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Abstraks

Work examines the new, previously not known rodtbf investigating
of models and materials, based on the measurerhéme electric potential
of models. Method gives the possibility to inveats their thermal
characteristics, phase pass the mechanical chaséiceeof
Keywords spectroscopy, chemical potentiphase transitions, Fermi

energy, dislocation, potential.

1. Thermomechanical electric field spectr oscopy

Exists a large quantity of diagnostic methaaf the study of the
properties of materials and models. But from trewof researchers thus
far slipped off the very promising method, based arstudy of the
electrostatic potential of such models.

The majorities of the existing diagnostic hwoets of the control of
properties and characteristics of materials and elsots based on the
application of various external actions, which caiange the properties of
such objects. The special interest present thbadstof the nondestructive
testing, and also those methods, whose applicaib@s not require action
on models themselves. A study of the propertiematerials and models
into the dependence on their temperature, the ymessthe actions of
different kind of irradiations, mechanical stresaed the dynamics of these
processes, the kinetics of phase transitions argredt interest. In this

paragraph the method, based on the measuremertteotléctrostatic
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potential of models, which gives the possibilitycmnduct such studies by
simple method, is examined.

If in any structure coexists several thermm@yic subsystems, then
their chemical potential must be equal. In the cmtar there are two
subsystems: lattice and electronic newspaper. énctinductor there are
two subsystems: lattice and electron gas, elegemin the conductors at
usual temperatures is degenerate and is subordittaestatistician Fermi-

Dirac, his chemical potential is determined from thlationship

77 (KT)?
o) v
where
h? E
B 3n )3
W —%(gj (2)

is Fermi energyh - Planck's constant) andm - electron density and their
mass.

From relationships (1) and (2) is evidentttbhemical potential of
electron gas with a temperature decrease incregsss)ing its maximum
value at a zero temperature. It also depends atrefedensity.

In general form chemical potential for any sggiem can be found from

the following expressions
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where N- number of particles, and the thermodynamic paént
U,F W,® represent internal energy, free energy, enthalpy Gibbs

potential respectively. But, if we find chemicaltgotial of lattice, using

one of these expressions, then it will be evidéat with a temperature
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decrease this potential decreases. Thus, it turhghat chemical potential
of electrons with a temperature decrease growsjtashecreases in lattice.
But as then to attain so that they would be eq@Qaitput consists in the fact
that chemical potential of electron gas dependsthen density of free
electrons, and so that this potential with the ease of temperature also
would decrease, must with a temperature decreagmmtity of electrons.
This means that for retaining the uncharged dudogling of conductor
from it the draining of electrons must be providedf and with the heating
their inflow is provide ford. If we this do not makthen with the heating at
the model will appear positive potential, but dgrthe cooling negative.

For the realization of electric field spesitopy of conductors to the
model should be connected electrometer with they y@gh internal
resistance and cooled the model. In this caseldutr@meter must register
appearance in the model of negative potential. &slhe strong
dependence will be observed at low temperaturesnwiine heat capacity of
electron gas and lattice of one order. However, twhast occur upon
transfer of model into the superconductive state?rg the passage the
part of the electrons will begin to be united itlie Cooper pairs and in the
region of Fermi energy will begin to be formed theergy gap of the
forbidden states. Therefore many electrons willvprto be excess and the
negative potential of model sharply will grow, tted$o is observed in the
experiment.

In Fig. 1 is shown the temperature dependesfcéhe electrostatic
potential of model, made from niobium-titanium &llovith a change in its
temperature within the limits 77-4.2 K.

It is evident that with the decrease of terapge the negative potential
grows first sufficiently slowly, but in the tempéuge range of the passage
of model into the superconductive state is obsewesharp drop in the

potential.



70 60 50 40 30 20 10 0 T

i i i i >
20
40 +
60

80
100
120
140 4=
160 &
180 &
200 +
220 &
240 +
260 + —

u(m8)
Fig. 1. Dependence of the potential of niobiumriian model on the

temperature.

Chemical potential of lattice depends also tvtesses and number of
dislocations, and conduction electrons will alsxkrthis process.

A study of the influence of mechanical stressasl kinetics of
dislocations by the method examined was carried employing the
following procedure. For this copper flask with ttieckness of the walls
~3 mm and by volume near 5 liters of it was placgd vacuum chamber,
from which could be pumped out air. The internaVityaof flask in
conducting the experiments was found under the siim@ric pressure.
Pumping out or filling into vacuum chamber air, itas possible to
mechanically load its wallsCopper bulb with a wall thickness ~ 3 mm.
and a volume 5 liters was placed into a vacuum tleairftom which the air
could be pumped. Internal cavity of the flask was experiments at
atmospheric pressure. Evacuating or admitted imtovicuum chamber of
the air can be stressed mechanically its wallelflf$ask was separated
from the vacuum chamber sleeve of teflon and thass & high resistance
relative to the housing unit. Typical dependenc#efpotential of the bulb
from her stress is shown in Fig. 2. That the amgétof the effect reaches
100 mV, has a strong dependence of the hystetégisstretching of the
walls of the bulb corresponds to an increase ofatineg potentialt is

evident that the amplitude of effect reaches 10Q dépendence has strong
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hysteresis, moreover an increase in the negatitenpal corresponds to
the tension of the walls dfulb. In the figure the circuit on the hysteresis
loop was accomplished clockwise. It follows frone thbtained results that
mechanical stresses of model lead to the appea@ndeof electrostatic
potential. The presence of hysteresis indicates tha formation of

dislocations bears the irreversible nature.
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Fig. 2. Dependence of the potential of coppdb on the external pressure.

Thus, the proposed method of investigatingpghgsical characteristics
of materials and models, gives the possibility tovestigate their
temperature properties, the kinetics of phase itrans, and also their
mechanical properties. It is promising for invgating of metals and
semiconductors. With its aid it is possible to istvgate the phase transition
of the first order, connected with melting and tajizing the objects
indicated. This method is especially promisingesim a number of cases
it is nondestructive, and for its realization coexpkquipment does not be

required.
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