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In this paper we consider the interactions of magnetohydrodynamic waves: 

fast (S+) and slow (S-) shocks, fast (R+) and slow (R-j expansion waves, 
and also interactions of magnetohydrodynamic waves with plane, ideally 

conducting. walls. The medium is assumed ideally conducting. No re- 

strictions are imposed on the parameters of the medium. 

From the moment of interaction a discontinuity arises which must he 

resolved into some wave combinations. In this entire paper, we determine 

possible wave combinations. The problem of resolving a discontinuity. 

which arises from the interaction of magnetohydrodynamic waves, is a 
particular case of the general problem of resolving arbitrary discon- 
tinuities in the magnetohydrodynamics of ideally conducting media 11 3, 

Interactions of ordinary gasdynamical waves, as well as reflections 

of gasdynamical waves from plane walls, have been considered in [ 2,3 1. 
Reflections from plane walls and collisions of shocks, with a magnetic 

field parallel to the wave fronts, have been considered in [ 4-6 1 . In 

this case, the problem reduces to pure gasdynamies [ ‘7 1. Interactions of 
magnetohydrodynamic waves with Alfven and contact discontinuities has 

been considered in [ 8 1 , 

We introduce some notation. When two waves are moving one behind an- 
other to the right (left), the undisturbed state will be denoted by the 

index 0’. (0). the state behind the first wave by the index 1, and the 
state behind the second wave by the index 0 (0’3, When two waves collide 

while moving toward each other, the undisturbed state will be denoted by 
the index 1. the state behind the wave moving to the right by the index 
0, and that behind the wave moving to the left by the index O’i All other 
notations will agree with those in [ 1 1, For brevity, instead of the ex- 

pression: “the line in the pHy-plane. 
on an St-wave (S-. R+, 

relating the quantities p and Hr 
R-), when the magnetic field and pressure in front 

of the wave equal Ho and p,,“, we shall write: “the St-line (S-, Rt, R-) 
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originating from the point (p,, HyO)". 

1. Collision of waves of the Sante type and equal intensity. 
Reflection of waves at a wall. We consider the case of resolving 
an arbitrary discontinuity, when po = pO’i II,, = HT(i while Au, Au, 
Au, may be arbitrary. This case is of interest, since the problem of 
collision of two waves of identical type and equal intensity, and the 
problem of reflection of waves and Alfven discontinuities at a conduct- 
ing wall, both reduce to it. 

In El], it was shown that if p. #spa'3 H,, f HyO'., then the combina- 
tion consisting of two shocks or simple waves and a contact discon- 
tinuity will correspond to a point in the Auhv-plane. This result 
follows from the fact that such a combination is possible only for a de- 
finite intensity of diverging waves. Thus Au and Av will be fixed for 
given p,,, fly,,, p,,‘> and Z-Zyo'i 

In the case being considered, the intensity of the S+-, S-, Rt-, and 
R--waves, in the combination consisting of two waves, is arbitrary. 
lherefore, in the AuAv-plane, this combination corresponds to a line. 

Any two diverging waves, by which a discontinuity is resolved, are 
divided, generally speaking, by a contact discontinuity, Following the 

behavior of St-, S-, Rt-, W-lines in the pBY-plane, we easily see that 
in the above case the two waves must be of the same type and intensity. 
Thus, out of two shocks or simple waves and a contact discontinuity the 
combinations StKSt, S-KS-, R Kl?, KKR- are possible. 

It is easily seen that the construction of the lines, corresponding 
to S+KS+-, S-KS--, R+KR+-, R-KA-combinations, is reduced to relating 
s and u corresponding to S+-, S--, Rt-, and R--waves, for which the 
pressure and the tangential component of the magnetic field equal p,, and 
H Ihus, for the line corresponding to the StKSt-combination, using 
E&%tions (1.4) and (1.5) of [i I, we have 

v1 = v,, +- ‘P+ = vo’-- (p+, Au EE vO-vO' = - 2y: 

Similarly, the equations for the other lines are established. 'lhe 
equations for the lines corresponding to S-KS-, R+KR+-, and KKR-- 
combinations are, respectively 

Au = 2f_, Au =: 2q_; Au = -22x,, AL? = 29,. 

Au = --2X_, AZ>= - 241_ 

'Ihe surfaces, to which correspond combinations of two waves and two 
A-discontinuities fin the above case, the A-d&continuities must be of 
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equal strength, or else the tangential component of the magnetic field 
will not vanish on the contact discontinuity), are easily obtained by 
rotating the lines, which correspond to combinations of two waves, about 
the center line, as was done in Cl,9 I. 

'lhe intersection of these surfaces with the plane Aw = 0 gives the 
already-constructed lines corresponding to the combinations 

S+KS+, S-KS-, R'KR', R-KR- 

as well as the lines corresponding to the combinations 

S+AKAS+, AS-KS-A, R'AKAR+, AR-KR-A 

where the strength of the A-discontinuity equals 180'. These lines 
separate the regions which correspond to the combinations 

S+4S-KS-AS+, S'AR-KR-AS', R'AR-KR-AR", R*AS-KS-AR' 

For these, the intensity of the A-discontinuities must be 0 or 180'; 
but the surfaces of revolution separate those regions which correspond 
to combinations of the same form, but with rotational discontinuities of 
arbitrary strength. 

'Ihe figure obtained coincides with Fig. 1, constructed in E9 I, for 
the study of the problem of a piston moving in a stationary medium with 

pressure p0 and field $. 

Only in 19 I, the coordinates chosen were U, v, w, velocity components 
behind the waves and wave combinations. The lines, which in [9 1 corre- 

spond to relations between u and v OA Y’ = S+-, IT- = S--, Pt = R+-, 
P- I R--waves, in our paper correspond to the S+KS+-, SKS-, RtKRt-, 
R-KR--combinations; regions, which in 19 1 correspond to VP-, P'P'-, etc. 
(in our notation S+R-, R%->, in this paper correspond to S*R-KR-St, 
R%-KR-Rt, etc. The vacuum lines, shown cross-hatched in Fig. 1 of 19 I, 

in this paper correspond to the resolution of an arbitrary discontinuity 
by the co~ination of two R--waves of maximum intensity. After the 
passage of these waves, vacuum appears. 

If HYO < 0, Hyo'. < 0, then the map will not change if the vertical 
axis denotes -Au instead of Au. If, as before, we let the vertical axis 
denote Au, then the upper part of the new map is obtained as a sytmnetric 
reflection of the lower part of the map constructed for Hyo > 0, H '-> 0 
about the Au-axis, and the lower part the synrnetric reflection of'zhe 
upper part about the same axis. 

Let us apply the case of the resolution of an arbitrary discontinuity 
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to the problem of the collision of two shocks of the same type and 
strength. In this case, the equations p0 = p,,'i H,,,, = H,a'.will be exactly 

satisfied. 

we observe that if, in the interactions of waves and discontinuities, 

space A-discontinuities are excluded, then the resolution problem will be 

a plane one. In what follows, we shall consider, for definiteness, that 
in the undisturbed medium Hy > 0. This can always be achieved by select- 
ing the direction of the y-axis to be the direction of 8,in the in- 

disturbed region. Then, for the collision of S+-waves, we have a discon- 

tinuity on which AU = 2~1~ > 0, AV = 2v,, < 0. 'Ihis discontinuity must 
be resolved by a wave combination whose image in the AuAv-plane is a 
region lying in the quadrant Au > 0, Au < 0. This will be S+R-R-S+-, 
s+s-s-s+-, &St-combinations. If Hrl < 0, which means Hyo < 0, Hyo' < 0, 
then Au > 0, and, as before, Au > 0. But one readily sees that for 

H s < 0, HyO' < 0 there lies in the part of the plane Au > 0, Au > 0 
o f Fig. 1 of 19 1 the very same region, which for Hy, > 0, Hyo' > 0, lies 
in the Au > 0, Au < 0 part of the plane. 

This requires that a change in the sign of Hyl be followed by changes 
in the signs of H o, 
1 0'.are connecte a 

Hyo', and of us, v,,', such that the states 1 0 and 
by shock relations. In the general case of resolving 

an arbitrary discontinuity, a change in the signs of Hyo and H ,,' 
not lead to change in the signs of v,, and v,,'-, but the shape o 3! 

does 
the 

figure in the Auhv-plane changes, as was explained above. The problem 
is syrnzetric, thus the contact discontinuity is absent. 

In place of an initial discontinuity, there remains a zone of station- 
ary gas or a zone of vacuum. From sysunetry, it follows that the picture 
of the motion from the left or from the right of this zone is the same 
as the result of the collision of an St-wave with an ideally conducting 
wall. ?hus, for the collision of St-waves with ideally conducting walls, 
s+l?--, s+-, S+S-combinations of waves may reflect from the wall. 

The form of the combination depends on the speed of the St-wave and 
the parameters of the undisturbed region between the wave and the wall. 
On the other hand, in the system of coordinates in which the medium on 
the left or on the right is stationary at infinity, we may consider the 
motion of the medium, from the left or from the right respectively, of 
the plane of the shock, as resulting from motion of a piston with a velo- 
city equal in magnitude to that of the medium behind the colliding wave. 

For the collision of S--waves of equal intensity Au > 0, Av > 0. 
The generated discontinuity, generally speaking, may be resolved by the 
combinations 
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R+S-S-R', s+s-S-S', s-s- R+AS--S-AR+ 
SAS-S-AS-+, AS-S-A, S+f&R-AS’, S’A AS” 

which correspond to a region lying in the part Au > 0, Au > 0, in the 
AuAv -plane. For the collision of S-waves with ideally conducting 
walls, the following combinations may reflect off the wall: 

R+S-, S'S, S-, R'AS-, S+AS-, AS-, S+AR-, S+A 

depending on the speed of the S-wave and the parameters of the medium 
between the wave and the wall. 

In the interactions we have considered so far, we have not considered 
the part of R+- and R--waves. 'lbus, the waves diverging from both sides 
arise iarnediately after collision. Interaction of waves, in which Rt- 
and K-waves participate, reduces, as in gasdynamics [2 I, to a process 
of penetration of waves, in which the flow cannot be described by simple 
waves. In that case, when the penetration is completed at a known time 
(which will be assumed in what follows), the wave combinations issuing 
from the penetration zone, generally speaking, will consist of shocks, 
simple waves, and Alfven discontinuities. In what follows, we shall 
determine possible combinations of waves, arising from interactions in- 
volving R+- and R--waves, leaving the region of penetration. This makes 
it possible to determine the parameters of the medium after the penetra- 
tion is completed. 

Let us consider the collision of two Rt-waves of equal intensity. For 
this Au = uu - ug' < 0, Au = ve - us'.> 0. From Fig. 1 C9 1 it follows 
that out of the interaction zone the followin 
come out: RiAR-R-AR+, R+AS-S-AR+, 

9 
wave combinations will 

R+R-R-R , R+S-S-R', S+AR-R-AS+, 
AR-R-A, R+R+, R+AAR+. 

For the collision of an Rt-wave with an ideally conducting wall, the 
following wave combinations may reflect off the wall: 

R'XR-, R'AS-, H'R-, R+S-, S+AR-, AR-, tY, WA 

For the collision of R--waves of equal strength, Au < 0, Au < 0. As 
a result, the interaction may produce these waves: R+R-RR+, S+R-R-S+, 
R-R-, Fig. 119 I. For the collision of an R--wave with ideally conduct- 
ing walls, the following waves may reflect off: f&T,_S+R-, R’-. 

We observe that for the collision of one of the S+-, S-, :R+-, or R-- 
waves with another, and also for their collision with ideally conducting 
walls, with corresponding velocities of the interacting waves and para- 



Interactions of mgnetohydrodynanic waves 683 

meters of the undisturbed medium, there may arise wave combinations con- 

taining R-waves of maximum intensity, after the passage of which vacuum 

appears. From the exposition, it is clear that the solution to the piston 

problem in magnetohydrodynamics may be obtained as a special case of the 

problem of resolution of arbitrary discontinuities, taking into consider- 

ation the reflection of S'-, S--, R+-, and R--waves from ideally con- 

ducting walls. 

2. Interactions of expansion waves of arbitrary intensity. 
Let two I?-waves or two R-waves interact. If H, in the undisturbed 

medium is positive, then in the first case, Au < 0, Au > 0, and in the 

second, Au < 0, Au < 0, by Formulas (2.2) and (2.3) of [l I. For such 

interactions, 

different 

the figures in the pHy-plane will not be qualitatively 

from Figs. 9, 10, 13, 14, of [8 I, obtained for the study of 

interactions of R - and R--waves with K-discontinuities (such that the 

family of lines, corresponding to Rt- and R--waves, in the pHy-plane, 

depends on one parameter, while that corresponding to St- and S-waves 

depends on two). 

Fig. 1. 

Let the Rt-wave collide with the R--wave, 

moving to the right; for this, Hyo > Hyo'. 
(Fig. 1). Figure 1 shows the possible posi- 

tions of the points (p,, Hy,> and (p,,‘; 

HyJ. 

1. If P() > PO (H 

p,,‘J), then in the p kO- 
’ < H+(f),, Hyo, p = 

plane the interactions 

being considered corrkpond to Figs. 5 and 

6 of [i 1, After the penetration is com- 
pleted, the motion will consist of combina- 

tions going to the left or to the right, 

lying in the Au < 0, Au z 0 parts of the _.. ._ 
which correspond to regions, 

LuAv-plane, of Fig. 9 of [l 1 if pO < p+(~~‘~ 

Fig. 10 of 11 1 if p. > p+(po’, Hyo'> Hy = Hyo). 
Hyo'i Hy = Hyo), or of 

Let us consider the interaction of Rt- 

waves with R--waves. For this, Au < 0, 

while Au may be positive or negative. 

2. If p. < PO'> then in the pHy-plane the interactions being considered 

correspond to Figs. 13, 14 of [ 11. After the penetration is completed, 
the motion will consist of combinations going to the left or to the 

right, which correspond to regionsPlying in the Au < 0, Au s 0 

of the Auhv -plane, of Fig. 17 of [l 1 if po’.< p_(po, HyO, HY !?Folj, 

or of Fig. 18 of [l 1 if po’-> p_(po, Hyo, Hy = Hyo'J. 

3. If p. = po'; then in the pHy-plane the interactions being considered 
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correspond to Fig. 5 of Cl 1. After the penetration is completed, the 
motion will consist of co~inations, which correspond to regions lying 
in the Au< 0, AU < 0 parts of the plane in Fig. 9 of [l 1. 

Let an Rt-wave overtake an R-wave, moving to the left. As before, 
Au< 0 while Au may be positive or negative. 

1. IfH ' <H 
Figs. 11 2: 12 o?l!l 1. As 

then to these cases in the pHY-plane correspond 
a result, there will appear combinations ly- 

ing in the Au < 0, Au z 0 parts of the AuAv-plane, of Fig. 15 of [I 1 
if ~0 > p-‘(po’> Hyop’ 
H yo’> Hu = fly,). 

H,, = Hy,), or of Fig. 16 of I1 1 if p,, < p_‘(po‘i 

2. If Hyo’ > Hyo, then we have Figs. 3 and 4 of 11 1 in the pHy- 
plane. As a result of the interaction, there will arise combinations, 
lying in the Au < 0, Au >< 0 parts of the A uAv-plane, of Fig. 7 of 

[ 1 I if pa > p+(pa'j HYO'> Hy = Hy,), or of Fig. 8 of El 1 if 
p. < P.&+,‘> H,,& Hr = f$,). 

3. If H$ = Hue, then in the pH -plane we have Fig. 3 of [l 1, As a 
result of the interaction, there wz -1 1 appear combinations which corre- 

spond to regions lying in the Au < 0, Au '< 0 parts of the AuAv plane 
of Fig. 7 of [f 1. 

3. Interactions of shock waves of arbitrary intensity. Let 
us consider interactions of shock waves with arbitrary strength. Let two 
St-waves follow one another to the right. 
Then, at some instant, the wave running be- 
hind (S '-wave) catches up with the front 

$ 

lt wave (So -wave>. Let Hya’ > 0. Then 

Ii,,.> 0, ff,,> 0, Au > 0, AU <0 

For clarification as to which combina- 
tions will resolve the resulting discon- 
tinuity, let us turn to the corresponding 
curves in the pH -plane in Fig. 2. The $44 Iv 

point (pa , ‘. H l f corresponds to the state 
of the undis&bed medium. The point (pl, 

Fig. 2. 

Hyl) on the St-line, issuing from the 
point (p,‘> Ny,‘.)’ corresponds to the state behind the %+-wave. From 
that point issues an 

On this line lies 
meters of the medium 

1. PO = p., 

St-line, corresponding to the Sit-w&e. 

the point (p,,; Hy,), where p,, and Hyo are the para- 
behind the S, -wave. We present the following cases: 

(Pl, J&,1 f @?! = H,o) < P, wo‘, ~~,O’, N,, = Jf,) 
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This indicates that the point (p,, Hy,)), belonging to the Sit-line, 

lies above the Sot-line. Then, for the resolution of the discontinuity 

arising from the interaction, there will appear one of the combinations 

which correspond to regions lying in the quadrant Au > 0, Au < 0 of 

Fig. 8 of [l] if H 

plane), or of Fig. 

‘.> H+(p,, H O, p = p,,‘) (Fig. 4 of [l 1 for pHy- 

4'of [l I if $ '.< H+(p,, H p = po’) (Fig. 5 of 

[l I for pH -plane). lhe sign of E!e inequality'!; determined by the 

actual beha;ior of the Rt-line, issuing from the point (p,, Hyo) and re- 

presented in Fig. 2 by a dotted line. 

2. Po=P+h H,,,H,==H,~)/p+(p,‘, Hvo’, H,=H,,j 

'lhis indicates that the point (p,, HOy), belonging to the S1+-line, 

lies below the Sot-line. 'Ihen there will be realized one of the combi- 

nations which correspond to regions lying in the quadrant AU > 0, 

Au< 0 of Fig. 7 of II1 1 if H ‘.> Http,, H o, p = po’) (Fig. 3 of [ll 

for the pH -plane), or Fig. 16'of 11 1 if $,'.< Http,, Hyo, 
(Fig. 6 ofY[l 1 

p = PO’) 
f or the pH -plane). lhe sign of the inequality is deter- 

mined by the behavior of t e Rt-line, issuing from the point (p,, h H 
10 

). 

For the collision of St-waves, the picture in the pH -plane does not 
change much. From the point (p,, H ) issues an St-line: on which lie 
the points (p,, Hyo) and (po’, Hyo’). For definiteness, 

and then Hyo > H 
let no > Po'i 

'.. As before, Au > 0, Au < 0. Depending on whether 
the St-line from'ihe point (p ’ 
(Pot H,,), 

o i Hyo’) lies above or below the point 

we can have two different cases, as in the preceding inter- 

actions. Also as before, in each of these two cases we can have two types 

of resolutions, depending on the behavior of the Rt-lines issuing from 

the point (p,, Hyo). 

We now consider the interaction of S--waves. For this, Au > 0, AU> 0. 
Considering as in the previous case the relation between p and H for 

the interaction waves, we see that two types of resolutions are Lossible. 

1. PO>P-(PO', Huo',Hv =HUo) 

For the case of one rightward-moving S-wave overtaking another, 

the inequality indicates that the point (p,, H,,), which lies on the 

S-line issuing from the point (p,, Hy,), is located above the S-line 
issuing from the point (po’, Hyo’). For the case of two S-waves collid- 

ing, this indicates that the point (p,, Hyo), which lies on the S--line 

issuing from the point (p,, 

from (po'j Hy,'_). 

Hy,), is located above the S-line issuing 

For definiteness, we shall suppose that in the case of S-waves 



686 v. v. Gogosov 

colliding, the rightward-moving wave is the 

Then the resulting discontinuity will be 

stronger. 

resolved by combinations, 

which correspond to regions, lying in the quadrant Au > 0, Au > 0 of 
Fig. 15 of [l 1 if Hyo'.< H_(p,, HrO, p = po’) (Fig. 11 of [l 1 for the 
pHY-plane), or of Fzg. 18 of [l 1 if Hro'.> H_(fa, iIY,, p = pa') (Fig. 
14 of [If for the pHY-plane). The sign of the inequality is determined 
by the behavior of the R--line issuing from the point (p,, H,,). 

a> -1 PO (c P- (Po’r f-f,, ‘I HI, = ff,, ) 

Then the resulting discontinuity will be resolved by combinations, 
which correspond to regions, lying in the quadrant Au > 0, Au > 0 of 
Fig. 16 of El 1 if yY,, < H_(p 
pfiY-plane), or of Fig. 17 of P 

, Hro, p = po’.) (Fig. 12 of [l 1 for the 
11 if HYO > H_(p,,, HYO, p = pa') (Fig. 13 

of [l 1 for the pHy-plane. 

And here the sign of the inequality is determined by the behavior of 
the R--line issuing from the point (p,, fly,,). 

We now consider interactions of S'- and S--waves. For this, either 
when an S+-wave overtakes an S-wave, or when an St-wave collides with 
an S-wave, Au > 0, while Au may be either positive or negative. Con- 
sider an St-wave colliding with an S-wave, moving to the left for de- 
finiteness. For this HyO > Hro’. 

1. If the strengths of the interacting waves are such that p0 > pa', 
then, depending on the sign of ine qualities (4.1) to (4.4) of[l I, i.e. 
depending on the behavior of the S - and Rt-lines issuing from the points 

(P,',-ff& (P,, f$,> corresponding to Figs. 3 to 6of [l I, the generated 
discontinuity may be resolved by combinations which correspond to regions 
lying in the quadrants (Au > 0, Av$O) ofFigs. ?tollof[ll. 

2. If the intensities of the interacting waves are such that p. < pa*; 
then, depending on the sign of inequalities (10.1) to (10.4) of tl I, i.e. 
depending on the behavior of the S- and R--lines issuing from the points 

(P,, $,L (P/, HuO’.) corresponding to Figs. 13 to 14 of [l 1, the re- 
sulting discontinuxty will be resolved by combinations which correspond 
to regions lying in the quadrants (Au > 0, Au < 0) of Figs. 15 to 18 
of[ll. 

3. If the strengths of the interacting waves are such that p 
then the interactions being considered correspond to Fig. 3 of P 

= pa'., 
11 in 

the p!,,-plane, and the generated discontinuity will be resolved by com- 
binations which correspond to regions lying in the quadrants (Au > 0, 
Au< 0) of Fig. 7 of [ll. 
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P-wave overtake an S-wave, moving rightward for de- 

this, pa > po’. 

1. If the strengths of the interacting waves are such that H,, < Hyo' 
(one readily sees that this occurs when pa > p_(pO'h HyO'j H, = fly,), 
then, depending on the behavior of the R -line issuing from the point 
(po, Hy,), i.e. depending on which of the inequalities (10.11, (10.4) of 
[1 ] is satisfied, the generated discontinuity is resolved by combina- 
tions which correspond to regions lying in the AU > 0, Au < 0 parts of 
the A uhv-plane of Figs. 15 and 18 of 11 I, respectively. 

2. If Hyo > Hyo'i then, depending on the behavior of the St- and R+- 
lines issuing from the points (pa'> Hy,'-f, (p,, Hyo> of Figs. 3 to 6 of 
[l 1, the resulting discontinuity may be resolved by combinations which 
correspond to regions lying in the Au > 0, Au : 0 parts of the Auhv- 
plane in Figs. 7 to 11 of [l I, 

3. If Hya = Hyo'> then in the pHy-plane the interactions being con- 
sidered correspond to Fig+ 3 of [iland the discontinuity arising from 
the interaction is resolved by combinations which correspond to regions 
lying in the Au > 0, Au < 0 parts of the Auhv-plane of Fig. 7 of [I]. 

4. Interaction of shock waves with expansion waves. We first 
recall that for the interaction of R'-, R--waves with St-, S-waves, we 
shall assume that the penetration terminates after a known interval of 
time. After the penetration ends, depending on the strengths of the inter- 
acting waves and the parameters of the undisturbed medium, suitable com- 
binations of waves will issue from the zone of penetration. 

Let US consider the interaction of an S'- and an Rt-wave. bet the St- 
wave overtake the Rt-wave, moving rightward. For this, Au and AU may be 

either positive or negative. Let the St-line 
issuing from the point (p,, Hy,) go below 

(P,,‘s H o’.). ‘Ihen po’ < p+(pl, Hyl, Hy= Hy,) 
(Fig. 31. In Fig. 3 are also represented the 
possible mutual positions of the points (pa, 
HyJ and (pa'3 Hy,*J in this case. 

1. If ~0 < pO’i then Hyo < H 0's H o < 
H+(p& H/i p = p,). As a result of dhe 
interaction there may arise combinations 
which correspond to regions lying in the 
corresponding parts of the AuAv-plane of 
Fig. 10 of Z 1 1 if po‘ < p+(p,,, Hyo, ify = 
H ,,‘j (Fig. 5 of El I for the pHy-plane), or 

Fig. 3. 

of Fig. 9 of L 1 1 if po’ > p+(po, Hyo, H = H ') (Fig. 5 of 11 I for the 
pHy-plane). Only, the waves which axe going ti'the right in Figs. 9 and 
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10 will now be going to the left, and vice versa. 

2. If p0 = pa’, then HYO =C BYO’. As a result of the interaction there 
may arise wave combinations which correspond to regions lying in corre- 

sponding parts of the A uhu-plane of Fig. 17 of [ i 1 (Fig. 13 of [ 1 1 
in the pHy-plane), 

3. If p. > P,,‘, H,,,, < H,,‘, then as a result of the interaction there 
may result wave combinations which correspond to regions lying in the 
corresponding parts of the A uAv-plane of Figs. 15 to 18 of [ 1 1 (Figs. 
11 to 14 of [ 1 1 in the pHY-plane), depending on the behavior of the R-- 
and S-lines, issuing from the points (p,, HyOl, (p,‘% HyO’), respect- 
ively. 

4. If p. > po’, H,, = Hyo’, then as a result of the interaction there 
may arise combinations which correspond to regions lying in corresponding 
parts of the A uAv-plane of Figs. 7 or 15 of [ 1 1 (Figs. 3 or 11 of [ 1 1 
in the pHy-plane). 

5. If p. > po’, fly,, > $,’ 

H+(P,, 8 
(and assume for definiteness that Hyo’ > 

3 
o, p = po’))* then as a result of the interaction in this case 

there wi 1 appear combinations which correspond to regions lying in the 
corresponding parts of the A uhv-plane of Fig. 7 of 11 1 if pO > p+(po’, 

$0;; fy$y~; y; 3 of [ 1 1 f or the NY-plane), or of Fig. 8 of [ 1 1 ‘ 
Hu = Hyo) (Fig. 4 of E 1 1 for the pHy-plane), 

The part of the AuAv-plane in which the region corresponding to this 
or that combination lies, depends on the signs of Au and Au. 

Let the St-line leaving the point (p,, Hy,) go below the point (pa’; 
Huo’3. ‘hen po’ > p+(pl, Hyr, Hy = H,,). 

1. If HYo < Hyo’i then p. < po’ and Hyo > H+tpo’> HyO’, p = pO). As a 
result of the interaction there will arise urinations of waves which 
correspond to regions in Fig. 7 of [ 1 I if po’. > p+(po, H,,, H, = Hy,,‘j 
(Fig. 3 of [ 1 1 for the pHy-plane), and in Fig. 8 of Ci I if po’ <p+(pO, 
H yoz Hy = Hyo’_) (Fig. 4 for the pHY-plane); only, wave combinations going 
to the right will in this case go to the left, and vice versa. 

2. If Hyo = Hue’., then pa < po’., As a result of the interaction there 
will arise combinations which correspond to regions situated in Figs. 7 
or 15 of E 1 1 (Figs. 3 or 11 of [ 1 1 for the pHY-plane); again, the 
rightward-moving wave co~inations will now go to the left, and conversely. 

3. If Hyo > Hyo’, but pO < po’; then as a result of the interaction 
there may arise wave combinations which correspond to regions in Figs. 7 
to 10 of E 1 1 (Figs. 3 to 6 of [ 1 1 for the pHy-plane). 
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4. If Hyo > Hyo’s p. = pa’., then as a result of the interactions 
there may arise combinations of waves which correspond to the regions in 
Fig. 9 of C i 1 (Fig. 5 of 11 1 for the pHy-plane). 

5. If H,, > Hy,‘, p. > po’i then as a result of the interactions 
there may arise wave combinations which correspond to the regions in 
Figs. 7 to 10 of [l 1 (Figs. 3 to 6 of [ 1 1 in the pHy-plane). 

In the case of collision of St- and Rt-waves, there may result wave 
combinations which correspond to the regions in Figs. 7 to 10 of [l 1 

(Figs. 3 to 6 of [ 1 1 for the pHy-plane). 

We now consider the case of St-waves overtaking K-waves moving to 
the right. For this, Hyo > Hyo’; hv < 0, and Au may be either positive 
or negative. Depending on the speeds of the interacting waves and the 
parameters of the undisturbed medium, different wave combinations may 

come out. 

1. If p. < po’. (for this case Hyo 5 H+(p,‘, Hyo’, p = p,)), then as a 
result of the interactions there may arise wave combinations which cor- 
respond to the regions lying in the Au z 0, Au < 0 parts of the A uhv- 
plane of Fig. 17 of 11 1 if po’ < p_(p,, Hro, Hy = Hyo’.) (Fig. 13 of [ 11 
for the fly-plane), and Fig. 18 of [ 1 1 (Fig. 14 of [ 1 1 for the pHy- 
plane) if po’.> p_(po, H,,, Hy = Hyo’.). Only, the combinations going to 
the left in Figs. 17 and 18 will now go to the right, and conversely. 

2. If p. = po’; then as a result of the interaction there may arise 
combinations which correspond to regions lying in the Au z 0, Au < 0 
parts of the A ubv-plane of Fig. 9 of [ 1 1 (Fig. 5 of [ i 1 for the pHy- 
plane). 

3. If p. > po’; then as a result of the interactions there may arise 
combinations which correspond to regions lying in the Au >< 0, AU < 0 
parts of the A uAv-plane in Figs. 7 to 10 of [ 1 1 (Figs. 3 to 6 of [ 1 I 
for the pHy-plane). 

Let now St-waves collide with R--waves, moving leftward. For this, 

po’.< po. As before, AU < 0, while AU may be positive or negative. De- 
pending on the strength of the interacting waves, and the parameters of 
the undisturbed medium, different wave combinations may come out of the 
zone penetration. 

1. If HyO < HyO’ (for this Hyo’ < H_(po, Hyo, p = p,)), then as a re- 
sult there may arise wave combinations which correspond to regions lying 
in the Au z 0, AU < 0 parts of the A uhv-plane of Fig, 15 of [ 1 ] if 
p. > P-(P~‘s HYO’, Hy = HyoL 

Hy = Hyo). 
or of Fig. 16 of [ 1 ] if p. < p_(po’, Hyo’., 
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2. If Hro = H/; then as a result of the interaction there may arise 
combinations which correspond to regions lying in the Au z 0, AU < 0 

parts of the A uhv-plane of Fig. 7 of [ i I . 

3. If Hr,, > Hue’; then as a result of the interaction there may arise 
combinations which correspond to the regions lying in the Au i 0, Au<0 
parts of the A ubv-plane in Figs. 7 to 10 of [ 1 f . 

Let S-waves collide with R--waves, moving leftward. For this Au may 
be either positive or negative, and Au > 0 and po’.< po. 

Depending on the intensity of the interacting waves and the parameters 
of the undisturbed medium, different wave combinations may come out of 
the zone of penetration. 

1. If Hyo’.> H ,,, 
. iT 

then as a result of the interaction there may arise 
combinations whit correspond to the regions lying in the corresponding 
parts of the AuAv-plane in Figs. 15 to 18 of 11 1 (Figs. 11 to 14 of 
[ i 1 for the pHY-plane). 

2. If Hro’ = H o, then as a result of the interaction there may arise 
combinations whit i: correspond to regions lying in the corresponding parts 
of the A uAv-plane of Fig. 7 of [ 1 1 (Fig. 3 of [ 1 1 for the pHY-plane). 

3. If Hyo’.< Hyo (for which Hro > H+(po, Hyo, p = ~~‘91, then as a 
result of the interaction there arise combinations lying in the corre- 
sponding parts of the A uhv-plane of Fig. 7 of E 1 1 if p. > p+(p*‘> 
H *, Hy= Hy,,) (Fig. 3 of I1 1 for the pHy-plane), or of Fig. 8 of [ 1 1 

(Kg. 4 of [ 1 1 for the pHy-plane) if p. < p+(po’> HYO’; Hy = Hyo). 

Let R+-waves overtake S-waves, moving rightward. For this, HrO > Hyo’; 
pa < P.&,‘, f$,,‘> Hy = H,J; f$,,, < H+(p,', H& P = P,). 

Depending on the strengths of the interacting waves and the parameters 
of the undisturbed medium, different wave combinations may come out of 
the penetration zone. 

1. If p. > po*j then as a result of the interaction there may be com- 
binations which correspond to the regions lying in the corresponding 
parts of the A uhu-plane of Fig. 16 of [ 1 1 if Hyo’. < &(p,, H o, 
p = p,‘_) (Fig. 12 of C 1 1 for the pHY-plane), or of Fig. 17 of I!1 1 if 
H $> H_.(p,, I$, p = p,‘J (Fig. 13 of [ 1 1 for the pHy-plane). 

2. If p. = po’j then as a result of the interactions there may be 
combinations lying in the corresponding parts of the A ubv-plane of 
Fig. 17 of C 1 1 (Fig. 13 of E 1 I in the pHy-plane). 

3. If p, < po’j then as a result of the interaction there may be 
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combinations lying in the corresponding parts of the Auhv-plane of 
Fig. 10 of [ 1 1 (Fig. 6 of 11 1 for the pH -plane) if pO’.> p+(pO, H ,,, 

Hu = HyO’), or of Fig. 9 of [ 1 1 (Fig. 5 of 11 1 for the pHy-plane) lf 

PO'.< P+(P(y Hy,' Hy = Hy,'). Only, the waves moving leftward in these 
regions will move rightward, and vice versa. 

Let S-waves collide with R--waves, moving leftward. For this Au and 

Au may be positive or negative. 

As a result, there may arise wave combinations which correspond to 
the regions lying in the corresponding parts of the plane of Figs. 15 to 
18 of 11 1 (Figs. 11 to 14 of 11 1 for the pHy-plane), depending on the 
signs of Au and Au. Let an S-wave overtake an R--wave, moving left- 
ward. Depending on the strengths of the interacting waves and the para- 
meters of the undisturbed medium, different waves may come out from the 
zone of penetration. 
line. 

Let the S-line in the pH,-plane go below the K- 

1. If Hyo'.> Hyo (for this p,,‘.< pe, HYo’.< H_(P,,, HyO, P = ~~‘91, 

then as a result of the interaction there may be combinations which cor- 
respond to regions lying in the corresponding parts of the Auhv-plane 
of Fig. 15 of [ 1 1 if p0 > p_(p,‘j H,,O’j H, = H o) (Fig. 11 of 11 1 for 
the PH -plane, or of Fig. 16 of [I 1 if ~0 < p_!po’i HyO'j 
(Fig. 12 of [ 1 1 for the pHy-plane). 

H, = H,J 

the2pk ;iyHC = 2’. (p,,‘.< P,), th en as a result of the interaction 
co lnations which correspond to regions lying in the cor- 

responding parts of the AuAv-plane of Figs. 7 or 15 of [ 1 1 (Figs. 3 
or 11 of [ 1 I in the pHy-plane). 

3. then as a result of the interaction there 
may be 

If H '.< HyO, p,,‘.< pO, 

c OmP inations which correspond to regions lying in the correspond- 
ing parts of the Auhv-plane in Figs. 7 to 10 of [l 1 (Figs. 3 to 6 of 
11 1 for the pHy-plane). 

4. If H '.< Hyo, 
may be co Ini? 

p,, = PO'; then as a result of the interaction there 
inations which correspond to regions lying in the correspond- 

ing parts of the plane in Fig. 9 of [ 1 1 (Fig. 5 of [ 1 1 for the pHy- 

plane). 

5. If H ,/.< Hue, p,,‘.> pO, 

may be co ml* 
then as a result of the interaction there 

inations which correspond to regions lying in the correspond- 
ing parts of the AuAv-plane in Figs. 15 to 18 of [ 1 1 (Figs. 11 to 14 
of [ 1 1 for the PH -plane), only, the wave combinations going leftward 
in this figure wil now go rightward, and conversely. * 1 

Let the S-line in the pHy-plane go above the R--line. 
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1. If Hyo’-> Hyo 
then as a result of 
to regions lying in 

(for this pO’-< po, HYO’.> H_(po, Hyo, p = ~~‘31, 
the interaction there may be waves which correspond 
the corresponding parts of the AuAv-plane of Fig. 

I ~~ ~~ _ _ 
17 of [ 1 1 if p. < p_.(pa’~~ Hyo’j H, = H o) (Fig. 13 of L 1 1 for the pHy- 
plane), or of Fig. 18 of [ 11 if p. > p_Tpa’j HYO” 
[ 1 1 for the pHY-plane). 

H, = Hyo) (Fig. 14 of 

2. If H ‘-> Hyo, po’ = po, 
Ido 

then as a result of the interaction there 
may be co inations which correspond to regions lying in the correspond- 
ing parts of the AuAu-plane of Fig. 17 of [ 1 1 (Fig. 13 of [ 1 1 for 
the PHY-plane) . 

3. If H ‘.> Hyo, po’.> po, 
ld” 

then as a result of the interaction there 
may be co inations which correspond to regions lying in the correspond- 
ing parts of the A uhv-plane of Figs, 7 to 10 of 11 1 (Figs. 3 to 6 of 
[ 1 1 for the pHy- p ane), 1 only, wave combinations moving to the right in 
the figure will move to the left in this, and conversely. 

4. If H ’ = Hfl, po’.> po, 
ml? 

then as a result of the interaction there 
may be co inations which correspond to regions lying in the correspond- 
ing parts of the A uAv-plane of Fig. 15 of [ 1 1 (Fig. 11 of [ 1 1 for 
the pHY-plane), only, wave combinations moving leftward in the region 
will move rightward in this case, and conversely. 

5. If H ‘.< Hyo, po’.> po, 
cd” 

then as a result of the interaction there 
may be c inations which correspond to regions lying in the correspond- 
ing parts of the A uA,-plane of Figs. 15 to 18 of 11 1 (Figs. 11 to 14 
of 11 1 for the pHY-plane), only, wave combinations moving leftward in 
the figure will move rightward in this case, and conversely. 

If in the pHY-plane the behavior of the S+-, S-, Rt-, R--lines is 
different from that considered (for example, during the interaction of 
s-- and R--waves, the S-line intersects the R--line, etc. ), then the 
study of the interactions can be carried through in a manner similar to 
that done above. ‘lhe behavior of St-, S-, Rt-, R--lines in the pH - 
plane in the general case will not be examined. 

Y 

l’he case for the interaction of magnetohydrodynamic waves, for which 
R+-, R--waves overtake corresponding St-, S--waves, is considered in a 
completely similar way as interactions in which St-, S-waves overtake 
corresponding Rt- , R--waves. 
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