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Investigation of thermophysical and dissipative properties of magnetoactive
media using method of resonant photoacoustic spectroscopy
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Introduction

Investigation of physical and thermophysical properties of condensed media is one of im-
portant objectives both fundamental and applied character. There is a range of methods that gives
possibility to measure thermophysical parameters of condensed media. One of these is method of
photoacoustic spectroscopy, based on thermooptical generation of acoustic waves in media, absorb-
ing modulated laser radiation [1-3]. Photoacoustic signal parameters can depend on characteristics
absorbed radiation and on optical, thermophysical, acoustical, non-linear, dissipative, dichroic
properties of absorbing media [3]. Lately is being developed method of resonance photoacoustic
spectroscopy [4-9].Usage in this method as exciting bessel light beams (BLB) radiation is deter-
mined by presence of some specific properties, for example, non-diffraction spreading in space,
presence in energy flow TH-mode apart axled radial constituent and so on. BLB have big perspec-
tive of usage in thermophycics, biophysics, medicine, nanotechnologies, integral and digital optics
[10-12].

This work is devoted to investigation of thermophysical properties of inner stressed absorbing
magnetoactive samples using Photoacoustic method at generation thermoelastic waves by different
BLB modes.

Theory

The properties of magnetoactive sample can be described with the help of material equations
E=(s*+iG*)D, 0
B=uH, u=1
where G* is antisimmetrical complex tensor of 2™ rank, dual to vector of magnetic gyration G,
with the real part ReG* =G’ defining the specific rotation of polarization , while imaginary
ImG* =G~ is responsible for value of magnetic circular dichroism, & — dielectrical permittivity.

2t

. . . i(k, 2+ 6-at) .

Considering vectors E and B being proportional e 2 , from equation (1) and Maxwell
equations in cylindrical coordinate system, we will come to the equations system for constituents
vectors E and B:
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where pand @ — cylindrical coordinates, k, = kO\/ECOS}/— parameter BLB obliquity and equal to
half of the corner at top of the cone of wave vectors, determining spectrum of spatial parts of BLB,
.= 1 ( : +sin¢9J, K = ! (_i—sina}and K:_; -
cos@ | &G, cos@ | &G, iIG, cosé
After solving of equation system (2), we will come to expression for multipliers tensity of
electrical and magneto fields of BLB:

B,” =T,aJ,, (ap) Fign,J, (90T,
Bpi = T7q‘] m (qp) + iqni‘] m (qp)TB’ (3)
B* =%Fign,J,, (ap)

Dissipation of BLB energy in magnetoactive sample, taking in account (3) is found so:
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Further calculations will be made for TE-mode of BLB in order to make them easier.
Distribution temperature field in magnetoactive media, absorbing amplitude-modulated BLB
of TE-mode, can be described by inhomogeneous equation of thermal conductivity
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where T —temperature, 5, and k, coefficients of thermal and temperature conductivity, related by

expression S, =k./p,C, p,—sample solidity, C — specific heat.

Finding general and particular solution of equation (5), taking note of 4 and stationary limit
conditions, expression for temperature field in absorbing magnetoactive sample

T(z) = (2 Imékz) ot +ezum(kz)zjweim _ (6)
Q™ [ - o ,
v = , o =(1+i).|—— coefficient of thermal diffusivity, < — modulation
2k, (0> —41m(k,)?) 2,3,

frequency of BLB.

Distribution of temperature field (6) is necessary for calculation thermoelastic deformations in
investigated sample and piezoconverter, and further for finding amplitude-phase characteristics of
generated PA signal.

To determine deformation at non-linear parallax in terms of influence on body harmonically
modulated on time laser radiation can be written following equation for elastic parallaxes [5, 8]
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Gés PoAUs, (7)

C,;=K —%;HZKOUSS, 9 — coefficient determining dependence of elastic connection from initial

deformation, y,— coefficient of thermoelastic connection for non deformatedbody, K — compressi-
bility, m,n,/,— Murnagan constants, u— coefficient Lame, U,,— multiplier of initial deformation

vector, t{9 — multiplier of tensor of initial stresses.

Solving equation (7) have expression for parallax parts of body, determined by deformation un-
der influence modulated laser radiation at frequency Q

Au, =De ¥ +D,e¥ +Y (8)
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Parallax borders of piezoelement can be found from differential expression for elastic paral-

laxes
201(p) 2
=0 ©
Solution of which is
us? (z) = Re ™™ + Pe™’. (10)
Coefficients P, and P, are in following limited terms, for case of free borders
F()=FR(0), Au())=usP(0), F(0)=0, F(¢+£,)=0, (11)

T OAU, 5 oul” g .
rie F(z)=c F—BatAT nu F(z)=c — tensions; ¢ =A+2u, A - Lame coeffi-
cient;c® =cF(1+e?/(s°c%)); e — piezomodule; c®— inflexibility coefficient of piezoelectric; &°—
pressed crystal permittivity; B — volumetric module of elasticity; «, — coefficient of thermal volume
extention.

Basing on methodics of works [4, 8, 9] we have expression for PA system response, taken
from piezoconvecter, at generation of thermoelastic signal in magnetoactive media by TE-mode of
BLB

c’QcosQL
y [sinQLXZ(L)Jer(L)J

Ok cos kil CTQ' cosQL
sink L, sinQL

(12)

X(L)=CTZ—:|Z=L—B%T(L); X, (L) = X(L)+c"iQY (0)e ™ ; X,(L)=Y(0)e™* -Y(L); Land

L — thickness of sample and piezoelement; h=g/s° ; k, = Q. v, —sound speed in piezoelement.

Vi
As it’s seen from expression (12) value of amplitude signal taken from piezoelement depends
on dissipative and thermophysical properties of sample, parametr of magneto circular dichroism and
also on geometrical parameters of system “sample-piezoelement” and modulation frequency of ra-
diation. Results of graphical analysis energy dissipation dependence on parameters p for different
modes of BLB and also amplitude dependence of PA value on BLB modulation frequency and ge-
ometrical size of system “sample- piezoelement.”

Results

First let’s investigate influence change of BLB radius ondependance energy dissipation in
magnetoactive media from wave length of radiation using MathCad. For this let’s choose media

with following parameters. G =10 +i-107, £ =6.304+i-2.56 and BLB with » =0.035

As it comes from graphs (fig.1) on energy dissipation speed oscillation influence transversal
spatial BLB structure, determined by Bessel functions of different ranks.

Changing stress value of external magnetoactive field is possible to influence on energy dissi-
pation speed. As imaginary part of gyration parameter expressed through scalar product Verden
constant and tensity. In this case maximums on graph of dependence Q™ will shift, that will lead to

displacement or appearance resonance of PA signal amplitude in other spectral region. So there is
possibility not only of PA diagnostic internal structure of magnetoactive media, but also to control
amplitude-phase characteristics of PA signal.
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Fig.1 Dependence of quantity distribution of absorbed heat in magnetoactive media Q™ (1)
on radiation wave length and radial coordinate.
a) p=4-10" m,b) p=6-10" m,c) p=8-10" um,d) p=10"° u.

Further analyze dependence PA signal amplitude in elastic-stressed sample on radiation fre-
quency modulation and geometrical parameters of system “sample-piezodetector”, that is described
by equation (12).

It’s seen from graphs, that at optimal choice sample thickness and detector PA signal ampli-
tude can increase several times, that let increase resolution capability of laser PA spectroscopy. Al-
S0 is necessary to point that on amplitude values of PA resonances influence change of BLB radius
and wave length of radiation.

Experimental measurement of resonance signals values taking in consideration expressions
(12) let propose means of determination thermophysical, acoustical and dichroic parameters of ab-
sorbing elastic-stressed media by method of laser PA spectroscopy.
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Fig.2 Dependence of PA signal amplitude V (@) in magnetoactive media on frequency modulation
and longitudinal size of sample, L, =5-10 u
a) L=5-10°m,b) L=7-10°%x,¢) L=9-10° n,d) L=11-10" .
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Fig.3 Dependence of PA signal amplitude V (@) in magnetoactive media on frequency modulation

and longitudinal size of piezodetector, L =5-10" u
a) L, =510"m,b) L=7-10" m.
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Abstract. It was fount the expression for amplitude-phase characteristics of photoacoustic signal
received from piezotransducer for case free, nonfree and singly nonfree boundaries system sample-
piezotransducer. The resonant phenomena were found in a rang of megahertz frequencies of modu-
lation inside on absorbing simple bessel light beams.
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