UNCLASSIFIED

w 419322

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION. ALEXANDRIA, VIRGINIA

UNCLASSIFIED



NOTICE: When govermment or other dravings, speci-
fications or other data are used for any purpose
other than in connection vith a definitely related
government procurement operation, the U. 8.
Government thereby incurs no responsidility, nor any
obligation vhatsoever; and the fact that the Govern-
ment may bhave formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to Ve regarded by implication or other-
vise a8 in any manner licensing the holder or any
other person or corporaticn, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any wvay be related
thereto.



REPORT

ENERAL BIOPHYSICAL INVESTIGATION AND INSTRUMENTATION
PINAL REPORT
7/ V j,/'
ON nl

"Temperature Telemetry System for Laboratory Animals"

-
..

"Use of Oxygen Electrodes for in Vivo Measurement of

v
Elevated Oxygen Partial Pressures"

CATALOGED BY DDC
SAD No 219322

For
OFFICE OF NAVAL RESEARCH
Washington 25, D. C.

September 1963

Principal Investigators

Dr. Alvin Singer : 1 o3
Charles Reinhardt ' ﬂc‘
Randal H. Thomas -
- ‘l.) ,.‘ i
Contract NOnr 2912 (00)
p merican
JESiectronic
Jaaberatories
COLMAR. PENNA.

o W

P

el 1 B il

ot

e -

8 Dt 0 Ak, 0




GENERAL BIOPHYSICAL INVESTIGATION AND INSTRUMENTATION

FINAL REPORT
ON

TASK I: '"Temperature Telemetry System for Laboratory Animals"

TASK V: '"Use of Oxygen Electrodes for in Vivo Measurement of
Elevated Oxygen Partial Pressures'

For

OFFICE OF NAVAL RESEARCH
Washington 25, D. C.

September 1963

Principal Investigators

Dr. Alvin Singer
Charles Reinhardt
Randal H. Thomas

Contract NOnr 2912 (00)

AMERICAN ELECTRONIC LABORATORIES, INC.
Richardson Road, Colmar, Pennsylvania



Gl G e e e ey AR SN R e e

FINAL REPORT---TASK I

Temperature Telemetry System for Laboratory Animals

OBJECTIVES

1. To study the feasibility of supplying power to operate temper-
ature telemeters in laboratory animals from an erternal magnetic
field.

2. To build a model to demonstrate feasibility.

SYSTEM APPROACH

Three systems of the following characteristics were considered:

1. Audio power is supplied to the telemetering unit by means of a
magnetic field generated by & coil in the cage surrounding the
animal at the time that temperature information is desired.

2. A rechargeable battery included in the temperature telemeter is
periodically recharged by placing the animal in a cage contain-
ing the coils which generate the necessary magnetic field.

3. A lpcci.cl probe containing the power transmitting coil and the
receiver coll is placed in the cage near the animal during the
time that temperature measurements are desired.

Further investigation led to the rejection of the system (2) due to
the unavailability of a suitable battery and of system (3) due to a desire
for a certain degree of automation i{in making the measurements.

TRANSMITTRR
The transmitter (See Figure 1) consists of a radio frequency oscillator

(300 KC) and a full wave rectifier consisting of the diodes D1 and D2. The



voltage induced in the coil L2 by an external magnetic field is rectified
and used to provide the operating voltages for the transistor Ql. The
frequency of the oscillator is determined by the tank circuit consisting

of the coil L1 and the capacitor Cl. The capacitor Cl is temperature-
sensitive in that its capacitance varies linearly in the temperature range
desired as a function of temperature. This temperature-induced change in
capacitance causes the resonant frequency of the tank circuit and hence also
the oscillator frequency to change as a function of temperature,

After reviewing the compounds available for potting the transmitter
unit, silastic rubber was chosen because of its known physiological inert-
ness and low water absorption coefficient. The final size of the transmitter
package is approximately 1/4" by 3/4" by 2-1/2". The power pickup L2 is
wrapped around the transmitter assembly at its largest cross-section.

POWER TRANSMITTING ASSEMBLY

Power is supplied to the telemeter assembly by means of two large coils
mounted inside the cage. These coils are constructed as shown in Figure 2.
The driving frequency was chosen as 400 cycles per second since filtering in
the transmitter rectifier is wore efficient and can be accomplished using
smaller values of capacitaance and because 400 cycles per second generators
are readily available. The upper limit of the power frequency was set by
the necessity of having at least a 25 to 1 ratio between power frequency
and transmitter frequency in order to prevent interference between the two.

The arrangement of the power coils and the power pickup coil L2 pre-
sents the difficulty that atcertain orientations, no temperature informa-

tion can be obtained since the transmitter stops oscillating. The



probability of this occurring is 75%. The telemeter is so designed that it
either oscillates at the correct frequency or it does not oscillate at all.
Since the system is automatic these occasional '"drop-outs' can be tolerated.
SUMMARY

A small semi-flexible implantable telemeter has been developed which
transmits a radio frequency proportional to the temperature of the surround-
ing tissue. The unit contains no batteries, but derives its power from an
external magnetic field emanating from coils mounted inside the animal cage.

The telemeter itself measures 1/4" by 3/4" by 2-1/2", including the
power pickup coil which surrounds its largest cross-section. The complete
unit is encapsulated in a non-toxic silicone rubber developed for tissue
implantation.

Temperature-frequency calibration of the prototype telemeter is re-
peatable within +0.25%F. The frequency shift at 300-kilocycles amounts to
about 2.5-kilocycles per degree F.

Because the system lends itself to automatic recording of animal temp-
erature as often as desired, it seemed reasonable to consider satisfactory
& 75% probability of temperature indication at any time. This permits the
use of a simple, undirectional field-coil system inside the cage, since one
can afford to miss temperature readings occasiomally. This will occur when
the plane of the telemeter is parallel with the power field. Although the
operating power induced in the telemeter will decrease with angle as this
orientation is approached, it was possible to design the oscillator in the
telemeter so that it will either ocscillate at the proper frequency, or not

at all, This achiervement makes the system feasible.
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FINAL REPORT - TASK V

Use of Oxygen Electrodes for in Vivo Measurement of
Elevated Oxygen Partial Pressures

INTRODUCTION

The platinum electrode has been used for many years in electro-
chemistry for the detemmination of oxygen partial pressure and hydrogen
concentration. By covering the platinum electrode with a semi-permeable
membrane, it is possible to measure oxygen concentration in protein-con-
taining fluids such as blood and tissue serum. The semi-permeable mem-
brane, which may be teflon or polyethylene, prevents the platinum from
becoming contéminated by the protein. It is our purpose in this research
task to explore the use of the membrane-covered electrode (first introduced
by Dr. Leland Clark) in the vascular system of experimental animals exposed
to hyperbaric eénvironments.
PRESSURE CHAMBER

In order to obtain the required hyperbaric environments, a pressure
chamber has been designed and constructed. This pressure chamber (see
Figure 1) is in the form of a cylinder approximately 3 feet in diameter
and 7 feet long. It is capable of msirtaining pressures up to 10 atmos
pheres and allows for the use of up to four gases in combiration. Provis-
ions have been made for measuring temperature and pressure directly. In
order to remove any excess heat, outlets for a cooling coil are availsble.

Electrical conrection to the chamber is by means of an umbilical

cord having 26 leads, hence it is possible to monitor the electrocardio-



gram, electroencephalogram, blood pressure (using the intracardiac blood
pressure catheter developed in another phase of this contract), bedy temp-
erature, respiration rate, pulse rate, blood oxygen partial pressure, and
chamber oxygen partial pressure.

Visual observation is made through a Lucite covered pressure-tight
port in the top of the chamber. The chamber itself is illuminated by means
of an internal flood lamp. A picture of the chamber appears as Figure 2.
OXYGEN ELECTRODE

The oxygen electrode consists of a platinum polarographic electrode
maintained as a cathode working against & silver-silver chloride reference
electrode. With respect to this reference electrode the platinum is held
at a potential of -0.6 volts. The polargraphic waveform for oxygen consists
of two waves given by the following equation.

In Acid Media
(1) 0, + 28" + 2~ H,0, then Hy0, + 2i*+2e——>2H,0

In Alkaline Medis

(2) 02 + 2“200-2& —-—)11202 + 20H" then HzOz + 2e——>20H"
Several large versions (lcm. overall diaseter) have been constructed
and evaluated. A transistcrized bridge current measuring instrument has

been constructed which is similar to that described by Katz and Gegnon.l

5 -

1. Katz, L., and E. D, Gagnor., "Some Techniques in Polarography”, IRE
Transactions in Bio Medical Electronics, BME 8, 2 April 1961, (117-121),
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