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Introduction

This section introduces some of the potentialities, limitations, and ideas of
bio-medical telemetry by a series of specific examples of some of the work
that has already been accomplished. Certain of these experiments are dis-
cussed in detail in later sections. For the reader who wants a survey intro-
duction it is hoped that this section alone will suffice.

At the outset it should be stated that, to some experiments, the use of
telemetry methods adds nothing but extra complication, and sometimes
unreliability. But certainly there are many situations in which the use of
telemetry either makes an otherwise impossible experiment feasible or
results in more productive results being obtained in a given time with sig-
nificantly less statistical averaging being required. These methods prove
important particularly in those situations where it is desirable to leave the
subject in a relatively normal physiological and psychological state by inter-
fering with his normal pattern of activities as little as possible. With un-
cooperative animals, this can take on an added importance. These methods
not only allow freedom of activity but also provide for the production of
signals from relatively inaccessible regions. Thus a radio transmitter can
be swallowed to pass into regions that would otherwise be difficult to ex-
plore, while leaving the subject totally unaware of its presence. The absence
of electrical leads penetrating or extending from the skin can be important
to human subjects, who might otherwise tangle or pull them loose while
showering or sleeping or romancing or carrying on any other activity. In
the case of animals these same problems are avoided, with the added
advantage that an internally placed transmitter is out of reach of active
attempts to pull loose equipment or measuring devices that otherwise would
be placed on the surface of the body.
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Although these situations are the most generally important ones (and,
indeed, telemetry from a completely restrained animal is seldom advanta-
geous), in a number of static situations these methods can be important.
Thus it is actually found useful to work in experimental forests by shooting
a series of transmitters into the upper reaches of trees. The investigator
can then walk through the forest simply retuning his receiver to record the
signal from various transmitters monitoring different variables at different
positions. Similarly, the inside of chemical-reaction vessels can be monitored
without physical penetrations that might prove troublesome at high pres-
sures. The sterilization of food in a can, the curing of concrete, the temper-
ature of centrifuge rotors, and the like can similarly be studied by suitably
placed temperature transmitters. The main purpose here, however, is to
consider the telemetry and perhaps the reverse process, telestimulation,
of unrestrained animals.

It might be noted that many things could be included under the literal
meaning of the term telemetry. For example (Fig. 1.1), of interest from a
century ago are the experiments of the Frenchman Maurey (1869) where
a flying bird was studied by having it trail wires and a hose leading to a
smoked drum recorder. This sample has the spirit of some of the present
topics, but will not be discussed further, nor other history given from
before the recent radio methods which seem to provide the greatest flexi-
bility and the greatest diversity of experiments.

If one wishes to do more than locate or track the position of an animal,
it is necessary especially to consider the sensor of the information to be
transmitted. It is this input transducer that will often prove the most uncer-
tain or difficult part of the overall system. Thus attention is given to a
number of combinations of sensors and transmitters. Special emphasis is
given to methods in which radio or other wireless transmission is employed,
although in many cases it can prove valuable to communicate signals over
wires or telephone lines. In general, however, such methods will prove
to be simplified cases of the radio case, with the initial sensor proving to be
the most critical element. Although the receivers for these signals are given
some attention, the greatest emphasis is placed on the transmitter system,
since it is this element that often must be designed to have special proper-
ties of life, size, or stability in the presence of body fluids or other unusual
engineering characteristics.

To make these ideas as definite and graphic as possible we shall first
discuss a specific transmitter type in some detail. It is based on a rather
simple but effective circuit that was early discussed for this purpose in the
general literature (Mackay and Jacobson, 1957). Figure 1.2 shows an oscil-
lator circuit that has come to be known to engineers as a Hartley oscillator.
In the lower part of the drawing a coil and capacitor are connected in
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Fig. 1.1 (a) Conveying remotely-sensed information without the use of radio in a
century-old telemetry experiment. A rubber bulb detects the shortening of the pectoral
muscle of a pigeon by its thickening, the pneumatic signal traversing a rubber tube to
a bulb pushing a stylus on a smoked drum. A flapping vane at the wingtip opens and
closes an electric contact to indicate the relative duration of the period of elevation and
depression of the wing, (b) Runner provided with the apparatus intended to register his
different paces.

parallel; this combination has a natural frequency of oscillation in the same
sense that a swing has a basic frequency at which it tends to oscillate. The
coil is tapped approximately at its center and this connection goes to a
transistor whose action will maintain oscillatory currents in the tuned circuit.
The source of power for these oscillations is shown as a single cell battery,
although experiments have demonstrated the possibility of using biological
power sources here or even inwardly induced radio power from outside the
body of the subject. The second capacitor is required in the circuit to feed
the signal that actually causes the maintenance of oscillations into the tran-
sistor. In the vicinity of the coil can be placed an ironlike material, which
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