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Abstract—In the present work, the effect of weak magnetic field on motion of strong converging shock wave in an ideal
gas having a power varying density distribution has been carried out. The magnetic field is taken to be axial and initially of
constant strength. Neglecting the effect of overtaking disturbances, the CCW method has been applied to the solution of the problem. The
analytical expressions for shock strength, shock velocity, pressure, and particle velocity have been derived. The variations of all flow
variables with the convergence of shock front, adiabatic index, and density parameter have been numerically computed and discussed
through graphs and table. Finally, the results obtained here have been compared with those for diverging shock as well as with earlier
results.
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I. INTRODUCTION

On account of the importance of weak shock wave in astrophysics, the study of the motion of strong converging shock wave in
the presence of a magnetic field has received considerable attention from several scientists. In recent years, several methods and
techniques have been used to study the propagation of strong shock in self-gravitating gas under the effect of magnetic field. Pai[1],
[2] Prakash and Kumar [3], and many others authors applied the similarity method to explore the shock propagation problem with
and without overtaking effect behind the front. Kumar and Saxena [4] have discussed the propagation of hydromagnetic cylindrical
shock wave through self-gravitating gas with different type of initial density distributions. Considering the effect of overtaking
disturbances on the motion of hydromagnetic cylindrical and spherical diverging shock waves in self-gravitating gas has been studied
by Yadav et al [5], [6], [7]. Gangwar [8] have investigated the production of entropy on adiabatic propagation of strong spherical
imploding shock waves in a dusty gaseous atmosphere having solid body rotation, including the influence of overtaking shock, by
using CCW theory.

In this work, the effect of the weak magnetic field, the adiabatic propagation of strong hydrodynamic converging shock through
self-gravitating gas having an initial density distribution p,=p't™ where p' is the density at the centre and o is a constant, has been
studied by Chester[9]-Chesnell[10]-Witham[11] method. The magnetic field is taken to be axial and initially of constant strength.
Neglecting the effect of overtaking disturbances, the analytical expressions for shock strength, shock velocity, pressure and particle
velocity have been derived. Dependence of these parameters with propagation distance (r), adiabatic index (y) density parameter (),
and constant (&) has been numerically calculated and discussed through graphs and table.

Finally, the results obtained here have been compared with those for the diverging shock Yadav et al. [7] as well as with earlier
results and Yadav Gangwar[12].

II. GOVERNING EQUATIONS, JUMP CONDITIONS AND ANALYTICAL EXPRESSIONS

Under the influence of its own gravitation and an axial magnetic field, the basic equations for the flow behind the spherical shock
wave are written as
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where r is the radial co-ordinate, u, p, p, H and o are respectively, particle velocity, the pressure, the density, the axial magnetic
field, permeability of gas, m denotes the mass of the sphere of radius r, y is the adiabatic index of gas and G is the gravitational
constant.

The magenetohydrodynamic shock boundary conditions can be written in terms of a single parameter £=p/p, as
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where suffix “o” stands for the state immediately ahead of the shock, ay is the speed of sound (/yp,/p, ), U is the shock velocity,

in an unperturbed medium and by is the Alfven speed (y/uH; /p, ). The non-dimensional pressure p/py is large in the case of strong
shock.

For weak magnetic field (b(z) << aé) the jump conditions across the shock front (6)-(8) is reduce to
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For spherical converging shocks, the characteristic form of the system of equations (1)-(4), i.e. the form in which each equation
contains derivatives in only one direction in (r, t) plane, is

2
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Here ¢ =a’+tb’= (YP+HH2)/P.

Propagation of strong spherical shock can be analyzed by substituting conditions(9)-(11) and ¢=U,/y'/§ into equation (12), at
Ho= constant, we get. The condition of hydrostatic equilibrium prevailing the front of the shock is written by substituting
8/ ot = 0=uand, H, is constant, in equation (1), we get

1 dp, , Gm
p, dr r (13)
Assuming that the medium in which shock propagates is at rest and initial density distribution is given by

[a}
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where, where p' is the density at the centre and o is a constant. The mass m can be written with the use of equation (5) and (14),
we get
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Substituting the value of p, and m from equation (14) and (15), respectively, in equation (13), we get
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On integrating above equation, we get
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For positive finite pressure, as defined by equation (6.15), requires that @ should obey the inequality as 1 <© <3 Using
equation(17) and (14), we get

a; = yAp’Gr(z’O’)

(19)
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Substituting the values of respective quantities from(14), (15)-(18) and (21) in equationError! Reference source not found.,

and putting [32 = },LH(Z) / Yp' and yp’ = p'a’? after simplification, we get
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Integrating this equation, we have
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where k» is constant of integration.

Expressions for shock velocity [U/ +/P'G ] and shock strength (U/a,) for strong spherical converging shock in the presence of
weak magnetic field are given by
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III. RESULTS AND DISCUSSION

Expressions(24) and (25), representing the shock velocity [ U/./p’G ] and shock strength (U/a,) for weak spherical converging

shock in a self-gravitating gas in presence of weak magnetic field, shows its dependence on adiabatic index (y), density parameter
(o), propagation distance (r), constant (£) and gravitation constant G. Taking the initial strength of shock U/a,= 1.25 atr = 2,

o=11,g=9and B>=0.1,fory=14, D,B’r*" /12(1- ®)p'G} = 0.25,a%p'G =0.9795 and k/ p'G = 587.6281, the
dependence of shock velocity [U/ +/P'G ] and shock strength (U/a,), pressure (p/p’>G) and particle velocity [u/ A/P'G ] with

propagation distance (r), o, and adiabatic index (y) are numerically calculated and shown in figures (1-16 )and Table 1,
respectively.

Expressions for the pressure (p/p’2G) and the particle velocity [u/,/p’G ] immediately behind the strong spherical converging
shock in presence of weak magnetic field, can be written as
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It is found that the shock velocity [ U / \/p’_G ] and shock strength (U/a,) both increase as shock propagates [cf. Fig. (1-2)],
whereas in case of diverging shock these parameters decrease as shock diverges [Yadav et al. (1995)]. Shock velocity and shock
strength both increase as % increases o [cf. Fig. (3 and 4)].Shock velocity [U/ \/—p'—G ] decreases if ® increases [cf. Fig. (5)]. The
dependence of shock strength on ® is same as in case of strong shock, initially, it increases with ® and after some value depending

on v, it decreases as ® increases [cf. Fig. (6)]. Shock velocity and shock strength both decrease with increase iny [rf. Table 1]. It
is clear from the figures (7) and (8), shock velocity and shock strength both decrease as & increases. The variation of the pressure

(p/p’*G) and particle velocity [u/ +/P'G ] with propagation distance (r) for ® = 1.1, 1.5 and 2.0 has been shown in figure (9) and
(10), respectively. It is found that pressure and particle velocity both increase as shock converges. The pressure (p/p?G) and particle
velocity [ u/ A/P'G ]increase as B? increases [cf. Fig. (11 and 12)]. It is clear from the figure (13 and 14), respectively, that pressure

and particle velocity both decrease with increase in ®. the pressure and particle velocity both decrease with increase in & [cf. Fig.
(15 and 16)]. Table 1 shows that pressure and particle velocity both increase with y.
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Figure 1: Variation of shock velocity [ U / [p'G ] with Figure 2: Variation of shock strength (U/a,) with propagation
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propagation distance (r)at B>=0.1,E=9and y=1.4. distance (r)at p*=2,5=9and y=14.
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Figure 6: Variation of shock strength (U/a,) with o at p>=0.1,
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Figure 9: Variation of pressure (p/p">G) with propagation
distance (r)
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Figure 16: Variation of particle velocity [u/ AP'G ] with §

Table 1: Variation of shock velocity (U / \JP'G ), shock strength (U/a,), pressure (p/p'?G ) and particle velocity (u/ AP'G)

with adiabatic index (y) at§=1.1,p*=2,®=1.5and r =2

Adiabatic index | Shock velocity | Shock strength | Pressure Particle velocity
1.20 135.9450 15.8018 7257.7076 120.8399
1.40 185.8728 20.0025 16445.6036 165.2203
1.67 626.9754 259114 38527.1920 233.7559
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