Possible Extension of the Demonstration

The demonstration as described has been designed to
best serve the needs of students as well as considering
the limitations of time and facilities. There are a number
of ways in which the demonstration could be extended
for different circumstances; it would be possible to can-
nulate the carotid artery of the rats and thus to monitor
blood pressure, to remove blood samples for pH and
gas analysis during the experiment, and even perhaps to
monitor an electroencephalogram. Also, pH can be
measured at ambient temperatures that are comparable
to body temperatures, thus eliminating correction fac-
tors (8).

It would also be possible to further assess whether the
collapse of blood pressure during cooling in unrespired
rats can be prevented with vasoactive substances and if
so, whether this improves the chances of resuscitation.
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an Ink-Writing Kymograph
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Recent years have seen a gradual displacement of the
direct-writing kymograph and lever system in favor of
electronic polygraphs and their associated transducers.
This is partly because they are “more modern,” and
hence indicate progressive teaching methods, and part-
ly because of well-justified frustration with smoked
drums and messy and inefficient kymograph inking
systems. Nevertheless, for freshman courses, the
kymograph offers unparalleled simplicity of operation.
Its use prevents the considerable complexities of elec-
tronic transducers and their associated amplifiers and
controls, distracting the student from the object of the
laboratory exercise. Needless to say, this does not only
apply to freshman courses.

When it was acceptable to use smoked paper and
styli, the sensitivity of the kymograph for smooth mus-
cle work often rivaled that of present electronic
systems, and in addition the equipment was almost im-
mune from the effects of extraneous vibration.
However, ink-writing systems are far more aesthetically
acceptable; attempts to use ink with kymographs, while
resulting in clearer and more readily copied traces, have
led to a further decline in their use. This is because a
new problem was introduced: the capillary attraction
between the pen and the paper, amplified by the lever,
drastically reduced the sensitivity of the system. At-
tempts have been made to overcome this problem, such
as the use of gimbaled levers, electrosensitive paper,
and so on, but these do not appear to have been par-
ticularly successful.

The approach outlined here, using a coaxial vibrator
built into the lever system, has completely overcome
these limitations, resulting in traces of equal sensitivity
to those produced using a smoked drum and at the
same time retaining the marvellous simplicity of opera-
tion of the direct-writing kymograph. Essentially, the
device consists of a low-voltage AC-energized solenoid
mounted coaxially with the axis of the pen-lever pivot.
An iron washer, which acts as an armature, is con-
nected to the pen-lever by a rigid arm constructed out
of shim brass; movement of the armature toward the
solenoid results in the pen tip flexing off the paper,
thereby breaking the capillary adhesion between pen tip
and paper. No rotational force is developed, so that the
vibration is not transmitted to the preparation.
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Figure 1 A

A: Pen and ink reservoir. In the illustration, the pen tip is
shown twisted down by 90°, whereas in fact it lies perpendicular
to the pen web. B: Vibrator adapter mounted on the pivot
assemble of a standard isotonic lever (in this case Palmer Instr.).
The iron washer armature is soldered onto the key-shaped brass
shim bracket. The corners of the bracket are folded slightly, and
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a small fillet of solder is applied to the corners to increase rigidi-
ty. The solenoid assembly is cemented onto the lever yoke in
such a way that the central hole in the half-pot core surrounds
the pivot screw. The leads to the transform should be anchored
as that they cannot be accidentally removed. (Scale 2.5 cm.)

Constructional details are given in Fig. 1. The actual
magnetic material from which the pot core is made is
not critical for this purpose. [A 14-mm-diameter 3B7
pot core (Philips-Norelco) was used in our version.] The
solenoid coil must be wound as a “pancake” on a form
consisting of a suitably sized rod (e.g., of nylon) fitted
with removable facing washers between which the in-
sulated coil wire (approx 40 gauge) is wound. Before
removal, the coil is coated with diluted polyvinyl acetate
(white) glue and baked dry. The coil must fit snugly into
the cavity of the pot core and must not protrude beyond
the face. The coil must be cemented in place inside the
pot core, otherwise it will tend to move as well. The gap
between the steel washer and the face of the solenoid pot
core should be about 0.25 mm for optimum operation.

The pen used consists of a 14-cm length of 22-gauge
thin-walled hypodermic tubing connected to an ink
reservoir situated near the rotational axis to allow ready
filling of the pen while the kymograph is in use. The ink
reservoir is constructed from a BEEM electron-
microscopy embedding capsule that has a hole punched
in the cap to allow refilling. A short length of 27-gauge
hypodermic tubing is used as the pen tip. It is soldered
in place, and the writing tip is rounded and polished
with an Arkansas stone.

The transformer powering the solenoid can be
mounted within the kymograph body (and in the case of
kymographs that have intergral stimulators, it can be
omitted and the solenoid energized from the low-voltage
AC output of the power transformer through a suitable
current-limiting resistance). The low-voltage side of the
transformer can be connected to two banana jacks
mounted on the kymograph body to allow ready con-
nection of the pen unit. For a coil resistance of 8-10 §2 an
excitation voltage of 4 V AC was found to be adequate.
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In operation the pen pressure and the distance be-
tween the iron washer and the pot core should be ad-
justed so that the pen can be seen to be just tapping, at
mains frequency, on the surface of the paper (see Fig.
2). This vibration achieves two effects. First it con-
tinually breaks the surface tension between the pen and
paper, thereby allowing the preparation to move the pen
to the new position. In addition, the vibrator “loosens”
the bearings of the lever system, thus further increasing
the sensitivity of the lever arm.

Figure 2

Two traces made using the vibrator and an isotonic writing-lever
system. Upper trace is the response of rat intestine to an addition
of 10-¢ M norepinephrine to the organ bath. Lower trace il-
lustrates the effect of tip adhesion to the paper. Between the two
arrows the vibration was turned off (with the pen tip just
touching the paper). As is evident, there is an approximately
10-fold decrease in the size of the trace due to tip capillary adhe-
sion. (Paper speed 2.5 cm/min.)




