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Abstract. In this work, the spatial and temporal distnbutions of small thermal and electromagmetic
perturbations in a plane semu-infinite superconducting sample are studied. Based en a system of equations for
temperature, magmetic induction, and vortex motion, a dispersion relation was obtained that determumes the
growth (or decay) increment of small perturbations. It was shovwn that, under certain conditions, depending on
the valuss of the parameters of the system flux jumps of the magnetic flux 13 obsarved.
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Introduction

The phenomencon of magnetic flux jumps as a result of thermo magnetic mstability of the entical state m a
superconductor 15 theorstically mmestigated [1]. The spatial and temporal distributions of small thermal and
electromapnetic perturbations in a plane semi-infinite superconducting sample are studied. Based on the system
of equations for temperature, magnetic induction, and vortex motion, a dispersion relation was obtaned that
determines the growth (or decay) merement of small perhorbations. It was shown that, under certamn condifions,
dependmmg on the values of the parameters of the system flux jumps of the magnetic flux can be chsered.

Basic equations

The distribution of magnetic imduction, electric field, and tramsport cumrent in the superconducter are
determined by the following equation

rotB = pgj (1)
= dF
rotE = e 2)

Accordmegly, the temperature distribution in the sample 15 determmed by the heat conduction equation

dr -
v(T) £ = Vix(T)VT] + JE. (3)
where v and k are the coefficients of heat capacity and thermal conductivity of the sample, respectraly.
Addiction] = j(T. B, E) is determined by the following critical state equation
j =je(T.B) +j(E)
We will use the Bean model j. = j.(B,.T) = j, = a(T; = T;), where Bys the value of the external

— — Jo- equilibrium current density, Toand T.-- initial and critical temperature of the
fe=ia

magnetic inducton; a =
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sampls, respectrvely [1]. In the flow cresp mode, the cumrent-voltage charactenstic of superconductors s
nonlinear, due to the heat-activated meotion of vortices [2]. The dependence j { E ) m the flow creep mode 15
deseribed by the expression [3]

j=5 5" @)

where Ejis the ralue of the electric field strength at | = ji; the constant parameter n depends on the pinning
mechanisms. In the case when n =1, relation (4) describes a viseous flow [1]. For sufficiently large values of o,
the last equality defines Bean's critical state | o .. When 1< n <mx, relation (4) describes the nonlinear creep of
the flow [4]. In this case, the differential conductivity 15 determined by the equality

8] _ _Je
e=5l=L )

The resultz and discussions

Accordmg to equation (3), the differential conduetivity increases with increasmg background eleciric field
Egand essentially depends on the value of the rate of change of magnetic mduction according to the
equalityEg = Bzx. Let's formulate the basic equations describing the dynamics of the development of thermal
and electromagnetic disturbances for a simple case - a superconducting flat semu-mfimte sample (x =0)

de g i
vty ®
d*s [I; ds  dje dn]
— =g =—===—
a2 T POlppgr  dr dr M

We represent the schiion of system (8), (7) m the form
5T(x.t) = (T, — T8 (=)o, ®

GE(x.t) = E e(z)e'0.(9)

where y is the eigenvalue problem to be determined. It can be seen from the last svstemn of equations that the
characteristic time for the development of thermal and electromagnetic perturbations of the order of - £,/ [3].
We have miroduced the follovwing dimensionless parameters and vanables

P17 ik 'EE- i L ¥ T "
|3=L, o = L L=t a=— p =TT, Y0eTal _ 10
w(T -T,) t

ta E. - B #nfE L

Let's consider the problem within the adisbatic approximation, when T << 1, 1e. [3], the diffusion of the
magnetic flux oceurs faster than the thermal diffusion. Then, we cbtam the following equation in the quasi-
stationary approximation

]
m-@=0 (10)
Smee, when denving the last eguation, we neglected thermal effects, only the electrodynamic boundary
sheuld be put m (10}
er1.:3=u.%=u. 1n
The stabality eriterion of the magnetic flux jumps 15 determined by the values of Rey = 0, Then usmg the
second boumdary condition®( 1) = 0, we obtain the following equation for determining the parameatery
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Fralag) = Jozpmiog)

A nontrivial solution of the last equation, taking into account the boundary condittons (10), exists only for
certain values

11
@ =p-r.

wheren, are the roots of the characteristic Bessel fimetion. After simple transformations, we obtamn the
following stability criterion for the flux jumps

E :4Yf| IT Te—Tal (11}
o e oy i, -

It 15 easy to see that the threshold value of B flux jump stability mamnly depends cn the type of backzround
electric field imitiated by a change in external magnetic inductionEy = B, [6]. The value of B, decreases
monotomeally with inereasmg of the external magnetic fisld mduction rate m the sample.

Ceonclusion

Thus, based cn a system of equations for temperature, magnetic mduction, and vortex motion, a dispersion
relation was obtamed that deternunes the growth (or decay) increment of small perturbations. It was shown that,
under certain conditions, depending cn the values of the parameters of the system, flux jumps of the magnetic
fluex are obserred.
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Abstract. In this article we investigate the problem of modeling laboratory work in quantum phoysics under
the name "The Franc-Hertz experiment”. The dependence of the light intensity and frequency on the anode
voltage 1z mvestigated. There 15 a kmowm voltage valie between the anode and the photocathods, where the
photocurrent 1s zero. The process of formation of the photoslectric effact at a given +oltage as a result of a
change in the parameter U was analyzed from the pomnt of 12w of modeling.
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