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INTRODUCTION

The present paper deals with the development
of an apparatus for delivering controlled electric
stimuli, and with an attempt to discover which
physical aspect of 60 cycle alternating current
(voltage, amperage, or wattage) is most closely
related to discrimination of shock stimuli in psy-
chological experiments.' Shock, of course, has
been the most widely used, and the most con-
venient type of noxious stimulus for many psy-
chological studies. However, "convenient" should
be italicized for, while shock is usually rather sim-
ple to apply, accurate control of the most effective
physical aspect of this stimulus is difficult.

A survey of the literature indicates that con-
trol of voltage alone in psychological studies is
quite unsatisfactory. This is frequently the case
even when considerable physical resistance is added
to the circuit in series with the biological materials.

Problems relating to the use of electric shock
stimuli were considered in a round-table discus-
sion of the American Psychological Association
(2, 3). Although there was no close agreement
among members, the general opinion seemed to be
that amperage was the physical aspect of shock
which should be controlled. Muenzinger and
Walz (4) developed a method for controlling
D.C. current (to a great extent) despite variations
in skin resistance. This technic has proved quite
satisfactory for a number of purposes. However,
the few psychophysical experiments that have been
performed with control of amperage have yielded
disparate results. Thus, Dalziel and Lagen (5)
found that the integumental threshold for 60 cycle
alternating current was 1.1 milliamperes (ma.),
while Forbes and Bernstein (6) found great fluc-

'Ranifications of the obvious fact that the value or
function that shock acquires is different for different
individuals will not be considered in this paper; cf.
Tompkins (1).

tuations. In a study using a modified method
of limits while controlling wattage, Gilmer (7)
found a mean absolute threshold at 0.3 ma. at a
frequency of 64 cycles per second, and a mean
threshold value of 3.0 ma. at a frequency of 12,500
cycles. It is known, of course, that differences in
electrode materials and differences in their size,
shape and location may introduce artifacts; how-
ever, it would seem that the discrepancies have been
so great that they cannot be accounted for on the
basis of electrode error. It is evident, therefore,
that the possibility must be considered that power
may be the most relevant measure of electric shock
stimuli in psychological studies. Such a con-
clusion was reached by Forbes and Bernstein (6)
who stated that "neither voltage nor current alone
is a satisfactory index of the sensory effects of
shock. The results do suggest that power may
be such an index."

Quite uniform and stable power thresholds were
obtained by Gilmer in the study mentioned above
(7). He used a method of limits in which a milli-
watt (mw.) scale was employed for determining
limens at nine frequencies that ranged from 64 to
12,500 cycles per second. Thresholds were found
to be almost identical for his four subjects, being
30.88 mw. at 64 cycles and 392 mw. at 12,500
cycles.

In support of the hypothesis that power is the
most significant physical aspect of shock, it might
be noted that several of the devices used for con-
trolling amperage also reduced variations in power.
Certainly Muenzinger and Walz (4) reduced the
variation in power as they reduced the error in
amperage. Also, it might be pointed out that the
introduction of complemental resistance into the
stimulating circuit in physiological experiments
seems to reduce fluctuations in stimulus power.
Thus, Jasper (8), in adding 15,000 ohms in series
with the subject during studies on chronaxie, was
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in effect exerting control of the energy of the stim-
ulating circuit.

There are indications, also, that power has been
partially controlled in conditioning studies. For
instance, in studies on dogs, Kellogg (9) main-
tained a voltage that was just sufficient to force a
flexion reflex of four inches. Kellogg, Pronko,
and Headlee also used this method for investiga-
tions of drugs (10) wherein they believed it neces-
sary to control the unconditioned response accord-
ing to a behavioral index of the effectiveness of
the shock. Later Spooner and Kellogg (11) ex-
tended this type of shock control, on the basis of
a reaction index, to the conditioning of the finger
withdrawal in human subjects. Inspection of
Kellogg's (9) voltage curves suggests that the
uniformity of the unconditioned response was
achieved through at least partial control of the
power of stimuli. This is indicated by the gradual
decline in the voltage necessary to elicit the un-
conditioned response as the experiment progressed.
Since it may be assumed that the resistance of the
biologic circuit declined progressively after re-
peated shock stimuli, it is apparent that the voltage
required to deliver a constant power would also
be reduced concomitantly.

The control of shock stimuli in terms of the
physiological reaction which they produce has
been employed in other areas of conditioning and
in neuropharmacological investigation (Wikler
[ 12] ). However, it seems to be somewhat inade-
quate for human studies. One of the reasons is
that the frames of reference are different. Extra-
polation from results obtained in studies where a
reaction was forced by shock, to results obtained in
human discrimination of the intensities of stimuli,
would seem unwarranted. It would be desirable,
therefore, to discover the relative effectiveness of
amperage and wattage in representative experi-
mental situations; e.g., in purely physiological stud-
ies, in conditioning studies, in discrimination stud-
ies and in any other situations displaying unique
characteristics. It may be that the effective elec-
trical index in one will be found to be the effective
index in all others; this remains to be tested.

Our own pilot work was begun with a modified
method of single stimuli using a voltage scale.
Standard stimuli were applied one hour previous
to the administration of six test series of 11 stim-
uli each. The subject reported verbally his judg-

ment of whether the variable shocks were
"stronger" or "weaker" than the previously given
standard. Both delivered voltage and amperage
were recorded for each stimulation. Results, com-
puted separately on the basis of delivered voltage,
amperage and power, showed that voltage was the
least significant characteristic; also these compu-
tations gave strong indications, but did not prove,
that power was the most important physical char-
acteristic affecting judgments.

This work showed one thing quite conclusively.
If experiments of any precision were to be under-
taken using shock stimuli, a method must be de-
veloped for accurately predicting the voltage neces-
sary for producing desired amperages or wattages
once the skin resistance was known. A direct
application of Ohm's law could not be relied upon
in this situation since it is known that capacitance
is a factor of some magnitude which must be taken
into account in studies on biological circuits
(Curtis [13.]), especially when skin impedance is
relatively high. Therefore, for present purposes
it was necessary to devise an apparatus which could
be used to deliver shock stimuli of known wattage
or amperage, and to construct empirical power
curves for the purpose of pre-setting the stimula-
tor for desired shock intensities. After this was
accomplished, a procedure was developed to de--
termine the relationship of induced pain to the
wattage and amperage of electric shock stimuli.

METHODS

Apparatus. The biologic resistance of the subject be-
fore and after stimulation was measured by use of a
General Radio A.C. bridge (Type 650 A). In making
such measurements the capacitance of the subject was
balanced out by adding the required capacitance to the
opposite arm of the Wheatstone bridge. A cathode ray
oscilloscope was used to determine the state of balance
in the bridge circuit.

The circuit of the 60 cycle A.C. stimulating apparatus
is illustrated in Figure 1. Essentially, this consists of
two parts: (1) a stimulating circuit which permits re-
cording of impressed voltage and actually delivered am-
perage, and (2) a trigger and relay system which limits
the duration of the stimulus to exactly 0.1 second and
prevents accidental repetitive shocking of the subject dur-
ing a 30-second period after each stimulation.

The stimulating circuit is composed of a line source
variac and transformer which permits delivery of 0400
volts A.C. to the subject through an external resistance
of 10,000 ohms. The latter serves to minimize the effects
of variations in the subject's impedance during passage
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of the stimulating current. Root-mean-square amperage
of the stimulating current actually delivered to the sub-
ject is measured by a separate circuit (insert, Figure 1).
Flow of current in this circuit is induced by that passing
through the subject during stimulation. The A.C. in-
duced current is converted by a rectifier into D.C. surges
which charge a series of condensers. The resulting vol-
tage drop across one of the condensers, as measured by a
standard D.C. vacuum tube voltmeter, is therefore pro-
portional to the A.C. current passing through the subject.

The trigger and relay system limits the stimulating
current to a duration of 0.1 second by a circuit consisting
of Relay #1, resistor R1, condenser C1, and thyratron
tube 2D21 and a power source P. As long as contact
B is closed, current flows through this circuit, Relay #1
remains activated and contacts A and D remain open.
When contact B is opened, this circuit is broken, thereby
permitting contacts A and D to close and the stimulating
current to pass through the subject. The opening and
closing of contact B is almost instantaneous (see below).
Hence, the circuit is restored almost immediately after

stimulation is begun. However, contact A remains closed
until Relay #1 is reactivated. This interval (0.1 second)
is determined by the characteristics of thyratron tube
2D21, R1, and C1, since immediately after the opening of
contact B, condenser C1 discharges and when its potential
drops to about zero, the thyratron tube is fired and Re-
lay #1 is reactivated, thereby opening contacts A and D.
Prevention of accidental repetitive shocking of the sub-
ject for a period of 30 seconds is insured by the circuit
consisting of switch S1, condenser C2, resistor R2, and
Relay #2. When switch S1 is closed (by the subject or
the experimenter), condenser C2 discharges, thereby ac-
tivating Relay #2 and opening contact B for a very brief
period (approximately 10 msc.). The values of C2 and R2
are such that 30 seconds are required for recharging C2
to a voltage which is high enough again to activate Re-
lay #2.

Subjects. All subjects used in this investigation were
male prisoner patients with previous histories of drug
addiction ("post-addicts") who had not received drugs
for several months prior to the present study, and who

FIG. 1. ALTERNATINGCURRENTSHOCKINGAPPARATUS: 60 CYCLE STIMULATING CIRCUIT, STIMULUS DURATION
CONTROLAND SAFETY DEVCES

For explanation see text.

466



WATTAGE, AMPERAGEAND PAIN STIMULI

MOWALrA-2.25 WATTS
88-165 WATTS(STANDARD)

CSJITS -1.c06 WATTS

fctmAL. -1B- L65 WATTS

1 2 3 4 5 6
OHMS(X 1,000)

7 8 9 10

FIG. 2. RELATIONSHIP BETWEEN VOLTAGE AND RESISTANCE FOR THE

STANDARDPOWEROF 1.65 WATTS IN A PUmYPHYSICAL CIRCUIT (B'),
AND SIMILAR RELATIONSHIPS FOR SEvERAL BIOLGICAL CIRCUITS

For explanation see text.

volunteered to serve as subjects for these experiments.
Forty individuals were used in experiments which were

made for the purpose of constructing empirical and ra-

tional power curves and 12 others served in experiments
which were designed to determine whether electrically
induced pain is related more closely to the amperage or

the wattage of electric shock stimuli.
Procedure. A. Construction of empirical power curves.

The following rather simple method was used for this
purpose: (1) stimulating the experimenter and other
"willing" subjects at progressively increasing intensities
to a power level that was definitely painful; (2) selecting
a group of subjects whose skin resistance would cover
the range to be expected; (3) stimulating these subjects
with powers that varied randomly, from those which were
quite low to those which were considerably higher than
the level which was painful to the experimenters; (4)
plotting the delivered powers, from calculations of P =

I2R, as functions of skin resistance on the abscissa and
voltage on the ordinate; (5) sketching a power curve

covering all resistances, that was equal to the power

reported as painful by the experimenters; (6) sketching
two end power curves, one lower and one higher than the
standard which were equidistant in power from the lat-
ter, and which could be distinguished from it in ap-
proximately 100 per cent of the trials; (7) interpolating,

according to the calculated powers, four steps between
each end point and the standard, thereby providing a

scale of nine powers. (Only three curves are presented
in Figure 2; these are for the standard and the two end
powers.)

It was found that biological resistance, not including
complemental resistance, ranged from approximately
700 to 10,000 ohms. For the reasons stated above, a com-
plemental resistance of 10,000 ohms was added in series
with the subject in the stimulating circuit. It will be
noted, however, that biological resistance, or its equiva-
lent, and not total resistance has been plotted in Figure 2.

The addition of 10,000 ohms of complemental resistance
inverts the power curves from the position they would
occupy were power calculated on the basis of the bio-
logical resistance alone as long as the biological resistance
is less than the complemental resistance. (Simple cal-
culations on the basis of Ohm's law will show that when
the biological resistance is greater than the complemental
resistance, the voltage which is necessary to deliver any
given power to the subject increases concomitantly with
increase in biological resistance.) Necessary voltage, on

the ordinate, for delivering desired powers as these biologi-
cal resistances, ranged from 150 to 600 volts. The power
scale finally decided upon was built around a standard
of 1.65 watts. These powers were approximately 1.05,

600

550

50

450

40C

2502

0
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1.20, 1.35, 1.65 (standard), 1.80, 1.95, 2.10, and 2.25
watts.

In employing the charts for the purpose of delivering
shock stimuli at any desired power, the appropriate power
curve was identified and the necessary shocking voltage
was determined for the particular skin resistance (com-
plemental plus subject's resistance) before each stimula-
tion.

B. Relationship of induced pain to characteristics of
shock stimuli. The method for determining the relative
effectiveness of amperage and power was rather simple
after the apparatus and the empirical power curves were
developed, and after it had been shown that skin re-
sistance could be markedly reduced by scrubbing the
fingers with saline paste. The 12 post-addict subjects
were all given the same treatment and no medication
was administered. After each subject was shown into the
quiet, air-conditioned experimental room, the electrodes
were applied and held in place by a 94 inch rubber band.
The electrodes consisted of two stainless steel plates
measuring approximately 3 X 5 cm. which fitted the con-
tour of the dorsal and palmar surfaces of the fingers.
Each plate was connected to the stimulating apparatus by
means of insulated wire leads which were fixed to bind-
ing posts in the center of the electrodes. They were coated
with saline paste but were applied without scrubbing the
fingers. Skin resistance was then obtained after balanc-
ing the capacitance. Under these conditions most indi-
viduals' skin resistance was found to be relatively high.

Six shocks of progressively increasing power were
then delivered terminating with two of the standard
stimuli of approximately 1.65 watts.2 To give the sub-
ject practice in comparing intensities, a complete series
of nine shocks was administered in predetermined ran-
dom order at approximately 45-second intervals. The
subject responded to each shock by reporting verbally
whether it was stronger or weaker than the previously
given standards. (No equal judgments were allowed.)
On completing this practice series, the subject was given
four more stimuli of standard strength, preceded by the
following information: he was told to remember the
strength of these standards since, after a one-hour in-
terval, his judgment would be required on several
more series.8 The subject was then returned to the
waiting room.

2We found frequently in our exploratory work that
the first and sometimes the second stimulation produced
greater power than predicted; thus during the initial
stimulation for all individuals, the delivered power of
each stimulus, including the first two standards, was
calculated immediately after stimulation, using the for-
mula l2R. This procedure provided a check on the stand-
ard power, as it was occasionally necessary to shift the
voltage upward or downward to obtain the desired power.
Also, this procedure obviated excessive stimulation.

8This method of administering the standards an hour
previous to the experimental series was employed to
parallel a subsequent discrimination study (14).

The subject returned to the experimental room after
the one-hour interval, and the electrodes were re-applied.
However, at this sitting, the subject's fingers were pre-
pared somewhat differently. The fingers were cleaned
with acetone and both surfaces were scrubbed thoroughly
with-a toothbrush coated with electrode paste. The lat-
eral surfaces were wiped with acetone, and the electrodes
applied with a uniformly thin covering of saline paste.
Two test series, similar to the practice series except
for differing stimulus order, were then administered.
(The first stimulus for the first series was at a con-
siderably lower power than the standard.) Prior to each
of the series the subject was told to judge each shock
as to whether it was stronger or weaker than the pre-
viously given standards, and not to. compare them with
each other.

The manipulation of skin resistance provided the per-
tinent data. Applying the electrodes without scrubbing the
fingers previous to the practice series and administration of
the four standards, resulted in standard shocks being given
at relatively high and constant biological resistances. Thus,
each individual received shocks of standard amperage and
standard wattage. However, when the subject returned for
the test series, the scrubbing procedure reduced the skin
resistance markedly. The test series were power series;
therefore, regardless of biological resistance, approxi-
mately the same powers were delivered that had been
given during the practice series. But, due to the decrease
in biological resistance, amperage, in contrast to power,
was greatly increased over that given during application
of the standards.

Thus, upon beginning the test series, the subjects had
equal opportunity to judge on the basis of either am-
perage or power, since they had received standards of
each, central tendencies being equal. As indicated, in
order to make the first judgment decisive, a power much
lower than the standard was administered as the first
test stimulus. The power for this first stimulus was
much lower than the standard, whereas, for the majority
of subjects, amperage was much higher than the stand-
ard because their biologic impedance had been reduced
greatly by the skin-scrubbing procedure. Hence, if the
subjects judged the intensity of the stimulus on the basis
of its power, they would respond "weaker," whereas, if
judgments were made on the basis of amperage the re-
sponse would be "stronger."

Treatment of data. Errors in discrimination were
compared. Those that were made when calculations were
based on amperage were compared with those made
when calculations were based on wattage. The first
comparison was between, errors in judgment on the
first stimulation of the first series; it was so clear-cut
that no statistical tests of significance were required.

In that study it was necessary to determine whether
morphine impaired the ability to discriminate different
intensities of painful stimuli; therefore, all the pre-test
standards were given under non-drug conditions and the
one hour interval provided time for the administration and
action of morphine.
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However, as one would expect, there were errors on

both indices when a comparison of total errors was made
for Series 1 and Series 2. These were evaluated by using
the difference method of the t test (Edwards [15]).

RESULTS

The functioning of the apparatus was satisfac-
tory for our purposes. The mean of the delivered
preparatory standards for 30 subjects was 1.66
watts, and the mean of the delivered series stand%-
ards was 1.64 watts (predicted: 1.65 watts).
The standard deviation of the differences between
the preparatory and series standards for this group

was 0.039 watts.
It was found, with one exception, that the vol-

tage necessary to obtain a particular power in a

biological circuit of a certain measured resistance
does not correspond with the voltage calculated
by means of Ohm's law. In Figure 2 are shown
the relationships between E and R in a purely
physical circuit that includes only resistance (curve
B'), and three different apparent powers in biologi-
cal circuits (curves A, B, and C).4 The biological
circuit included the subject's pre-stimulation re-

sistance as well as unknown capacitance and in-
ductance. It will be noted that for resistances that
are considerably higher or lower than 2,300 ohms,
the biological E-R curve for the standard power

diverges somewhat from the equivalent curve for
physical power. In all probability this is because
the effective E for a biological circuit of unknown
capacitance and inductance is a function of these
variables and therefore is apt to be different from
the pre-set E which was estimated from calibra-
tions on a purely physical circuit. Although
changes in impedance following shock could not

4 In Figure 2, curve B' represents the relationships
between E and R for one given power (standard) as cal-
culated from the equation E = iFPR which is another

form of Ohm's law for a physical circuit. Curves A, B, and
C are rational curves for biological circuits derived from

1OP(R +K) lOR
the equation E=d , in which d - 1

R

- R+ K These curves were found to correspond quite
closely to the actual plots of observed E and R for any given
power as calculated by the equation P = VIR. Possible
reasons for the differences in E - R relationships in
biological and physical circuits are discussed in the text.
The use of the rational equation has the advantage that P
can be calculated in terms of E and R alone, without the
use of L However, curves identical with these would not be
expected if the stimulator components were changed since
the internal resistance and internal conductance would
vary -from instrument to instrument.

TABLE I

Significance for differences between the mean errors in
judgment on amperage as opposed to those on wattage

Mean errors Mean meatga
dfer ifr

Power Amperage enced

Series 1 2.08 4.42 2.34 0.742 3.15 <1%
Series 2 2.00 4.67 2.67 0.689 3.88 <1%

* The P column indicates the percentage of such results
that would be expected to occur by chance.

be measured, it was found that capacitance in-
creases as biological resistance increases, being
of the order of .05 microfarad at 10,000 ohms. It
will be noted that the greatest divergence of the
"physical" and "biological" curves occurred in the
region at which pre-stimulation capacitance was
greatest (Figure 2).

As would be expected, the E to I relationships
for the biological circuits also did not conform to
those which would be anticipated on the basis of
Ohm's law in a physical circuit. The measured I
appeared to be largely independent of the pre-
stimulation resistance, and was almost entirely a
function of E. Therefore, as R decreased, both E
and I were increased for any particular delivered
power.

The first treatment of the data of the experi-
ments on the relationship of pain to the charac-
teristics of shock stimuli was a comparison of er-
rors for the first test stimulations. Scrubbing the
fingers with saline paste before applying the elec-
trodes for the test series resulted in a drop of skin
resistance from a mean of 5,567 ohms for the pre-
paratory standards to a mean of 1,758 ohms for
the first test stimulation. Mean power and mean
current for these two conditions changed from
1.68 to 0.87 watts, and from 17.9 to 22.8 ma.,
respectively. Nine of the subjects received greater
amperages on the first test stimulation than on
the standard, while in all cases power was much
less than the standard. All subjects who had' a
clear-cut choice responded in favor of power, i.e.,
100 per cent gave the response "weaker." This
finding is all the more significant since, in many
cases, the difference in amperage was much greater
than indicated.

Table I shows the significance of the differences
between total errors in judgment when all re-
sponses were evaluated in comparison with de-
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livered amperage or calculated power. The first
comparison is for Series 1. Only one of the sub-
jects made more errors when calculations were
based on power than when they were based on
amperage (this subject's judgments were quite
erratic). The t between power and amperage
was 3.15. This probability of chance occurrence
(less than 1 per cent), which is statistically very
significant, would have been even less if a greater
number of subjects had been tested or if more
control of skin resistance had been obtained."

Table I also presents a similar comparison for
Series 2. The errors on amperage in relation to
those on power were even more marked than for
Series 1; the t between errors was 3.88, giving a
probability of chance occurrence of less than I
per cent. The significance of this t for Series 2
may be somewhat attenuated, however, since cen-
tral tendency of judgments may have begun to
operate.

DISCUSSION

The apparatus functioned satisfactorily in our
experimental situation, and the errors between
predicted and delivered power were compara-
tively small. Nevertheless, if much smaller step
intervals of power were used, or if an experimental
design necessitated great precision, further re-
finement in control would be needed. However,
it would appear that the accuracy which was at-
tained would be sufficient for the majority of psy-
chological studies. Variability of several hun-
dredths of a watt very probably would not be re-
flected in the outcome of conditioning work.
Certainly for experiments in discrimination, and
for other studies that we have underway in which
short term disruption of behavior is introduced by
shock, our control of power is far superior to con-
trol of- voltage, or of amperage as previously used.6

« Several factors were operating against an outcome
in favor of power: (1) as shown in a separate study (14),
if the subjects were "anxious" they would tend to re-
port stimuli as being "stronger"; (2) power was occa-
sionally greater on first stimulations than predicted; (3)
if the scrubbing procedure sensitized the skin there would
be a tendency to report "stronger" more frequently.

6 Although extrapolation may not be warranted from
our results on verbal report to the effective stimulus in
electroshock convulsions, investigations of controlled
power in such situations might result in more adequate
control of induced seizures. Arieff's paper (16) indi-
cates some of the difficulties in this area.

Aside from comparatively small errors in pre-
dicting delivered power, there are several disad-
vantages in the present form of the apparatus.
The complexity of design requires the services of
either a physicist or a person of considerable elec-
tronic inclination. This complexity also makes it
an impractical instrument for the average psycho-
logical or physiological laboratory in which severe
limits are frequently placed upon expenditures.
However, further work will probably result in a
simplified method for controlling power.

As indicated by Curtis (13), it was maintained
for some time that a completely new set of laws
other than those describing physical circuits would
have to be developed for assaying biological ma-
terials. However, as he points out, the apparent
discrepancies may be quite easily due to the com-
plexity of biological circuits, and to the great
difficulty of compensating for, of controlling, or
even of measuring changes in the material under
study.7

As indicated, one of the sources of error may
possibly be that of shock-induced changes in ca-
pacitance or in the other characteristics of im-
pedance. In a circuit that includes resistance, ca-
pacitance, and inductance, power is expressed by
the equation P = 12Z. Z, the impedance of the
circuit, is a function of resistance, capacitance, and
inductance, the value of which can be determined
only if the values of these variables and their
series or parallel relationships are known. Ob-
viously, except for the subject's pre-stimulation
resistance, such factors are unknown in the bio-
logical circuits obtained in the present experi-
ment. Hence, in this paper the term "power" has
been used to indicate the apparent power given by
the equation P = P2R. Although such a power
index may not correspond in all instances with the
true power, it has considerable utility in that its

7 Over 40 years ago, it was pointed out that in physio-
logical studies, electric stimulators should be calibrated'
in terms of a particular physiological response (Martin,
E. G., A quantitative study of faradic stimulation. I. The
variable factors involved; and V. The influence of tis-
sue resistance and of kathode surface on stimulating ef-
fectiveness. Am. J. Physiol., 1908, 22, 61; and 1910,
27, 226). This investigator demonstrated that the con-
tractions of frog's gastrocnemius muscle correlated fairly
well with the amperage of make or break faradic shock
stimuli. He did not investigate the relationships between
such responses and the wattage of electric shock stimuli
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use makes possible the control of stimulation with
respect to a physical measurement which, as has
been shown, correlates highly with estimation of
pain intensities. Actually, as mentioned, for re-
sistances of about 2,300 ohms, "apparent power"
corresponded quite closely with calculations of
power based on Ohm's law in a purely physical cir-
cuit which included only resistance. In addition,
the data show that power (P2R) may be predicted
in a biological circuit with a comparatively small
degree of error provided the pre-stimulation re-
sistance of the- subject is known and the initial im-
pedance of the stimulating source is kept constant.

The main purpose of the experiment was to de-
termine which characteristic of electric shock stim-
uli, amperage or power, was more closely related
to the subject's report of the intensity of electrically
induced pains. The two types of analysis of the
data were in very close agreement. The data prove
conclusively that power is the more important
physical variable in determining verbal reports of
the intensities of shock stimuli. In several stud;
ies mentioned in the introduction and in our own
pilot work, evidence was adduced showing that
voltage is a less significant variable than amperage.
Therefore, we are led to the conclusion that of
the three physical variables of shock stimuli, wat-
tage is the one that should be controlled. When
this is done, electric shock stimuli may prove to be
not only a convenient stimulus for use in psycho-
logical studies on pain, but also an accurate one.

It should be pointed out that in our experiment
the delivered powers of electric shock stimuli were
nearly equivalent to delivered energies, since the
duration of the stimulus was always 0.1 second.
In this connection it is pertinent to note that the
delivered energy of radiant heat stimuli has also
proved to be useful in studies on pain (Hardy,
Wolff, and Goodell [17]). This suggests the pos-
sibility that with any given technic for inducing
pain, the relationship between pain intensity and
the physical aspect of the stimulus can be de-
scribed most accurately when the latter is ex-
pressed in terms of energy appropriate to its
source electrical, thermal, mechanical, photic,
sonic, etc.

SUMMARY

1. An apparatus has been described that could
be modified for controlling either the delivered
wattage or the delivered amperage of electrical

stimuli of fixed duration, and which provided a
safety device to avoid accidental repetitive shock-
ing.

2. With one exception, the data obtained indi-
cated that the power developed by a particular
voltage in a biological circuit of a certain measured
resistance does not correspond with the power
developed at the same physical resistance by the
same voltage. This suggests that a biological
circuit is characterized not only by resistance, but
by unknown capacitance and inductance. There-
fore, delivered wattages calculated on the basis
of P = P2R, where R is merely the pre-stimulation
biological resistance, are only "apparent" powers.
However, under the conditions of our experiments,
such "apparent power" corresponded quite closely
to P2R values calculated on the basis of an equiva-
lent physical circuit.

3. Post-addict subjects judged the intensities of
electric shocks delivered by the apparatus. The
correspondence of the subject's verbal reports
with the amperage and the wattage of stimuli was
measured separately, and the differences were
statistically evaluated. After a practice series
which was followed by the application of four
stimuli of standard amperage andi wattage, re-
sistances were reduced by scrubbing with saline
paste the surfaces to which the electrodes were
applied. Two consecutive power series of nine
stimuli each were then administered. In each of
these test series, one stimulus was of the standard
power and four were higher and four were lower
powers than the standard. Due to the decrease in
resistance following the scrubbing procedure, the
amperages of the test stimuli were considerably
higher than those of the practice period. In re-
sponse to each stimulus, the subject reported
whether it was "stronger" or "weaker" than the
previously administered standard.

4. It was shown quite conclusively that apparent
delivered wattage correlates more highly than am-
perage with estimation of the intensities of elec-
tric shock stimuli.

5. The application of these findings to studies
on pain and to other problems is discussed.
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