Analele Universititii de Vest din Timisoara
Vol. LI, 2007
Seria Fizica

ELECTRON-PHONON INTERACTION IN NANO CYLINDER AND SOME
CONSEQUENCES

Vjekoslav Sajfertl, DusSan Popovz, Stevo Jaéimovski® , Sonja Krstié4, Bratislav Togié’

"Technical Faculty "M. Pupin", Zrenjanin, University of Novi Sad, Serbia, sajfertv @ptt.yu
2 Universitatea "Politehnica”, Timisoara, Romania, dusan_popov@yahoo.co.uk
Faculty of Electrical Engineering, University of Belgrade, Serbia, sjakimovski55 @yahoo.co.uk
“High School of Electrotechnics, Belgrade, Serbia, krstics@vets.edu.yu

*Vojvodina Academy of Sciences and Arts, Novi Sad, Serbia, btosic @yahoo.com

Abstract

The nano cylinder with macroscopic height and nano cross-section was analyzed and the currents parallel

to cylindrical axis was examined. It was found that superconductivity temperature is dependent on

distance between neighbor atoms and that the magnetic field of circular currents has high value, but not

enough for applications for controlled fusion.
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1. Introduction

Cylindrical nanostructures have very intensive production nowadays [1-2]. The most popular
are carbon cylinders. The goal of our analysis is metallic cylindrical structures and their
superconductive properties in cylinders with nano cross-section and infinite length. In the
nearest neighbors approximation electron Hamiltonian of cylinder is a sum of two

independent parts (one of electrons propagating along chains and the second related to the

electrons propagating in discs): H =H_.+H .

2. Superconductivity in chains

The BCS approach starts from the Hamiltonian H . =H,+H , +H,, , where H,, is

epc?

electronic Hamiltonian, H pe- phonon Hamiltonian and H,,. - Hamiltonian of electron-

epc

phonon interaction. In momentum representation we have, respectively:

H,. :z Ekoc;:ak ; Ep=4X sinz%; ke (—E,Ej (1)
k
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where a is electron Fermi operator, b - phonon Bose operator, X - interaction constant

between neighbor atoms, M - mass of atoms, C - Hooke's constant.
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Figure 1. Distribution of electrons in nano Figure 2. Distances between neighbours
cylinder of infinite length atoms in frozen and heated crystal

By unitary Frohlich transformation [3], after averaging over phonon vacuum:
1
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After the Bogolyubov transformation [4] in which o; and o_; are expressed in terms

of Cooper pairs operators &; and M, the Hamiltonian (6) reduces to

H=Y |8 +p3 it +nin.) . 5)
k

Since the electron-electron interaction, proportional to W, ., is attractive in narrow
domain k, enveloping Fermi wave vector k, the gap Ay is

1<W>

) kF_kgSkSkF-i_kg (6)
\/Ak+pq

wherefrom it follows
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Assuming that X is Coulomb interaction, A is estimated to be A =5k, and the critical

A=

superconductive temperature for electrons about 5 K.

2. Superconductivity in discs
The disc has cyclical invariance of all their physical characteristics.
¥ =Yini- ()

where M +1 - number of atoms in disc. Applying Eq. (11) to plain wave ¢ we have:

2T\
M +1

k=

; A=0,21,12,... This result enables the standard sum representation of Kronecker's

symbol and the electronic Hamiltonian can be written as:
M
_ . _ .2 TU
od = Z:: EuBuBu ; E,=4Ysin Wil 9)

while the phonon Hamiltonian is the following:
M
1 C. A
H , = & | biby, +— | ;1 & =hw, =2k =< sin————— 10
pd };x(xx 2) A 7 "M 2 +1) (10)
where Y is the interaction between neighboring atoms.

The problem of electron-phonon interaction is more complicated. On Fig. 2 are given

displacements 0 of heated disc. Using cosine theorem and polar coordinates and after the

Frohlich transformation and averaging over phonon vacuum, the Hamiltonian can be written

MV_—I A% 3 wv Y

where

/ Ty V
Dyy = Sln“~'M \/oo n’ M . (12)
u-v

By applying Bogolyubov's transformation (3, and B_; can be expressed through

operators f and g of Cooper's pairs), Hamiltonian can be written as:
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S
The number of electrons is small and therefore the introduction of narrow domain
enveloping Fermi wave vector is senseless. Instead of this, domain has to be reduced to Fermi

wave vector, only. So, the equation of the type (9) reduces to

2

D 14
A, = L[ ‘i" : (14)
M +1 E -E, +¢,,

For three atoms in disc, i.e. for M = 2, this quantity reduces to

1 (or
A:0.175—(—j (15)
1\ 9by,

Assuming the Coulomb interaction between atoms, we obtain that A =100k, . For this

value of A the calculated magnetic field produced by disc current is B =2400 T. It is
understandable since superconductive currents produce very high magnetic fields. So, instead
of conclusion, we can say that practical importance of cylindrical superconductors is the

production of very high magnetic fields.
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