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APPARATUS FOR NON - DESTRUCTIVELY DETERMINING THE COMPOSITION OF AN UNKNOWN
MATERIAL SAMPLE (71)   We, MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY, a
corporation organised and existing under the laws of the State of
Massachusetts, United States of America, of 77 Massachusetts Avenue,
Cambridge, Massachusetts 02139, United States of America, do hereby declare
the invention for which we pray 5      that a patent may be granted to us,
and the method by which it is to be performed,  5 to be particularly
described in and by the following statement:- The present invention relates
to the non-destructive testing of a material to determine its composition
or purity by comparing the thermal properties of a sample of the material
with the thermal properties of a standard of the same material, said 10
standard having a desired composition or purity.
10 Although the invention herein described has use for the non-destructive
qualita- tive determination of composition of purity of a variety of
materials or substances, its use is discussed mostly with reference to gold
and, to a lesser extent, silver. The rise in trading in recent years of
gold, as a commodity, and the recent change in the 15    laws in the United
States has increased the need for an economical, fail-safe mechanism  15
for determining non-destructively, the purity of gold. Since gold is often
transferred by a person not particularly knowledgeable about gold to one of
equal knowledge, it is important that some way be found to detect
forgeries, a way that avoids the usual chemical determination, a way that
is non-destructive, fast, and accurate. Since such 20     transfer will
often occur at banks and like institutions, any mechanism evolved should
20 be sized to set on a counter, or desk; it must be suitable for operation
by persons having little technical skill. Accordingly, an object of the
present invention is to provide for the non-destruc- tive determintion of
purity of a material sample. 25         Another object is to provide a
mechanism for such non-destructive determination,  25 one that is
relatively small, relatively inexpensive, fail-safe in determination, and
one that can be operated by persons with only a small amount of technical
training. Still another object is to provide such mechanism for the
non-destructive deter- mination of the composition of gold bars of known
length and known weight. 30         A further object is to provide such
mechanism- for non-destructive determination  30 of the composition of
silver bars. A still further object is to provide the foregoing mechanism
for the non-destruc- tive determination of the composition or the purity of
such gold bars or such silver bars in the form of samples and to give an
indication or an alarm in the event that a 35     particular sample fails
to meet a standard.                                       35 Another object
is to determine the moisture content and/or the degree of com- paction of
soils for use by construction engineers, for example. Another object is to
provide a characteristic temperature v. time curve or charac- teristic
signature for various materials, substances, elements, etc. 40
These and still further objects are discussed in the. description that
follows and  40 are particularly delineated in the appended claims. The
present invention is apparatus for determining non-destructively the com-
position of an unknown sample, the apparatus comprising means for applying
heat at a rate [err] at one end of an elongate sample of weight [err],
means for simultaneously 45     applying heat at a rate [err] at one end of
the standard of weight [err] and having the same  45 length as the length
of the sample such that  
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2 [err] first transducer means positioned to sense the temperature at the
other end of the sample and to provide a first electric signal, second
transducer means positioned to sense the temperature at the other end of
the standard and to provide a second electric 5      signal, and means
connected to receive and analyse the first electric signal and the second
signal over time to determine the relative magnitudes, either qualitatively
or quantitatively, of the temperatures at the ends of the sample and of the
standard. The present invention is also a method of determining
non-destructively the composition of an unknown material sample, that
comprises applying heat at a first 10     region of a sample of said
material to provide a time-varying temperature pattern in  10 the sample,
controlling the rate of heat input to the sample, measuring the temperature
as a function of time at a second region of the sample a known distance
from the first region, and comparing the time varying temperature pattern
for a predetermined finite length of time at said second region of the
sample with a time-varying tem- 15     perature pattern of a known standard
subjected to equivalent conditions for the same  15 length of time.
Embodiments of the present invention will now be described, by way of
example, with reference to the accompanying drawing, in which: - Figure 1
is a diagrammatic representation, partly block diagram in form and with 20
portions of the apparatus shown being partly cutaway, of a system adapted
to effect  20 non-destructive determination of the composition of a
material sample; Figure 2 shows in block diagram form a part of the system
of Figure 1, but slightly modified and Figure 3 shows in block diagram form
another modified version of a part of the 25     system of Figure 1.
25 In the description that now follows, the invention is first discussed
with reference to a system for determining non-destructively the
composition or the purity of an unknown sample in bar form and, to simplify
the explanation, the sample first taken up is gold; but it will be kept in
mind that most aspects of the system discussed with 30     respect to gold
apply also to other materials, as is noted elsewhere herein.         30
Turning now to Figure 1, apparatus is shown at 101 for such non-destructive
determination. In the system 101 of Figure 1, a solid elongate sample or
bar 1 of unknown precise composition or purity is compared with a solid
standard 2 of known composition or purity, as now explained. An
electric-resistance heater 3 applies heat 35     to the sample 1 at a first
region or end 5 thereof and, at the same time, a heater 4  35 applies heat
to the standard 2 at a first region or end 7 thereof, thereby to provide
time-varying temperature patterns in the sample and the standard.
Simultaneously with or at a predetermined time after the heat is applied
and for a predetermined time interval, the temperatures or the time-varying
temperature patterns of the sample and 40      of the standard are sensed
or noted and compared. The sensing function is provided    40 by
transducers 9 and 10 operatively disposed to sense the time-varying
temperatures at second regions 6 and 8 respectively of the sample and the
standard, each of the transducers providing as output an electric signal
that is a function of the time-varying temperature at the respective second
region. The two electric signals are connected 45      as inputs to a
difference amplifier 11 which notes any difference between the two electric
45 signals due to a temperature differential and amplifies the same. In
Figure 2, a com- parator 12 is connected to receive an output from the
difference amplifier 11 and is connected to an alarm .13 which is activated
in those instances in which the purity of the sample 1 varies a
predetermined amount from the standard 2, or to a strip 50      chart
recorder 14A. To complete the electric circuitry of Figure 1 by which
sample     50 composition or purity is evaluated or analyzed, the heaters 3
and 4 are electrically energized through a switch 24 from an electric power
source 15. The sequencing and timing of the events in the system 101 is
provided by a timer or timer means 16. In the apparatus 101 the heating
elements 3 and 4 contact one end of the un- 55      known sample and the
associated bar of gold bullion, respectively, as above noted. The  55
length and weight of each bar must be known. At the far end of each bar is
an element (thermistor, thermocouple, or other transducer, powered if
required by an 



electrical power source 19) to determine the temperature at said far end of
each bar and, most important, to determine the. relative changes in
temperature at the far ends 60      of the bars in some time pattern. The
bars, heaters, and temperature sensing devices  60 should be well insulated
from the environment, but good thermal contact is essential between the
bars and the heating elements and the bars and the temperature sensing    3
1,498,573                                       3 devices. Axial forces are
provided to maintain such contact by leaf or other light springs 20 and 21
that are insulated, thermally and electrically, from the transducers 9 and
10, respectively. Each bar, heating element, and temperature sensor should
be well insulated from tfie other bar, heating element and temperature
sensor. (In Figure 5      1 the bars 1 and 2 are separated from one
another, and thermal insulating material 17  5 and 18 is placed around the
bars and between the bars. In actual apparatus made and tested in
accordance with the present concepts, the housing labeled 22 within which
the bars are placed has an insulating recess to receive each bar.) Each
heater should be of a type that provides a controlled heat input as opposed
to a constant temperature 10     source; the heat thus applied is a
controlled amount; and the resistances 3 and 4 for  10 acceptable results
must have low heat capacity so that most of the heat generated therein is
transferred to the associated bars 1 and 2. Heaters found to be best when a
concentrated amount of heat in a small area is required are strain gages of
appropriate size, which strain gages can be compensated for changes in
temperature. 15         If a source of heat is applied to one end of a bar
at x=1, the general equation     15 for the temperature at any distance x
(assuming the bar to be well insulated) is given by the expression: [err]
(1) [err] where: 20          Q is the suddenly applied constant heat flux
per unit area ([err])  at x=l,          20 l is the length of the bar in
feet, k is the thermal conductivity [err] a is the thermal diffusivity in
[err] p is the density in [err] 25          c is the specific heat [err]
25 t is time in seconds, x is the distance along the bar (note at x=0 there
is no flow of heat), and T(x) is temperature in [err]F. (See Carslaw and
Jaeger "Conduction of Heat in Solids," Oxford University 30      Press
1950, page 104, paragraph 43, eq. (1).) If the temperature is measured at
x=0,  30 the insulated end of the bar equation (1) becomes: [err] If an
attempt is made to counterfeit a bar of material, the weight w, in pounds,
would be duplicated or can be easily measured. Thus, equation (1A) becomes:
4                                         1,498,573
4 [err] where: q is the suddenly applied constant heat flux in BTUs/sec.
and all other terms are as defined above. Gold has the third highest
thermal conductivity and one of the lowest heat capa- 5      cities. It
develops that if the time period for testing is selected correctly, a pure
gold  5 bar will attain a higher end temperature than any other material.
After the heater is shut off, the temperature of the bar becomes: qt Wc
which provides a further check on authenticity. 10          Those metals
(silver, copper)) which have a higher thermal conductivity than    10 



gold have also much higher heat capacity, while those metals having lower
heat capa- city have very much lower thermal conductivities. Thus, it is
sufficient that at all times during the test interval, the temperature of
the end of the bar suspected of forgery be as high or higher than that of
the known 15     gold (or a recording thereof) for certainty that the bar
in question is as pure or purer  15 than the standard. This is subject to
several restrictions and possible errors which are taken up in the next
paragraph. The ratio [err] 20     (wherein [err] and [err] are the heat
inputs to the sample and a standard of respective  20 weights [err] and
[err]) must be kept within acceptable tolerance. The test is as good as the
exactitude with which the lengths and weights are known. The thermal con-
ductivity and density of gold are extremely high and the specific heat c is
low relative to most materials. A table of c and the ratio [err]/k is
presented in Table I below for 25     gold and for most materials likely to
be used as an adulterant.                       25 Ideally, the ratio (q/W)
should be as high as possible for maximum sensitivity. Lower values of this
ratio can be compensated for by more sensitive instrumentation methods or
amplification of temperature differences. If the bar is too short
temperature differences will be difficult to detect with accuracy and low c
values could dominate. 30     The fact 12 in equations (1) (1A) and (2) is
very important for the sensitivity of the  30 test. TABLE I c
p/k BTU                     [err] 35
lb-[err]F                    BTU-ft[err]                    35 Gold
.030                     23.6x [err] Silver                  .056
9.5 x [err] Copper                 .092                      8.7 x [err]
Uranium                 .030                   267.3 x [err] 40
Lead                    .030                    124.7x [err] Platinum
.031                   116.2x [err] Tungsten                .031
43.3 X [err] Before turning to a discussion of the present invention with
reference to silver and other materials, a few further general comments
that apply mostly to gold are in order Typically, the same amount of heat
is applied to one end of two identically-  45 sized bars. For some time
interval, the temperature of the two at the other or far end of each is
taken and the two are compared. Most adulterated samples tested in the
course of the work leading to and arising from this invention will be
cooler at that other or far end than will be the pure gold standard, but
that is not always the case.    5
1,498,573                                        5 Hence, the temperatures
at the far end of each bar is taken over some time interval after heat is
applied, depending on the length of the bar and other factors. For example,
bars of length 0.378 ft, weight 2.2 pounds, of uniform cross dimensions are
sampled for eighty seconds after the heat is applied. In this circumstance
an adulterated sample 5       will always be cooler at the far end or
second region than the standard at some point  5 during that time interval.
Also, the heaters 3 and 4 can be de-energized and the time- varying, but
declining, temperature patterns can be noted and compared. It is not
necessary that the standard actually be present at the time the sample is
tested. Thus, in Figure 3 the time varying pattern of a sample, converted
to an 10      electric signal as before, is fed to a sensor amplifier 11A
and thence to an analog-  10 to-digital converter 23, the output of the
converter being connected as one input to a comparator 12A (see Baker
Letters Patent 3,705,391), the other input to which is from a computer
which has stored the signature of an equivalent standard (see Senturia et
al Letters Patent 3,747,755). The output of the comparator 12A can connect
to an 15      alarm. Also, the sensor output can be connected as input to
an X-Y  recorder 14B.    15 It is assumed now that the bars 1 and 2 are
silver. If a constant temperature source is applied to one end of a bar,
the equation for the temperature at the far end 



is given by (assuming the bar is well insulated): [err] 20     where:
20 [err] is the temperature in [err]F above ambient at the end, of the bar
opposite the constant temperature source, [err] is the suddenly applied
constant temperature in [err]F above ambient, erf is the standard
definition of error function and is well tabulated in many 25
references,
25 k [err] is the thermal diffusivity of the bar in [err], t is the time in
seconds, and I is the length of the bar in ft. Silver has the highest
thermal diffusivity of any known metallic material. There- 30     fore, as
a function of time, the silver bar will attain a higher far end temperature
than  30 any other material. Thus, it is sufficient that at any time during
the test, the tem- perature of the known silver bar (or a recording
thereof) be lower than that of the bar suspected of forgery, for centainty
that the bar in question is as pure or purer than the standard. Again, this
is subject to restrictions and several possible errors, as now 35
discussed.
35 [err] must be identical for the sample and the standard. The test is as
good as the exactitude with which the lengths of the bars are known. The
thermal diffusivity of silver is very high compared to most materials. A
table of a (Table II hereinafter) is presented for silver and for most
materials likely to be used as adulterants of silver. 40      The length of
the bar is very important for the sensitivity of the test Ideally, this  40
should be as long as possible for maximum sensitivity. Lower length values
can be compensated for by more sensitive instrumentation for amplification
of temperature differences. TABLE II 45
a                              45 [err] Silver
1.88 X [err] Copper                           1.26X [err] Zinc
0.45 x [err] 50                      Molybdemium
0.58x [err]                         50 Palladium
0.26x [err] Other materials can be similarly tested for composition. Thus,
by way of illustra- tion, soil samples can be checked for degree of
compaction or moisture content. This    6
1,498,573                                          6 can be accomplished
using a recorder 14A or 14B for example, which can contain a trace or
pattern of an acceptable or a known standard against which the time-varying
temperature pattern of a sample can be visually compared. In testing soil
samples by the present system, what is really done is to determine the
ratio of fluid-to-solid (i.e., 5       gas or water content to solid) in
the sample.                                       5 The apparatus herein
disclosed provides fast, fool-proof and economical deter- mination of
composition, purity and thermal properties of samples in a system which
avoids the high skill needed for such determination by observing surface
properties, the multiple tests of chemical analysis, and the destruction of
the sample ingot in the 10      case of gold and silver. It makes possible
such analysis by unskilled persons in a go-no-  10 go type mode of
operation. In the case of many materials, it makes possible testing and
checking of samples for which no known process is presently available. The
accuracy of results is related to the length of the sample as well as the
quality of the electronics employed, but purity of gold samples can be
sensed and the quality thereof noted 15     to 99.5% pure and better.
15 WHAT WE CLAIM IS:- 1. Apparatus for determining non-destructively the
composition of an unknown sample, the apparatus comprising means for
applying heat at a rate [err] at one end of an elongate sample of weight
[err] means for simultaneously applying heat at a rate 



20      [err] at one end of a standard of weight [err] and having the same
length as the length of  20 the sample such that [err] first transducer
means positioned to sense the temperature at the other end of the sample
and to provide a first electric signal, second transducer means positioned
to 25     sense the temperature at the other end of the standard and to
provide a second       25 electric signal, and means connected to receive
and analyse the first electric signal and the second signal over time to
determine the relative magnitudes, either qualitatively or quantitatively,
of the temperatures at the ends of the sample and of the standard. 2.
Apparatus as claimed in claim 1, in which the means for applying heat to
the 30     sa`ple is a first source operable to effect transfer of a
controlled amount of heat to  30 the sample and the means for applying heat
to the standard is a second source operable to effect transfer of a
controlled amount of heat to the standard. 3. Apparatus as claimed in claim
1 or claim 2, in which the sample and the standard are thermally insulated
from each other and from the environment. 35          4. Apparatus for
determining non-destructively the composition of an unknown    35 sample,
the apparatus comprising means for applying heat to the sample at a first
region of the sample, means for sensing the resulting time-varying
temperature of the sample at a second region of the sample remote from the
first region, and means for comparing the time-varying temperature pattern
for a predetermined finite length 40      of time at said second region
with a time-varying temperature pattern of a known    40 standard subjected
to equivalent conditions for the same finite length of time. 5. Apparatus
as claimed in claim 4, for testing a gold bar against a standard gold bar
of the same length and weight as the sample, in which the means for
applying heat is a first electric resistance operatively disposed to
deliver heat to the 45     sample and having low heat capacity so that most
of the heat generated in the        45 electric resistance is transferred
to the gold sample and a second electric resistance substantially identical
to the first electric resistance and operatively disposed to deliver heat
to the standard, the heat being delivered at one end of each bar and the
tempera- ture being sensed at the other end of each bar. 50         6.
Apparatus as claimed in claim 5, in which the means for sensing comprises
50 a transducer operationally positioned at said other end of each bar to
sense the tem- perature there and to convert each to an electric signal and
in which the means for comparing comprises electric circuitry connected to
receive the electric signal from each transducer and to compare one with
the other. 55         7. Apparatus as claimed in claim 4, in which the
sample material is compared to  55 a standard having the same length as the
length of the sample, said apparatus having means for applying heat to the
standard at a first region of the standard, means for sensing the resulting
time-varying temperature of the standard at a second region of the standard
removed from the first region of the standard. 60         8. Apparatus as
claimed in claim 7, in which the means for applying heat to the  60
1,498,573 can be accomplished using a recorder 14A or 14B for example,
which can contain a trace or pattern of an acceptable or a known standard
against which the time-varying temperature pattern of a sample can be
visually compared. In testing soil samples by the present system, what is
really done is to determine the ratio of fluid-to-solid (ie., 5      gas or
water content to solid) in the sample.
5 The apparatus herein disclosed provides fast, fool-proof and economical
deter- mination of composition, purity and thermal properties of samples in
a system which avoids the high skill needed for such determination by
observing surface properties, the multiple tests of chemical analysis, and
the destruction of the sample ingot in the 10     case of gold and silver.
It makes possible such analysis by unskilled persons in a go-no-  10 go
type mode of operation. In the case of many materials, it makes possible
testing and checking of samples for which no known process is presently
available. The accuracy of resultsis related to the length of the sample as
we as the quality of the electronics employed, but purity of gold samples
can be sensed and the quality thereof noted 15     to 99.5% pure and
better.                                                            15 



WHAT WE CLAIM IS:- 1. Apparatus for determining non-destructively the
composition of an unknown sample, the apparatus comprising means for
applying heat at a rate [err] at one end of an elongate sample of  weight w
means for simultaneously applying heat at a rate 20      [err] atoneend of
a standard of weight [err] and having the same length as the length of
20 the sample such that [err] first transducer means positioned to sense
the temperature at the other end of the sample and to provide a first
electric signal, second transducer means positioned to 25     sense the
temperature at the other end of the standard and to provide a second
25 electric signal, and means connected to receive and analyse the first
electric signal and the second signal over time to determine the relative
magnitudes, either qualitatively or quantitatively, of the temperatures at
the ends of the sample and of the standard. 2. Apparatus as claimed in
claim 1, in which the means for applying heat to the 30     sample is a
first source operable to effect transfer of a controlled amount of heat to
30 the sample and the means for applying heat to the standard is a second
source operable to effect transfer of a controlled amount of heat to the
standard. 3. Apparatus as claimed in claim 1 or claim 2, in which the
sample and the standard are thermally insulated from each other and from
the environment. 35         4. Apparatus for determining non-destructively
the composition of an unknown    35 sample, the apparatus comprising means
for applying heat to the sample at a first region of the sample, means for
sensing the resulting time-varying temperature of the sample at a second
region of the sample remote from the first region, and means for comparing
the time-varying temperature pattern for a predetermined finite length 40
of time at said second region with a time-varying temperature pattern of a
known    40 standard subjected to equivalent conditions for the same finite
length of time. 5. Apparatus as claimed in claim 4, for testing a gold bar
against a standard gold bar of the same length and weight as the sample, in
which the means for applying heat is a first electric resistance
operatively disposed to deliver heat to the 45     sample and having low
heat capacity so that most of the heat generated in the        45 electric
resistance is transferred to the gold sample and a second electric
resistance substantially identical to the first electric resistance and
operatively disposed to deliver heat to the standard, the heat being
delivered at one end of each bar and the tempera- ture being sensed at the
other end of each bar. 50          6. Apparatus as claimed in claim 5, in
which the means for sensing comprises     50 a transducer operationally
positioned at said other end of each bar to sense the tem- perature there
and to convert each to an electric signal and in which the means for
comparing comprises electric circuitry connected to receive the electric
signal from each transducer and to compare one with the other. 55
7. Apparatus as claimed in claim 4, in which the sample material is
compared to  55 a standard having the same length as the length of the
sample, said apparatus having means for applying heat to the standard at a
first region of the standard, means for sensing the resulting time-varying
temperature of the standard at a second region of the standard removed from
the first region of the standard. 60                         8. Apparatus
as claimed in claim 7, in which the means for applying heat to the  60    7
1,498,573                                      7 sample is a first constant
temperature source and the means for applying heat to the standard is a
second constant temperature source. 9. Apparatus as claimed in caim 7, in
which the means for sensing the resulting time-varying temperature at the
second region of the sample comprises a first trans- 5       ducer
operatively disposed to sense the temperature at the second region of the
5 sample as input and to provide as output a first electric signal that
varies as a function of the input temperature to the first transducer and
in which the means for sensing the resulting time-varying temperature at
the second region of the standard comprises a second transducer operatively
disposed to sense the temperature at the 10      second region of the
standard as input and to provide as output a second electric  10 signal
that varies as a function of the input temperature to the second
transducer. 



10. Apparatus as claimed in claim 9, that further includes means for
comparing the first electric signal with the second electric signal. 11.
Apparatus as claimed in claim 10, that further includes an alarm connected
15      to receive a message from the means for comparing and to be
selectively activated  15 thereby. 12. Apparatus as claimd in claim  11, in
which said means for compacting is operable to compare the signals at each
instant of time during said finite length of time and acts to activate the
alarm if at any point in time during the said finite length 20      of time
the temperature of the sample at said second region of the sample is lower
20 than the temperature of the standard at said second region of the
standard. 13. Apparatus as claimed in claim 12, wherein both the sample and
the standard are gold and wherein the means for applying heat to each is a
controlled source of heat. 14. Apparatus as claimed in claim 12, in which
the sample and the standard are 25      equal in length and are
respectively of weight [err] and [err], in which the respective  25 heat
inputs are [err] and [err], and in which the ratio of heat input-to-weight
is [err] 15. Apparatus as claimed in claim 12, wherein [err]>>[err] 16.
Apparatus as claimed in claim 11, having timing means that serves to
sequence 30      the means for applying heat to both the sample and the
standard as well as the   30 sensing functions of the transducers. 17.
Apparatus as claimed in claim 16, in which the sample is a bar of weight
[err] and the standard is a bar the same length as the sample and of weight
[err] in which the means for. applying heat to the sample supplies the heat
at a rate [err] and 35      the means for supplying heat to the standard
supplies the heat at a rate of [err] , the  35 ratio of heat-to-weight
being [err] 18. Apparatus as claimed in claim 4, in which the means for
sensing the resulting time-varying temperature at the second region of the
sample comprises a transducer 40      operatively disposed to sense the
temperature at the second region of the sample as  40 input and to provide
as output an electric signal that varies as a function of the input
temperature to the transducer and in which the means for comparing
comprises com- puter means connected to receive the electric signal and to
compare it with a time- varying temperature pattern of a known standard. 45
19. Apparatus as claimed in claim 18, in which the computer means comprises
45 an analog-to-digital converter connected to receive the electric signal
and to convert it to a digital signal, a computer having in memory a
digital signal representative of the time-varying temperature pattern of
the known standard, and a comparator connected to receive the digital
signal from the analog-to-digital converter and the digital signal 50
from the computer, to compare the same and to provide an output indicative
of the  50 relative magnitudes of the two at each point in time for said
finite length of time. 20. Apparatus as claimed in claim 19, that further
includes an alarm connected to receive the output of the comparator and
provide an indication in the event that said relative magnitudes vary more
than some predetermined small amount from one 55     another at any point
in time during the said finite length of time.               55 21.
Apparatus as claimed in claim 4, in which the material sample is a soil
sample    8                                       1,498,573 and in which
the apparatus is operable to detect relative magnitudes of solids and
fluids in the sample. 22. Apparatus as claimed in claim 4, wherein the
means for comparing comprises means for making a visual record of the
time-varying temperature pattern of the 5     sample so that the sample
pattern can be visually compared with a similar-type visual  5 record of
the standard. 23. A method of determining non-destructively the composition
of an unknown material sample, that comprises applying heat at a first
region of a sample of said material to provide a time-varying temperature
pattern in the sample, controlling the 10    rate of heat input to the
sample, measuring the temperature as a function of time at a  10 second
region of the sample a known distance from the first region, and comparing 



the time-varying temperature pattern for a predetermined finite length of
time at said second region of the sample with a time-varying temperature
pattern of a known standard subjected to equivalent conditions for the same
length of time. 15         24. A method as claimed in claim 23, that
further includes discontinuing the   15 application of heat to the sample
and comparing the resulting time-varying tempera- ture pattern for a
predetermined finite length of time after the discontinuation of the heat
with the time-varying temperature pattern of a known standard subject to
equiva- lent conditions for the same length of time. 20         25. A
method as claimed in claim 23, in which the temperature pattern of the   20
sample is compared to that of the standard for a finite time period. 26. A
method as claimed in claim 23, wherein the sample has applied to it heat at
some temperature level and the standard is subject to heat at the same
temperature level. 25         27. A method as caimed in claim 26, wherein
the sample and the standard are   25 simultaneously subjected to equal
temperature at a first region of each, wherein the temperature of each is
sensed at a second region displaced from the first region a known distance,
for a finite length of time, and wherein the temperature at the second
region of the sample is compared to the temperature of the standard during
30    said finite length of time.
30 28. A method as claimed in claim 27, in which the sample and the
standard are each an elongate silver bar, in which the first region of the
sample and the standard is one end of the respective bar and in which the
second region of the sample and the standard is the other end of the
respective bar. 35        29. A method as claimedin claim 23, in which the
sample and the standard are of  35 the same weight and the same length and
are simultaneously subjected to heat input at a constant rate at a first
region of each, in which the temperature of each is sensed at a second
region displaced from the first region at a known and equal distance, and
in which the temperature of the sample at the second region thereof is
compared to 40    the temperature of the standard at the second region
thered continuously and for a  40 finite length of time. 30. A method as
claimed in claim 23, wherein the sample is a soil sample and wherein the
temperature at said second region is sensed to determine the ratio of solid
to-fluid in the sample by comparing the time-varying temperature with
respect to the 45    sample to the time-varying temperature pattern with
respect to a standard of a known  45 ratio of solid-to-fluid.        - 31.
A method as claimed in claim 30, wherein the fluid is water and whereby
determination of the ratio establishes the water content in the sample. 32.
Apparatus for determining non-destructively the composition of an unknown
50    sample, subsantially as hereinbefore described with reference to and
as shown in the  50 accompanying drawing. 33. A method of determining
non-destructively the composition of an unknown material sample,
substantially as hereinbefore described with reference to the accom-
panying drawing. For the Applicants, GRAHAM WATT & CO., Chartered Patent
Agents, 3/4, South Square, Grays Inn, London, W.C.1. Printed for Her
Majesty's Stationery Office, by the Courier Press,.Leamington Spa, 1978
Published by The Patent Office, 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.    


