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Interaction of the discontinuities (shock waves §, contact discontinuities K,
Alfvén discontinuities 4) in magnetizable ideally~conducting incompressible
medium, are studied, At the instant of interaction, a discontinuity arises which
will undergo disintegration and on which, generally speaking, the conservation
laws do not hold, Possible combinations of waves and discontimuities formed at
disintegration are determined,

The interaction of normal gas dynamic waves and discontinuities wasstudied
in [1], while [2 — 4] dealt with the interaction of magnetohydrodynamic waves
and discontinuities,

We assume that the medium under consideration is described by the following equa-
tions of state: p == const, Vy, = ¢, 4 const, M = K (® — T). In the course
of solution we use the results obtained and the notation obtained in [5], As in [5], we as~
sume that B}/ (4npc,®) <€ 1 and 4nKO /B, << 1.

The parameters of the medium between interacting discontinuities prior to collision
will be denoted by the index 1, the parameters of the medium at the instant of collision
to the left and right of the plane of collision will be denoted by the index 0, and those of
the medium to the left of the plane of interaction between the discontinuities will be de-
noted by a prime,

1, Interaction of shook waves, Letus consider a collision of two shock
waves of arbitrary intensity. In [5] we have studied the behavior of the parametersin the
shock waves propagating through magnetizable ideally conducting incompressible media,
It was shown that such waves are plane polarized, and that the problem of interaction of
two shock waves can be regarded as a plane problem, Let us draw in the plane ».H
from the point A with coordinates vy, H;, the lines corresponding to shock waves pro-
pagating to the left and right through the medium the parameters of which are denoted
by the index 1 (Fig. 1).
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The directions in which the shock waves propagate are indicated in Fig, 1 by arrows,The
point B (C) with coordinates vy, H g (V1o', H y,’) lies on the line corresponding to
the shock wave moving to the left (right) through the medium with parameters v,
H., Ty

The problem of collision of two shock waves reduces to the problem of disintegration
of an arbitrary discontinuity (the plane case) which separates the medium with the para-
meters vy, H o (point B in Fig. 1) from the medium with the parameters v.o', H o’
(point ( in Fig, 1).

Let us draw from the point B a line BD corresponding to the shock wave moving to
the right through the medium with parameters .4, H 4. This line corresponds to the
combination K S. Using the results of {5] we can show that the lines DB and €4 do
not intersect each other, Indeed, the equation determining their point of intersection has

the form
Vg — Vo — (Hy — H )V (He, Hyy) + (L. 1)

(HT‘“Hto)\F(Htv Hro) =0

since (H — Ho)¥ (H., H.;) is a monotonously decreasing function of H ., and
H. < H.p, g < Vr0:Eq (1. 1) has no roots. Moreover, the line BE corresponding
to the wave combination SK and representing the geometrical locus of points from
which one can reach the point B with the help of the shock wave to the left, passes
through the point A. The line BE is depicted in Fig, 1 with a dashed line,

Thus the point C reaches the region situated above the line BE corresponding to the
combination SK, and H. = 0 and lies below the line BD corresponding to the com-
bination K'S (Fig. 1). This region corresponds to the combination of waves SKS. Con-
sequently, a collision of two shock waves generates another two shock waves moving to
the left and right, The absolute magnitude of the magnetic field vector in the region
between these shock waves increases compared with the magnetic fields H .4, H.,,
H 10,'

Let us consider the interaction of two shock waves moving in the same direction and
one overtaking the other, We assume for definiteness that both shock waves move tothe
right, The distribution of the points A (v, Hq1), B (vigy Hzo)y € (920" Huo')
shown in Fig, 2 differs from the previous one, In the general case the line AC (shown
in Fig, 2 by dashed line) can intersect the line BAD corresponding to the combination
of waves K S, and the point C with coordinates vy’, H +o may lie above, as well as
below the line BAD. Thus in the case of one shock wave overtaking the other we ob~
tain either two shock waves moving in the different directions, or a shock wave moving
to the right through the medium with paramaeters vy, H ., and a centered wave mo-
ving to the left through the medium with parameters veo's Hao'e

In the present case we have, as was shown in [5], (B,?/ (4npe, 8) < 1, 4nK@ /
B, << 1), the temperature jump {r} <L 1, v = T/ 6, and we can assume that the
shock waves do not affect the temperature distribution in the medium (T = T, =
T,). We shall assume that the waves appearing in the process of disintegration de not
affect the temperature distribution either, and from this it follows that the interaction
of the shock waves does not give rise to contact discontinuities as the temperature isthe

only parameter undergoing a jump,
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2.Interaction of the contact discontinuity with the shock wave,
Let us consider a collision between a shock wave and a contact discontinuity, We shall
consider, for definiteness, the case when the shock wave approaches the contact discon-
tinuity from the right direction, At the contact discontinuity the temperature undergoes
an arbitrary jump {T'} = T, — T,” 5= 0. When the shock wave collides with the con-
tact discontinuity, a discontinuity appears between the media with parameters v, H,,
T, and vy, Hyy', Ty'. The parameters v, and H; of the medium lying totheleft
and right of the collision-generated discontinuity lie on the shock adiabate which origi-
nates at the point A with coordinates v,,', H,' and moving to the point B with co-
ordinates v,,, H 4y (Fig. 3). The equation of this line represents an equation of the shock
adiabate corresponding to the shock wave propagating to the left through the medium
with parameters Vo ', H o'y T'g. From this it follows that the point 4 need not, ge-
nerally speaking, lie on the line BD which is the geometrical locus of the points from
which one can reach the point B (v.q, H o) along the shock adiabate corresponding
to the shock wave propagating to the left through the medium with parameters v »
H.y', Ty (two possible positions of this line relative to the point 4 are shownby dashed
lines in Fig, 3).

When the point A lies below the line BD (Fig, 3), the interaction of the shock wave
with a contact discontinuity generates a shock wave moving to the left throughthe me-
dium with parameters vy , Ho', Ty’ ,a centered wave moving to the right through
the medium with parameters v.g, H 1o, Ty , and a contact discontinuity separating
these waves (combination SKR ).

When the point A lies above the line BD (Fig. 3), the interaction of the shockwave
with a contact discontinuity generates two shock waves moving through the medium with
parameters vyy', Hqy's Ty (vigy Hyp, To) to the left (right) and separated by the
contact discontinuity (combination SK.S ). If the shock wave approaches the contact
discontinuity from the left, it passes through it with diminished intensity and, depending
on the temperature jump at the contact discontinuity, a reflected shock wave or a cen-
tered wave may appear,

3, Interactions of the shock waves and the Alfvén discontinu-
ities, Consider a collision of a shock wave and an Alfvén discontinuity, We assume,
for definiteness, that the Alfvén discontinuity propagates to the right and the shock wave
to the left, through the medium with parameters \Zo" an 7,.

From the relations at the Alfvén discontinuity and the shock wave it follows that

[Heg|>[|Hy|, T,y =T, (3.1

In [5] we have shown that when the condition (3, 1) holds, an arbitrary discontinuity may
disintegrate into the following combinations: RAAR, SAAR, SAAS (no contact
discontinuity occurs), depending on the region of the plane Ay, Aw in which the point
Avy = vy — vy, Awy = wy — w,' falls (here » and w are the projections of the
velocity v on the y- and z-axes), The ¥ -axis and z-axis lie in the plane of the dis-
continuity generated. It can be shown that the combination RAAR of waves cannot
arise from a collision of the Alfvén discontinuity with a shock wave,

The plane Av, Aw is divided by the circles corresponding to the combinations
SAA and AAR into three regions: SAAS, SAAR and RAAR. The region in
which the combination RA AR is realized is bounded by the circle AAR given by
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the following equation:

(Av,——L)2 R, L= X(IHWHH.OI)HW/IHTOI—— (3.2
aAoPo(Hro + H.o [ Hoy l/leol)/Bm R = 2aAoM0 |He' |/ B,

From the relations on the shock wave and the Alfvén discontinuity it follows, that

Av.,o:V,o-—-VTo'::‘F(IHm],le'l)(lﬂwl—-IH,O'I) TO| (3'3)
0
@ g’ ( : [Hey | )
He' — Hop —7—
B, ’ ® TH,T
Clearly, the point Aw,, is outside the circle (3. 2) since the inequality
‘L_Avm|=|‘lf(|H-0| |HTO'[)(|H*0|—|HW’1) — (3.4)

w0 | 2 o
X(|H,0||H.o|)m°l+ ;"" Hy'| >R

holds. The inequality (3.4) always holds,since X (| Hy' |, [Heo|) <<O and¥ (Ho,
Hqy') (Hzp — Hzy') >> 0. Thus, when a shock wave collides with an Alfvén discontinu-
ity, either the combination SAAS' or the combination SAAR may arise,

Consider the case when the shock wave overtakes the Alfvén discontinuity,We assume,
for definiteness, that the Alfvén discontinuity and the shock wave both propagate to the
right, From the relations at the Alfvén discontinuity and the shock wave it follows that

|H10'|>lel, To=Ty (3.5)

We have shown in [5] that generally, when the condition (3, 5) holds, the following com-
binations of waves and discontinuities can be realized;: RAAR , RAASand SAAS,
and a contact discontinuity does not appear, As in the case of collision of the shock wave
and the Alfvén discontinuity, it can be shown that in the present case we have either the
combinations RAAS or SAAS . The combination RAAR does not appear irrespec-
tive of the intensities of the shock waves and the Alfvén discontinuities, When the Alf-
vén discontinuity and the shock wave both move to the left, their interaction generates
either the combination SAAS or the combination SAAR of waves and discontinu~
ities,

4, Interaction of Alfvén discontinuities, Let us consider the interac-
tion of rotating Alfvén discontinuities of arbitrary intensity, The parameters of the me-
dium to the left and right of the discontinuity appearing as the result of the collision of
two Alfvén discontinuities of arbitrary intensity, are connected by the following relations;
Vg Ve — aAgp‘o (Ht() + HTO,) = '3!’2%& (4. 1)
‘n

n

IHﬂl = chol = |H,0'|, To=T¢, aao=0aa

Let the angle between the vectors H,, and H,,' be equal to y. This angle determines
the difference between the intensities of the colliding discontinuities. From the firstequa-~
tion of (4. 1) it follows that Avgy = Ve — Vw0 lies on the circle & of radius

2aA0pLOHm / Bn
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in the Av, Aw -plane with the center at the point Av%®, Aw®, where

AV = 1%2"‘-3 Heo(1 +cosy), Aw"= a‘;"u" Hysiny (4.2)
n n

The y-axis coincides with the direction of H.,,,

To show which combination of waves and discontinuities the initial discontinuity ge=-
nerated by the collision of two Alfvén discontinuities disintegrates into, we turn to the
results of [5]. Since | Hy | = |Hy' |, T9 = T, three combinations of waves and
discontinuities may be realized: RAAR, AA, SAAS. The combinations RAAR
and SAAS correspond in the Aw, Aw -plane to the regions inside and outside the
circle g, the latter corresponding to the combination 4A4. The radius of ¢ is equal to
the radius of § and the coordinates of its center are A® == Av", Aw® = — Aw®
(see formulas (4.2)). The collision of two Alfvén discontinuities does not generate a
contact discontinuity,

The circles ¢ and § may intersect each other at —180° << y << 180°, v 5= 0,
touch each other when § = 0 and coincide with each other when y = +180°. Con-
sequently, when two Alfvén discontinuities collide, the following combinations can be
realized depending on the angle y and on the particular values of the velocity differen-
ces Avgy = Vop — Vo 1 (1) SAAS; v =0; (2) SAAS, RAAR, AA;
—180° <<y << 180°%;(3) 4A4; y = +180°.

5, Interaction of the Alfvén and the contact discontinuities,
Consider a collision of an Alfvén discontinuity of intensity y =& (O , with a contact dis-
continuity, We shall assume for definiteness that the Alfvén discontinuity moves towards
the contact discontinuity from the right, From the relations at the Alfvén discontinuity
and the contact discontinuity it follows that

[He'| = |Hy|, {T}=Ty —Ty50 (5. 1)

It was shown in [5] that when the conditions (5, 1) hold, the initial discontinuity con-
necting the media with parameters vy, Hy, Ty and v, Hyy', T4’ can generally dis-
integrate into the following combinations: SAKAS, AKA and RAKAR.
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