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Brief, Noninjurious Electric Waveform
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Long-term electric stimulation of the unanesthetized brain in animals and in man is becoming increasingly important in the delds of neurophysiology (2),
psycholbgy (2), and psychiatry (3). Despite indications that unidirectional pulses are injurious (4) their
use in the afore-mentioned fields is quite extensive. In
order to obtain reproducible results, injury to nerve
cells by the passage of current must be avoided (5).
We have found that one type of stimulating waveform
does not injure the brain.
The processes that produce lesions by the passage
of unidirectional pulses are apparently similar to
those that produce lesions with small direct currents
(6). The probable mechanisms of production of such

experimental error of less than 0.4 percent. For a 10
ma peak current value, the quantity of electricity is
about 0.2 ~coul per pulse.
In order to conduct these pulse-pairs through the
cortex, an array of 25 or 36 electrodes is implanted
over the sensorimotor cortex in a monkey with or
without removal of the dura (9). This array is surrounded by a stainless steel ring screwed into the
bone. The stimulating current is passed into the cortex from a given single electrode to the ring.
In our experiments, we have investigated the motor
responses to these stimuli near the threshold (4).
Pulse-pairs are used to stimulate the cortex on a
schedule of a a-sec train at 60 pulse-pairs per second
every 30 sec for several hours a day.
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a waveform whose shape does not change with repeti-
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pairs, it was found that such currents stimulatesen- ;,g .ti,,
sorimotor cortex and the responses to this stimulus
are similar to those seen with rectangular
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pulses (4).

These pulse-pairs probably are within the "constant

first monkey was observed for 7 wk; at the time of

coulomb threshold" region for nerve processes and
cell bodies (7), and hence their absolute shape should

writing, the second monkey had been observed for
17 wk.

not be critical.

Figure

2 shows the slow fall of the threshold

cur-

The pulse-pairs (Fig. 1) are generated by quasi-

rent (about 50 percent in the first month) for the

differentiating (8) a rectangular pulse and amplifying the resultant with a Williamson type a-e amplifier
that has a 100 key pass-band. The output of this
amplifier is matched to the animal-electrode circuit by
means of a high-frequency transformer (UTC-LS 63).

pulse-pairs at 60 per second for a typical electrode
during a period of 6 wk. Some of this decrease in
threshold is probably due to recovery from anesthesia
and operative trauma, and some to a slow decrease in
distance between the electrode array and the cortex.
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From theseresults,it is concludedthat this form

of electriccurrent does not detectablyinjure cellular
function or structure when it is passed through the
Fig. 2. Variationof thresholdwithtime.Thestimulus cortexnear thresholdvalues4 to 5 hr per day for 5 to
frequency
is 60pulse-pairs
persecond;thetrainduration 15 wk. Other similarly balanced brief waveforms
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