strikhg effects in an organization of the
cortical type in which diffuse illumination plays upon the mutual antagonism

withirr receptive fields to maintail a stotus quo. Some cells only respond to
moving stimuli. Unit 3 is stimulated most effectively by a slit imitating its
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c. B,inoatlnr Stimu,lation

In the work of Hubel and lYiesel the stimuli could be applied binooularly
and vith this arrangement 36 units were fouad which could be activated
fiom one eye only, 15 ipsilateral, 21 contralateral. There were 9 units which
could be driven from the two eyes independertly, some with different degrees

of dominance from one or the other eye. \Vhenever the receptive fields could
be mapped out for both eyes, they were found to be similar in shape and

orientation and binocular summation was seen within those portions of the
receptive fieid that were of similar sign. Antagonism was also noted, implying
that the two eyes acted as one even when the inhibitory region was activaterl
from one eye and the excitatory region from the other.

cl. Com'plcc Pattern

tr'inally tr'ig. 11 reproduces the results of two experiments in which a more

complicated pattern is shilted across the retina. It is recorded by the
n'reiburg group and ,4 refers to a retinal on-element, and B to a unit in the
cortex (probably geniculate), which is also described as an on-nerrone but
clearly responds to the brief shift of the pattern across the retina both at
"on" and "off." There is more bursting seen in the central response, and this,
as we know, is characteristic of both LGN and cortex. The cortical cells, as

has now become cleat, are well organizeil to respond to bu6ts.

5. rNrnnplev oF ExcrrATroN AND rNulBrrroN

It is evident from this work, as had been surmised for a long time, that the
on/off-mechanism, with its variations of on/off-ratio (Granit, 1950), is the
main instrument of differentiation; the work also shows how valuable it is

to explore the central nervous system on the basis of facts derived from
retinology. It is further of singular interest to see how well stabilized a,ronnd

a mean the fischarge frequencies of cortical cells are as was pointed out
by Jung anil Baumgartner (1955) and that the cortical response, in so far
as it is represented by these particular cells (whose nature is unknown),

is adjusted so as to emphasize everything that involves discrimhation, i.e.,

small f.elds, direction, moYemenir, contrast, almost as if it were takhg the

second derivative of the impulse frequencies delivereil from the periphery.

The spatial interplay bet"eceen excitation and inhibition in the cortex

was first demonstrated with another spatially ertended seuse organ, the skin, '

by Marshall et at. (1947); and for the sense of touch these relations helween

an excitatory centre and inhibitory surrounds have for some time been

studied by Mountcastle (see, e.g., llountcastle and Powell, 1959). The retiral
experiments on spatial contrast have been reviewetl in Chapter 23, Section

YI, and their elegant quantiflcation ir the work by Hartline and his col-

laborators on lateral intribition in lhe eye of ltinrulus is at the moment the
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final stage in this lirre of development. The wicler the field of application,
the dceper the understanding, and so it can justly be said tlat rve do uuder-
stand a number of fundamental neuroplLysiological facts about discrimina-
tion, in particular by comparison with what was l<nown before the electronic
era of neurophysiology brought us the necessary facts. These experiments
on cortical discrimination also demonstrate the value in functional studies
of microanalysis at the cellular level, and show to what length an analysis
must be carried before one can reply by "yes" or "no" to such a simple
question as to whether cortical cells can discriminate one stimulus from
another with respect to any one criterion decided upon, spatial, temporal
or on the basis of wavelength.
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