
tonus (represented by the distance aliove the base line) are seen, 
in Fig. 1-11, to be increased during the  secoiid plane of anesthesia. 

The effect of ether in  tlecreasing intestinal activity' ivas also con- 
firmed. 

Coiiclrrsion. C'yclopropane causes an increase of both intestinal 
contractions and tone in the first 2 planes of third stage anesthesia ; 
in the lower planes of third stage contractions are inhibited but tone 
is maintained. Ether, on the other hand, causes an abolition of the 
contractions in all planes of surgical anesthesia. 

9922 P 

Response of the Optic Cortex of the Cat.* 

Follouing a single electric htiiiiulus applied to the optic nerve, 
electrical potentials of 3 types are recorded from the optic cortex 
(Fig. 1). The first is a series oi  4 or more spikes, each of 1 n1.s. 
duration, coniparahle to the spikes of peripheral axons. The second 
is a series of ivaves, each o f  5 to 10 n1.s. duration, and the third, a 
series of waves of much longer duration (Fig. a), comparable to the 
alpha waves. Thece sloiver potentials (lo not behave like aiter- 
potentials of the spikes. The first spike may follow a stimulus 
within 1.8 n1.s. The follov ing spikes occur at ahout 1.5 ins.  inter- 
vals, and are not simple repetitions of the first, liut can be tlifferen- 
tiated from it by differences in polarity at different depths in the 
cortex, by effects of anesthetics, etc. The spikes appear to represent 
activation of successive groups of elements rather than repetitive 
activation of one group. These spikes had not previously been rec- 
ognized in the rabbit cortex, but with improved recording technic 
can now be seen to lx present there also, of relatively lower ampli- 
tude. The short Ivaves, 2 or 3 in number, correspond to those iden- 
tified in the rabbit as the specific visual response. The long waves. 
often repetitive at 1/5 to  1/8 second intervals, correspond to the 

6 Miller, G. H., b. Phtrrn~. nflt7 B.1.p. T7terap., 1926, 27, 41. 
* Aided by :I grant from the Rockefeller Foundation for  researell in neuro- 

physiology. 



CAT OPTIC CORTEX 5.33 

5 m5. 

i -2 

2 -3  

3 4  

f -4 

5 
2 -3 

- 
5 

2 
A ---* 3 

0.2sec.I I I I I I 

10 5 0  ms. 100  
P I G .  1. 

Records froin uiipcr, middle, and loircr regions of the olitic c o r t c x  1-2 etc. 
indicates leads from electrodes 1 and 2 of insert diagrams of cortex. A, gyrns 
lateralis; R, ggrus suprasylvius. Amplification 15 mm/mv except 2 - 3 8 ,  which is 
recorded a t  2.5 x the amplification of the rest, corresponding to the smaller rer-  
tical distance between this pair. Deflection upwards indicates negativity at lower 
of electrode pair. Photographed directly o n  bromide paper. 

FIG. '7. 
The first sharp 

spike represents the whole of the faster record, and is followed by a train of alpha 
wares at 6 per second. 

FIG. 3. 
Plot of amplitude of the first wave of a second response a t  different times after 

a first response, both stimuli 3 x maximal. Magnesium sulphate and ether. 
Without the ether and with very light MgS04, the curve does not fall  to the base 
line at 40-50 m.s. With more ether the first hump of the curve at 10 m.s. is  abol- 
ished. The second hump is repeated a t  the frequency of the alpha rhythm of 
Fig. 2. 

Slow record of wayes following those sho\rn in 2-3B of Fig. 1. 
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response in the ralhit of the alpha mechanism. These 2 series of 
slower potentials are differentiated characteristically by anesthesia 
and strychnine, as in the rabbit (Eartley, O’Leary, and Bishop’). 

1ITe have investigated the responses of these elements to repetitive 
stimulation in  the cat under different degrees of anesthesia. Mag-- 
nesium sulphate, 0.2j g ikg  or less, ivith ether as necessary during 
the preliminary operative procedures, has given the most satisfactory 
results. Under anesthesia sufficient to keep the animal quiet, the 
same phenomenon is observed as in  the rabbit, that no response fol- 
101~s a second stimulus during the slow surface-negative phase of a 
first response, but a second response does follow during the positive 
phases o i  the alpha jvaves iollo\\ ing this (Bartley‘). Under lighter 
anesthesia, if the interval is shortened to about 25 ins.  or less, a 
second response also occurs. the maximum second response in this 
time range occurring at aliout 10 n1.s. after the first. *\t this interval 
the second response maj- be of ti\ ice the amplitude of the first, both 
shocks being ~upraniasimal. Ether very effectively suppresses this 
second response. \yhich accounts ior previous failure to observe it 
( Cartley’) even though certain summation effects below maximal 
suggested that both shocks were producing an effect. We thus find 
2 periods of “facilitation,” associated with the fast and slow re- 
sponses respectively, separated by a “refractory” interval. 

I t  may lx inferred froiii the above that 2 optimal frequencies 
should be found for repetitive stimulation via the optic nerve, one at 
about 100 per second, hich is the frequency range of rhythmic 
optic nerve response to retinal stimulation by light (Xdrian arid 
Illatthe\vs-), the other at  the frequency of the alpha rhythm ; and 
this proves to be the case. IVithin 3 ni.s., no second response at all 
is obtained (Fig. 5 ) .  a given stage oi  anesthesia, and with 
greater intervals, the first few stimuli result each in a response ; the 
more responses occurring, the nearer the frequency falls to 100 per 
second, and the lighter the anesthesia. After an interval of 113 to 
1/S second, a second burst of responses occurs in the continuous 
train of stimuli, and this cycle is repeated. 115th very light anes- 
thesia, each stimulus may cause a response, the amplitude varying 
rhythniically. 

These effects of graded anesthesia suggest that in the conipletel\- 
unanesthetized cat, no period \vould he found where a stimulus 

1 Bartlry, S. H., O’Lenry, J., :in11 Eishop, G. H., Am. J. Physiol., 1937, 120, 

2 Eartley, S.  H., .7. Ce7Z. ant7 CowLp). PhysioT., 1936, 8. 41. 
:: .Idrinn, IC. P., :inrl Jh t thcws .  R.. J .  Physiol., 1927, (51, ? is .  

G04. 



CESTR.4L ;LIECIIAXISM FOR BRIGHTNESS 535 

~vould be ineffective ; but that cyclic changes in irritability might 
manifest themselves as a modulation of the responses to repeated 
stimulation. Considering that photic stimulation of the retina re- 
sults in repetitive responses of optic nerve fibers, a steady illumina- 
tion should correspond to steadily repetitive stimulation of the optic 
nerve, and flickering illumination to repeated bursts of repetitive 
stimulation. Such bursts should be maximally effective if the indi- 
vidual nerve responses approached the optimum rate (100 per scc- 
ond for the cat), and i f  the bursts occurred at  the frequency of the 
alpha rhythm. 

The accompanying paper ( Bartley ) contains certain evidence on 
the sensory effects of flicker frequency that suggests such a relation- 
ship in human subjects. 

9923 P 

A Central Mechanism in Brightness Discrimination.* 

s. HO\\.ARD EARTLEY. 
Prom I l l 6  Laboratory of Neurophysiology, JVns7ri?igton University Sckool of 

Medicine, St. Louis. 

Rapidly repeated flashes are seen as Fteady light, equivalent in 
sensory brightness to the same amount of light uniformly distrib- 
uted in time. This is Talbot’s law, and the outcome is what would 
be expected from a simple train of events copying the output of 
the photoreceptors. 

But as soon as flash rate is reduced below the fusion point for 
steady sensation, the flashes begin to produce an average impression 
\vliich is greater than that expected from photochemical considera- 
tions. -4s the rate is reduced more and more, the flashes produce an 
effect more and more nearly equivalent to steady light of the same 
physical intensity, and finally surpass it, reaching a maximum when 
the rate is reduced to the neighborhood of 8 or 10 per second. With 
still slower rates, the flashes approximate equivalence to steady 
light, with the recognized exception that single isolated flashes al- 
ways appear brighter than steady stimulation of the same intensity. 

The phenomenon of enhancement was first observed in 1864 by 
Briicke with rotating black and white sectored discs, but was not 
plotted for various rates of intermittency. The phenomenon shall 

physiology. 

_ _ _ _ ~  ___________ ~ _ _  
*Aided by a gran t  from the Rockefeller Foundat ion for  researell in neuro- 




