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problems raised by the physiology of the retina do not directli'
coflcern our visual experiences. But thcre are othcts s,hich are

connected with vision in the sense that thev give a clue to the under-
standine of our sensory experiences, The physiologist can oeyer
hope to do more than to find properties of the retinal rcsponse br
means of u'hich the highcr ccntres can differentiate one kind of
information from another. The rneans, at the disposal of the rctina,
tbr transmitting a message are of the simplest kind: variations io
thc spikc frequencies of impulses (Anu,rN). How can this wonder
ful rvorld of form and colour be interpreted bv the higher centres
on the basis of information traflsmitted by such a simple mechanism?
()r to put this question more precisely: what features of the impulse
machinery can thtow light on the performance of the eye as a sensor)'
organ built for the purpose of discrimination?

In considering this question one is first struck by a number of
observations which can be immediately translated into visual equiv-
alents. Thus the distribution of spectral sensitivitv ofthe dark adapted
e).e corresponds well vith the photochemical absorption curve of
visual purple. This curve can be measured b1' studyinE the impulse
activity too. The dav-light or photopic distribution of sensitjvitl
is still lacking its photochemical equivalent but the psychophysical
data agree with those obtained bv measuring the impulses in the
optic nerve,

When -,\onr,rN first studied the in.rpulse frequencv of the whole
optic nerve as a function of time of exposure he pointed out that
thc frcquencr- rose and fell much as the light sensation tiscs and falls,
according to the well-known measurements br- Bnoc-r and Sur,zrn.

There is a bodr. of old data concerning the fact that for a visual
impression time, inteflsitr and area of the scen object, within limits,
are interchangeable quantities. Both electroretinosraph]-, as well as

rvork on the impulse activitl'has established these corrclation for
the efld organ.

The exampies chosen mav serve to illustrate observations on the
retifla vhich lead on to more ot less obvious parallels with earlier
psvchopht-sical observations. One could say that electrophvsiolorgy
has filled in a missing link betrveen stimulus and sensation. One
misht even add that such results were to be expected. This, at
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thinking has long been the nerl.ous machinery goveroing the io-
credibly finell. regulated somatic motor activity and long ago Snnn-
RTNGToN showed horv this was achieyed by excitation and inhibitior
in close collaboration. The retina is provided with its own neryous
centfe consisting of bipolars, horizontal cells, amacrines and ganglion
cells with widely btanching dendritic net$/orks just below the
receptors, Surely this nerrzous centre has not been placed in this
locus merei,v to make it more difficult for the physiologist.

One of the more pressing tasks for the psvchology of the special
senses is to stud,v the e),e as an on/off-s,ystem adjusting its activitr
b1. means of excitation aad inhibition. The psychologist will have
to take to fetinologlr in order to learn how to adjust his experiments
in order to be able to elucidate these questions. Perhaps the best
case hitherto made for inhibition in psychophysical experimentation
is the so called r-adaptation of Scr:ournN.

The development of the electophl siolog,v of the retina into a

method of studying the activitl. of single optic nerve fibres, which
was begun with H]rnrr,rNe and Gn,{rr.rus work on the f,im rc eye
in t9jz, has multiplied the nunber of facts unexplicable by present-
day psychophysics, particulad). since that work expanded to the
vertehrate retina.

The main facts will be found in the two summaties tefetted to,
togethet with all the other teferences of this paper.

It is clear that ps)'choph\.sicists rvill have to take to microstimula-
tion too, if thev want to utilize the information made available bl
modern retinology. A beginning has been made br. Wnrcxr,
TnotrsoN, Hanlnrocs and !7Ir,ll,rrn (see, for instance, Hanl-
nrncrs summaty Rercnt Adurcet in the Phyiokg y of Viion, Charchtl|
London r95o) and enough has been found to justify this method
of approach and make one hope lbr more work of this kind.

One of the essential new facts in the electrophysiology of the
elementary retinal stfuctufes, which are small netvous centfes joioed
to a ganglion cell ending up in a nerve fibre, is the incredible amount
of differentiation of which these individual centres ate capable.
Some fibres merely rs5p61d to onset of illumination, others merell
to cessation of illumination, the majotity, howevet, ate onfoff-
elements combining these two properties (Hanrr,rur). This agaio
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intensit,v levels the on-discharge would predominate, at others the
off-discharge. A latge numbet of on/off-elements would, at high
intensities, merely give an off-response because theit on-componeot
of discharge v'ould be wholl,r, suppressed by inhibition. In other
rvords, the off/on-ratio would r,-ary in a complicated fashion u'ith
stimuius intensitl,. This, too, will add variabilit). to the pattern, and
this vatiability v,ould be futther modulated by the wave-length oi
the stimulus, the off-effects tending to be particulatly well matked
in the long wave-lengths and, again, to come somewhat more to
the fore at the opposite end of the spectrum.

Because of these circumstances the original intensity-frequencv
relation, characterizing simpler sense organsJ does not hold for the
retina except as an average fot a great numbet of individual fibres.
This average response is greatly modulated before it reaches the
individual fibres working as final common paths for the s,vstem.

Pattem thus adds itself to frequency.
It is possible to prove by direct exPerimentation that stimuli

from different n'ave-lengths intetact in a complicated fashion upon
the same element. One can throw a red and a green light singly,
aod together at half their energies, onto the same region of a dark
adapted retina, after hav.ing adjusted the energies for equal stimula-
tion of r.isual purple. Each stimulus will alone give its own pattern
of off/on-tatio. Together tl.rey need not give intermediate or sum-
matcd r.alues but either of the two, generally the red, will succeed

in impressing, upon the cell its particular off/on-ratio.
Enough has been said to illustrate v.hat an cxceedingh. com-

plicated message the individual fibres are transmitting to thc bmin.
Some sort of >pattern> seems to be what the retina is trying to pro-
ducc in order ro aid differentiation.

Where, in this pattern, do the cues for wave-length detection
come in? In considering this questiot:, let us meteh. deal rvith light-
adapted or photopic eyes so as to avoid the confusion rvith the
specific spectral absorption band of visual purpie used in night
vision. I have ser.eral times pointed out that for colour woth the
Jarge spike of the cat's eye has the disadvantage that information
about its >coloured> components only can be obtained bv indirect
n.rethods involving sclective adaptation to celtain wave-lengths or
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tion and elcctrical polarization, applied to the cat's eye. This animal
may or ma)i not perceiye colour. But its retina has cones and a

definite petipheral mechanism for colour reception, hidden, as it
were, behind a veil of visual purple.

Recently two ne\r methods for measuring specific colour sensitiv.ity
have been developed, one by DoNren, the other one by Mororawe.
DoNNrns method is of particular interest for psychology. He
studied the isolated large spikes of the cat's retioa. As pointed out,
above, their frequenc,v of discharge first rises and then falls during
illumination. DoNrnn rvas engaged in measuring the frequency-time
differential, i.e. the rate of rise of impulse frcquency as a function
of time of exposute, and then noted that this function \vas influenced
bv the wave-length of the stimulus. The frequency-time differential
rose quickly with red light, at a somes.hat slower rate v'ith green
light and at the slowest rate with blue light.

DoNNrns result points to a new mechanism of discrimination
allowing different messa.ges to be transmitted along the same cable,
a kind of frequeno. modulation. This, according to him, is prob-
ably organizcd br. the layers of cells behind thc receptors. It must
be of some significance in visioa because the seflsations of colour
at short exposufes are known to tise at different rates in a very
similar way (PrnnoN). DoNNrn used his principle to Cetermine
colour sensitivity and again found the three specific regions of
predilection. The reader is referred to his complete presentation of
the method (Ana P/)).tio/. Sca . J'ttplt/. No. 72, r91o).

In a different wav l{orox,rrv,rs r.erv interesting work has em-
phasizecl time as an elen.ient in the discrimination of colours. He
first noted that, 

^fter 
a bricf period of illumination, the electrical

sensitivity of his ou'n ele, as measured by the phosphene eiicited
b), a stimulating polarizing current, {ose above its normal r,.alue.

For this phenomenon, toor the rate of rise of electrical sensitivity
proved to var1. with the colout of the light in the period of illumina-
tion. Mo'roKAw.l used this phenomenon to determine cokrur sen-
sitil.itv. FIis papers v.ill be found in the last issues of ./. Nearo-
pbysiol. lor 1949. The man,v points of contact with the work on
electrical polartzation of the cat's e].e (GERNANDT, Gnlrrr) and

with Dor-rqnns work on thc spike frequency-time differential show
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