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City Hospitals. Baltimore. Maryland 2124.

2. De Morgan's theorem can be expressed as
A+ B=AB. Hence. a NAND gate will yield an
AND function if followed by an inverter or an
OR function if preceded by inverters. This is

accomplished by reversing the polarity of power
applied to theselection switches.

3. These circuits were constructed on 12 (2 to
a card) single-sided 3'4 x 4'4 in. printed circuit
cards. A negative is available from the authors.
(See Fig. 3.)

4. Art and photographic contributions of
Rowland Schnick are gratefully acknowledged.

A simple and inexpensive method to measure urinary excretion
in nonhuman primates
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A simple and inexpensive automated
method is described for simultaneous
recordingof time of day and frequency of
urinary excretion. A 24-h event record for
eight rhesus monkeys illustrates possible
usefulness of the method in determining
individual differences. response to
environmental factors, and diumal
patterns.

While time, frequency, and amount of
urinary excretion have been used in studies
of water balance, circadian rhythms, and
conditioning, few researchers have devised
automated ways of obtaining the data.
Most frequently, the amount of urine is
recorded either in 24-h samples or within
smaller periods of time (Dykman et al,
1962; Hoshizaki et al, 1969; Rohles &
Osbaldiston, 1969). Recently, Nicholson
and Warwick (1969) used circuits
employing either temperature- or
light-sensitive transistors to measure the
time at which urination occurred. They
could record the "amount" of urine if a
drop tube and counter were also used.
Another method to automatically record

Fill. 1. Electrode placement on urine
drain spout.
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amount and time of urine flow used an
aneroid manometer in a water-filled system
(Feldmahn et al, 1960). This method is
expensive and spaceconsuming.

The apparatus to be reported here
records the time of day and frequency of
urination and can be adapted to record
"volume" by adding a drop tube and
counter similar to that used by Nicholson
and Warwick. The basic apparatus consists
of two electrodes affixed to the drain
spout of the urine collection pan and a
current-sensitive relay circuit. The output
of the relay can be connected to any event
recorder. Eight of these units are currently
being used simultaneously to measure the
urination patterns of eight rhesusmonkeys.
The unit cost for electrodes and relay
circuit is under $6.

The electrode assembly and method of
mount is shown in Fig. I. The electrodes
are constructed from 3O-ga stainless -steel
sheets cut into ~ x 3 in. pieces. These are
attached to a Plexiglas block of sufficient
width to preventa short between the spout
and electrodes and are of sufficient length
so that they can extend below the spout
before being bent inward. One electrode is
bent so that it is slightly higher and
extends inward over the other so that the
vertical fall of the urine will not miss the
electrodes. A gap of approximately 1/4zo
3/8 in. is set between the tips of the
electrodes so that occasional drops of urine
that may lodge and be delayed on a feces
separation screen do not record as
urination. The electrodes are cleanedevery
2 to 3 weeks to prevent an increase in
electrode resistance from corrosion. They
are inspected twice daily on the cages to
remove animal hair that may collect on the
electrodesand cause a temporary short.

The current-sensitive relay circuit
(Fig. 2) is a modification of those
commonly used to measure contact (see,
e.g., Jarvik& Carley, 1964).The transistor.
2NI41S, is used to drive the Type IIF-SSO
Ohm Sigma relay. In addition. a lOOK
resistor is added to provide transistor

turn-off current and a I-megpotentiometer
is used to vary the bias turn on current.
The potentiometer is adjusted by setting it
at maximum resistance, applying a direct
short across the electrodes, and then
decreasing the resistance until the relay
pulls in. The potentiometer is then
adjusted slightly, with the short removed,
to make consistent relay closures when
urine is poured into the pan.

A 24·h record for eight rhesus monkeys
(Fig. 3) illustrates the patterns and
frequency of urination as recorded on an
Esterline Angus event recorder. Each group
of eight lines reads from right to left for
time of day and includes a 4-h period. The
lower line in each set represents Animal I
and the top line is Animal 8. The top eight
lines begin at midnight (M) and end at
4 a.m, The next set begins at 4 a.m, and
ends at 8 a.m. This is the pattern for each
set One pattern of malfunction that occurs
is seen from noon (N) until 4 p.m. for
Animal 3. It appears that urination lasts for
several minutes duringeach of several times
followed by repeated voidings every few
minutes. This pattern occurs when one or
two hairs effectively decrease the electrode
distance so that the last drops of urine
after urination travel down the hairs and
make a sufficient short for the contact
sensor to operate.

While the first author is interested in a
detailed analysis of urinary excretion over
long periods of time and in comparing
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Fill. 2. Schematic diallram of
current-sensitive relay circuit.
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Fig. 3. A 24-h eventrecord showing time
of day of urination for eight rhesus
monkeys. The record starts with midnight
(M) in the upper right hand corner and
readsfrom right to left in 4-h blocks.

interest. The frequency of urination is 4,
12, 12,6,20, II, 15, and 9 for Animals I
through 8, respectively. Animal I urinated
a large amount at 6:30 a.m., and then
voided only three times thereafter.
Animal 3 voided at 2:45 a.m., whereas no
other animals voided in the middle of the
night.
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thesepatterns to time and amount of water
intake, activity,and other measures, several
interesting findings can be obtained from
the single-day record in Fig. 3. Six of eight
animals urinated within a few minutes of
each other at 6:45 a.rn. and again at
approximately 9:50p.m. While the time of
urination is more variable at other timesof
the day, seven animals urinated within a
IS-min period at approximately
12: 30 p.m, and six animals urinated within

a IS-min period at 2:15p.rn. In addition,
even though all animals except Animal 8
had urinated at least twice before
8:00 a.m. and thus probably voided most
of the overnight urine retention, four
animals urinated within a few minutes of
each other at 8: IS a.rn. Each of these
periodswas correlated with human activity
either in the test room or in adjacen t areas
to the test room.

In dividual differences are also of
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An electroluminescent lamp device for critical flicker fusion

and apparent motion

C. C. BROWN and D. KRAUSMAN,
MARYLAND PSYCHIATRIC RESEARCH
CENTER, Box 3235, Catonsville, Maryland
21228

A circuit that uses electroluminescent
lamps as light sources for the study of
critical flicker fusion (CFF) and apparent
motion phenomena is described. The

Dehav. Res.Meth.& Instru., 1970,Vol. 2 (4)

technique involves the modulation of a
2- KH z exciting current with a
multivibrator-formed pulse adjustable over
a suitable range of frequencies.
Components are readily available from
commercialsources.

Wide use of the perceptual test of
critical flicker fusion (CFF) and apparent

motion phenomena is limited by the
expense and complexity of commercial
circuitry. Most of this equipment uses
xenon-filled crater lamps (RC 1130 B)
which require high-power vacuum-tube
driver circuits. A further disadvantage is
that this type of light source produces an
intense spot rather than a uniform fieldof
illumination.
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