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A solid-state device for providing graphic
records of various behavioral and
physiological events in much the same
manner as does the electromechanical
cumulative recorder is described. This
transistorized version of the cumulative
recorder produces a noise-free (electrical
and acoustical) analog cumulative record
on analog recorders. The circuit provides
for such features as: built-in calibrator;
in ternal-reset oscillator; variable
incremental step amplitude; and a FET
op-amp to provide a constant, drift-free
output level over long and extended reset
periods. The output of the device can be
displayed on one channel of a polygraph
recorder with adjacent channels providing
physiological and behavioral data to
produce a real time correlation of analog
and event signals.

Some of the problems of providing the
psychophysiologist with continuous
graphic records of various physiological
and behavioral responses has been
practically solved through the use of the
commercial electromechanical cumulative

.recorder. The cumulative recorder is the
workhorse of most behavioral laboratories
and has unlimited applications for graphic
data displays in many behavioral and
physiologic studies. The main
disadvantages of the electromechanical
cumulative recorders are: fixed paper
speed; limited response speed; generation
of excessive electrical and acoustical noise;
and difficulty of correlation with data
displayed on polygraph tracings. A
transistorized version of the
electromechanical recorder that produces a
noise-free (electrical and acoustical) analog
cumulative record on analog recorders,
adequately solves the inherent problems
associated with the electromechanical
cumulative recorder.

The solid-state cumulative recorder to be
described provides' a graphic representation
of input responses in the form of an
ascending staircase voltage, whose
amplitudes are a direct function of the
accumulated number of input closures over
a specified time interval (Krausman, 1968).
The circuit in Fig. 2 provides for such

Fig. I. Block diagram of the solid-state
cumulative recorder.
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features as: variable built-in calibrator
ranging from 30 responses/min to
300 responses/min; variable reset oscillator
ranging from 1 to 120 sec; variable
incremental step amplitude; and a FET
operational amplifier output to provide a
constant, drift-free output level.

The basic operation of the transistorized
cumulative device shown in the block
diagram of Fig. I is as follows: The input
signal that drives the one-shot
multivibrator (Ql, Q2) is derived from
either input relay closures or the internal
calibrator. The output of the one-shot
drives the current relay circuit (Q3, Kl).
The relay contacts of Kl, closed for
approximately 50 msec for each input
signal, connect the current pump (Q4) to
the charging capacitor (C3). The FET
op-amp connected in a source follower
configuration (Swinnen, 1968) provides an
output voltage proportional to the staircase
voltage developed across Capacitor C3.

The actual circuit, as shown in the
schematic diagram of Fig. 2, provides a
convenient internal calibration signal using
a four-layer diode oscillator (01),
adjustable in frequency by means of the
(CAL. ADJ.) potentiometer. When
Switch SI is in the CAL. mode, the
calibrator is connected and the input relay
closures are detached from the circuit. The
amplitude of each voltage step increment
across C3 is generated by the
constant-current pump (Q4) and is
adjustable by means of the (AMP. ADJ.)
potentiometer. The linearity of the output
staircase voltage is constant from 0 to
10 V. Since the output wiIl become
nonlinear beyond 10 V, reset should occur
before this amplitude is attained. The
output therefore is in the form of an
ascending-staircase voltage, reset at exact
time intervals to zero. The time between
reset outputs of the four-layer diode (02)
reset oscillator may be varied and is
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adjustable by means of the (RESET ADJ.)
potentiometer. Switch S2 provides for the
option of either internal (tNT.) or external
(EXT.) resetting. The FET op-amp,
connected in a source follower
configuration, provides an input impedance
of 1011 ohms across C3. C3 should be a
high-quality hermetically-sealed
low-leakage capacitor (Sprague
No.96PI0591) to insure that long-term
leakage will produce an amplitude
attenuation ofless than 0.01%/h.

Although a Philbrick PP25A FET
op-amp was used in the circuit, any FET
operational amplifier with the same voltage
specifications and an input impedance of
1010 ohms or greater can be substituted.

Power for the circuit illustrated in Fig. 2
is provided by a well regulated dual ±15-V
supply. The positive portion of the supply
should be capable of supplying at least
100 rnA, and the negative portion should
supply at least 20 rnA.

Figure 3 shows a polygraph tracing of
the output of the transistorized cumulative
recorder. The relay closure output of a
heart-rate detector was connected to the
input of the device with resets occurring at
12-sec intervals. The height of each ramp is
proportional to the heart rate in 12-sec
increments and calibrated in beats per
minute (BPM). The apparent curvature of
the tracing is due to the normal curvilinear
pen motion of the polygraph recorder. A
rectilinear recording polygraph would
produce tracings of the classical
cumulative-record form.

Other variables, such as respiration,
salivary flow, rapid eye movement,
plethysmograph, tremor, etc., connected to
the appropriate detector or discriminator
circuit, can be graphically displayed in
much the same manner as the heart-rate
response illustrated in Fig. 3.

Figure 4 shows a polygraph tracing that
represents the behavioral response pattern
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Fig. 2. Schematic diagrams of the solid-state cumulative recorder.
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Fig. 3. A curvilinear polygraph tracing of
the output of the transistorized cumulative
recorder. The height of each staircase ramp
is proportional to the number of heart
beats in 12-sec increments and calibrated in
beats per minute (BPM).

of an animal subjected to a stress situation
in an operant experiment. The height of
each group is proportional to the number
of responses occurring in each 3D-sec
interval.

Although the circuit was specifically
designed for internally timed reset
intervals, the addition of a Schmitt trigger
(Swinnen, 1968) connected to the output
of the op-arnp or to the power amplifier of
the polygraph recorder would provide for a
voltage-dependent reset. The addition of a
voltage-dependent reset (Le., after a fixed
number of responses) might be useful both
in respect to its similarity to the operation
of conventional electromechanical
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cumulative recorders and to prevent
overranging during local high-rate bursts.
The output of the Schmitt trigger (voltage
level detector) should be in the form of a
relay closure and connected across the
storage capacitor, C3.

This instrument, which can be
constructed for less than $125 excluding
power supply, provides the investigator
with a solid-state electronic cumulative
recorder that incorporates many features
not found in the standard
electromechanical recorder. The circuit
described produces a precise and accurate
representation of an accumulated number
of occurrences or events per unit time with

Fig. 4. A curvilinear polygraph tracing of
the output of the transistorized cumulative
recorder. The tracing represents the
behavioral response pattern of an animal in
an operant experiment. The height of each
group is proportional to the number of
responses occurring in each 3o.sec interval.

automatic registry and graphic write-out in
the form of an ascending-staircase voltage.
The output of the solid-state cumulative
recorder can be displayed on one channel
of a polygraph recorder with adjacent
channels providing physiological and
behavioral data to produce a real-time
correlation of analog and event signals.
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