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57] ABSTRACT

A temperature probe measures temperature changes
within biological material while the tissue 1s being 1rra-
diated with microwaves. In order to measure tissue
temperatures accurately a probe must be designed to
function in a microwave field while causing minimum
perturbation to the microwave field. This generally
requires a probe being constructed of dielectric (non-
metallic) material which utilizes physical phenomena
which are thermally dependent yet unaffected by elec-
tromagnetic fields at the field strength and frequencies
of interest. In one embodiment the structure of the
probe basically includes an optical fiber bundle for con-
ducting light both toward and away from a temperature
sensitive luminescent element located at one end of the
optical fiber bundle, the source for exciting the temper-
ature sensitive element and a light responsive detection
element located at the output end of the optical fiber
bundle for detecting light emitted from the temperature
sensitive element which is temperature dependent. The
light received by the light responsive detection element
can be analyzed with regard to several parameters (in-
tensity, frequency and phase) and thereby used for indi-
cating the temperature of the biological sample or tis-
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38 Claims, 4 Drawing Figures
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1
TEMPERATURE PROBE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion: matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

The field of temperature measurement includes a
variety of conventional temperature sensing devices
which involve metallic sensors and elements such as
thermisters, thermocouples and thermometers. Calori-
metric techniques may also be employed for tempera-
ture measurement. However, each of these conven-
tional temperature measuring devices is handicapped
when used to measure temperature changes of biologi-
cal tissue in the presence of an electromagnetic field.
The metallic elements of the conventional temperature
measuring sensors cause interferences and perturbations
and concentrations of the electromagnetic field 1n
which it 1s placed which result in erroneous readings
and undesirable, localized hot spots in the biological
tissue being measured. Calorimetric methods require
that the tissue be enclosed in a container while further
restricting the temperature measurements until after the
material being sensed in irradiated.

Medical research has been hampered in the past by
the absence of a non-perturbating and interfering tem-
perature sensor. Science has had to resort to compli-
cated methods and expensive elements which are used
to sense the temperature of the biological tissue while
the same 1s in an electromagnetic field such as micro-
wave radiation.

One example of a successtul attempt to produce a
temperature probe having non-perturbing elements
which may be used to measure the biologicl tissue while
the tissue 1s subject to an electromagnetic field is that
shown in the patent to Rozzell, et al. U.S. Pat. No.
4,016,761. The Rozzell patent utilizes the reflective
properties of a liquid crystal at the end of a bundle of
optical fibers. While the liquid crystal 1s non-metallic
and does perturb or interfer with the electromagnetic
field, it is subject to various disadvantages. For instance,
the liguid crystals are subject to chemical instability and
must be both kept in an airtight sealed arrangement as
well as constantly recalibrated or substituted for new
liquid crystals as they deteriorate with time. Moreover,
ligwd crystals are subject to drift and hysteresis which
create problems in the rehability of the instrument.
Generally, the sensitivity of optical temperature probes
based on reflective phenomena 1s critically dependent
on the physical dimensions and coupling of the tempera-
ture sensitive element to the optic fiber bundle. Thus,
the sensitive tip of the probe requires careful construc-
tion placing limitations on size and durability. The 1in-
strument described in the Rozzell, et al. patent serves a
very useful purpose and is successtul in its partial at-
tempts at temperature measurement. However, the tem-
perature probe described therein does not satisfy all ot
the requirements demanded by rigorous biological re-
search.

The temperature probe of the present invention goes
beyond the apparatus described in the Rozzell patent as
well as all optical probes based on reflectivity and has
several advantages for reliable and efficient measure of
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temperature within biological samples in an electromag-
netic environment.

SUMMARY OF THE INVENTION

The present invention i1s addressed to a temperature
probe having non-metallic parts and 1s suitable for the
measurement of temperature in an electromagnetic field
with specific applications in biological research. The
temperature probe 1s configured having at least one
distinct group of optical fibers for conducting light
between one end thereof and the other. The probe addi-
tionally includes a temperature sensitive element lo-
cated at one end of the optical fiber bundle, the temper-
ature element having temperature dependent lumines-
cent properties which are extremely relible in sensing
the temperature of materials with which the element 1s
in thermal equilibrium, the temperature sensitive ele-
ment being adapted to be implanted in the matenal
whose temperature is to be measured. The probe of the
present invention also includes a source for exciting the
luminescent temperature sensitive element and a light
responsive detection element located at the other end of
the optical fiber bundle from the temperature sensitive
element for detecting the light emitted from the temper-
ature sensing element which is passed through the opti-
cal fibers. The detection element takes the intensity of
the light and/or the frequency and/or lifetime shift
characteristic of the luminescent process and uses this
information tc translate it through conventional elec-
tronic systems into a reading of the temperature of the
biological tissue. As alluded to previously, the lumines-
cent material or materials used within the end of the
probe to be implanted can have a light intensity (quan-
tum efficiency), frequency spectrum and temperature
dependent decay or lifetime, one or all of which may be
used for temperature detection purposes. Additionally.
the frequency of the excitation source which 15 passed
to the luminescent element 1s not equal to the frequency
of the light which 1s passed out from the temperature
sensitive element. In this respect the physical process s
not reflective. This difference in frequency may be used
as a means for selectively differentiating the output
signal from input noise, an advantage in recovering
necessary information for the determination of tempera-
ture.

The present invention includes a variety of embodi-
ments which have individual sources of light for excita-
tion of the lJuminescent element as well as one embodi-
ment which includes tts own selt-contained source (ra-
dioactive) for exciting the luminescent material.

Accordingly, it is a general object and feature of the
present invention to provide a non-metallic temperature
probe for measuring the temperature of a matenal while
the material is in an electromagnetic field without inter-
fering with the electromagnetic field or having 1its re-
sponse altered by the electromagnetic field except
through thermal interaction.

It is another general object and feature of the present
(vention to provide a temperature probe adapted to be
implanted in a material whose temperature 1s t0 be mea-
sured having a temperature sensitive element having
luminescent and temperature sensitive properties.

It is yet another object and feature of the present
mvention to provide a temperature probe adapted to be
implanted in a material whose temperature 1s to be mea-
sured, the temperature probe including a temperature
sensitive element which is adapted to utilize a spectral
frequency shift between the adsorbed radiation 1t re-
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ceives to excite it and the emitted radiation it passes out
in response to the temperature surrounding it.

It is still another object and feature of the present
invention to provide a non-metallic temperature probe
adapted to be implanted 1n a material whose tempera-
ture is to be measured, the temperature probe including
merely a single group of optical fibers which may be
used both to conduct excitation light toward the tem-
perature sensitive element as well as to conduct light
from the temperature sensitive element 10 a light re-
sponsive detection element, the detection element hav-
ing means for detecting a change in the time response
(luminescent decay or lifetime) of the temperature Sernst-
tive element indicative of a temperature change 1n the
material in which the probe is implanted. This time
response (decay or lifetime) may be measured directly
or via alternate means, e.g., phase sensitive detection
technique.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features that are considered characteristic
of the invention are set forth with particularity in the
appended claims. The invention itself, however, both as
1o its structure and its operation together with the addi-
tional objects and advantages thereof will best be under-
stood from the following description of several embodi-
ments of the present invention when read in conjunc-
tion with the accompanying drawings wherein:

FIG. 1 is a schematic representation of one embodi-
ment of the temperature probe of the present invention
having two distinct groups of optical bundles;

FIG. 2 is a schematic representation of another em-
bodiment of the temperature probe of the present inven-
tion having a single group of optical bundle associated
therewith;

FIG. 3 is another schematic representation of a tem-
perature probe according to the present invention
which utilizes a radioactive and luminescent material
which is self-exciting and which requires no other exter-
nal excitation source; and

FIG. 4 is a graphic representation of the temperature
response of one embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

Looking to FIG. 1 there is shown in schematic form
a temperature probe 10 and the associated mechanisms
for operating the same. The probe 10 consists of a bun-
dle of optical fibers 12 having any convenient and rea-
sonably desired diameter, length and number. In the
embodiment shown in FIG. 1 the bundle of optical
fibers 12 is separated into two distinct groups having
terminals at 14 and 16 and a common terminal at 18.
Provided adjacent to the terminus of the optical bundle
12 at its end 18 is a temperature sensing element 20
which has luminescent properties. The temperature
sensing element 20 may be a fluorescent material or may
be a phosphorescent material, or suitable combination
of materials. Applicant has found that the temperature
sensitive element 20 may take any number of specific
embodiments, however, zinc sulfide activated with
camdium and calcium sulfide activated with Europium
and tin have been found to have suitable temperature
sensitive properties in order to demonstrate the opera-
bility of this invention. The temperature sensitive ele-
ment 20 is attached to the end 18 of the optical fiber
bundle by a clear epoxy 22 and includes about its pe-
riphery an opaque encapsulation of an opaque epoxy.
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The separated ends of the optical fiber bundles 14 and
16 are also encapsulated in an opaque casing (not
shown). Positioned proximate the one end 14 of the
optical bundle is a source of excitation radiation 24. The
source 24 may take any one of a number of configura-
tions. however, applicant has found that a xenon flash
lamp provides sufficient optical excitation levels for the
purposes of the present invention. The source 24 1s
controlled, both as to its triggering and its source of
power by a flash trigger and charge supply circuit 26
through an electrical line 28. The specific triggering
mechanism and charge supply, as well as the circutry
nvolved therein, are not unique and are commonly
available with state of the art electronics and will not be
further discussed herein.

Located proximate the other end 16 of the optical
bundle is a light responsive element 30 which is adapted
to sense the levels of light or radiation emitted by the
temperature sensitive element 20 and passed through
the optical bundle toward it. The specific configuration
of the light responsive element 30 is one of design.
However, applicant has found that a photo multiplier
tube or photosensitive diode, commonly available,
serves well as a detector of the luminescent radiation
passed to it through the optical bundle 16. The circuitry
and electronics necessary for receiving the signal from
the photo multiplier tube 30 is shown as the detector
circuitry 32 and may take any one of a number of con-
figurations which are commonly available in the elec-
tronics art. A connection 36 between the detector cir-
cuitry 32 and the flash trigger and charge supply cir-
cuitry 26 is provided in order to relate the time and
intensity of the source 24 to the radiation received by
the photo multiplier tube 30 for correlating and analyz-
ing the luminescent light signal received by the detector
with regard to temperature determination. The exact
nature of the information communicated between
source and detector will depend on which characteris-
tic parameter is being measured and the technique used
for measuring this parameter.

The use of a luminescent temperature probe provides
various advantages over conventional systems. For
instance, due to its non-metallic nature and physical
process by which it functions it does not perturb or
nterfere with the electronmagnetic field or microwave
radiation to which it is subjected during its temperature
measurement function. Additionally, the luminescent
material has a definite temperature dependence and may
be formed of a relatively small size for delicate biologi-
cal tissue temperature sensing. In addition to being
small, it is easily fabricated and easily attached to the
end 18 of the optical fiber bundle. The luminescent
aterials can have a long term physical and chemical
stability without drift or hysteresis associated there-
with. As alluded to previously, the luminescent material
may be one of a variety of materials depending upon the
range and resolution necessary in a given or desired
circumstance. Luminescent materials have a lumines-
cent intensity which is directly related to temperature
and thereby to the temperature of materials In thermo
equilibrium with it. In addition, the luminescent mate-
vial has a luminescent decay time or lifetime which i1s
temperture dependent. This decay time or lifetime 1s an
intrinsic property of the luminescent material. Conse-
quently, it allows the measurement of an intensive
rather than extensive parameter for the purpose of tem-
perature measurements. Specifically, the light which 1s
used to excite the temperature sensitive luminescent
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element 20 is absorbed by the material. Subseguently,
the material 20 is adapted to emit a radiation with a time
dependent intensity which is characteristic of the
atomic and solid state properties of luminescent material
and independent of the intensity of the source used to
excite the luminescent material. Thus the time depen-
dence of the emission intensity rather than the intensity
itself can be used as a thermo parameter. The time de-
pendence of the emission intensity can be measured
directly as a decay time from a single excitation puise or
as a phase shift between a modulated excitation source
and the resulting modulated luminescent emission. It
should also be noted that the frequency spectrum of the
ight emitted by the temperture sensitive element 20 is
also temperature dependent and may also be used in
order to determine the temperature proximate the
probe,

Another important aspect of luminescence phenome-
non (from a frequency standpoint) is that the emitted
radiation is characteristically different from the ad-
sorbed radiation. For example, the emission frequency
of the radiation from the temperature sensitive element
20 1s different from the adsorption frequency of the light
from source 24. In this regard, luminescence phenome-
non is not a reflectance effect. It is this difference in the
character of the excitation or absorption radiation from
the emission radiation which offers an advantage with
regard to detection techniques used for luminescent
studies. Luminescence is traditionally subscategorized
INto two processes, i.e., fluorescence and phosphoresc-
ence. Fluorescence and phosphorescence are processes
in which radiation is emitted by a luminescent material
that has been excited via the absorption of spectfic types
of radiation. If the quantum states from which the emis-
ston originates and terminates have the same multiplic-
ity, the emission is called fluoroescence and is charac-
terised by a relatively short lifetime (10-2 to 10-10
sec.). If the states from which the emission originates
and terminates differ in spin (AS=1), the emission is
known as phosphorescence and the lifetime can be rela-
tively long (10—3to 10+ sec.). The luminescent emission
Intensity, lifetime and frequency spectrum can be tem-
perature dependent and therefore one or more of these
characteristic properties may be used as a thermo.-
response parameter. Combined with an optical fiber
bundle serving as a light guide for optical excitation as
well as a return guide for observing the luminescent
response, a luminescent material has the potential for
making a relatively small non-electronic non-metallic
temperature probe. Such an optically activated lumines-
cent temperature probe can be useful in situations where
mare conventional type probes (thermisters and ther-
mocouples, etc.) are handicapped due to electrical per-
turbation and interference, i.e., in an electromagnetic
field.

Of the possible techniques available for detecting the
luminescent response phase flurometry appears to be
one which shows attractiveness. This technique uses a
modulated excitation source and detects the phase shift
between the modulated excitation source and the conse-
quently modulated luminescent response. Since the
phase shift is directly related to the luminescent lifetime,
which is temperature dependent, a change in relative
phase in the luminescent signal excitation source can be
related through known procedures to a change in tem-
perature of the luminescent material located at the
probe tip. This type of detection technique will allow
the use of phase sensitive lock-in amplification which
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offers a considerable advantage in recovering a weak
luminescent emission signal. The phase detection tech-
nique can be independent of excitation source Intensity
and offers an additional advantage with regard to detec-
tion electronics and probe interchangeability.

Looking to FIG. 2 there is shown an alternative e
bodiment of the present invention, utilizing the temper-
ature dependent parameters (intensity, lifetime, fre-
quency spectrum) previously described. A bundle of
optical fibers 40 is provided which is presented 1n a
single group. Provided at one end 42 of the optical
bundle is a temperature sensitive element 44. The tem-
perature sensitive element 44 is attached to the end 42 of
the optical bundie 40 by a clear epoxy 46. The end of
the temperature sensitive element 44 is sheathed or
encapsulated in an opaque epoxy material 48 for exclud-
Ing any ambient or extraneous light from the tempera-
ture sensitive element 44. The other end 50 of the opti-
cal fiber bundle 40 is located outside and away from the
electromagnetic field and has associated with it a source
of illumination 52 which may take any one of a number
of configurations as previously discussed. The source 52
s triggered and supplied with energy by a flash trigger
and charge supply circuit 54 and is connected to the
source 32 via electrical line 56. A beam sphitter 48 is
provided along the optical path between the source of
lumination 52 and the end of the optical fiber bundle
30. The beam splitter may take any one of several con-
figurations including those which not only split the
beam but additionally filter the inherent characteristics
of light such as color, frequency or polarization. Corru-
gated light wave guides are only one example of such
alternatives. The beam splitter is employed for separat-
ing the incoming excitation radiation from the outcom-
ing luminescent response radiation from the tempera-
ture sensitive element 44. Located proximate beam
splitter 38 is another light responsive detector element
60 similar to that described previously which has associ-
ated with 1t its own detector circuitry 62 and is con-
nected to the detector via appropriate electrical line 64.
A comparative connection 66 between the flash trigger
and charge supply circuitry 54 and the detector cir-
cuttry 62 is provided if necessary for comparing the
intensity and/or phase differential between the cutgo-
ing illumination 68 and the incoming radiation 70. The
beam splitter 58 is available in the current state of the art
in guided wave optics. It should be noted, however,
that the single bundle of optical fibers 40 may be utilized
for both incoming as well as outgoing illumination due
to the frequency differential properties of the lumines-
cent material 44 used at the end of the probe. Moreover,
by modulating the source 52 and measuring the conse-
quent modulated luminescent response to detect a phase
shift, which is temperature dependent. a phase change
in the luminescent signal can be related to a temperature
change.

Looking to FIG. 3, there is shown a third embodi-
ment of the present invention. The temperature probe
10 of this third embodiment includes a single bundle of
optical fibers 72 having a probe end 74 and a response
end 76. Located proximate the probe end 74 is a temper-
ature sensitive element 78 having both luminescent as
well as radioactive properties. The temperature sensi-
tive element 78 is attached to the probe end 74 via a
clear epoxy 80 and is encapsulated or sheathed by an
Opaque epoxy layer 82 for preventing extraneous and
ambient illumination from affecting the temperature
sensitive element 78. Provided proximate the response
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end 76 of the optical fiber bundle 72 is a detector 84 of
the variety described above. A detector circuit 86 is
attached to the detector 84 via an appropriate electrical
line 88 in much the same manner as previously de-
scribed in the first and second embodiments. There 1s no
external source associated with the temperature probe
embodiment shown in FIG. 3 inasmuch as the radioac-
tive luminescent material utibized in the temperature
sensitive element 78 includes its own source of excita-
tion radiation. However, the luminescent materiai used
in the element 78 remains temperature sensitive and will
emit luminescent light intensity and/or frequency spec-
trum dependent upon the temperature it is subjected to.
The advantages of using a radioactivated luminescent
material as a light source at the temperature sensitive
element 78 is that a single optical fiber bundle may be
used since the light source is the luminescent matenal.
This eliminates the need for an external light source to
excite the luminescent material and also eliminates the
problems associated with controlling the excitation
source intensity. Using a radioactive luminescent mate-
rial additionally makes the probe simple and easy to
fabricate thereby resulting in a diminished size for deli-
cate temperature sensing.

FIG. 4 1s indicative of the time response received by
the detector from the temperature sensitive element in
the embodiments previously discussed. The vertical axis
for the family of curves shown in FIG. 4 represents the
response in volts per centimeter for a given excitation
pulse at different temperatures. As should be evident
from a review of the graph in FIG. 4, the voltage repre-
sentation of the light response for lower temperatures 18
greater than that for higher temperatures. In this re-
gard, Applicant has determined that the tolerance levels
or temperature resolution is in the vicinity of £0.3° C.
thereby providing an accurate measurement of the tem-
perature to which the probe end 1s subjected. The con-
figuration of each curve of the tamily of curves in FIG.
4 may be utilized in various ways to determine tempera-
ture. For example, the peak response is indicative of a
substantially linear decrease with temperature increase.
Additionally, the area under each curve may be inte-
grated thereby resulting in an inverse proportional rela-
tionship between the area under one curve and its re-
lated temperature. The specific shape of the curve and-
Jor its decay time (as is indicated by the curve's tail)
may be equally utihized to temperature determination.

In conclusion, it will be seen that there 1s provided a
simple, efficient, and easily maintained temperature
probe adapted for primary use in a non-ionizing electro-
magnetic radiation field. The temperature probe is con-
structed with non-conductive dialectric materials and
therefore is non-interfering and non-perturbing of the
electomagnetic field. Additionally, based on the physi-
cal phenomena of luminescence, its response will be
independent of electromagnetic fields 1n the radio and
microwave frequency range. Using various temperature
sensitive elements (luminescent materials of different
physical properties), the sensitivity of the temperature
nrobe may be varied to any one of a number of tempera-
ture ranges to which the operator will subject the
probe.

While certain changes may be made in the above
noted apparatus without departing from the scope of
the invention herein involved, it is intended that all
matter contained in the above description or shown in
the accompanying drawings shall be interpreted as illus-
trative and not in a limiting sense,
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I claim:

[1. A temperature probe adapted to be implanted in
a material whose temperature is to be measured, said
temperature probe comprising:

an optical fiber bundle having at least one distinct
group of optic fibers for optically conducting light
between one end thereof and the other:

a temperature sensitive element located at one end of
said optical fiber bundle, said temperature sensitive
element having temperature sensitive luminescent
properties and being adapted to be implanted in
such material whose temperature is to be measured;

means located at one of said optical fiber bundle for
exciting said temperature sensitive element; and

light responsive detection means located at the other
end of said optical fiber bundle from said tempera-
ture sensitive element for detecting hight directed
from said temperature sensitive element and passed
through said optical fiber bundle. ]

I 2. A temperature probe adapted to be implanted n

a material whose temperature is to be measured, said
temperature probe comprising: |

an optical fiber bundle having a first group and a
second group of optical fibers which are physically
separated at one end of said bundle:

a temperature sensitive element having temperature
sensitive luminescent properties, said temperature
sensitive element being located at the other end of
sald bundle and being adapted to be implanted 1n
such material whose temperature is to be measured:

light source located proximate said first group of
optical fibers at said one end of said bundle, satd
light from said source optically passing through
said first bundle to excite said temperature sensitive
element; and |

light responsive detection means located proximate
said second group of optical fibers at said one end
of said bundle, said light emitted from said temper-
ature sensitive element passing through said second
bundle to said light responsive detection means. }

[3. The temperature probe according to claim 2
wherein said temperature sensitive element 1s a phos-
phorescent material. ]

[4. The temperature probe according to claim 3
wherein said phosphorescent material is zinc suihide
activated with camdium. }

[5. The temperature probe according to claim 3
wherein said phosphorescent material is calcium sulfide
activated with Europium and tin. ]

[6. The temperature probe according to claim 2
wherein said temperature sensitive element is a phos-
phorescent material encapsulated in an optically opaque
element. }

{7. The temperature probe according to claim 2
wherein said temperature sensitive element 1s a phos-
phorescent material having a luminescent decay time
which is temperature dependent. }

[8. A temperature probe adapted to be implanted in
a material whose temperature is to be measured, said
temperature probe comprising:

an optical fiber bundle having at least one optical
fiber; |

a temperature sensitive element having temperature
sensitive luminescent properties and having the
property of emitting radiation at a different fre-
quency than that 1t absorbs, said temperature sens:-
tive element being located at one end of said bundle
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and being adapted to be implanted in such matenal
whose temperature s to be measured;

light source located proximate the other end of said
bundle, said light source having a given frequency
Spectrum,;

means proximate said other end for separating the
light passed from said source toward said tempera-
ture sensitive element from that being emitted from
said temperature sensitive element; and

light responsive detection means located proximate
said other end of said bundle, said light responsive
detection means including means for detecting the
light emitted from said light sensitive element as a
function of the change in temperature of said tem-
perature response element. ]

9 The temperature probe according to claam 8
wherein said temperature sensitive element 1s a phos-
phorescent material. }]

[10. The temperature probe according to claim 9
wherein said phosphorescent material 1s zinc sulfide
activated with camdium.}

[11. The temperature probe accordmmg to claim 9
wherein said phosphorescent material 1s calcium sulfide
activated with Europium and tin. J

{12. The temperature probe according to claim 8
wherein said temperature sensitive element ts a phos-
phorescent material encapsulated in an optically opaque
element. ]

[13. The temperature probe according to claim 8
wherein said temperature sensitive element 1s a phos-
phorescent material having a luminescent response
which 15 temperature dependent, said luminescent re-
sponse being a function of temperature.]

[14. The temperature probe according to claim 8
wherein said separating means includes a beam splitter
and an excitation frequency filter associated with said
source and a luminescent response filter associated with
said light responsive detection means. ]

[15. A temperature probe adapted to be implanted in
a material whose temperature is to be measured, said
temperature probe comprising:

an optical bundle having at least one optical fiber;

a temperature sensitive element having temperature
sensitive luminescent properties. said temperature
sensitive element being radioactive and being lo-
cated at one end of said bundle and being adapted
to be implanted in such material whose tempera-
ture 15 to be measured;

a radioactive source located proximate said tempera-
ture sensttive element for exciting said temperature
sensitive element: and

light responsive detection means iocated proximate
the other end of said bundle for detecting the emis-
ston response of said temperature sensitive element
as a function of its temperature. )

[16. The temperature probe according to claim 15
wherein said temperature sensitive element 1s a phos-
phorescent material. ]}

L17. The temperature probe according to claim 16
wherein said phosphorescent material is zinc suifide
activated with camdium.]} |

[ 18. The temperature probe according to claim 16
wheremn said phosphorescent material 15 calcium sulfide
activated with Europtum and tin. ]}

[19. The temperature probe according to claim 16
wherein said temperature sensitive element 1s a phos-

phorescent material encapsulated in an optically opaque
element. ]}
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[20. A temperature probe adapted 1o be implanted in
a material whose temperature 15 10 be measured, said
temperature probe comprising:

an optical bundle having at least one optical fiber;

a temperature sensitive element having radioactive
and luminescent temperature sensitive propertes,
sald temperature sensitive element being located at
one end of said bundle and being adapted to be
implanted in such material whose temperature 1s 1o
be measured;

light responsive detection means located proximate
the other end of said bundle for detecting the emis-
sion response of said temperature sensitive element
as a function of its temperature. ]

[21. The temperature probe according to claim 20
wherein said temperature sensitive element is a radioac-
tivated phosphorescent material. }

[22. The temperature probe according to claum 21
wherein said radioactivated phosphorescent matenal is
zinc sulfide activated with camdium.]

[ 23. The temperature probe according to claim 21
wherein said phosphorescent matenal 1s calcium sulfide
activated with Europium and tin. }

[ 24. The temperature probe according to claim 20
wherein said temperature sensitive element is a radioac-
tivated phosphorescent material encapsulated in an
optically opaque element. ]

23. A method of measuring temperature of an environ-
menlt, comprising the steps of:

positioning {uminescent material in thermal communi-
cation with said environment, said luminescent mate-
rial being characterized by emitting, when excited
with transient illumination radiation, luminescent
radiation that continues (n time beyond termination of
the excitation radiation and with a rate of intensity
decay that is related to the temperature of the lumi-
nescent material,

exposing said luminescent material to transient excita-
tion radiation, thereby causing said {uminescent ma-
terial to luminesce with a decaying intensity extending
beyond the termination of said excitation radiation,
and

detecting the rate of decay of said luminescence, thereby
to detect the temperature of the luminescent material
and that of said environment.

26. A method according to claim 25 wherein said [lumi-
nescent material is further characterized by comprising
zine sulfide activated with cadmium.

27. A method according to claim 23 wherein said lumi-
nescent material Is further characterized by comprising
calcium sulfide activated with europium and nn.

28. The method according to claim 25 wherein the ex-
posing step comprises exposing said {uminescent material
to a periodically recurring illumination intensity variation,
therebypto cause said luminescent material to luminesce
with a periodically recurring intensity variation, and fur-
ther wherein the step of detecting the luminescence com-
prises the steps of detecting the periodic {uminescence in-
tensity variations and comparing the phase of those varia-
tions with the phase of the periodically recurring excitation
intensity variation, whereby the phase difference is related
to the rate of decay of the luminescent material emission
and the temperature of the luminescent material

29. A method of measuring temperature of an environ-
ment, comprising the steps of:

positioning luminescent material in thermal communi-
cation with said environment, said luminescent mate-
rial being characterized by emitting, when excited
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with transient illumination radiation, luminescent
radiation that continues in time beyond termination of
the excitation radiation and with a rate of intensity
decay that is related to the temperature of the lumi-
nescent material,

exposing said luminescent material to transient excita-
tion radiation, thereby causing said luminescent ma-
terial to luminesce with a decaying intensity extending
beyond the termination of said excitation radiation,

detecting the rate of decay of said luminescence, and

determining from said rate of decay the temperature of
the luminescent material, thereby to determine the
temperature of said environment.

30. The method according to claim 29 wherein the ex-
posing step comprises exposing said luminescent material
to a periodically recurring illumination intensity variation,
thereby to cause said luminescent material to luminesce
with a periodically recurring intensity variation, and fur-
ther wherein the step of detecting the luminescence com-
prises the steps of detecting the periodic luminescence in-
tensity variations and comparing the phase of those varia-
tions with the phase of the periodically recurring excitation
intensity variation, whereby the phase difference is related
to the rate of decay of the luminescent material emission
and the temperature of the luminescent material.

31. A system for measuring temperature of an environ-
ment, comprising.

a quantity of luminescent material positionable in ther-
mal communication with said environment, said lu-
minescent material characterized by emitting, when
excited with transient radiation, luminescent radia-
tion that continues in time beyond the termination of
the excitation radiation and with a rate of decay that
is related to the temperature of the fluminescent mate-
rial,

means for exposing said luminescent material to such
transient excitation radiation, thereby to cause said
luminescent material to luminesce with a decaying
intensity extending beyond the termination of said
excitation radiation, and

means receiving the luminescent material luminescence
for measuring the rate of decay of said {uminescence
pulse, thereby to measure the temperature of the lumi-
nescent material.

32. The system according to claim 31 wherein safd lumi-
nescent material comprises zinc sulfide activated with cad-
mium.

33. The system according to claim 31 wherein said lumi-
nescent material comprises calcium sulfide activated with
europium and tin.

34. The system according to claim 31 wherein said ex-
posing means inclydes means for directing toward said
luminescent material excitation radiation having a periodi-
cally recurring intensity variation, thereby to cause said
luminescent material to luminesce with a periodically re-
curring intensity variation, and further wherein said mea-
suring means includes means receiving the periodically
recurring luminescent intensity variation and a signal cor-
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responding to the periodically recurring excitation radia-
tion for comparing the phase therebetween, said phase
difference being related to the rate of decay of the lumines-
cent material, whereby this phase difference is related to
the temperature of the luminescent material

35. A system for measuring temperature of an environ-
ment, cComprising.

a quantity of luminescent material attached to one end
of an optical fiber communication medium, said lu-
minescent material characterized by emitting, when
excited with transient radiation, luminescent radia-
tion that continues in time beyond the termination of
the excitation radiation and with a rate of decay that
is related to the temperature of the {uminescent mate-
rial,

means positioned at another end of said optical fiber
communication medium for exposing said lumines-
cent material to such transient excitation radiation,
thereby to cause said luminescent material to fumi-
nesce with a decaying intensity extending beyond the
termination of said excitation radiation, and

means positioned at said another end of said optical fiber
communication medium to receive the luminescent
material luminescence for measuring the rate of decay
of said luminescence pulse, thereby to measure the
temperature of the luminescent material

36. The system according to claim 35 wherein said lumi-
nescent material comprises zinc sulfide activated with cad-
milm.

37 The system according to claim 35 wherein said lumi-
nescent material comprises calcium sulfide activated with
europium and tin.

38. The system according to claim 35 wherein said ex-
posing means includes means for directing toward said
luminescent material excitation radiation having a periodi-
cally recurring intensity variation, thereby to cause said
luminescent material to luminesce with a periodically re-
curring intensity variation, and further wherein said mea-
suring means includes means receiving the periodically
recurring luminescent intensity variation and a signal cor-
responding to the periodically recurring excitation radia-
tion for comparing the phase there between, said phase
difference being related to the rate of decay of the lumines-
cent material, whereby this phase difference is related to
the temperature of the luminescent material.

39. The method according to claim 25 wherein the envi-
ronment whose temperature is being measured is biological
tissue, and further wherein the step of positioning lumines-
cent material within this environment includes positioning
said material at the end of an optical fiber that is im-
planted into said tissue.

40. The method according to claim 29 wherein the envi-
ronment whose temperature is being measured is biological
tissue, and further wherein the step of positioning lumines-
cent material within this environment includes positioning
said material at the end of an optical fiber that is im-

planted into said tissue.
3 *x * e »
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