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METHOD AND APPARATUS FOR DISTINGUISHING
MATERIAL BY THERMAL CONDUCTIVITY

Description

Technlcal Field

5 r;m ‘This invention relates to methods and means of
dlstlngulshlng material and in particular for dis-
tlngulshlng simulated diamonds made of cubic zirconia

‘from natural diamonds.

Background Art

10 Dlamond .1ike gems produced from materlal other
than carbon have found a significant commerc1al
market. Some of these materials such as cubic
zirconia, have optical properties sufficiently
similar to natural diamonds that experienced

‘15 jewelers have difficulty in distipguishing the
gem from natural diamond without removing the gem
from its mounting to measure hardness and/or

densfty, or, with the gem in its mounting, making

: m-§eiat&vely complex. x-ray tests that sometimes take

)20 several hours to perform. Furthermore, the hardness
o test requires scratchlng or otherwise marring the
ARSI gem and this;: lS destructive. It is most commonly .

performed by removing the gem from its mount andr-

scratchlng the bottom. For example, crystalllnerwﬁgt
25 cubic zirconia can be cut and facetted so that 1t xa

has the appearance of a natural diamond and when ' éi ;

inspected optically even an experienced jeweler =7 :

cannot easily distinguish it from natural diamond;
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and so, without removing the gem from its mounting

'and/or making complex x-ray tests, the jeweler cannot

tell within a few minutes time whether the cubic
zirconia gem is or is not a natural diamond. This
situation can be used by unscrupulous persons who
would attempt to pass off an imitation diamond gem,’
such as a cubic zirconia gem, as a natural diampﬁdl'?
The x-ray tests mentioned above involves ﬁaking
x-ray pictures of the gem. From these x-ray pic- =
tures, some experienced jewelers can distinguish
whether the gem is or is not a natural diamond.
While this technique is well known and quite reli-
able, it does take considerable time and skill to
perform and most jewelers are not equipped with the
x-ray equipment required for the test. It is the
principle object of the present invention to provide
a method and means of testing such diamond-like
gems or imitation diamond gems by which the gem
can be distinguished from natural diamond without

‘removing the gem from its mount and in a relatively

shorter period of time than by the techniques uséd;f
heretofor. T

i

Disclosure of the Invention

It is a general object of the present invention
to provide an improved method and means for dis- © ° °

tinguishing imitation diamond gems from natural
diamond.
It is another object to provide a method and

means for distinguishing one material from another '
e

by virtue of the difference in thermal conductivity
of the one material relative to the other. '

-~
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It is another object to provide a method and
means, other than optical, mechanical or x-ray for
distinguishing a diamond-like gem or a simulated
dlamond from a natural diamond.

.5 It is anothcr object to prov1de a method and
means for distinguishing diamond-like gems or
51mu1ated diamond gems from natural diamonds
qulckly and without removing the gem from its
mount.

10 It is another object to provide a method and
means for reliably distinguishing an imitation gem,
such as cubic zirconia, from natural diamond within
a few.seconds time.

- It is another object to provide relatively

15 51mple apparatus at relatively low cost for accom-
plishing any of the above enumerated objects.

In accordance with the present invention the
thermal conductivity of a test material, and
particularly of a gem, is determined by subject-

20 ing the gem to a steady heat flow and then measur-
ing the temperature of the gem. The thermal
conductivity may be determined as a function of the
change in steady state temperature of a test probe
resulting from a change in heat flow from the probe.

25 | In accordance with the present invention in
ahdther of its aspects, a simulated diamond gem such
as cubic zirconia is identified or distinguished
from natural diamond by measuring the thermal
conductivity of the gem relative to a reference.

30 In as much as the thermal conductivity of natural
diamond is at least an order of magnitude greater

than any of the imitation diamond materials cur-
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rently used, this physical parameter, thermal con-
ductivity, is a useful and reliable criterion. In
all embodiments of the present inveﬁtion, the thermal
conductivity of the simulated diamond gem is repre-
sented by thc change in temperature of a probe

in thermal contact with the gem immediately after
applying a p.rdetermined amount of heat to the probe.
For this purpose, a thermoresistance device such

as a thermicstor is placed in intimate thermal con-
tact with thce gem after, or at the same time
electric current of prescribed magnitude and dura-
tion is applied to the thermistor, heating the
thermistor to an.elevated temperature, and, there-
after, measuring the reduced temperature of the
thermistor due to conduction of heat from it by

the gem as an indication of the thermal conduc-
tivity of the gem. Thus, the temperature of the
thermistor, being indicative of the thermal
conductivity of the gem, is also an indication

of whether or not the gem is a natural diamond.

Tor example, within a certain range it can be
concluded that the gem is not a natural diamond.

In a preferred embodiment of the present inven-
tion, a second thermistor is provided, very similar
to the first one, and it is held in intimate thermal
contact with reference material having a known
thermal conductivity (the reference material may
be a natural diamond) and both of the thermistors
are in electrical circuit with a resistance bridge
as resistance legs of the bridge. When the bridge
is electrically balanced by varying the resistances
of other legs of the bridge, the values of. those
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other resistances can be used iﬁ a simple calcula-
tion to make a comparison of the thermal conduc-
tivity of the gem to the thermal conductivity of
the reference material. This comparison can reveal
5 with a high degree of certainty that an imitation
diamond of, for example, cubic zirconia,wis not a
natural diamond. '
Other objects and features of the present
invention will become apparent from the following
10 specific description of embodiments of the inven-
tion which, at the present time, represent the

best known uses of the invention.

Brief Description of the Drawings

15 Figure 1 is a mechanical-electrical diagram
illustrating structure including a resistance
bridge circuit for carrying out the generic pro-
cess of the present invention, using a heat gener-

" ating probe in thermal contact with the gem and
20measuring the temperature of the probe as it is
reduced by heat conduction through the gem;

Figure 2 is an enlarged cross section view
of a suitable thermoresistance temperature probe
including a thermistor that can be used in the

25 apparatus of Figure 1, showing details of construc-
tion of the probe;

Figure 3 is an electrical-mechanical diagram
of apparatus similar to the apparatus shown in
Figure 1 and including two substantially similar

30 heat generating probes, one in contact with the
imitation diamond gem and the other in contact with
a reference material that may be a natural diamond;

and
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Figure 4 is a representative plot of the
recistance bridge unbalance current versus the
probe heating current pulse duration using the
apparatus in Fig. 3, when comparing natural diamond
with glass and when comparing a cubic zirconia gem

with another cubic zirconia gem.

Best Mode of Currying-Out the Invention

Two embodiments of the present invention are
disclosed herein. Both embodiments incorporate
the generic features of the invention and are
represented by electrical-mechanical apparatus for
detecting and measuring the temperature of a
heated probe in thermal contact with a sample
material, such as a diamond-like gem, as an
indication of the relative thermal conductivity
of the material. While the embodiments dis-
closed herein can have use and application for
the general measurement of relative thermal
conductivity of just about any material, it should be
kept in mind that these embodiments are adapted
particularly for distinguishing any of the current
diamond-like gems and particularly those that can-
not be distinguished by simple optical inspection
(such as cubic zirconia) from natural diamond.
When the invention is used for this particular
purpose the advantages already discussed herein
and above are gained most effectively. 1In order to
stress this point, the embodiments are described
herein as particularly adapted and used to distin-
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guish cubic zirconia gems from natural diamond using
the considerable difference in thermal conductivity
of this gem from the thermal conductivity of natural
diamond as the determinging criteria.

Turning first to Figure 1 there is shown ready
for testing a cubic zirconia gem 1 held by its
usual mountin . 2, such as a ring, which is fastened
in just about any convenient manner to a hoider 3.
A temperature probe 4 having a thermoresistance
device 5 at the tip thereof is held placing the
thermoresistance device which may be a thermistor
against a convenient surface of the gem 1. Then,
electric current is fed from a suitable source such
as source 10 via a bridge circuit 11 and electrical
leads 12 and 13 to the thermistor, very quickly
raising its temperature above the prevailing am-
Lient temperature. The heating current is con-
trolled so that the thermistor at the tip of the
probe in thermal contact with the gem very gquickly
reaches a steady state temperature. At this steady
state temperature, a significant portion of the
heat flow from the thermistor is conducted by the
gem 1 to the mount 2 and the surrounding air.
Clearly, that steady state temperature is determined
by many factors, one of which is the thermal con-
ductivity of the gem. Hence, it can be concluded
that the steady state temperature which is the
temperature of the thermistor is indicative of the
thermal conductivity of the gem and so a measure of
that temperature for many of the current imitation
diamond gems can reveal that the gem is or is not

a natural diamond.




WO 79/00911 PCT/US79/00220

10

15

20

25

30

-8~

Measurement of the thermistor temperature is
accomplished using the resistance bridge 1l1. This
bridge includes four resistance legs, one of which
is the thermistor 5. The four legs are denoted R1,
R2, R3 and R4 and arc connected as shown to define
four terminals 14, 15, 16 and 17. The source 10
is connected across 14 and 15 and a voltmeter 18
is connected across terminals 16 and 17. Rl is
a variable resistance, R3 is the thermistor 5 and
R2 and R4 are fixed equal resistances. This bridge
is also known as a Wheatstone bridge.

In accordance with the preferred operation of
this embodiment referred to, herein as the steady
state measurement embodiment, the first step is
to apply a DC voltage from a source 10 across the
terminals 14 and 15 of sufficient magnitude to
quickly bring the end of the thermistor to a steady
temperature, perferably above ambient temperature.
This voltage from the source is referred to herein
as the heating voltage. Then, after a few seconds,
to be sure the thermistor temperature is stabilized
and while the voltage is applied, the bridge is
balanced by varying Rl until the voltage across
terminals 16 and 17 as read by the voltmeter 18
is zero. Hence, at this point, the test system
is in electrical balance at steady state thermal
conditions, heat dissipation from the probe being
by radiation to the ambient surroundings and by
ambient air convection. At this initial balanced
condition the value of Rl is read as Rls.

The ﬁext step is to place the probe thermistor
in intimate thermal contact wﬁth the test gem 1 as
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shown in Figure 1. The probe is preferably placed
against a flat surface of the gem under a constant
controlled pressure. Then, after a few seconds,
without changing the heaﬂing voltage, heat flow
stabilizes at a steady state flow condition again.
At this steady condition a sicgnificant portion of
the steady flow of heat from the probe is by con:
duction through the gem 1, in addition to radiation
to the ambient surroundings and by ambient air
connection. Clearly, heat flow from the probe
has been increased by an amount related to the
thermal conductivity of the gem. The result of
all this is that by placing the heated probe in
contact with the gem, the thermistor is cooled by
a number of degrees depending upon the thermal
conductivity of the gem. At this steady state
test condition, the bridge circuit is again bal-
anced by varying Rl until the voltage across
terminals 16 and 17 read on voltmeter 18 is again
zero and at this test balanced condition, the
value of Rl is read as Rlt.

When the bridge is in electrical balance, Rl
R3 and R3 is indicative of the temperature of the
probe thermistor. The change in the thermistor
temperature, (.T, from the steady state intitial

__balanced condition to the steady state test balanced

30

condition is representative of the thermal conduc-
tivity of the gem. When the bridge is electrically

balanced the resistance values of the legs of the

bridge are related as follows:
f1=0
Ry Ry
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At the initial balanced condition the resistance
values of the legs of the bridge are expressed as

follows:
R
Rls = R35 or R35 = Rls ﬁi
5 R, R4 2

and at the test balanced condition, the resistance
values of the legs of the bridge are expressed as
follows: _
ElE =-§§E or Ry = th_gi
10 R, R, 2
and,since ATS-to(R3t = Rygs then

ATs~t Ath - Ry,

and it can be concluded that the thermal conductivity
of the gem, Kg, is related as follows:
15 Kgd\ th = RlS

A standard or reference reading of the instru-
ment shown in Figure 1 can be made using a reference
material that may be a natvral diamond. For this
purpose a natural diamond 21 may be provided in

20 setting 22 which is preferably similar to the
setting 2 of the gem and also held by holder 3.
Since the purpose of the instrument is to distinguish
fhe imitation diamond gem from natural diamond, the
thermal conductivity, Kg, of the gem 1 and the thermal
25 conductivity of the reference, Kr, (in this case,
the natural diamond 2) are measured by this equip-
ment under the same conditions and then compared.
The table below shows the thermal conductivity of
several imitation diamond or diamond-like gems and
30 the thermal conductivity of natural diamond.
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TABLE - THERMAL CONDUCTIVITY

K = watts/cm /°C

Gem - Tcmyp, °Kelvin K
Natural Diamond 196 8.7
5 " , , 273 G.6
A1203 Saphire - 373 0.030
Al,04 Ceramic 273 - 0.35
Pyrex 273 0.01
MgO.Al_203 Spinel 373 0.13
10 SiO2 parallel to C axis 273 0.12
SiO2 perpendicular to ¢ axis 273 0.07
Zro, Cubic 373 0.02
3Y203 5A1203 A 273 0.11
Yttrium aluminum garnet '
15 TiO2 Rutile C Axis 310 0.09
Ti0., Rutile A Axis 310 0.06

ZrSiO4 310 0.04
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Figure 2 is a cross section showing in detail
the tip of the probe containing the thermoresis-
tance device. In this example, the thermoresis-
tive device is a thermistor. A thermistor is a
resistance element made of semiconductor material
which exhibits a high negative temperature co-
efficient of resistivity. It consists of a small
bead of semiconductor material placed between two
wire leads and is commonly used to measure temper-
ature. The probe may consist of a steel tube 31
enclosing a ceramic tube 32 that contains the leads
12 and 13 from the thermistor 33 which is mounted
at the tip of the tube encased in epoxy 34 and
a tip of solder 35 completes the probe. The
solder tip is held against the gem or reference
material when making the thermal conductivity
measurements.

The steady heating technique described above
with reference to the first embodiment is most
effective for detecting the thermal conductivity
of an imitation diamond gem having a mass of 0.1
gram (0.5 carat) or more. For smaller gems,
heat conduction from the thermistor to the probe
and radiation to the surroundings so dominate
heat flow from the thermistor, where the heat is
generated, that the thermal conductivity of the
gem is obscured and so the reading is less reli-
able. For smaller gems, even as small as .0l grams,
if the heating energy is pulsed so that heat is
applied for only a few seconds, a reliable reading
of thermal conductivity can be obtained even on
these very small gems. A pulsed heating system
is illustrated in Figure 3 and consists of a
DC voltage source that provides a relatively
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high voltage for the heating pulse and a relatively
much lower voltage to energize the bridge for making
a measurement. In addition to the pulsed heating
feature, the embodiment shown in Figure 3 also
5 includes a reference leg in the bridge so that
the thermal conductivity of the sample gem can
be directly compared with the therﬁal conductivity
of a reference. 1In view of the preferred use of the
present invention, to distinguish diamond-like gems
10 from natural diamond, the reference material can be
a natural diamond. ,
The test system shown in Figure 3 includes a
DC voltage source 40 providing two voltage levels
the heating voltage at 20 volts .from terminal 40A
15 and the measuring voltage at 5 volts from terminal
40B, both with reference to the base voltage at
terminal 40C. A timer switch 42 selects either
the heating voltage or the measuring voltage and
applies it to the resistance bridge 41. This
20 bridge essentially- is a Wheatstone bridge having
four resistance légs denoted generally Rl to R4.
Resistance leg R3 of this bridge is the thermistor
5 at the tip of test probe 4 that is held against
the sample gem 1 that is under test. Resistance '

25 leg Ry is derived from a second probe 44 that may
be constructed exactly as test probe 4 and includes
a thermistor 45 at the tip and two electrical leads
46 and 47 extending through the probe to the bridge.
The reference body 48 may be any suitable
30 material having known thermal conductivity against

which the thermal conductivity of the test gem is
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to be compared. For example, 48 may be a natural
diamond in a setting mounted to the same holder
3 as the test gem; or it may be a block of glass
or copper of known thermal conductivity.

5 Legs R2 and R, are cach made up of a fixed
impedance and a portion of a variable impedance
that is variable to balance the bridge. Forr
example, R, is made up of fixed impedonce 52 and
one side of variable impedance 53, while R, is

10 made up of fixed impedance 54 and the other side
of variable impedance 53. The four legs of the
bridge are connected together as shown defining
bridge terminals 55 to 58 and voltage from the
source is applied across terminals 55 and 56

15 while an ammeter 59 is connected between terminals
57 and 58.

Operation of this embodiment is versatile,
because it has the added feature of a reference of
known thermal conductivity for dynamic simultan-

20 eous comparison with the test gem. There are
several sequences of operation of this embodiment
by which the thermal conductivities of two materials
can be compared as a basis for distinguishing one
from the other. 1In any of these sequences, the

25 probes 4 and 44 aré heated simultaneously by acti-
vating switch 42 and.applying 20 volts across the
bridge 41 while variable resistance 53 is set at
its center position so that R, equals Ry. As a
result, equal pulses of current are fed through Rl

30 and R3 causing equal amounts of heat energy to
be delivered to the test and reference thermistors

-
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5 and 45. This current pulse is a few seconds in
duration as determined by the timer switch 42,
whereupon it is turned off and immediately there-
after the measuring voltage, five volts, from ‘the
supply is applied across the bridge. Immediately
after that, variable impedance 53 is varied to
produce a zero reading of the ammeter 59. At
that point, the bridge is balanced and the posi-
tion of the variable arm 53a of variable resis-
tance 53 is indicative of the rate of heat dissi-
pation or conduction from the test probe as com-
pared to the reference probe.

The purpose of the reference and reference
probe is to directly compare the test gem with
a known reference and the balanced resistance
bridge is used very advantageously to do this.
The bridge can be balanced before either probe
is heated (except by the relatively small measur-
ing current). Following that, one is assured that
each probe draws the same heating current. Ideally,
if the two probes are in contact with materials
having the same thermal conductivity and both ex-
ceed a min;mum size, the bridge should remain
balanced following the heating pulse. The
measuring voltage, five volts, is so small that it
causes very little heating of the test and reference

thermistors, and, since it produces substantially

. the same current in each test probe, when the bridge

30

is balanced, its effects are balanced.
When the bridge is balanced, the resistance legs
are related as follows:
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When the resistances 52, 53 and 54 are each 1500 ohms
as shown in the figure and the portion of variable
resistance 53 that becomes part of R, is denoted X,
then the above relationship between the legs of the
bridge can be expressed as follows:

R 1500 + X

clearly this bridge circuit can be calibrated by a
calibration plot of X vs R3/Rl and, it should be
clear this ratio is the ratio of the temperature
of the test thermistor 5 to the reference thermistor
45.

The duration of the heating.pulse that yields
a reliable result using the measuring system shown
in Figﬁre 2 will depend on the size of the test gem.
A series of charts can be constructed for determin-
ing the necessary heating interval to realize a
reliable test result. For this purpose, a plot of
ammeter 59 reading for the bridge unbalanced
condition versus the heating interval will indicate
how long that interval must be in order to achieve
the maximum unbalanced and the magnitude of the
unbalance. Then, when .the bridge is balanced, -
the value of X will be most indicative of the ratio
of thermal conductivities of the test gem and the
reference. This sort of calibration plot is illus-
trated in Figure 4 which is a plot of micro-
amperes read on ammeter 59 when the bridge is un;
balanced (2X=1500 ohmes), versus the heating interval
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in seconds. This plot shows two curves, one for
a l-carat natural diamond as the test gem compared
to a block of glass as the reference and another,
for a l-carat cubic zirconia imitation diamond gem
as the test gem as compared to another cubic zir-
conia gem as the reference. Clearly, these curves
level off over fifty microamperes apart after a two
second heating interval. Hence, the heating interval
should be at least two seconds long, but need not
be much longer than that in order to produce the
maximum or most reliable indication of the ratio
of test and reference thermal conductivities, and,
particularly, the ratio of the thermal conductivity
of a test cubic zirconia gem to the thermal con-
ductivity of a natural diamond.
A useful sequence of operation of the pulsed
embodiment illustrated by Figure 3 is as follows:
Step A: While both probes 4 and 44 are’
subject to the same exposure for example,
exposed only to air, set switch 42 at the
neasuring voltage (terminal 40a) applying the
measuring voltage across the bridge.
Step B: Balance the bridge by varying 53 until
voltmeter 59 reads zero volts across terminals
57 and 58.
Step C: Place the probes 4 and 44 in thermal
contact with the gem 1 and reference 43 respec-
‘ tively, each under the same constant force.
Step D: Switch 42 to terminal 40b applying
heating voltage across the bridge and, after
about two seconds of heating, switch 42 back
to terminal 40a, applying measuring voltage

across the bridge.
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Step E: Within a few seconds after Step D,
Irepeat Step B and record the value of 53b as
X.
Having completed the above sequence, and
5 recorded the value X, the ratio of thermal conduc-
tivity of tﬁé test gem to the reference material
is r.iated as expressed by the equation from above.

Thermal Conductivity Test Gem _ Ry o 15004x

Thermal Conductivity Reference R, 3000-x

10 Clearly, the above sequence provides a numerical ratio
of the thermal conductivity of the test material to
the knowh reference material. A useful variation
of the above sequence is the following sequence:

Step A: (as above)

15 Step B: (as above)

Step D: (as above)
Step B: (as above)
Step C: (as above)
Step D: (as above)

20 Another sequence is as follows:

Step C: (as above) .

Step F: Set switch 42 at terminal 40a applying

measuring voltage across the bridge

Step B: (as above)

25 Step D: (as above)

Step E: (as above)

Another sequence, particularly useful for
quickly distinguishing an imitation diamond gem from
natural diamond, provides as the reference, a mat-

30 erial that has substantially the same thermal con-
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ductivity as natural diamond, and, of course, the
reference can be a natural diamond. For this pur-

pose the preferred sequence is as follows:

Step F: Set 53 so that R, = R,. This insures
that equal heating pulses are applied
to the probe thermistors.

Stcp C: (just as above)

Stej» D:  (just as above)

Step G: Within a few seconds after Step D,
read the voltmeter and if the read-
ing exceeds zero by a predetermined
amount it is concluded that the gem

is not a natural. diamond.

Any of the above sequences can be carried out,
step by step by a human operator using the apparatus
shown in one or the other of the embodiments, and
so the apparatus is used to measure the thermal
conductivity of-a material or to distinguish
between two materials by their difference in thermal
conductivity. The above sequences and other se-
quences derived from them, (or at least part of the
sequence) could be carried out automatically once
initiated by an operator and for that purpose, addi-
tional structure and circuits could be provided by
those skilled in the art to simplify the actions
carried out by the operator. For example, the
timer switch 42, once set at the heafing voltage
position (terminal 40a) could be timed automati-
cally to dwell at that position the prescribed
interval (about two seconds), and then switch back
to the measuring voltage terminal 40b.
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Further mechanization could include a feed-
back drive mechanism in place of voltmeter 59
for driving the variable resistance 53 to balance
the bridge automatically.

The embodiments of the present jnvention
described hereinabove incorporate the process and
structure of the present invention. More partic-
ularly, the processis intrinsic in the structure,
however, other structures and equipment could be
used to perform the process. The embodiments herein
reéresent the best known uses of the invention at
the present time, including use to distinguish
imitation diamond gems from natural diamond,
particularly those gems that cannot be readily
distinguished by eye. It should be understood
that some changes in the process could be made
and/or some changes in the apparatus could be
made by one skilled in the art without departing
from the spirit and scope of the present invention
set forth by the appended claims.

Industrial Applicability
This invention can be applied wherever the

thermal conductivity of a material is to be deter-
mined. It has particular application in distinguish-

ing between natural and simulated gems.
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CLAIMS
1. In a process of distinguishing a test material

10

15 3.

20 4.

25

from another material, the following combination

of steps:

(2) placing a heated probe in intimate thermal
contact with the test material and

(b) thereafter, measuring the temperature of
the probe,’

(c) said temperature being indicative of the rate
of conduction of heat from the probe by the

test material.

A process as in Claim 1 wherein:
(a) the temperature of the probe is measured
while heat is being applied thereto.

.A process as in Claim 1, wherein:

(a) the temperature of the probe is measured
after heat has been applied thereto and
while substantially negligible heat is
being applied thereto.

A process as in Claim 1, further including:

(a) the same combination of steps performed with
another probe and-the other material in the
same sequence and at the same time as the
combination of steps set forth by Claim 1,

(b) the difference between said measured temper-
ature of the test material and said measured
temperature of the other material being
indicétive of the difference between the
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thermal conductivity of the test material
and the other material.

5. A process as in Claim 1 wherein:
(a) the probe includes a thermoresistance device,
5 (b) heat is applied to the probe by feeding an
electric current to the device and
(c) the measure of temperature is the electrical
resistance of the thermoresistancé device.

6. A process as in Claim 4 wherein:
10 (a) each probe includes a thermoresistance
device,

(b) heat is applied to both of the probes by
feeding an electric current to the thermo-
resistance device in the probe and

15 (c) said difference between said measured
‘ temperatures is represented by the difference
between the resistances of said probes,

(d) whereby the difference between the resistances
of said probes is Tepresentative of the dif-

20 ference between the thermal conductivity
of the test material and the other material.

7. A process as in Claim 1, further including:

(a) the same combination of steps performed with

another probe and the other material in the
25 same sequence and at the same time as the

combination of steps set forth by Claim 1,

(b) the ratio of the measured temperature of
the test material to the measured tempera-
ture of the other material being indicative
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of the ratio of the thermal conductivity
of the test material to the thermal con-
ductivity of the other material.

8. A process as in Claim 5 wherein:

5 (a) the thermoresistance devicec is heated by
electric current conducted by the device,
‘the rate of heat so produced not exceeding
the combined rate of conduction of heat
from the probe by surroundings and the test

10 materials, whereby the probe is at a temp-
erature indicative of the thermal conduc-

tivity of the material.

9. A process as in Claim 8 wherein:
(a) the electric current is a pulse of current
15 and
(b) the duration and magnitude of said pulse of
current-is such that the thermoresistance
device reaches a steady temperature greater
than ambient temperature within a few
20 . seconds, said steady temperature being
indicative of the thermal conductivity of

the material.

10. A process as in Claim 5 wherein:
(a) the thermoresistance device is in electrical
25 - circuit with a resistance bridge circuit as
one of the resistance legs thereof.
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A process as in Claim 6 wherein:

(a)

each thermoresistance device in thermal
conduction with one of the materials is
in electrical circuit with a resistance
bridge circuit as one of the resistance
legs thereof.

A process as in Claim 11 wherein:

(a)

(b)
(c)

(d)

(e)

(£)

the bridge circuit has four resistance legs,
Rl’ R2’ R3 and R4,

R2 and R4 are known variable resistances,

Ry is the thermoresistance device in contact
with the test material,

R, is the other thermoresistance device in
thermal contact with the other material and,
the bridge is balanced by varyipg R2 or R4
or both R2 and R4,

whereby upon balancing the bridge circuit
R2/R4=R1/R3 indicating that the ratio of

the thermal conductivity of the test material
to the thermal conductivity of the other

material varies as R2/R4.

In a process of distinguishing a simulated diamond

from a natural diamond, the step of:

(a)

measuring a parameter indicative of the ther-
mal conductivity of the simulated diamond.

l4. A process as in Claim 13 wherein:
(a) the parameter is the temperature of a heated

probe held against the simulated diamond.
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15. A process as in Claim 14 wherein:

(a) the temperature of the heated probe is
measured while heat is applied to the
probe and after the probe is held against

5 the simulated diamond.

16. A process as in Claim 15 wherein:
(a) the temperature is detected by a thermo~
resistance device in the probe and -
(b) the electrical resistance of the thermo-
10 " resistance device is measured as an indi-

cation of said temperature.

17. A process as in Claim 16 wherein:
(a) the probe is held against the simulated
diamond while at the same time,

15 (b) the heat is applied to the probe by feeding
an electrical current to.the thermoresistance
device of sufficient magnitude to heat both
the device and the simulated diamond.

18. A process as in Claim 17 wherein:

20 (a) the electrical current fed to the thermo-
resistance device causes heat flow to the
probe at a rate not exceeding the combined
rate of heat flow from the probe to the
surroundings and the simulated diamond so

25 that the probe temperature is indicative of
the thermal conductivity of the simulated
diamond. '
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19. A process as in Claim 18 wherein:
(a) the electric current is a pulse of current.

20. A process as in Claim 19 wherein:
(a) the duty cycle and magnitude of said pulse
5 ‘ of current is such that the synthetic diamond
reaches a steady state temperature greater
than ambient temperature within a few minutes,
said steady state temperature being indica-
tive of the thermal conductivity of the syn-

10 thetic diamond.

2l. A process as in Claim 16 wherein:

(a) a similar theremoresistance device is in
thermal contact with a reference material,
and

15 (b) both thermoresistance devices are in elec-
trical circuit with a resistance bridge
circuit as different resistance legs thereof.

22. A process as in Claim 21 wherein:
(a) the bridge circuit has four resistance legs,
20 Rl, R2, R3 and R4,
(b) R2 and R4 are known variable resistances,
(c) Rl is the thermoresistance device in contact
with the material
(d) R3 is the similar thermoresistance device in
25 thermocontact with the reference material,
and ,
(e) the bridge is balanced by varying R2 or R4
or both R2 and R4,
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(f) whereby upon balancing the bridge circuit,
R2/R4=R1/R3 indicating that the ratio of
the thermal conductivity of the simulated
diamond to the thermal conductivity of the

5 reference material varies as R2/R4.

23. Apparatus for distinguishing a simulated diamond
from natural diamond comprising:
(a) means for measuring the temperature.change
of a body in intimate thermal contact with
10 the simulated diamond as an, indication of
the relative thermal conductivity of the
simulated diamond to natural diamond.

24. Apparatus as in Claim 23 wherein:
(a) the body is a heated probe that is in intimate
15 thermal contact with the simulated diamond.

25. Apparatus as in Claim 24 wherein:

(a) means are provided for applying heat to
said probe, sufficient to raise the temper-
ature of the probe above ambient temperature,

20 and

(b) the temperature of the probe is measured
after the heat is applied thereto and while
the probe is in intimate thermal contact with

the simulated diamond.
25 26. Apparatus as in Claim 25 wherein:

(a) a thermoresistance device is provided in the

probe for . detecting said temperature, and
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(b) means are provided for measuring the elec-
trical resistance of the thermoresistance
device as an indication of said temperature.

A process as in Claim 26 wherein:

(a) the probe is so constructed that the thermo-
resistance device is held against the simu-
lated diamond, and

(b)rmeans are provided for applying electrical
current to the thermoresistance device of
sufficient magnitude to heat the probe.

Apparatus as in Claim 27 wherein:

(a) said means for feeding electric current to
the thermoresistance device includes a source
of a pulse of electric current.

Apparatus as in Claim 28 wherein:

(a) the duty cycle and magnitude of said pulse
of current is such that the thermoresistance
device reaches a steady temperature greater
than ambient within a few seconds, said
temperature being indicative of the thermal
conductivity of the simulated diamond.

Apparatus as in Claim 29 wherein: '

(a) an electrical resistance bridge circuit is
provided, -

(B) one of the resistance legs of said bridge
circuit is the thermoresistance device, and

(c) means are provided for balancing the bridge
by varying one or more of the other resis-

tance legs thereof,
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(d) whereby the resistance values of said other
legs are indicative of the thermal conduc-
tivity of the simulated diamond.

31. Apparatus as in Claim 30 wherein:

5 (a) another thermoresistance device is provided
in thermal contact with a reference material
of known thermal conductivity and in elec-
trical circuit with said resistance bridge
circuit as one of the resistance legs

10 thereof. .
32. Apparatus as in Claim 31 wherein:
(a) the bridge circuit has four resistance legs
. R1l, R2, R3 and R4,
(b) R2 and R4 aré both variable resistances,
15 (c) Rl is tﬁe thermoresistance device in contact
with the simulated diamond,
(d) R3 is the similar thermoresistance device
in thermal contact with the reference
material, and
20 (e) the bridge is balanced by varying R2Z or R4
or both R2 and R4,
(f) whereby upon balancing the bridge circuit
R2/R4=R1/R3 indicating fhat the ratio of
the thermal conductivity of the simulated
25 diamond to the thermal conductivity of the
reference material varies as R2/R4.

33. A method of determining the thermal conductivity
of a test material comprising the steps of:
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(a) measuring a first steady temperature of a
test probe by means of a temperature sensor,

(b) subjecting the test material to a steady
heat flow relative to the test probe;

5 (c) sensing a second steady temperature of the
test probe by means of said temperature’
s.nsor, and

(d) providing an indication of the change in
steady temperature of the probe at the
10 tecmperature sensor.

34. A method of determining the thermal conductivity
of a test material comprising the steps of:
(a) holding a test probe in thermal contact with
the test material until the test material
15 reaches a steady thermal condition,
(b) subjecting the test material to a pre-
" determined level of heat flow relative
to the test probe until the test material
reaches another'steady thermal condition,"
20 and
(c) comparing the temperatures of the test probe
during the two steady conditions to provide
an indication of the thermal conductivity
of the test material.

23.35. A method of distinguishing a simulated gem from
@ natural gem comprising the steps of:
(a) subjecting the gem to steady heat flow, and
(b) measuring the temperature of the gem as an
indication of thermal conductivity.
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36. Apparatus for measuring the thermal conductivity
of a test material comprising: '
(a) a test probe,
(b) means for subjecting the test material to
5 a change in heat flow relative to the test
probe,
(c) a temperature sensor for sensing the temper-
ature of the test probe, and
(d) an electrical circuit for determining the
10 - ‘thermal conductivity of the material as a
function of the change in steady state
temperature of the test probe resulting

from said change in heat flow.
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AMENDED CLAIMS
(received by the International Bureau on 13 August 1979 (13.08.79))

Apparatus for distinguishing materials comprising,

a probe having a small electric heat
flow device in close thermal contact to
a material contacting tip;

a pulse source for applying a pulse
of electric current to the heat flow
device; and

means for measuring the temperaéure
change of the probe in intimate thermal
contact with the material as an indi-
cation of the relative thermal conducti-

vity of the material.

Apparatus as in Claim 1 wherein,

a thermoresistance device is provided
in the probe for detecting said tempera-
ture, and .

means are provided for measuring the
electrical resistance of the thermo-
resistance device as an indication of

said temperature.

Apparatus for distinguishing materials as claimed
in Claim 1 wherein the duty cycle and magnitude
of said pulse of current is such that, when the
tip is placed against a gem, the probe approaches
a steady temperature greater than ambient within
a few seconds.
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4. Apparatus for measuring the thermal conductivity
of a test material comprising:

a test prove having a small test
material contacting surface at a probe
tip;

a small heat flow element in close
thermal contact with the contacting
surface for subjecting the test material
to a change in heat flow relative to the
test probe; and

means for sensing the temperature of

the test probe near the contacting surface.

5. Apparatus as in Claim 4 further including:
an electrical circuit for determining
the thermal conductivity of the material
as a function of the change in steady
state temperature of the test probe re-
sulting from said change in heat flow.

6. Apparatus for distinguishing a simulated diamond
from natural diamond materials comprising:

a probe having -a thermoresistance de-
vice, the probe constructed to hold the
thermoresistance device in intimate thermal
contact with a simulated diamond,

means for providing a pulse of electric
current to the thermoresistance device of
sufficient magnitude to heat the probe

rsufficiently to raise the temperature of

the probe above ambient temperature and,

means for measuring the electrical re-
sistance of the thermoresistance device as
an indication of the temperature of the

probe.
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7. Apparatus as in Claim 6 wherein,
the duty cycle and magnitude of said
pulse of current is such that the thermo-
resistance device reaches a steady tem-
perature greater than ambient within a
few seconds, said temperature being in-
dicative of the thermal conductivity of

the simulated diamond.

g. An apparatus for measuring the thermal conductivity
of a solid test material and of the type having a
heating element and a temperature sensing element
in a test material contacting probe, the improve-
ment of:

a thermoresistance device mounted to
the probe with means for applying electric
current to the device for heating the
probe and means for sensing the electrical
resistance of the same device as a measure
of probe temperature.

9. A process of distinguishing a simulated gem from
a natural gem comprising the steps of:

subjecting the gem to a change in

steady heat flow from a heat flow elemept

.in a probe through a probe tip; and
measuring the change in temperature

of the probe as an indication of thermal

conductivity of the gem.
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10. .A process as in Claim 9 wherein,
the temperature of the heated probe is
measured while heat is applied to the probe
and after the probe is held.against the gem..-

11. A process as in Claim 10 wherein,
the temperature is detected by a thermo- "
resistance device in the probe and _
the electrical resistance of the thermo-
resistance device is measured as an indica-

tion of said temperature.

12. A process as in Claim 11 wherein,
the probe is held against the gem while
at the same time,
the heat is applied to the probe by feeding
an electrical current to the thermoresistance
device of sufficient magnitude to heat both

the device and the gem.

13. A proéess as in Claim 12 wherein,

the electric current fed to the thermo-
resistance device causes heat -flow to the
probe at a rate not exceeding the combined
rate of heat flow from the probe to the
surroundings and the gem so that the probe
temperature is indicative of the thermal
conductivity of the gem.

14. A process as in Claim 1] wherein,
a similar thermoresistance device is in
thermal contact..with a.reference material, and -
both thermoresistance devices are in elec-
trical circuit with a resistance bridge circuit

as different resistance legs thereof. -
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15. 2 process as in Claim 9 wherein,
the heat flow element is heated by a pulse
of electric current.

1l6. A process as in Claim 15 wherein, ]
the duty cycle and magnitude of said

pulse of current is such that the synthetic
gem reaches a steady state temperature
greater than ambient temperature within a
few seconds, said steady state temperature
being indicative of the thermal conductivity
of the gem.

17. In a process of distinguishing a test material
from another material, the following combination
of steps:

placing a probe in intimate contact with
the test material,

applying a pulse of electric current to
an electric heat flow device in the probe
to cause the flow of heat between the probe
and the test material, and

measuring ‘the temperature of the probe,
said temperature being indicative of the
rate of conduction of heat relative to the
probe by the test material.

18. A process as in Claim 17 wherein,
the temperature of the probe is measured
while heat is being applied thereto.

19. 2 érocess as in Claim 17 wherein,
the temperature of the probe is measured
after heat has been applied thereto and while
substantially negligible heat is being ap-
plied "thereto.
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20. A process as in Claim 17 further including,
the.same combination of steps performed
with another probe and the other material
in the same sequence and at the same time
as the combination of steps set forth by
Claim 17,

21. A process as in Claim 17 wherein,
the probe includes a thermoresistance
device, '
heat is applied to the probe by feeding
an electric current to the device, and
the measure of temperature is the elec-

trical resistance of the thermoresistance
device.

22. A process as in Claim 21 wherein,
the rate of heat flow so produced does
not exceed- the combined rate of conduction
of heat from the probe by surroundings and
the test material, whereby the probe is at
a temperature indicative of the thermal
conduct%vity of the material. .

23. A process as in Claim 21 wherein,
the duration and magnitude of said pulse
of current is such that the thermoresistance
device reaches a steady temperature greater
than ambient temperature within a few seconds,
said steady temperature~being indicative of
the thermal conductivity of the material.
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24. ‘A method of determining the thermal conductivity
of a test material comprising the steps of:

measuring a first steady temperature
of a test probe;

subjecting the test material to a steady
heat flow relative to the test probe through
a probe tip by means of a small element posi-
tioned in close thermal contact with the test
material; '

sensing a second temperature of the test
probe; and

providing an indication of the change in
temperature of the probe.

25. A method of determining the thermal -conductivity
' of a test material such as a mounted diamond com-
prising the steps of:

holding the tip of a test probe in
thermal contact with the test material
until the test material reaches a steady
thermal condition;

subjecting the test material to a pre-
determined level of heat flow relative to
the test probe by means of a small heat
flow element positioned in élose thermal
contact with the test material, the mag-
nitude of the heat flow being such that
the difference in temperatures of the probe
in contact with a mounted diamond, with and
without heat fiow, is dominated by the con-
ductivity of the diamond; and

providing an indication of the thermal
conductivity of the test material based on
the change in femperature of the test probe.




WO 79/00911 PCT/US79/00220

- 39 -

26. In a process of distinguishihg a test material
from another material, the following combination
of steps:

placing a probe having a thermoresistance
device in intimate thermal contact with the
-test material;

applying heat to the probe by feeding
a pulse of current to the thermoresistance
device,.the duration and magnitude of said
pulse of current being such that the rate
of heat so produced does not exceed the
combined rate of heat from the probe by
surroundings and the test material, and
such that the thermoresistance device
reaches a steady temperature greater than
ambient temperature within a few seconds,
said steady temperature being indicative
of the thermal conductivity of the material,
and -

thereafter, measuring the temperature
of the probe by the electrical resistance
of the thermoresistance device, said tem-
perature being indicative .of_the rate of

. conduction of heat from the probe by the

test material. N
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27. A process of distinguishing a simulated diamond
from a natural diamond comprising:

holding a probe against the éimulated
diamond,

applying a pulse of current to a thermo-
resistance device in the probe to cause heat
flow from the device to the probe at a rate
not exceeding the combined rate of heat flow
from the probe to the surroundings and to
the simulated diamond so that the probe is
heated to a temperature indicative of the
thermal conductivity of the simulated diamond,
and

detecting the temperature of the probe
by measuring the electrical resistance of

t+he thermoresistance device.

28. A process as in Claim 26 wherein:

the duty cycle and magnitude of said
pulse of current is such that the simulated
diamond reaches a steady state temperature
greater than ambient temperature within a
few seconds, said steady state temperature
being indicative of the thermal conductivity
of the simulated diamond. ‘
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