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An improved shocking surface for pigeons and rats'

use, both as a function of cleaning and as a function of current
flow. Pending the development of a suitable paint, we now use a
more elaborate surface, somewhat difficult to construct, but
perfectly stable.

Diagrammed in Fig. 1 is a section of the 1ffi4 x 9~·in. surface
for which data are reported here. The surface is a 19 x 17 matrix
of ~-in. brass crosses (arms 3/32 in. wide) separated by 1/16-in.
plastic dividers.The thickness of the surface is ~ in. On the under
side, each cross is connected to each adjacent cross by a 15 K,
5%, ~-W ceramic resistor, and the properties of the network are
such that the resistance between adjacent crosses is about 4 K.

JOSEPH J. WALKER AND M. E. BITTERMAN, BRYN MA WR
COLLEGE, Bryn Mawr, Po.

A resistive shocking surface and an appropriate power supply
aredescribed. The efficacy of the systemis illustrated with some
data on the activity of pigeons and rats as a function of the
voltage applied.

The conventional shocking grid is unsuitable for the pigeon
because when the bars are far enough apart to prevent shorting by
fecal material the animal can avoid shock by standing on a single
bar. Wingclips are irritative and do not make dependable contact
with the skin. Subdermal electrodes are difficult to implant
properly, and the internal leads to them are easily broken off in
the course of activity. In work with the rat, the conventional grid
is reasonably satisfactory if used with a scrambler to eliminate the
possibility that the animal can stand on two equipotential bars,
but the animal still can avoid shock by rearing up on a singlebar.
The attachment of shocking electrodes to the skin is more
difficult for rats than for pigeons.

An earlier report from this laboratory describes a resistive
shocking technique suitable both for pigeons and for rats (Longo,
Holland, & Bitterman, 1960). The principle is simple: when a
voltage is applied across a resistive surface on which an animal is
standing, the animal is connected in parallel with the circuit
through the surface. The results reported in the earlier paper were
obtained with painted surfaces into which holes were drilled to
permit the running off of urine and feces. The resistive paints
used were made by adding powdered graphite to a binder such as
black asphaltum or a solution of styrofoam in methyl-ethyl
ketone. Such surfaces are easy to construct, but they are
unsatisfactory because their resistance changes with continued
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Fig. 1. A section of the
shocking surface. Above: top
view. The hatched areas are
plastic dividers and border
pieces; the crosses are brass
electrodes; the squares are
openings which permit the
running off of urine and feces;
the broken lines show the cer
amic resistors wired to the
crosses on the under side.
Selow: side view showing
crosses,dividers,and resistors.
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The surface rests on banana plugs soldered to its underside at
eight points, whose coordinates in columns and rows of crosses
(19 columns and 17 rows) reading from left to right and from top
to bottom are as follows: 6·3 (six columns from the left, three
rows down), 14-3, 2·5, 18.5,2·13, 18·13,6-15, and 14·15. The
plugs are inserted into banana jacks set at corresponding.points in
a Plexiglas base. The jacks are wired to the power supply as
shown in Fig. 2.

If a voltage difference is simply applied at two opposite sides
of a resistive surface, the amount of current received by the
animal will vary with its orientation. For example, a pigeon will
receive more shock if the line between its feet is parallel to the
line between the points at which the voltage is applied than if the
two lines are perpendicular. To minimize the effect of
orientation, a rotating field may be obtained by phasing two
independent fields which are at right angles to each other in such
a way that one reaches its peak value when the other is at zero.
Rotation may be accomplished by retarding one field with a
choke and advancing the other with a capacitor. In the circuit
used here, two connections are made to each side of the surface
in order to promote a more uniform distribution of current. Each

Fig. 2. The shocking circuit
and the pattern of connection
to the shocking surface. A
variac (V) powers a 2: 1 step
up transformer, to whose sec
ondary four Stancor P·81S0
lSSO-V transformers are con
nected in parallel. Each choke
is 200 H, and each capacitor
is .04 p.f. Connections to the
surface are made at points
A, A', ...D, D'.
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%: :'IIG,
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choke is 200 H, and each capacitor is .04p.f. The primaries of
four 155D-V transformers (Stancor P-8150) are connected in
parallel to the secondary of a 2:1 step-up transformer whose
primary is powered by a variac. Shock levels are specified in terms
of variac settings.

To study the efficacy of the system, the shocking surface was
set on a ball-bearing activity platform like that described by Davis
& Ellison (1964), with a J.2-in. sheet of foam rubber between the
surface and the platform. The platform rested on the floor of a
ventilated picnic chest. Movements of the platform were
detected, not with the pendular contact of Davis and Ellison, but
by means of a thin rod running from the platform to the
needle-holder of an Astatic 16 phonograph cartridge. The output
of the cartridge, amplified and integrated by the method of
Longo & Bitterman (1959), was used to step a cumulative
recorder. The Ss were four white Carneaux pigeons and four
albino rats. For several days prior to testing, the feet of, the
pigeons were treated with a callous-remover. On test days, the
feet were simply brushed with dry paper toweling just before the
animal was put into the chamber. (The resistance of the feet can
be reduced by wetting them or by rubbing them with electrode
paste, but the effect is only temporary, and the resistance will
increase again in the course of even a brief experimental session.)
The feet of the rats were entirely untreated.

The first step in the testing procedure was to determine voltage
thresholds. Placed in the darkened chamber, the animals were
shocked on a flat VI·2 min schedule (range, 90·210 sec). The
duration of each shock was 2 sec, and the variac setting was
increased from zero in stepwise fashion until a value was found
that produced a response on 100% of trials. To begin with, many
of the animals were quite active in the intervals between shocks,
but as the testing proceded interval-activity diminished, and the
probability that the animal would already be active at the time
shock was introduced became quite small. For the pigeons, the
lowest variac setting which produced consistent response in all
four Ss was 60 V. For the rats, whose skin resistance was
considerably lower, it was only 10 V.

The next step in the testing procedure was to determine if the
extent to which the animals were activated by the shock could be
controlled effectively by variation in voltage. To that end, each
animal was tested at four variac settings (10, 20, 30, and 40 V for
the rats; 60, 73,86, and 100 V for the pigeons) in two sessions.
In each session, the animal was shocked eight times on the
VI·2 min schedule, two times at each voltage in a balanced order
which was different for each of the four animals of a given
species. The duration of each shock was 2 sec. The cumulative
records for one animal of each species are reproduced in Fig. 3. In
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Fig. 3. Cumulative re
cords of activity for one
pigeon and one rat in
each of two sessions. The
diagonal pips show the
points at which shock
wasadministered. The ad
jacent numbers are the
variac settings.
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each case, they show systematic increases in activity with voltage.
The rate of response was constant from voltage to voltage;
increasing the voltage tended simply to increase the duration of
response. The same may be said of the difference between
species; the greater activity of the pigeons (evident even at the
lowest voltage) could be traced to a difference in duration rather
than rate of response.

The mean curves for the four rats and the four pigeons are
plotted in Fig. 4. To avoid the difficulty of judging when each
response terminated, we simply measured the total amount of
activity between shocks. Although the interval between shocks
was not constant, the animals typically were inactive during the
latter portion of each interval. Furthermore, the length of the
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interval was balanced with respect to voltages and animals. Over
the ~ges mea~~ed, the mean curves show a substantially linear
relation of activity to voltage which is evident also' th
individual data. m e

The shoc~g surface described here, which is satisfactory both
for rats anil pigeons, was constructed after tests of another
surface, which prowd satisfactory for rats but not for pigeons-a
1~.x 13 m~trix of 7/16-in. brass crosses separated by l4-in. plastic
diV1d~rs, WIth the same area as the surface which has already been
described, The square openings between the crosses are Ii in.
rather than 3/8 in. on a side. This less dense surface fails
occasionally with pigeons even at high voltages, apparently
because it is possible for the animal to avoid contact with more
than one of the crosses. A single surface which can be used for
both species is convenient, of course, but the less dense surface
has two minor advantages in work with rats. One is that it is
somewhat easier to construct. Another is that the probability of
local shorting by fecal material is considerably less, although it
should be noted that shorting does not prevent shock. Shock fails
only when a large enough area of the surface is shorted that the
animal can stand on it alone, and that never has happened in our
experiments.
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Fil. 4. Mean amount of activity as a function of voltage in
lour rats and four pigeons.
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