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Theory of the Scope Change Under Magnetic Field, Temperature and Stress
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Mathematical model that describes connections between elastic and electromagnetic properties is pre-
sented. These connections are based on possibility to change a volume of solid by temperature, pressure or
magnetic field. New parameter of solid "scope change”, that depends on elastic modulus, heat and thermal
conductivity, thermal expansion, is proposed. The comparison of theoretical and experimental results was

made for conductivity data of LaMnOs.
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1. INTRODUCTION

In recent years, an essential progress in study of
properties of magneto-containing materials has been
achieved due to new experimental technologies. Nu-
merous effects, anomalies, special features have been
discovered ([1-3] for example). However, the work in
this direction is still far from being complete. Experi-
mental conditions were never taking into account in
full. For example, volume changes and dependence of
material density [4] on temperature, magnetic field and
pressure were not considered.

There are many theoretical explanations of these ef-
fects but they are mostly based on special experimental
conditions. However, the general principles, which
would explain the influence of acting parameters on
phase transitions and states, have not been formulated
untill now. The pioneering work on understanding of
the role of volume changes in the formation of re-
sistance properties was done by P. Kapitsa [5], where
he revealed the linear dependence of conductivity on
temperature and magnetic field for many pure metals.
Further investigations of dependence of temperature,
magnetic field on high pressure in the study of new
materials (magnetic semiconductors and dielectrics)
accumulated the large volume of data [6,7,8]. It follows
from the results published in [9] that it is necessary to
consider volume changes in the materials to under-
stand the nature of critical regularities and phase
states.

The main idea of the present paper is to show a
good agreement between a new proposed mathematical
model and previously obtained experimental data. The
volume changes dependence on electromagnetic field,
temperature and solid parameters was obtain. An ex-
plicit solution of the model system in the stationary
case, namely, when behaviour of the solid is stabilized
are presented. Analytical results with experimental
data for LaMnO3 was compared.

2. NEW MODEL

To describe a solid influenced by electromagnetic
field, temperature and mechanical stress we propose
the following system of equations (in SI):
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PACS numbers: 72.20; 75.80; 61.50.K; 82.20.D.

EE,+J =curlH, &divE=p, 1)

[zfit +ecurlE=0, divH =0, 2)

T, +div G = Ty, (34 + 21) 6, + (J - E),  (3)

P, = Al + (A + @)V O — ap (34 + 2u)VT + a[J x H] (4)
Using the basic dynamics law of linear deformed
solid (cf. [10]), we introduce the term j[J x H] related

to the electromagnetic field, and the thermal expansion
term —ap(BA+21)VT  in  (4). The term

Ty (34 + 216,
elasticity theory for a solid (cf. [11]), and the term

in (3) follows from the thermo-

(J - E) in (3) is a consequence of heat generation into
the solid (cf. [12]), i.e. the Joule—Lenz law. Here

J=cE+pBVT, G=yE-A,VT, 0=divi, (5)
where E and H are electric and magnetic fields;
p is charge density; J is current density, o is electric
conductivity; £ is permittivity and Z is magnetic con-
ductivity; 7' is temperature, To is temperature without
resiliencies, ¢ is heat flux, co is heat capacity without

resiliencies, Ar is heat conductivity, ar is coefficient of
linear heat expansion; # is displacement, 6 is scope
change; p is density; A= vE/[(1+ wv)(1-2 v)] and
u=E/[2(1+ v)] are the Lamé parameters, FEis Young’s
modulus, v is Poisson’s ratio.

It is necessary proceed with rigorous analysis of the
scope change, 6, depending on the other parameters,
and consider stationary states of the system (1)-(4):

J =curl H,curl E = 0,&divE = p,divH =0, (6)
divg = (J - E), ©)
UAG+ (A + 1)VO —ap (32 + 2u)VT + a[d x H|=0. (8)

For simplicity sake, we assume that f=y=0, p and

o are constant. Taking the div-operator for (8), due to
(5)-(7), it is obtain the main equations:

AH=0, AE=0, 9)
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AT =2 E?, (10)
A
Ag=—C [BA2 g gy
A+2u Ay
Here was use the equality:

div(E x H) = HeurlE — Ecurl H . Now consider electro-
static field (.e. E=E o 1s a constant vector), and a

spherical solid of radius R at the origin 0 (i.e.
Q= Bp(0) with the boundary o6Q=S,(0)). In this

case, was obtain the following boundary value problem
for the equation

o aT(3/1+2,u)_
A+2u Ar
=0 on oQ (13)

aﬁJEg in Q, (12

The well-known solution of the problem (12), (13) is

__ oE [aT(Sl +2u) Jﬂ] .
47(4 + 21) Iy

0 dx'dy'dz’

o J(x-x) + @y -y) +(z-2)

(14)

3. DISCUSSION AND COMPARISON WITH EX-
PERIMENTAL RESULTS

To obtain experimental data, which describe change
of volume of a solid under P, H, T, one needs to extract
a specific (or molar) volume Vy by analogy with the
gases. A change of the form and the size of a solid de-
pends on external fields as

dei = ajj AT — si AP + kjH;, (15)

where aij are coefficients of anisotropic thermal expan-
sion, s;j are anisotropic modules of compressibility, ki
are coefficients of anisotropic magnetostriction. Obvi-
ously, the value of macro-parameter Vy depends on
solid’s atom sizes due to the fact that they determine
the forces of interaction between the atoms, which de-
form an electron cloud. Any external field disturbs the
balance inside the solid and deforms the electron cloud
that changes all material properties. Therefore the vol-
ume change depends on multiple material parameters
as it is reflected in the proposed model. This change
can be evaluated by (14).

In order to verify the proposed model, we substitute
the known parameters into (15) and compare the ana-
Iytical results with the experimental ones. However,
the absence of the complete set of the experimental
parameters for the material with the identical struc-
ture does not allow us the direct comparison. It is still
possible to attempt the indirect comparison for the rel-
atively complete set of experimental data of resistivity
measurements from [8].

To compare theoretical and experimental data the
derivative 6c5/66 from (14), which shows a correspond-

ence between the conductivity and the specific volume
was find. Approximating o(8) from (14) by the first
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term of the Taylor series about 6 = 0 and taking into
account the smallness of volume strains, it is obtain

B 1

x————0 (16)
I ABS
hence
Go_ 1 an
00 ABS
2 31 +2
where A:L, B= M , S is the
4r(A +2u) Ap

surface of sample. The experimental parameter values
in (17) was substitute: the elastic modules A = 224 GPa,
1 = 82 GPa, the coefficient of the thermal expansion ar
= 10 K1 (cf. [13]), the thermo-conductivity Ar = 2
W/mK [14], the surface of sample as tablet with 5 mm
diameter of and a 1mm height is S =5,5+10% M2, Eo=

102 V/m. The value 60/86 =2,2-10°Q1 m! was com-

puted. The experimental value 80/660 =7,3-10°Q'm™!
is taken from [9] for the temperature interval 50-150 K,
P =0, H=0. It can be seen that the experimental and
analytical (obtained according to the proposed model)
data are in a good agreement that testifies in favor of
the proposed model.

The proportionality of the electric conductivity to
the specific volume attests to the fact that these two
macro-parameters of a solid are determined approxi-
mately by common factor do/06 . This factor reflects
the change of the electron cloud density in comparison
with a separate atom. A change of the mass density of
orbitals is related to the internal stresses value in a
solid, whereas a change in the charge density of cloud
is related to the conductivity value. For example, if the
mass density changes are small, i.e. conductivity
measurements are done in the short intervals P-T-H,
then these change in the mass density can be come
significant under high pressures, strong magnetic field
and extremely high or low temperatures. This leads to
the change of internal stresses and the other material
properties.

4. CONCLUSION

a) For the correct experimental investigations of solid
properties it is necessary to include a new parameter
(the scope change 0). The role of this factor grows
strongly when an external impact tends to its outer
limit.

b) The parameter 0 determines the degree of change of
the internal stress within material and shows its re-
lation to the other parameters.

¢) The coefficient 05/06 reflects close connection be-

tween the conductivity and the mechanical proper-
ties as they are determined by electron and mass
density of an electron cloud correspondingly.

d) The proposed model allows studying conductivity
properties of materials more deeply. Moreover, this
model gives better description of the relations be-
tween solid properties.

01PCSI04-2



THEORY OF THE SCOPE CCHANGE UNDER MAGNETIC FIELD...

REFERENCES

C.N.R Rao, A.K. Chectham and R. Mahesh, Chem. Mater.
8, 2421 (1996).

A. Urushibara, Y. Moritomo, T. Arima and A. Asamitisu,
Phys. Rev. B. 51, 14103 (1995).

Y. Tokura, A. Urushibara, Y. Moritomo and T. Arima,
J. Phys. Soc. Jpn. 63, 3931 (1994).

L.P. Gor’kov, Usp. Fiz. Nauk. 168, 665 (1998).

P.L. Kapitsa, Strong magnetic fields, (Moscow: Science: 1988).
Al Abramovich, L. Karaeva, A.V. Michurin,
Zh. Exper.Theor. Phys. 122, 1063 (2002).
A.M.Kadomtseva, Yu.V.Popov, G.P. Vorob'ev,
Fizika Tverd. Tela. 42, 1077 (2000).

P.I. Polyakov, S.S. Kucherenko, JMMM 278, 138 (2004).

et al.,

10.

11.

12.
13.

14.

Proc. NAP 3, 01PCSI04 (2014)

P.I. Polyakov and T.A. Ryumshyna, Magnetism and Laws
of Bulk Elasticity (Kerala: TransWorld Research Network:
2009).

H.G. Hahn, Elastizitditstheorie (Stuttgart: B.G. Teubner:
1985).

A.D. Kovalenko, An Introduction to Thermoelasticity (Ki-
ev: Naukova Dumka: 1965).

Hong-Ming Yin, J. Math. Anal. 29, 637 (1998).
V.A.Kazantsev, N.M.Solin, L.D.Falkovskaja, S.V.Naumov,
Fizika Tverd. Tela, 47, 1826 (2005).
A.M.Aliev, Sh.B.Abdulvagidov,
JMMM 272-276P3, 1742 (2004).

A.B.Batdalov et al.,

01PCSI04-3



