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The paper discusses the conditions under which superconductivity of metals would be detected at atmospheric pressure and at
room temperature. One of the possible directions of research to achieve these conditions is to change the phonon spectrum of metals
in order to increase the Debye temperature, and therefore to increase the temperature of the superconducting transition T¢. According
to the idea of the work and to the estimates made in it, the maximum frequency of phonons vmax in metals can be increased by the short-
term action of an external constant electric field (electric pulse). The duration of the pulse should be (10-°-1077) s. The voltage of the
constant electric field source is U = 1V. A decrease in the crystal lattice parameter should be accompanied by an increase in the
maximum phonon frequency vmax and, accordingly, by an increase in the Debye temperature. The characteristic size of the sample, in
which the change in electron concentration can be realized, should not exceed the length of electron shielding in metals, i. e. = 108 m.
The sequential action of a certain number of electric field pulses can maintain a superconducting state in a metal sample for some finite
time.
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INTRODUCTION

The electrical superconductivity of metals (zero
electrical resistance) is an unique physical property, the
study of which is extremely important, both from the point
of view of the development of fundamental science and
from the point of view of using this phenomenon in
practice [1]. Microscopic theory of superconductivity of
metals was published in 1957 (BCS theory) (Bardeen,
Cooper, Schrieffer) [2]. According to this theory, the main
mechanism of superconductivity of metals is the electron-
phonon interaction, which causes the formation of special
quantum particles — bosons (paired electrons), capable of
carrying an electric charge in a metal without energy loss.
According to the BCS theory, the critical temperature T, at
which bosons can be formed (a quantitative estimate of the

transition temperature of a metal to the superconducting
state) is described by the following relation:

Te~0exp(-1/2). (1)

Here 60 is the characteristic temperature (Debye
temperature), the value of which is determined by the
maximum value of the oscillation frequency of atoms
(phonons) v™x: § = (hv™) / k, h is Planck's constant, K is
Boltzmann's constant, and A is the so-called pairing
constant. For most metals A = (0.1-0.3), 6~300 K and,
thus, the temperature T. is characterized by the range of
values =~ (1-10) K, which is in good agreement with the
experimental data.

Such a small value of T, significantly limits the
possibility of using metallic superconductors for technical
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Electroacoustic effect and electrical Superconductivity of metals

purposes. Therefore, the most important task of researchers
and materials scientists is to search for conditions under
which the superconductivity of metals would manifest
itself at higher temperatures up to room temperature. In
accordance with the theory, it is obvious that one of the
possible directions of research to achieve this goal is to
change the phonon spectrum of metals in order to increase
the Debye temperature [see. formula (1)].

Previously, we considered the possibility of changing
the value of v™ and, accordingly, the value of T under the
conditions of generation of a sound wave in metals by a
laser pulse (photoacoustic effect) [3]. In this paper, we
discuss the possibility of increasing v and, accordingly,
increasing the Debye temperature, and hence the
temperature T, as a result of a short-term action of an
external electric field (electric pulse).

CHANGES IN THE PHONON SPECTRUM OF
METALS AND THE TEMPERATURE OF
TRANSITION TO THE SUPERCONDUCTING
STATE UNDER THE ACTION OF AN EXTERNAL
ELECTRIC FIELD PULSE

It is known that the existence of a stable metallic
phase is due to the interaction between "collectivized"
valence electrons and a sublattice of ionized atoms. In other
words, "collectivized" electrons form a "gas" of free
electrons, the pressure of which ensures the stable state of
the metal crystal lattice. The value of this pressure is
described by the relation:

P = 0.1h?n/mr2. )

Here h is Planck's constant, m is the electron mass, r
is the radius of the electron orbit in the atom (Bohr radius),
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n is the concentration of the electron "gas" [4, 5].
Substituting into (2) the numerical values of the constants,
and taking into account that n=ng where
na = 1/a%= 102 1/m3, a is the crystal lattice parameter, we
have: P = 10? GPa.

From relation (2) it follows that by increasing the
concentration of electrons in the metal, it is possible to
cause an additional pressure of the electron "gas" on the
atomic lattice. In turn, the action of additional pressure
should be accompanied by a decrease in the crystal lattice
parameter and, accordingly, an increase in the value v™,
It is possible to increase the concentration of “free”
(“collectivized”) electrons in a metal using an external
source of a constant electric field. In this case, it is obvious
that the characteristic size of the sample R, in which a
change in the electron density can be realized, should not
significantly exceed the electron screening length 8.

For metals, the average screening length is=~3-10°m
(Thomas-Fermi model). Using the simplest experimental
scheme shown in Fig. 1 (spherical capacitor), the increase
in the electron concentration in the sample per atom under
the action of an external source can be characterized by the
dimensionless coefficient y [6]:

x~ 3eUQ/deR. 3)

Here ¢ is the permittivity of the electric field source
medium (capacitor), U is the voltage value, Q = a3, d is the
distance between the electrodes, and e is the electron
charge. Substituting in (3) the values of the constants and
the real values of the quantities: e = 1, d = 10° m, and also
assuming that U=1V, and R=356=10%m, we have:
x~0.1.

This estimate indicates that using a constant electric

Fig. 1. Scheme of the experiment for the realization of the manifestation of the electroacoustic effect in metals,
which leads to an increase in the temperature of the transition to the superconducting state. a) Schematic cross-
section of a spherical capacitor. b) Scheme of the experiment, which allows changing the electronic structure of the
sample, the size of which is R=3 (8 is the shielding length).
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field source, it is possible to increase the electron
concentration and, accordingly, to cause an additional
pressure AP in the metal sample, the value of which is
~ 10 % of the internal pressure of the electron “gas”, i.e.
AP =10 GPa. This pressure, in accordance with Hooke's
law, should cause the elastic deformation of the crystal
(Aa/a = AP/K, where K is the elastic modulus of the
crystal. Since for most metals the value of the elastic
modulus K is characterized by a value of = 10? GPa, then
(Aa/a) =0.1.

Thus, the action of a source of an external constant
electric field at a voltage of = 1 V can reduce the crystal
lattice parameter in metals by about 10 %. This decrease in
the crystal lattice parameter should be accompanied by an
increase in the maximum phonon frequency v™ and,
accordingly, an increase in the Debye temperature. At the
same time, it is obvious that the change in the Debye
temperature associated with the elastic deformation of the
metal sample as a result of the additional pressure of the
electron "gas" is not very significant in absolute value.

A more significant change in the value of v™ can be
realized using a short-term action of an electric field
(impulse). Indeed, a short-term action of the pressure of the
electron "gas" with a value of AP =10 GPa can cause the
generation of a "shock™ sound wave, the frequency of
which is determined by the relation: v~3 AP/hn.
Substituting the numerical values of the quantities included
in the written formula, we have: v=10%s, which is
approximately 5 times greater than the value of v™*
characteristic of metals in the absence of an external
electric field. Accordingly, for this reason, the Debye
temperature should also increase from the value of
0~ 300 K to the value of =~ 103 K. The duration time of the
pulse, which causes the generation of a "shock" sound
wave of the specified frequency, should be t= (105 —
10-7) s [7]. It should be kept in mind that this change in the
phonon spectrum is also accompanied by an increase in the
pairing constant to the values A > 1. For such values of 6
and A, the temperature of the transition to the
superconducting state T is characterized by a different
relation, which differs from relation (1) [8]:

Te= 0.2001/2, @)

From relation (4) it follows that the impulse of the
electric field at the specified parameters can cause an
increase in the value of T, up to the value = (200 — 300) K.
In this case, it is obvious that the successive action of a
certain number of electric field pulses can maintain the
superconducting state in a metal sample for some finite
time.

CONCLUSIONS

1. The action of electric field pulses can cause the
transition of metals to the superconducting state at
temperatures close to room temperature at atmospheric
pressure.

2. The duration of the pulse must be = (10~%—-107) s.

3. Electric field source voltage U= 1 V.

4. The characteristic size of a sample that can be
transferred to the superconducting state should not
significantly exceed the electron screening length in
metals, i.e. R<35§ =10 8m.
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VY po6oTi 0OTOBOPIOIOTECS YMOBH, 3a SIKUX BUABILLIACA O HAAMPOBIAHICTH METANIB IPHU aTMOC(PEpPHOMY THCKY i
KiMHaTHI# Temneparypi. OAHMH i3 MOXJIMBHX HAmpsMIB JOCIIIKEHb IJIsl OCATHCHHS 3a3HAYCHHUX YMOB — 3MiHa
(DOHOHHOTO CIIEKTPY METaJiB 3 METOI0 MiJBHILICHHS Temueparypu [lebas, a oTxke, i TeMmepaTypu HaIIpOBiTHOTO
nepexony T.. BinmoigHo 10 imei po6oTH Ta 3po0JeHHX Y Hill OI[IHOK, MiIBUIIIMTH MaKCHMaJbHY YaCTOTY (DOHOHIB V™™
y MeTajax MOK€ KOPOTKOYacHa Jisi 30BHIIIHBOTO CTAJIOTO ENEKTPHYHOTO IO (ENeKTPHYHOTO IMIynbCy). Yac il
iMmysecy mae cranosuth (107° — 107) ¢. Hanpyra mkepena nocrilinoro enekrpuanoro mois U = 1V. 3pobneni y po6oti
OLIIHKH CBiJ4aTh, 1110, BAKOPUCTOBYIOUHN JKEPENIO MOCTIHHOTO EIEKTPUYHOTO IMOJIs, MOKHA 30UIBIIUTH KOHIIEHTPALIII0
BIIBHUX €JIEKTPOHIB 1, BIIIOBIJHO, 3yMOBUTH B METAJIIEBOMY 3pa3Ky Iil0 JIOJaTKOBOTO THUCKY AP, BenuuuHa sIKOTO
ctanoBuTh ~ 10 % Bix BHYyTPIIIHBOTO THCKY EIEKTPOHHOTO «Ta3y», To0To AP ~ 10 GPa. Ileii THCK Ma€ 3yMOBUTH IIPY>KHY
nedopmaiiiro kpuctana (Aa/a) ~ 0.1. 3MeHIIICHHS TapaMeTpa KPUCTATIYHOT IPATKH MA€ CYIPOBOKYBATHCS 301TbIICHHIM
MaKCHUMaITbHOI 9acTOTH (POHOHIB V™ i, BiTNOBITHO, 301bIIeHHIM TemiiepaTtypu Jebas. XapakTepHuil po3Mip 3paska, B
SKOMY MOXe OyTH peajli3oBaHa 3MiHa KOHIIEHTpalii eNeKTPOHIB, HE Ma€ IMEPEeBUILYBAaTH JIOBXHHY EKpaHYBaHHS
elIeKTPOHIB y MeTanax, To06to =~108m. TocmigoBHa fis MeBHOI KiNbKOCTi IMIYJbCIB €JIEKTPUYHOTO IOJSA MOXKE
MiATPUMYBATH HAATIPOBIAHUH CTaH y METAIEBOMY 3pa3Ky IPOTITOM JIESKOTO KiHIIEBOTO dacy.

Knrouosi cnoea: memanu, HaOnposionuxu, 3MiHa POHOHHO20 CNEeKMpy Memalis.
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