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Abstract. In this paper, we study the phenomenon of magnetic flux oscillations — the
oscillation of vortex matter as a result of the thermomagnetic instability of a critical state in a
superconductor. The spatial and temporal distributions of thermal and electromagnetic
disturbances in a flat semi-infinite superconducting sample in the viscous flow regime with a

linear current-voltage characteristic are studied.
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AHHOTanus. B pganHOi paboTe MBI HCclaeAyeM SBJIEHHE KOJIeOaHH
MarHdTHOrO TOTOKa - KojeOaHus BHUXPEBOW MaTepuu B  pe3yibTaTe
TepMOMaFHHTHOﬁ HGYCTOfI‘lPIBOCTI/I KPUTHYCCKOI'O COCTOAHUSA B CBEPXIIPOBOJHUKC.
HCCJ’ICI{OB&HBI IMPOCTPAHCTBCHHBIC MW BPCEMCHHBIC PACHPCACIICHUA TCIINIOBBIX U
QJICKTPOMAIrHUTHBIX BOBMYIHGHI/Iﬁ B IIJIOCKOM HOHY6GCKOH€‘{HOM
CBEpXITPOBOJISIIEM 00pa3lie B PEKUME BS3KOIO TEUCHHS C JMHEWHOW BOJIBT-
aMIIEpHOM XapaKTEPUCTUKOM.

Knroueevie cnosa: suUxpeesoe e6euecmaeo, KO]l€6ClHue, CKA4YKU nomoka,
Kpumu4decKkoe cocmosrue.

Annotatsiya. Ushbu magolada biz magnit ogimining tebranishlari hodisasini
o'rganamiz - supero'tkazgichdagi kritik holatning termomagnit begarorligi
natijasida vorteks moddasining tebranishi. Yassi yarim cheksiz supero'tkazuvchi
namunadagi issiglik va elektromagnit buzilishlarning chizigli ogim kuchlanish
xususiyatiga ega yopishgog ogim rejimida fazoviy va vaqgtinchalik tagsimoti
o'rganiladi.

Kalit so'zlar: girdobli materiya, tebranish, ogim sakrashlari, kritik holat.

The stability dynamics of the critical state with respect to magnetic flux

jumps in hard and composite superconductors was discussed in theoretical and



experimental works [1-5]. Total the concept of stability of a critical state in type Il
superconductors was developed in the literature [4, 5]. In [5], the dynamics of the
development of small thermal and electromagnetic disturbances and the
corresponding stability conditions for the critical state in superconductors in the
viscous flow regime were studied. Recently, great attention has been paid to the
phenomenon of magnetic flux oscillations arising as a result of thermomagnetic
instability in superconductors [6]. In the process of studying the dynamics of
thermomagnetic instabilities, vibrational modes in the mixed state of a
superconducting Nb-Ti sample were detected as a result of a catastrophic
avalanche [7]. To explain the observed oscillation processes, a theoretical model
was proposed that takes into account the inertial properties of vortex matter [8]. In
[9], the dynamic properties of vortex matter in an Nb-Ti superconductor were
studied. Oscillation phenomena were interpreted as the result of the existence of a
finite value of the effective mass of the vortex, i.e. oscillations can be considered
as a manifestation of the inertial properties of vortex matter [10]. In this work, the
phenomenon of magnetic flux oscillations as a result of thermomagnetic instability
of a critical state in a superconductor is theoretically investigated.

The system of equations of macroscopic electrodynamics is used to simulate the
evolution of temperature and electromagnetic field perturbations. The distribution

of magnetic induction B(r, t) and transport current j(r, t) in a superconductor is

given by the equation
rot B= ﬂ] (1)
C

In viscous flow regime, the relationship between magnetic induction B (r, t) and

electric field E(r, t) is established by Maxwell's equations

. 1dB

rot E=-——
c dt (2)
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The equation of motion of the vortices can be written in the form [6].

dv
mE+TEV+FL+FP =0 (4)

where m is the mass of the vortex of unit length, FL:%]&)O is the Lorentz force,

dH. - : : . . . .
n=—2—% is the viscosity coefficient, p is the resistance in the normal state,
Cp

n

D, =n2—1:: Is the magnetic flux quantum, is the upper critical field [1]. Accordingly,

the temperature distribution in the sample is determined by the heat equation

v ‘Z—I = A[K(T)AT]+ JE (5)

where v=vw(T) and «x=«(T) are the heat capacity and thermal conductivity
coefficients of the sample, respectively. We use the Bean model for the current
density j(T,E,B)and assume that it does not depend on the magnetic field
induction, j=j.(B,,T), i.e., j.=i,-a(T-T,) [1], ie, [1], where B, is the value of the
external magnetic induction; a=j,/(T.-T,); j, is the equilibrium current density,
T,and T, are the initial and critical temperature of the sample, respectively [5]. We
assume that the external magnetic field B=(0, 0, B,) is directed along the z axis
and the magnetic field velocity is constant B, =const.. For small thermal and
electromagnetic disturbances O(x.t), b(x,t), v(x,t)-exp(yt) (where y is the eigenvalue

of the problem), it is easy to obtain the dispersion relation that determines the
eigenvalue of the problem
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where dimensionless parameters were introduced p=

@—4—”2—V v=v o L-iB— and z-— u—&i =t c9, B— . Variables.
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Here L is the depth of penetration of the magnetic field deep into the
superconductor [5]. The instability of the magnetic front, as a rule [5], is

determined by the positive values of the incrementRey>0. Then we can assume
that the instability arises under the conditionRe y=0. Analysis of the dispersion
relation shows that the growth increment is positiveRey>0 if the
conditionu>p, =2 is met. In this caseu>p., small perturbations increase with
time and the magnetic flux front is unstable. In the case when the growth increment
IS negative u>p.and any small perturbation will decay. At a critical value, the
growth increment is zero y=0 [11].

In the particular case when p = 1, the rise parameter is determined by the stability
parameter 3> 0. Then, the stability criterion can be represented as > 1. In another
particular case, when the thermal effects are insignificant (B = 1), the following

dispersion relation can be obtained

Representing the solution of the dispersion equation in the form

b ~ exp (ikx)

we can obtain the dependence of the growth parameter y on the wave vector k. An

analysis shows [1] that when k <kc = p, the growth increment is positive and a



small perturbation increases with time. For the values of the wave vector k> k., the
quantity vy is negative and the small perturbation decays exponentially. It can be
shown [11] that for k = k. the growth increment is y = 0. If the wave vector tends to
zero k — 0 or infinity k — oo, the quantity y = 1 and a small perturbation increases.

In this case, the quantity vy is determined by the value
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For pu =0, the value of the growth increment is y = 0. For u = 1, the value of y = 1.
The dependence of the growth rate of y on the wave vector is shown in Fig. 1. for
various values of the parameter p. As p increases, the parameter y increases. At
certain values of the parameter p, jumps in the flow are observed, which take into
account the inertial properties of the vortices.
CONCLUSION
Thus, in this work, the phenomenon of magnetic flux oscillations is studied
theoretically — the oscillation of vortex matter as a result of the thermomagnetic
instability of a critical state in a superconductor. The spatial and temporal
distributions of thermal and electromagnetic disturbances in a flat semi-infinite
superconducting sample in the viscous flow regime with a linear current-voltage
characteristic are studied.
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