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For many physiology laboratory experiments an isotonic muscle
lever is the transducer of choice. A variety of levers are commercially
available for use with kymographs; however no rugged and inexpensive
isotonic lever is yet available for use with electronic recorders. The
following isotonic lever is rugged and simple enough for student use.

It was constructed with hand tools from commercially available parts
and materials for about $20. Damage can be repaired rapidly by an
unskilled laboratory technician.

Principle of Operation

A very light aluminum lever pivots at its center (Fig. 1).

ISOTONIC MUSCLE LEVER FOR USE WITH STRAIN GAGE
OSCILLOGRAPHS.

Fig. 1. A: lever; B: yoke/pulley assembly; C: semi-circular resis-
tance strip; D: mercury well; E: after-loading screw; F: balancing
potentiometer; G: off/high/low sensitivity switch; H: support rod;

I: power cable; J: aluminum plate.
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Concentrically attached to the lever around the fulcrum is an exposed
resistance strip which dips through a bath of mercury. Movement of
the lever causes a greater or lesser portion of the resistor to be
shorted out by the mercury, varying the electrical resistance between
the mercury contact and the exposed end of the resistor. This variable,
which is a function of lever displacement, is incorporated into a con-
ventional Wheatstone bridge circuit. The transducer can be used with
most common AC or DC strain gage amplifiers.

Construction

The basic part of this transducer is a small pulley mounted on metal
bearings in a yoke 1, with a lever of 0.5 mm thick aluminum rigidly
attached to the threaded shank of the pulley (Fig. 2). The semicircular
electrical resistance element which is fastened to the lever may be
bought commercially 2, or, alternately, hand made in the following way.

ENLARGED VIEW OF LEVER/YOKE ASSEMBLY.

Fig. 2. Labels as in Fig. 1.

! Harvard Apparatus Company, Dover, Mass.; light pulley, part
number 233.
International Resistor Company, Boone Division, P.O. Box 393,
Boone, N.C.; Special concentric resistance elements per Bulletin
T-1A.
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A semicircle of 1/16th inch thick Plexiglas is painted on both sides
to within 1/2 cm of each end with a carbon particle suspension in la.cquer.3
(A carbon coating is required because mercury will attack most high re-
sistance metals; mercury is the only non-wetting fluid contact.) One end
of the semicircle is dipped into silver conducting paint to a depth over-
lapping the carbon lacquer coating, thus providing electrical contact be-
tween the aluminum lever and the resistance paint. The opposite end of
the resistor was left unpainted so that no electrical contact was made to
the lever. Since the semicircular resistance strip pivots about its center,
it remains at a constant depth in the mercury, eliminating buoyancy as
a force for the muscle to overcome.

The mercury well is a plastic block with a milled slot. A screw
through the wall makes electrical contact with the mercury and serves
as a binding post (point B in Fig. 3). After-loading screws are attached
to the yoke above the lever.

The basic lever system is complete with the well and yoke mounted
on a piece of 6 mm thick aluminum and the assembly attached to a 12 mm
diameter aluminum rod. For greatest convenience the Wheatstone bridge
circuit (Fig. 3), which includes a 1/2 inch diameter potentiometer 4 and
an off/high/low sensitivity switch, is housed in a small box attached to
the transducer. No dimensions are critical, and therefore none are
specified here.

Performance
Output voltage for displacement (at tip of lever): 20 mV/V/cm;
Resolution: less than 1 mm displacement;
Frequency response: flat to 4 cycles per second;
70% of full scale at 5 cycles per second;
resonant frequency: 6.5 cycles per second;

Temperature sensitivity and baseline drift: compatible with needs
for student laboratories;

Weight of lever, resistor, and pulley: 4 gms.

3 General Cement Manufacturing Company, Rockford, Ill.; Tele-
vision Tube Koat, number 49-2; probably available at local television
repair shops. One or two coats are applied with a soft brush; the
thicker the coat, the lower the resistance.

Lafayette Radio Electronics Company, 111 Jericho Turnpike,
Soyosset, L.I., N.Y.; "dime-sized potentiometers''.
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SCHEMATIC OF CIRCUIT OF ISOTONIC LEVER.

Fig. 3. Rj: 1500 to 3000 ohms (depends on size of Ry and thickness

of resistance lacquer); Rp: 27,000 ohms; R3: 5000 ohms linear taper
potentiometer; R4: 4700 ohms; R5: 10,000 ohms (combination of Rq
and Rg give a 10:1 reduction in output voltage when used with a Gilson
Minipolygraph. Values may need to be adjusted for other recorders.).
S1: SPDT (on-off-on) switch. A: contact through bearing between lever
and yoke; B: brass screw contact into mercury. #1, #2: excitation
voltage; #3, #4: output voltage.

Comments

Two disadvantages of this lever should be noted: mercury is messy
and potentially poisonous; and mercury oxidizes readily and the floating
oxide can foul the resistance element. To reduce mercury problems,
the well holds only one milliliter of mercury, and very little surface is
exposed. Spillage occurs only with a hard jolt or tilting the well. If the
resistance element and the well are rinsed with dilute HC1 and air-dried
before use, and if clean mercury is always used, fouling is minimized.
Mercury usually can be cleaned adequately by passing it through a filter
paper in which several holes have been punched with a needle. Dilute
HCI dissolves most floating debris. Mercury must be dry before being
placed in the transducer well.

The advantages of this lever offset its disadvantages. Beginning
students understand the principle of the transducer, and are not con-
fused by complex electronics. With the student controlling sensitivity
and balancing at the transducer, several muscle preparations can be
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CONGRESS OF RADIATION RESEARCH

The Third International Congress of Radiation Research will be
held in Cortina d'Ampezzo (Bellurno) Italy, June 26 to July 2, 1966,
under the auspices of the International Association for Radiation Re-
search. The Congress will be concerned with the physical, chemical
and biological effects of ionizing radiations as they interact with living
organisms, especially at the cellular and subcellular levels. Further
information about the Congress may be obtained from Dr. G. Silini,
Secretary-General, Third International Congress of Radiation Research,
Casella Postale 2359, Rome A-D, Italy.

GERONTOLOGY CONGRESS

The Tth International Congress of Gerontology will meet at the
Vienna Hofburg (Imperial Castle) from June 26 to July 2, 1966. W.
Doberauer of Vienna University will be President of the Congress.
Open papers may be submitted on any gerontological subject before
December 15, 1965, For further information write:

Sekretariat

7 Internationaler Kongress fur Gerontologie
(Mrs. Ingrid Andersons)

Wiener Medizinische Akademie

Alser Strasse 4, Vienna IX, Austria







































