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main conclusions are that the effect of lower plasma pressure on radial perturbed mag-
netic fields is not evident. Higher plasma pressure has obvious effect on longer waves;
however, shorter waves were affected by lower plasma pressure obviously. The maximum
values of radial perturbed magnetic fields increase with the increase of plasma viscosities
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Radial perturbed magnetic field which indicates plasma viscosity cannot be neglected in the precise calculation.

Plasma pressure © 2017 The Physical Society of the Republic of China (Taiwan). Published by Elsevier B.V.
Viscosity All rights reserved.

1. Introduction

It is well known that magnetic field and plasma viscosity v are the most important factors in the study of magnetohy-
drodynamics (MHD) in many fields. For example, Electron heat diffusion is affected by perturbed magnetic field in Tokomak
[1]. The power-law distributions suggest the existence of nontrivial build-up and relaxation mechanisms for the magnetic
energy in the solar atmosphere [2]. Liani and Ardjani studied the magnetic field effect on the electrons’ thermal equilibrium
using the Monte Carlo method and obtain the conclusion that the steady state of the electrons’ energy is always achieved
if the time is long enough [3]. The effect of external magnetic field on the properties of the higher-order electron-acoustic
solitary waves is significant [4]. Chuang et al. studied the characteristics of hydromagnetic waves in dusty plasmas; the
conclusions indicated that it is possible to have whistler and cyclotron waves with left-handed and right-handed magnetic
polarizations due to the presence of massive charged dust grains [5].

On the other hand, the plasma viscosity will cause the variation of magnetic field and displacement in MHD. For instance,
the shear viscosity rapidly increases near the deconfinement transition in a phenomenological model analogous to the quark
gluon plasma [6]. Shear viscosity has evident effect on electric conductivity for the quark gluon plasma [7]. Rose et al.
investigate the nonzero bulk viscosity coefficient on the azimuthal momentum at the Large Hadron Collider and get the
conclusion that a finite bulk viscosity coefficient leads to a better description of the flow harmonics in ultracentral collisions
[8]. The effect of the plasma viscosity on pure elements and multicomponent mixtures can predict the appearance and the
growth of hydrodynamic instabilities in the inertial confinement fusion [9]. Effect of shear viscosity on the weak and strong
coupling quasi gluon plasma demonstrate the viscosity ratio is uniquely determined by a quadratic dependence [10].

There are many means to study the perturbed parameters in MHD. The perturbed field of the International Thermonu-
clear Experimental Reactor is calculated with numerical calculation method [11]. Analysis of the behavior and relevant
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parameters for the electron and ion plasma temperatures in the ionosphere is briefly discussed with the scatter radar data
[12]. A semianalytical method for studying linear instability of the kink mode in a cylindrical plasma with line-tied boundary
conditions is introduced by Evstatiev [13]. Dai and Wang discussed the radial perturbed displacement in a cylindrical plasma
column and presented the relationship between the plasma pressure and the radial perturbed displacement. However, the
plasma viscosity is not mentioned in this paper [14].

The main purpose of this paper is to calculate the effect of plasma pressure and viscosity on the radial perturbed mag-
netic field.

2. Model of the MHD equations

Non-ideal MHD equations which contain viscosity item can be written as [15, 16]
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Eq. (5) is pressure balance equation. A zero subscript indicates equilibrium quantities, and a one subscript indicates per-
turbed quantities in Eqgs. (1)-(5). By is the initial magnetic field and satisfy with the relationship |Bg|? = Bge +B(2)Z, By is
initial azimuthal magnetic field, By, is initial axial magnetic field,P, is initial plasma pressure, v is the plasma viscosity,p is
plasma density. Expansion form of Fourier transforms for perturbed parameters in Eq. (1)-(4) is exp[i(m6 + kz — wt)]. For
convenience of calculation, we let the plasma displacement &, then
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u=u;=—-—=—-+u;-Vé ~ = 6
=@ TW Ve g (6)
The second-order ordinary differential equation and radial perturbed magnetic field B, are calculated by using Fourier
transforms.
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where F = mBgyg/r + kBg,, k is wave number, m is the azimuthal module, we let m=1 in this paper. coefficients D, Cy, C,
and C; in Eq. (7) are presented in Dai and Wang [14]. The growth rate y = —iw is defined in the following calculations. The
growth rate can be obtained by calculating Eq. (7) when the Bgyy,By, and Py are fixed. Then the radial perturbed magnetic
fields with a fixed growth rate are calculated.

3. Results and discussion

The initial magnetic fields Byg, By, and initial plasma pressure Py should be given before calculation. The corresponding
expressions can be written as [14]
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where c is a parameter to adjust the initial magnetic fields Byy, By, and initial plasma pressure Py. The formulas in Eq. (9) sat-
isfy the pressure balance equation in Eq. (5), so the expressions of By, By, and Py are reasonable. Two cases of the parameter
¢ (c=0.98 and c=0.9) are considered in this paper. The relationship between wave number k and growth rate y with dif-
ferent parameter c is shown in Fig. 1 The dash lines and the solid lines are correspond to ¢c=0.9 and ¢=0.98, respectively.
The initial magnetic fields Byg, Bp, and initial plasma pressure Py can be calculated when the parameter c is fixed. For con-
venience of calculation and comparison, we choose a stationary growth rate y = 0.03008 in this paper. When the range
of growth rate y and wave number k with different plasma pressure has been determined in Fig. 1, now we can give the
evolution of radial perturbed magnetic By, with radius at different wave numbers k and plasma viscosities v.
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