
trum of the polymer was structureless 
in the region 400 to 1400 cm-l. Dur- 
ing the time of formation of the poly- 
mer the film is subjected to constant 
bombardment by atoms, ions, and radi- 
cals which chemically alter surfaces of 
polymers (8), and to photochemical ir- 
radiation from the plasma itself (9). 
Thus, films deposited at longer times, 
2300 seconds, may have structural en- 
tities different from films deposited at 
shorter times, 600 seconds. 

Flux and rejection data as functions 
of time for a membrane formed during 
a 600-second polymerization on 0.1- 
/.m filter substrate gave the results 
shown in Table 1: the flux and re- 
jection of NaCl both increase up to 
87 hours, unlike the behavior of asym- 
metric cellulose acetate membranes 
(10); urea rejection, however, de- 
creases with time. This flux trend and 
rejection behavior were likewise ob- 
served with films of allylamine pro- 
duced at various deposition times, with 
nitrogen instead of argon as the addi- 
tive gas. While the rejection data were 
very encouraging for a film produced 
at 600 seconds, the rejection data im- 
proved and the flux decreased at longer 
polymerization times (Table 1) at the 
same plasma conditions: 40 watts net 
RF power, 0.2 torr total pressure, 
argon additive gas, and constant depo- 
sition geometry. The data reported in 
Table 1 were taken after the flux 
and rejection were changing very 
slowly, generally about 20 hours after 
the experiment was begun. When a 
Millipore filter with an average pore 
diameter of 0.025 usm is used, longer 
polymerization times probably cause 
the larger micropores to be filled with 
polymer more completely (see Table 
1), thereby producing fewer membrane 
imperfections with a concomitant im- 
proved rejection and reduction in the 
value of the flux. The rejection and 
flux properties of these membranes, 
and perhaps plasma formed membranes 
in general, can be quite effectively con- 
trolled by variations in the electrical 
and gas dynamic plasma conditions, 
a departure from the conventional 
variations in synthesis one would em- 
ploy by traditional techniques to form 
or cast thin polymer films-such as 
polymer concentration, casting formula- 
tion, drying time, humidity, atmosphere, 
and curing temperature. 
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mer at a total plasma gas pressure of 
0.20 torr, 40 watts, and 700 seconds 
deposition time. In the case of the pure 
monomer, 0.2 torr was employed, while 
with additive gases the monomer was 
at 0.1 torr partial pressure. The high- 
est rejection was obtained from polym- 
erization of the pure monomer. Whether 
this effect is generally true under all 
conditions of plasma deposition has 
yet to be confirmed. The flux for 
the film deposited for 600 seconds 
(Table 1) is actually measured to be 
higher than that for films deposited 
for 700 seconds, with argon as the ad- 
ditive gas (Table 1). The reason for 
this unexpected behavior between flux 
and deposition time has yet to be de- 
termined. 

There are several obvious advantages 
and potential advantages to this syn- 
thetic approach for preparing mem- 
branes for reverse osmosis and their 
resultant performance properties: (i) 
a dry membrane is produced which 
does not require special handling or 
storage conditions; (ii) control can be 
maintained over the membrane thick- 
ness on selected substrates by control 
of plasma parameters; (iii) there is 
high adhesion of the polymer film on 
the substrate: (iv) only very thin films, 
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motor larea, the precentral cortex of 
the primate brain is a target for sen- 
sory input as well as a source of 
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1.0 /m or less, are required to achieve 
high salt rejection; (v) a variety of 
substrates and substrate configurations 
are amenable to low-pressure plasma 
polymer deposition; (vi) membrane 
compaction is likely to be minimal dur- 
ing reverse osmosis since the polymer 
probably achieves a maximum density 
during deposition; (vii) uniform mem- 
branes with minimal imperfections- 
that is, pinhole free films-are capable 
of being formed; (viii) the plasma 
deposition times are short, 10 to 15 min- 
utes in our laboratory; and (ix) it is 
conceivable that a large number of 
organic monomers can now be investi- 
gated and polymerized via plasma for 
preparation of reverse osmosis mem- 
branes, since most organic molecules 
can be readily polymerized in a low- 
temperature plasma (1). 
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of the motor cortex arises from the 
body part whose movements it con- 
trols. For example, the motor cortex 
hand area receives its strongest input 
from receptors of the hand. It has 
been proposed that afferents to the 
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Motor Cortex Reflexes Associated with Learned Movement 
Abstract. In primates, sensory input can generate reflex motor cortex output 

in association with learned movement when the sensory input has a strong and 
direct connection to the motor cortex-for example, when a stimulus calling for 
repositioning of the hand consists of a perturbation of hand position. This find- 
ing supports the proposal that neurons of primate motor cortex may function in 
a transcortical servo-loop. 
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motor area are involved in cortical 
reflexes mediating reflex movements 
[see (2)]. But what of nonreflex move- 
ments? Do inputs from hand to motor 
cortex generate outputs in association 
with learned movements as well as re- 
flexes? The present study sought to 
investigate this problem by observing 
activity of motor cortex neurons dur- 
ing performance of learned hand 
movements triggered by inputs to the 
hand. For comparative purposes, 
neuronal activity was also recorded 
from the postcentral sensory cortex. 

Prior to single cell recording, a 
monkey (Macaca mulatta) was trained 
to grasp a movable handle and posi- 
tion it in a correct zone; the correct 
zone was signaled by a lamp. After a 
period which varied unpredictably 
from 2 to 6 seconds, an external force 
abruptly moved the handle out of the 
correct zone, either toward or away 
from the monkey. The monkey could 
then gain a reward (fruit juice) by 
promptly returning the handle to the 

correct zone. There was no penalty 
for "overshooting" the correct zone, 
the only criterion for reward being the 
speed with which the handle reentered 
the correct zone. After the monkey had 
learned to perform the task, record- 
ings were obtained during task per- 
formance from about 500 neurons in 
the hand area of the sensorimotor 
cortex, 200 located in the postcentral 
(sensory) cortex and 300 in the pre- 
central (motor) cortex. Of the 300 
precentral neurons, 75 responded anti- 
dromically to stimulation of the medul- 
lary pyramid and were therefore 
classified as pyramidal tract neurons 
(PTN's). The experimental techniques 
have been described (3). 

Figure 1 shows representative neu- 
ronal response patterns and latencies 
occurring in association with per- 
formance of the task described above. 
The minimum latency from perturba- 
tion of handle to discharge of post- 
central neurons was 10 msec; this 
latency corresponds quite well to 
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Fig. 1. Each of the 12 rasters shows neuronal activity for 500 msec before and 500 
msec after the abrupt handle movement whose time of occurrence is indicated by the 
vertical line at the center of the raster. In each raster there are 25 rows of dots, cor- 
responding to 25 successive trials. The individual dots in each row correspond to indi- 
vidual neuronal impulses. Neuronal response latency from handle perturbation to first 
change in neuronal discharge frequency (either increase or decrease) was computed for. 
each neuron on the basis of 25 trials, and this latency (in milliseconds) is shown at the 
right of each raster. In the right half of each raster a single heavy dot indicates the 
time at which the handle was returned to the correct zone by the monkey's motor re- 
sponse. This heavy dot may be seen most clearly in the PTN raster at the lower right. 
Rasters in columns at left, center, and right correspond to postcentral neurons, precen- 
tral non-PTN's, and precentral PTN's, respectively. The latency values for one non- 
PTN (28) and one PTN (24) refer to decreases of activity; remaining latencies refer 
to increases of neuronal activity. 
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latencies reported by Mountcastle et 
al, (4) and Towe and Amassian (5). 
Minimum latency for precentral non- 
PTN's was 14 msec. Changes of 
activity in precentral PTN's began still 
later; decreased activity began at 20 
msec, and increased activity in pre- 
central PTN's had a minimum latency 
of 24 msec. These differences between 
precentral and postcentral latencies 
correspond well to those found by 
Towe et al. (6) for precruciate and 
postcruciate neurons in the cat. The 
latency of motor cortex discharge for 
hand movement triggered by input to 
the hand is in sharp contrast to the 
long (100 msec) latency for motor 
cortex activity occurring in association 
with hand movement triggered by a 
visual stimulus (3) and is consistent 
with the particularly powerful inputs 
from hand receptors to motor cortex 
hand area. 

Electrormyographic (EMG) records 
showed changes of muscle activity at a 
latency of as little as 12 msec in 
muscles whose length was changed by 
the abrupt movement of the handle (for 
example, when the handle was pulled, 
biceps was lengthened and had in- 
creased discharge, whereas triceps was 
shortened and had decreased dis- 
charge). This 12-msec latency is so 
short as to indicate that the response 
is mediated by muscle stretch receptor 
afferents making monosynaptic con- 
nections with motoneurons. A second 
phase of muscle response began at a 
latency of 30 to 40 msec, and a third 
phase began at about 80 msec. Though 
the first EMG response occurs too 
quickly to allow cerebral cortex to 
play a part in its occurrence, the 
second phase of muscle activity (oc- 
curring at a latency of 30 to 40 msec) 
lags the responses of all three classes 
of sensorimotor cortex neurons, and 
a role of the cerebral cortex in this 
phase of the response may therefore 
be considered. 

The short latency of the 30- to 40- 
msec muscle response might seem to 
indicate that it is 'a reflex and should 
have been unaffected by learning, but 
this was not the case. The response of 
the naive monkey the first time the 
handle was jerked 'away from him or 
pushed toward him was not to make an 
opposing movement, but was to 
release his grip and exhibit signs of 
fear and surprise. Only gradually did 
the monkey acquire the short (30 to 
40 msec) latency EMG response. Fur- 
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thermore, even after learning had oc- 
curred, "set" was a significant factor in 
the monkey's response. The import- 
ance of "set" was most clearly revealed 
when a sequence of several hundred 
stimuli of one kind was followed by a 
stimulus of the opposite kind. For the 
first "opposite" stimulus, the response 
latency was often impaired. Thus, al- 
though the short latency of the 30- to 
40-msec EMG response suggests that it 
is a reflex, its acquisition through 
learning and its sensitivity to "set" are 
features usually attributed to voluntary 
movement. 

In considering the relations between 
sensorimotor cortex and movement, it 
will be useful to review Hammond's 
(7) observations on human subjects 
performing a movement similar to the 
one studied in the present experiment. 
In Hammond's experiments, subjects 
flexed the forearm and were instructed 
to "resist" or "let go" in response to 
a sudden pull. The sudden pull 
stretched the biceps, and a biceps EMG 
response occurred at 'a latency of 18 
msec, regardless of whether the prior 
instruction was "resist" or "let go." 
This 18-msec EMG response was 
viewed by Hammond as a stretch re- 
flex mediated by muscle spindle af- 
ferents, and it seems to correspond to 
the shortest latency EMG discharge 
seen in the monkey. A second phase of 
musclar activity began at about 50 
msec in subjects who had been 
instructed to "resist," but was usually 
absent in subjects who had been 
instructed to "let go." This second 
phase of muscle activity seems to cor- 
respond to what was seen in the 
monkey at latencies of 30 to 40 msec. 
In Hammond's experiments, the short 
latency of the 50-msec EMG response 
suggested that it was a stretch reflex, 
but Hammond noted that ". . . this 
must be reconciled with the fact that 
prior instructions to 'let go' can inter- 
fere so rapidly and effectively with the 
subject's response." 

In attempting to decide if neuronal 
activity in sensorimotor cortex can 
play a role in mediating the 30- to 40- 
msec EMG response observed in the 
monkey (and possibly the 50-msec 
response in man), it is useful to esti- 
mate the minimum delay between 
cortical activity and muscle discharge. 
Bernhard et al. (8) found that stimula- 
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tion of the leg area in primate motor 
cortex caused discharge in ventral roots 
at latencies of 4.7 msec. In the present 
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experiment, the latency from stimula- 
tion of the medullary pyramid to EMG 
response in the forearm muscle was 6 
msec for some motor units; the anti- 
dromic latency from medullary pyramid 
to cortex for the large-diameter PTN's 
is less than 1.0 msec. Thus, the total 
delay from motor cortex PTN discharge 
to discharge of forearm muscle in the 
present experiment could have been as 
short as 7 msec. It thus appears that 
under the conditions of the present ex- 
periment, PTN activity at 25 msec 
does not necessarily occur too late to 
play a role in EMG activity at 35 
msec. Several additional milliseconds 
would be required for postcentral and 
precentral non-PTN activity to in- 
fluence motoneurons via polysynaptic 
pathways, but these neurons discharge 
well in advance of precentral PTN's 
and therefore have the potential capac- 
ity to influence motoneuron discharge 
even earlier than is the case for pre- 
central PTN's. 

How should one classify short 
latency muscle responses which are 
under volitional control? A response 
occurring in man within less than 100 
msec of a stimulus is commonly called 
"reflex," but perhaps this minimum 
time should be shortened for the 
special case in which the input has a 
strong and direct pathway to the areas 
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of the cerebral cortex that control the 
output. Phillips (9) has proposed that 
the PTN's of primate motor cortex 
may function in a transcortical servo- 
loop. The observations reported here 
are consistent with Phillips' ideas, and 
point to the need for further examina- 
tion of cortical "reflexes" and their 
possible role in motor plasticity such 
as that described by Hammond. 
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point to the need for further examina- 
tion of cortical "reflexes" and their 
possible role in motor plasticity such 
as that described by Hammond. 

EDWARD V. EVARTS 
Laboratory of Neurophysiology, 
National Institute of Mental Health. 
National Institutes of Health, 
Bethesda, Maryland 20014 
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Day (1) has proposed an expanded 
version of the constancy hypothesis 
as an explanation of visual illusions. 
This illusion theory, which was first 
introduced by Thiery (2) and recently 
popularized by Gregory (3), maintains 
that most visual illusions result from 
misapplication of the constancy mech- 
anisms. This theory proposes that some 
set of cues in the illusion situation 
triggers the constancy mechanisms 
which, under normal circumstances, 
would lead to compensation for varia- 
tions in retinal size and shape which 
arise from changes in the relation be- 
tween observer and object. These 
mechanisms, which usually aid veridi- 
cal perception, lead to distortions in the 
percept when inappropriately applied 
in the illusion situation. One of the ap- 
peals of such an explanation lies in its 
proposed ability to handle all visual 
spatial illusions with one unitary mech- 
anism. The weakness of such a theoret- 
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ical stance is that any system which 
proposes a single causal process for 
the existence of visual illusions ignores 
a rather large body of data which 
seem 'to argue that illusions are multiply 
caused. For instance, Chiang (4) has 
suggested that diffraction and optical 
aberrations in the eye contribute to 
the magnitude of intersecting line 
illusions. Coren (5) was able to verify 
that such peripheral distortions can 
account for some 15 percent of the 
Poggendorff illusion. Ganz (6) and von 
Bekesy (7) have proposed that lateral 
inhibition contributes to the formation 
of many illusions. They offer data 
which seem clearly to indicate that 
such inhibitory mechanisms would 
result in some of the contour displace- 
ments manifested by many of the 
classical illusions. [It is interesting that 
some of these data were collected by 
Day himself (8).] When possible 
sources of these inhibitory interactions 
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