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t571 ABSTRACT 

A method arid apparatus for mensuring thermal diffu- 
sivity and molecular relaxation processes in a sample 
material utilizing two light beams, one being a pulsed 
laser light beam for forming a tliermal lens in the sample 
material, and the other being a relatively low power 
probe light beam for measuring changes in the refrac- 
tive index of the sample material during formation and 
dissipation of the thermal lens. More specifically, a 
sample material is irradiaied by rc!atively high power, 
short pulses from a dye laser. Energy from the pulses is 
absorbed by the sample material, thereby forming a 
thermal lens in the area of absorption. The  pulse repeti- 
tion rate is chosen so that the thermal leiis is substan- 
tially dissipated by the h e  the next pulse reaches the 
sample material. A probe light beam, which in a specific 
embodiment is a relatively low power, continuous wave 
(cw) laser beam, irradiates the thermal lens formed in 
the sample material. The intensity characteristics o f  the 
probe light beam subsequent to irradiation of the ther- 
mal lens is related to changes in the refractive index of 
the sample material as the thermal lens is formed and 
dissipated. A plot of the changes in refractive index as a 
function of time during formation of the thermal lens as 
reflected by changes in intensity of the probe beam, 
provides a curve related to molecular relaxation charac- 
teristics of the material, and a plot during dissipation of 
the thermal lens provides a curve related to the thermal 
diffusivity of the sample material. 

16 Claims, 10 Drawing Figures 
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DOUBLE-BEAM OPTICAL METHOD AND 
APPARATUS FOR MEASURING THERMAL 
DIFFUSIVITY AND OTHER MOLECULAR 

DYNAMIC PROCESSES IN UTILIZING THE 
TRANSIENT THERMAL LENS EFFECT 

ORIGIN OF T H E  INVENTION 
The invention described herein was made in the per- 

formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 85-568 
(72 Stat. 435; 42 USC 2457). 

F I E L D  OF T H E  INVENTION 
The invention relates to apparatus and methods for 

measuring molecular relaxation characteristics and 
thermal diffusivity of a sample material, and more par- 
ticularly to measurement of these characteristics 
through use of thermooptical apparatus and techniques. 

BACKGROUND OF T H E  INVENTION 
Conventional apparatus and methods for the mea- 

surement of thermal diffusivity of solids generally re- 
quire application of heat at a point in the solid using 
some type of heater, and then measurement of tempera- 
ture rises as a function of time at several points within 
the solid using an appropriate temperature measuring 
device such as a thermistor. Recent developments in 
thermooptical techniques include use of a pulsed laser 
beam to supply heat to the sample material. However, 
temperature measurements are still generally made 
using thermistors or other conventional devices. In one 
method, a single laser beam is used to both form the 
thermal lens and to monitor the change of refractive 
index in a sample material. This single beam technique 
utilized a heliumheon laser whose output was periodi- 
cally interrupted with a mechanical shutter. Use of a 
single beam, although superior to many conventional 
methods, has limited resolution capability because the 
measurement beam is also the beam supplying heat to 
the sample material. 

Problems associated with conventional methods for 
measuring thermal properties of a material are many 
and vaned. Typically, a relatively large sample is re- 
quired, and it is difficult to perform a measurement 
under quasi-isothermal conditions since temperature 
gradients of less than 0.01" Kelvin per centimeter can- 
not be measured with precision. It is also difficult to 
adapt conventional techniques to samples under stress 
or  to samples undergoing various other types of test 
environments. Conventional techniques tend to  be slow, 
and transient changes in thermal properties cannot be 
measured utilizing conventional measurement appara- 
tus. In addition, conventional techniques d o  not provide 
any way to directly measure rates of lattice relaxation 
processes in polymers and composites or to  accurately 
measure anisotropic thermal properties or thermal 
properties of a surface of a material. An apDaratus and 
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meihod according to the present invention-solves all of 60 
the above problems associated with conventional mea- 
surement techniques. 

SUMMARY OF THE INVENTION 

measuring thermal diffusivity and molecular relaxation 
characteristics of a sample material. An apparatus ac- 
cording to  the invention utilizes two light beams, one of 

The invention provides an apparatus and method for 65 

2 
which is used to form the thermal lens and the other of 
which is used to monitor changes in the refractive index 
of the material comprising the thermal lens during for- 
mation and dissipation of the thermal lens. The inven- 
tion provides a pulsed laser light source, which in a 
specific embodiment is a dye laser, the light source 
providing a light beam directed at the sample material 
for formation of the thermal lens therein. The pulsed 
laser wavelength is chosen so that its energy will be 
partially absorbed by the sample material. A probe light 
beam source, which in a specific embodiment is a low 
power continuous wave (cw) laser, provides a probe 
light beam which is directed to irradiate the thermal 
lens and which either passes through the thermal lens if 
the material is substantially transparent to the probe 
light beam wavelength, or is reflected from the thermal 
lens if the material is substantially opaque to the probe 
light beam wavelength. The probe light laser beam does 
not deposit any significant energy in the sample mate- 
rial. The intensity of a portion of the probe light beam 
after having irradiated the thermal lens is related to the 
refractive index of the thermal lens. An intensity versus 
time profile of the probe light beam is related to the 
change in refractive index of the material comprising 
the thermal lens. Thus, one can appreciate that the rate 
of formation of the thermal lens as determined by 
changes in the refractive index of the sample material 
comprising the thermal lens is related to molecular 
relaxation characteristics of the sample material, and the 
rate of dissipation of the thermal lens as determined by 
changes in the refractive index is related to  the thermal 
diffusivity of the sample material. A combining of the 
intensity versus time profiles of the probe light beam for 
a plurality of thermal lenses, each being formed by one 
of the pulses for the pulsed laser light source, provides 
a composite profile which accurately reflects the char- 
acteristics of the sample material. 

Through use of the methods and apparatus provided 
by the invention, and a suitable choosing of the charac- 
teristics of the pulsed laser forming the thermal lens, a 
very small sample volume can be utilized. It is theorized 
that the volume of the thermal lens created by the appa- 
ratus disclosed herein is equal to or less than 10W5 cubic 
centimeters and that accurate measurement of tempera- 
ture gradients less than IO-3degrees Kelvin per cm can 
be made. The apparatus provides a means for making 
non-destructive tests using both isotropic and aniso- 
tropic materials which can be either transparent or 
opaque to the light sources being utilized. In addition, 
thermal diffusivity and molecular relaxation character- 
istics can be measured using a sample undergoing stress 
tests or a sample which is shock sensitive. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic diagram of a first embodiment 

according to the invention in which the sample material 
is substantially transparent to the pulsed laser light beam 
and the probe laser light beam; 

FIG. 2A is a ray-trace diagram showing the probe 
light beam focused at a point in front of the thermal lens 
formed in the sample material, and FIG. 2B is a ray- 
trace diagram showing the probe light beam focused at 
a point behind the thermal lens formed in the sample 
material; 

FIG. 3A is a schematic diagram showing a detector 
configuration comprising a single photodiode or  photon 
counter, FIG. 3B is a schematic diagram showing a 
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detector configuration comprising a plurality of photo- 
diode detectors positioned along two lines forming a 
cross. and FIG. 3C is a schematic diagram showing a 
detector configuration comprising a plurality of photo- 
diode detectors uniformly positioned with respect to 
each other over a circular area; 

FIG. 4 is B schematic diagram of a second embodi- 
ment according to the invention in which the sample 
material is substantially opaque to the pulsed laser light 
beam and the probe light beam, and the probe light 
beam Is reflccied from the sample material directly to 
the detector; 

FIG. 5 is a schematic diagram of a third embodiment 
according to the invention in which the sample material 
is substantially opaque to the pulsed laser light beam 
and the prohe light beam, and the probe light beam 
rctlected from the sample material is directed to the 
detector by a beam splitter; 

FIG. 6 is a graph showing the intensity of transmitted 
radiation versus time during the formation and dissipa- 
tion of a thermal lens created by a laser pulse; and 

FIG. 7 is a graph showing the intensity of transmitted 
radiation versus time during the formation of a thermal 
lens created by a laser pulse. 

DETAILED DESCRIPTION 
As required, detailed illustrative embodiments of the 

invention are disclosed herein. These embodiments 
exemplify the invention and are currently considered to 
be the best embodiments for such purposes. However it 
is to be recognized that other means exist for directing 
the pulsed laser light beam to a sample material for 
formation of a thermal lens therein, and other means for 
directing the probe light beam to the thermal lens could 
be utilized. Accordingly, the specific embodiments dis- 
closed are representative in providing a basis for the 
claims which define the scope of the present invention. 

As previously explained, the invention provides an 
apparatus and method for measuring thermal diffusivity 
and molecular relaxation characteristics of a sample 
material. A pulsed laser light beam is directed at a sam- 
ple material, energy transfer from the laser light source 
to the material creating a thermal lens therein. A second 
continuous wave probe light beam is directed at the 
thermal lens, the intensity per unit area of the probe 
light beam being altered by the thermal lens regardless 
of whether the probe light beam is transmitted through 
or reflected from the thermal lens. The intensity of the 
probe light beam varies as the index of refraction of the 
sample material changes due to creation of the thermal 
lens. A change in the index of refraction during the 
formation of the thermal lens is related to the molecular 
relaxation characteristics of the sample material, and the 
change in the index of refraction during dissipation of 
the thermal lens is related to the thermal diffusivity of 
the sample material. Thus it is the altering of the probe 
light beam intensity characteristics due to index of re- 
fraction changes during the formation of and dissipation 
of a thermal lens formed by the pulsed laser light beam 
which provides a means for determining molecular 
relaxation characteristics and thermal diffusivity of the 
sample material. 

Referring to FIG. 1, an apparatus according to the 
invention comprises a pulsed laser light source 10 which 
provides a pulsed laser light beam 10, a probe light 
source 12 which provides a probe light beam 12', and a 
detector 14. A pulsed laser light beam focusing lens 16 
is provided to focus the pulsed laser light beam 10' at an 
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4 
appropriate point within a sample material 18 where ;i 

thermal lens is to be formed. In the first enibodinierii 
shown in FIG. 1, the sample material 18 is of a type 
substantially transparent to  both the pulsed laser light 
beam 10' and the probe light beam 12'. The focal poitlt 
of the pulsed laser lens 16 is chosen t o  be within the 
sample material 18 where thermal diffusivity or molecu- 
lar relaxation characteristics are to be determined. A 
probe light beam focusing lens 20 is provided for con- 
centrating the probe light beam 12' o n  an area defined 
by the thermal lens. Choosing of the focal point for the 
probe laser focusing lens 20 is determined in accordance 
with whether or not the probe light beam as a result of 
passing through the thermal lens formed in the sample 
material 18 is to become less intense or more intense and 
will be explained in further detail below. A beam split- 
ter 22 is positioned so that the probe light beam 12' 
having passed through the thermal lens formed in the 
sample material is reflected to the detector 14. A pulsed 
laser light beam filter 24 is provided in front of the 
detector 14 so that any pulsed laser light reflected back 
along a path colinear with that of the original pulsed 
laser light beam 10' will be prevented from reaching the 
detector 14, the pulsed laser light beam 1 0  having sig- 
nificantly more power than the probe light beam 12' as 
will be explained below. A processor 26 receives the 
output of the detector 14, the processor providing a 
means for forming a composite profile comprising suc- 
cessive intensity v. time profiles of the probe light beam 
12' during formation and dissipation of the thermal 
lenses created by successive laser light pulses from the 
pulsed laser light source 10. 

In the first embodiment, as in  subsequent embodi- 
ments to be described below, the probe light source 12 
is a continuous wave (cw) laser. Although a laser has 
been chosen for the probe light source 12, an incandes- 
cent or any other continuous light source could be uti- 
lized, the only requirement being that the light source 
be sufficiently focused so that intensity changes as a 
result of the formation of a thermal lens having a vol- 
ume less than 1 0 - 5  cubic centimeters can be measured. 
It has been found that use of a cw laser for the probe 
light source 12 is particularly suitable for the type of 
application described herein. However, the cw laser 
comprising the probe light source 12 must be of suffi- 
ciently low power so that it does not deposit any signifi- 
cant energy in the sample material 18 as it  passes there- 
through. Immediately after a pulse from the pulsed laser 
light source 10 is partially absorbed in the sample mate- 
rial 18, a lattice distortion occurs in the region of energy 
absorption, thereby resulting in a decrease in the index 
of refraction in the region of distortion. It is this de- 
crease in index of refraction that defines the region of 
the thermal lens. The probe light beam 12' as it passes 
through the thermal lens exhibits an intensity change 
due to the altered index of refraction. It is this intensity 
change that is detected by the detector 14. The intensity 
versus time profiles as a result of each of the laser pulses 
are combined by the processor 26 to provide a compos- 
ite intensity versus time profile which is related to 
changes in the index of refraction of the sample material 
18 comprising the thermal lens. As previously ex- 
plained, the rate of formation of the thermal lens is 
related to molecular relaxation characteristics o f  the 
sample material 18. Following formation of the thermal 
lens, the lens then dissipates gradually as heat is trans- 
ported away from the sample material comprising the 
thermal lens. The dissipation time of the thermal lens is 
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thus related to the thermal diffusivity of the sample 
material, the time being determined by measuring 
changes in the index of refraction of the sample material 
as indicated by changes in intensity of the probe light 

An increase or decrease in the intensity of the probe 
light beam 12’ as it passes through the thermal lens can 
be chosen according to the focal length of the Drobe 

beam 12‘ monitored by the detector 14. 5 

~~ Y ” 
light beam focusing lens 20. Referring to FIG. 2A, the 
probe light beam 12’ is focused by a probe light beam 
focusing lens 20’ having a focal point 28 located be- 
tween the focusing lens 2 0  and a thermal lens 30 formed 
in a portion of the sample material 18’ as represented by 
the dotted lines. As can be seen, the beam area as repre- 
sented at 32 is larger as a result of the beam passing 
through the thermal lens 30 than it wouid he had the 
thermal lens not been formed as represented at 34. I t  
should be noted from reference to FIG. 2A that the 
thermal lens 30 created by the pulsed laser light beam 
10‘ can be represented schematically by a convex lens. 
Referring to FIG. 2B, if a focal point of a probe light 
beam focusing lens 20” is chosen to be at a point subse- 
quent to the probe light beam 12‘ having passed through 
the thermal lens 30 as shown at 38, then the thermal lens 
30 will cause the focal point to shift away from the 
probe light source 12 as represented at 40. This shift in 
focal point results in an area subscribed by the original 
and unaffected probe light beam 12’ as shown at 42 
being larger than that of the probe light beam 12’ as 
affected by the thermal lens 30 as shown at 44. Thus as 
one can appreciate from the above explanation, the 
intensity of the probe light beam 12’ having passed 
through the thermal lens 30 decreases when the focal 
point occurs prior to the thermal lens 30 as shown in 
FIG. 2A, and increases when the focal point occurs 
beyond the thermal lens 30 as shown in FIG. 2B. 

The detector 14 can consist of a variety of configura- 
tions depending upon the accuracy to which the charac- 
teristics of’the forming and dissipating thermal lens are 
desired lo be known. The detector 14 could be of any 
type which would provide an output signal related to 
the intensity of the probe light beam 12’ by which it is 
irradiated. Each detecting element could comprise a 
photodiode or  photon counter, although any light sensi- 
tive detecting element having sufficient sensitivity 
could be utilized. Referring to FIG. 3A, a first detector 
configuration 1 4  comprises a single detecting element 
50. A second detector configuration 14’ comprising a 
plurality of detecting elements 50 in the form of a cross 
is shown in FIG. 3R. this configuration being used to 
detect both vertical and horizontal intensities of the 
probe light beam 12‘. A preferred detector configura- 
tion for determining thermal diffusivity is shown in 
FIG. 3C in which the detecting elements 50 are dis- 
posed so as to cover the entire area of the detector 14”’ 
being irradiated by the probe light beam 12‘. This type 
of detector 14”’ is commonly known as an area sensitive 
optical multichannel analyzer and provides a plurality 
of outputs each associated with one detector element 
50. Use of this detector configuration 14”’ will provide 
a plurality of intensity versus time profiles, thereby 
providing an extremely accurate means for determining 
the thermal diffusivity of the sample material. 

A second embodiment of the invention is shown in 
FIG. 4. A sample material 60 comprises a material 
which is opaque to both a pulsed laser light beam and a 
probe light beam. Referring to FIG. 4, a pulsed laser 
light source 62 providing a pulsed laser light beam 62‘ is 
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directed at the sample material 60. A probe light source 
64 provides a probe light beam 64’ which is partially 
reflected by a beam splitter 66 so that the reflected 
portion is colinear with the pulsed laser light beam 62’. 
The pulsed laser in this embodimrril is chosen to be a 
dye laser having a wavelength such that its energy is 
partially absorhed within a f e u  microns of the surface 
of the samole material 60. The thermal lens formed bv 
the pulsed laser light beam 62‘ is thert:fore within a few 

10 microns of the surface of iht :  sample material 60 and 
results in a reflection o f  the probe light beam 64’ having 
an altered intensity with respect to what i t  would other- 
wise have been had the thermal lens riot been formed in 
the sample material 60. This reflected probe light beam 

I5 64’ is detected by a detector 67, thc intensity versus time 
output profiles corresponding to successive laser pulses 
being converted h y  a processor 68 to fcirm composite 
intensity versus time profiles as prcviousib explained. A 
pulsed laser filter 70 is also provided, the filter 70 being 

20 chosen to substantially block the pulsed laser light beam 
62’. As in the first embodiment, the detector 66can have 
any of the configurations ius previously explained in 
conjunction with the discussion relating to FIG. 3. 

A third embodiment of the invention provides for a 
25 sample material which is also opayue to both the pulsed 

laser light beam and the probe light bcam. this embodi- 
ment providing a means t o  detect the probe light beam 
portion which I s  reflected back from thc sample mate- 
rial along a path colinear with the probe iight besm path 

30 prior to its irradiation of the sample material. Referring 
to FIG. 5, a pulsed laser light source 80 provides a 
pulsed laser light beam 80’ which is directed at an 
opaque sample material 82. A probe light source 84 
provides a probe light beam 84’ directed t o  intersect a 

35 first beam splitter 86 which in turn reflects a portion of 
the probe light beam 84’ so that i i  is colinear with the 
pulsed laser light beam 80’. The pulsed laser light beam 
80’ and probe light beam 84’ then passes through a sec- 
ond beam splitter 88, the pulsed laser light beam 80’ 

40 forming a thermal lens in the sample material 82 within 
a few microns of the surface as previously explained. 
Portions of the probe light beam 8 4  and the pulsed laser 
light beam 80’ are reflected from the sample material 82, 
and the thermal lens formed therein, back along the 

45 path of the incoming light beams 80’ arid 84’ and to the 
second beam splitter 88. The second beam splitter 88 
reflects a portion of hoth the probe light beam 8 4  and 
the pulsed laser light beam 80‘ to a detector 90. As in the 
previous embodiments, a pulsed laser light beam filter 

50 92 is provided for absorbing energy at a wavelength 
corresponding to that of the pulsed laser light beam 80’. 
The intensity versus time profile developed by each 
detector element of the detector 90 is then combined by 
a processor 94 which in turn provides a composite in- 

5 5  tensity versus time profile associated wi th  each detector 
element. As in the first embodiment, the detector 90 can 
have any of the configurations as previously explained 
in conjunction with the discussion relating to FIG. 3. 

An apparatus provided by the iriverititlri operates as 
60 follows. Referring again to FIG. 1. the pulsed laser light 

source 10 must be chosen so that the encrgy contained 
within each pulse can be absorbed by the sample mate- 
rial 18 to form the thermal lens therein, and the time 
between pulses must be chosen so that the thermal lens 

65 formed by each pulse can substantially dissipate prior to 
the arrival of the next pulse. In  one specific application 
of the invention the thermal diffusivity or polymethyl- 
methacrylate (I’MMA) was measured. For :his mea- 
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surement, a pulsed laser light source 10 was chosen to 
be a dye laser having a pulse width of 10 nanoseconds 
and a wavelength output variable between 360 and 380 
nanometers. The pulse repetition rate was approxi- 
mately 500  pulses per minute or 120 milliseconds be- 
tween pulses. Using the above-described pulse in con- 
junction with PMMA, it is theorized that approximately 
10-~ * joules per pulse will be deposited in the volume 
increment where the thermal lens is to be formed, the 
volume increment being theorized to be less than 10-5 
cubic centimeters. It is also theorized that the tempera- 
ture rise in the vicinity of the thermal lens will be 10W3 
degrees Kelvin or  less. By using the dye laser at an 
output wavelength of 380 nanometers, thermal diffusiv- 
ity of PMMA using an apparatus according to the in- 
vention was calculated to be 1.OX cm’sec- k which 
is comparable to that obtained by the National Bureau 
of Standards which was 1.06X 

Referring to FIG. 6, the characteristics of a thermal 
lens formed in PMMA using a dye laser pulse as above- 
described can be seen to substantially decay to a base- 
line value in slightly over 40 milliseconds. The voltage 
shown on the ordinate of the graph of FIG. 6 is related 
to the output of a single light intensity element compris- 
ing the detector 14 and represents an average of 5OOO 
individual profiles. The shape of the intensity versus 
time profile shown in FIG. 6 is related to the thermal 
diffusivit y of the region surrounding the thermal lens. 
As one can appreciate, by appropriately choosing and 
focusing pulses from the dye laser 10 onto the sample 
18, the thermal diffusivity of various layers of the sam- 
ple can be determined, the particular layer being a func- 
tion of the focal point of the dye laser. Thus, one can 
appreciate that by using an apparatus and method ac- 
cording to the invention, thermal diffusivity can be 
determined for samples undergoing stress tests, samples 
which are shock sensitive, as weil as samples having 
isotropic or anisotropic Characteristics. In addition, this 
type of test is non-destructive and can generate accurate 
data using samples having temperature gradients less 
than IO- -  degrees Kelvin. In materials substantially 
opaque to rhe pulsed dye laser wavelength, an analysis 
of the change in index of refraction due to the thermal 
lens, as measured by the probe light beam, becomes 
more complex since radiation losses as well as conduc- 
tion and convection losses must be considered. How- 
ever, the analysis principle is the same although a more 
sophisticated mathematical treatment of the FIG. 6 type 
intensity versus time profile is required. 

Molecular relaxation characteristics can also be mea- 
sured using the apparatus provided by the present in- 
vention. However, these relaxation characteristics are 
determined from the formation characteristics of the 
thermal lens, as contrasted to the diffusivity characteris- 
tics of the material which are determined from the dissi- 
pation characteristics of the thermal lens. Excitation by 
means of the pulsed dye laser creates electronically 
excited states of specific chromophores which undergo 
radiationless decay followed by vibrational lattice relax- 
ation processes. These relaxation processes depend on 
the molecular architecture of the lattice structure. This 
new optical technique to probe lattice relaxation pro- 
cesses differs from the well-known mechanical or di- 
electric techniques in that here the system is perturbed 
locally with elecrronic energy. The locale of the pertur- 
bation 1, determined by control of the exciting light 
spectrum. 

cm2sec--l. 
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Using the apparatus and sample material described in 

conjunction with FIG. 6 above, the formation charac- 
teristics of the thermal lens are shown in the composite 
profile of FIG. 7, the profile again being the average of 
a plurality of an intensity versus time curves formed as 
a result of successive pulses from the dye laser. Analysis 
of the FIG. 7 composite profile comprises a means for 
determining the molecular relaxation characteristics of 
the sample material. 

Thus as one can appreciate, the invention provides a 
method and apparatus for measuring both thermal diffu- 
sivity and molecular relaxation characteristics of either 
an isotropic or anisotropic material which is either sub- 
stantially transparent or substantially opaque to light 
sources utilized in the apparatus. A thermal lens is re- 
peatedly formed and dissipated in a sample material, 
each lens being formed by a pulse from a pulsed laser. A 
change in the index of refraction of the material due to 
formation and dissipation of the thermal lens is mea- 
sured by a probe light beam, the light beam being either 
from an incandescent source o r  a laser source. The 
intensity of the light beam versus time as it is affected by 
the thermal lens during its formation and dissipation 
provides intensity versus time profiles which are ana- 
lyzed to determine molecular relaxation characteristics 
and thermal diffusivity of the sample material. 

What is claimed is: 
1. An apparatus for measuring thermal diffusivity of a 

a pulsed laser light source for providing a pulsed laser 
light beam directed to irradiate said sample mate- 
rial whose thermal diffusivity is to be measured, 
said pulsed laser light beam characteristics being 
chosen to cause formation of a thermal lens in said 
sample material; 

a probe light beam source for providing a probe light 
beam directed to irradiate said thermal lens; 

a probe light beam focusing lens located between said 
probe light beam source and said sample material, 
said focusing lens providing a converging/diverg- 
ing beam with a focal point at a predetermined 
location with respect to said thermal lens thereby 
resulting in an intensity alteration of  said probe 
light beam as a result of irradiating said thermal 
lens; and 

means for detecting the intensity of at least a portion 
of said probe light beam after having irradiated said 
thermal lens during a portion of the dissipation time 
of said thermal lens, thereby providing an intensity 
versus time profile related to the thermal diffusiv- 
ity of said sample material. 

2. The apparatus of claim 1 in which said sample 
material is substantially transparent to said pulsed laser 
light beam and said probe light beam, and said focusing 
lens focal point is chosen to lie between said probe light 
beam source and said thermal lens, thereby resulting in 
a defocusing of said probe light beam at said detecting 
means as a result of said probe light beam passing 
through said thermal lens. 

3. The apparatus of claim 1 in which said sample 
material is substantially transparent to said pulsed laser 
light beam and said probe light beam, and said focusing 
lens focal point is chosen to lie between said thermal 
lens and said detecting means, thereby resulting in a 
further focusing of said probe light beam at said detect- 
ing means as a result of said probe light beam passing 
through said thermal lens. 

sample material comprising: 
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4. The apparatus of claim 1 in which said probe light after having irradiated said thermal lens, said plu- 
beam source is a c w  laser. rality of intensity versus time profiles being related 

5. The apparatus of claim 1 in which said detecting to  the thermal diffusivity of said sample material. 
means is a photodiode. 12. The apparatus of claim 11 further comprising a 

6. The apparatus of claim 1 in which said detecting 5 processing means for forming a plurality of composite 
means is a photon counter. intensity versus time profiles corresponding to each of 

7. The apparatus of claim 1 in which said detecting said positions, each of said composite profiles being 
means is an area sensitive optical multichannel analyzer. formed from a plurality of intensity versus time profiles 

8. The apparatus of claim 1 in which said pulsed laser formed by a corresponding predetermined plurality of 
light source is a dye laser. 

9. The apparatus of claim 1 further comprising a filter 13. The apparatus of claim 12 in which said probe 
substantially opaque to said pulsed laser light beam, said 
filter being located in front of said detecting means so as 14. An apparatus for measuring molecular relaxation 
to intercept any of said pulsed laser light beam which 
would otherwise irradiate said detecting means. 

10 successive laser light beam pulses. 

light beam source is a cw laser. 

characteristics of a samde material comarisina: 
15 

10. The apparatus of claim 1 further comprising a 
processing means whereby successive intensity versus 
time profiles from said detecting means corresponding 
to successive pulses from said pulsed laser light source 
are combined to form a composite intensity versus time 20 
profile related to the thermal diffusivity of said sample 
material. 
11. An apparatus for measuring thermal diffusivity of 

a sample material comprising: 
a pulsed laser light source for providing a plurality of 25 

laser light pulses directed at a sample material, the 
duration of each pulse being chosen so that each . 
pulse forms a transient thermal lens in said sample 
material, and the repetition rate of said pulses being 
chosen so that each thermal lens formed is substan- 30 
tially dissipated before generation of the next pulse; 

a probe light beam source for providing a probe light 
beam directed to irradiate said thermal lens during 
at least a portion of the time said thermal lens is 

a probe light beam focusing lens located between said 
probe light beam source and said sample material, 
said focusing lens providing a converging/diverg- 
ing beam with a focal point at a predetermined 
location with respect to said thermal lens, thereby 40 
resulting in an intensity alteration of said probe 
light beam as a result of irradiating said thermal 
lens; and 

detecting means for providing a plurality of intensity 
versus time profiles corresponding to a plurality of 45 
positions within a portion of said probe light beam 

dissipating; 35 

I 

a pulsed laser light source for providing a pulsed laser 
light beam directed to irradiate said sample mate- 
rial whose molecular relaxation characteristics are 
to be measured, said pulsed laser light beam being 
chosen to cause formation of a thermal lens in said 
sample material; 

a probe light beam source for providing a probe light 
beam directed to irradiate said thermal lens; 

a probe light beam focusing lens located between said 
probe light beam source and said sample material, 
said focusing lens providing a converging/diverg- 
ing beam with a focal point at a predetermined 
location with respect to said thermal lens, thereby 
resulting in an intensity alteration of said probe 
light beam as a result of irradiating said thermal 
lens; and 

means for detecting the intensity of at least a portion 
of said probe light beam after having irradiated said 
thermal lens during the formation of said thermal 
lens, thereby providing an intensity versus time 
profile related to the molecular relaxation charac- 
teristics of said sample material. 

15. The apparatus of claim 14 in which said probe 
light beam source comprises a cw laser. 

16. The apparatus of claim 14 further comprising a 
processing means whereby successive intensity versus 
time profiles from said detecting means corresponding 
to  successive pulses from said pulsed laser light source 
are combined to  form a composite intensity versus time 
profile related to the molecular relaxation characteris- 
tics of said material. * * * * *  
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